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Seventy-five years ago this month, on January 19th, 1903, the first two-way radio transmission was completed 
between the United States and England when President Theodore Roosevelt exchanged greetings with King Edward 
VII of England through the Marconi wireless station at South Wellfleet on Cape Cod. Only ten years earlier i t  was an 
achievement which would have seemed impossible, even to the most foresighted scientists; they were delighted 
when their crude laboratory apparatus could be made to span a few meters - to transmit a radio signal across 5000 
kilometers of ocean was beyond their wildest imagination. Young Guglielmo Marconi, not yet 30 years old when he 
accomplished the feat, was not restrained by such learned skepticism, but from the viewpoint of his first attic 
laboratory in 1894, even he would have been surprised by his great successes of the future. 

The son of a well-to-do land owner, Marconi had little formal technical training, but through his family's friendship 
with Professor Righi at the University of Bologna he was allowed to audit the professor's physics classes. I t  was there 
that Marconi was first exposed to the radio experiments of Heinrich Hertz, Oliver Lodge, and others. He soon set up a 
small lab in the attic of his father's large estate and began to experiment with electromagnetic phenomena. With 
Righi's spark gap mounted in the center of a short dipole and Lodge's coherer (a glass tube filled with metal filings) for 
his receiver, he was able to  transmit radio signals that rang a bell at the other end of the attic. 

Guglielmo moved his equipment out into the yard and was soon working over distances of 50 meters or more. He 
found that he could extend his range by increasing the height of his antenna, but with greater heights it became more 
and more impractical to install the spark gap at the center of the antenna. When he installed the spark gap at ground 
level and connected it between the antenna and ground, his range increased dramatically. What was happening, of 
course, was that greater antenna heights meant lower operating frequencies since the dipole was the only resonant 
circuit in the transmitter, and the longer wavelengths provided greater range (Marconi's earliest experiments were at 
about 300 MHz, which limited transmissions to line of sight). 

In  1896 Marconi took his apparatus to  England where some friends had arranged a meeting with William Preece, 
chief engineer of the British Post Office, the governmental department which had jurisdiction over all electrical com- 
munication in Great Britain. Preece was apparently impressed by the young Italian because arrangements were quick- 
ly made for a practical demonstration of the equipment for various British officials. By the autumn of 1896 
Marconi had transmitted and received signals over a distance of 3 kilometers at Salisbury; in the spring of 1897 he 
transmitted signals across the Bristol Channel (14km); and later that year he communicated between two ships at sea 
16 km apart. 

Although Marconi was enjoying the full support of Preece at the Post Office, apparently the bureaucracy moved too 
cautiously (or released funds too slowly), for he formed his own firm, the Wireless Signal and Telegraph Company in 
July, 1897 (in 1900 the name of the company was changed to Marconi's Wireless Telegraph Company). 

In the late 1890s Marconi continued to improve his equipment, and, in 1899, at the invitation of the French govern- 
ment, he bridged the English Channel, a distance of more than 50 km. By 1900 science had progressed to  the point 
where signalling over distances of 300 km was possible, and Marconi began hinting that even the wide expanse of the 
Atlantic was not a barrier to wireless. In October the Marconi Company began construction of what was to be the 
most powerful wireless station in the world, at Poldhu Point in southwest England; by November, 1901, all was in 
readiness and Marconi sailed for St. John's, Newfoundland, the point in North America which was nearest to Poldhu. 
On December 12th, he and his assistants were successful in copying the Morse letter S transmitted from Poldhu - 
thirteen months later two-way wireless communications across the Atlantic were accomplished and the era of long- 
distance radio had begun. 

Marconi had a great deal of respect for the radio amateurs, for it was amateurs who showed that the short waves 
were not a "vast wasteland," as many scientists of the day believed, but were more valuable to long-distance radio 
than the lower frequencies favored by the commercial interests. In his later years Marconi often referred to himself as 
an "amateur" - it's only fitting that the 75th anniversary of his two-way radio transmission across the Atlantic will be 
celebrated this month on the amateur bands by KMlCC, a special events station operated by amateurs on Cape Cod. 
Look for them on 160 through 10 meters the week of January 14th. During the same period amateur stations will also 
be operating from the original Marconi transmitting sitesat Poldhu and Clifden, Ireland. 

Jim Fisk, WIHR 
editor-in-chief 
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broadcast quality 
television camera 

How to combine 
a sync generator 

with three 
additional circuit boards 

to obtain a versatile, 
high-quality TV camera 

This television camera's main features combine 
high quality and ruggedness wi th relatively low 
cost and easily obtainable components. Printed- 
circuit construction and detailed circuit descriptions 
were used to produce a project that will be opera- 
tionally complete; it's not just another partially as- 
sembled unit, hastily placed under the workbench 
because of the lack of parts, technical knowledge, or 
article documentation. An attempt has been made 
to keep the special tools and materials stocked only 
by machinists separate from this project. And though 
I have found that compromises must be made to 
most ideal goals, every practical effort was made to 
keep these compromises to a minimum. 

A number of interesting features were incorpo- 
rated into this camera. Most of them allow flexibility, 
with applications extending beyond ATV use. Indeed, 
application flexibility weighs very heavily for any 

homebrew project, so study the following features 
and compare them to other cameras and your in- 
tended use. 

1. Resolution capability. In excess of 500 lines. 
The video processor has a 3 dB response of approx- 
imately 6.5 MHz but actual resolution depends large- 
ly upon the quality of lens, Vidicon, and yoke in that 
order. 

2. EIA interlaced scanning. Commercial broad- 
cast quality sync is provided to further enhance sta- 
bility, resolution capability, and weak signal lock-in 
when the picture is viewed through snow. Also, if a 
video tape recorder is used, exceptional frame lock 
stability is provided. 

I 3. Crystal-controlled timebase. A 3.15 MHz crys- 
tal is used to derive horizontal and vertical scanning, 
eliminating a 60-Hz line requirement. 

4. High acceleration voltages for the Vidicon. 
Resolution is basically increased as the G3-G4 grid 
voltage is raised but the main intent is to enhance 
the Vidicon's amplitude response, therefore boosting 
the performance of weak Vidicons. 

5. High-video output. 1 volt p-p positive going 
video is available at the output connector. The video 
is ac coupled for 75-ohm line drive requirements 
providing sufficient video for even the most stubborn 
modulator. 

6. Simple operating controls. The normal focus, 
target, and beam controls are rear panel mounted. 
No linearity adjustments are needed because of the 
current feedback, in the ramp generators, which 
provides a linear sweep. 

I 
7. Poor-man's special effects. Variable vertical 
and horizontal blanking is provided as an option for 
multi-camera superimposed image applications. 

By Arthur Towslee, WA8RMC, 180 Fairdale 
Avenue, Westerville, Ohio 43081 
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fig. 1. Wiring diagram for the frame of the camera. The connector for the power supply printed-circuit board is a Cinch 50-20A-30. The other boards use the Cinch 50- 
12A-30. The C-mount lens-mounting plate (3833). yoke and focus coil assembly (20451, and Vidicon socket (2100) are available from Denson Electronics. Box 85, Vernon. 
Connecticut 06066. A suitable power transformer (ACT-760512.0) is available f rom Automation Engineering for $10.00, postpaid. A set of four etched and drilled circuit 
boards is available for $25.00, postpaid, also from Automation Engineering. 



8. Low power requirements. Only 25 watts of ac 
power is required; portable applications can make 
use of low-power inverters when 12 Vdc operation 
is used. 

9. Printed-circuit construction. Four 3 x 6-inch 
(7.6x15.2cm) circuit boards are used, thereby elimi- 
nating most hand wiring. 

10. Rugged and simple construction. Easy-to- 
obtain aluminum is used. The frame approach pro- 
duces a camera that is mechanically rugged and al- 
lows easy access to all components. 

11. Vidicon and yoke flexibility. The circuit design 
allows for many different magnetic focusldeflection 
Vidicons to be used. Also, a wide variety of deflec- 
tion yokes can be accommodated. 

12. Low cost. I estimate that the average amateur, 
with a well stocked junk box, can build this camera 
for less than 150 dollars. New parts cost (via surplus 
outlets) is approximately 275 dollars. 

13. Optional automatic light compensation. By 
the addition of a 500 to 1000 megohm resistor in the 
video processor, reasonably good light compensa- 
tion can be obtained. 

14. Clamped black video level. As the average 
scene illumination changes, the black level position 
remains constant. This produces a constant refer- 
ence level needed for proper setup of bias levels in 
video modulators and final rf amplifiers. 

I've found all of these features to be important, 
and are lacking in many camera designs. The origin 
of this design grew from seeing many other camera 
designs; I liked some of the features of each but not 
all in any one camera. Thus, I undertook the task of 
designing a camera from scratch, the way I wanted 
it. Also, I was determined to finish this project before 
starting another, and I've got a lot of things around 
the house that need attention! 

general description 
A block wiring diagram of the camera is shown in 

fig. 1. The role of the power supply is obvious, and 
includes the generation of the + 450 Vdc needed for 
Vidicon operation. All main timing and beam scan 
control is provided by the sync generator which was 
covered in detail in the September, 1977, issue of 
ham radio. This board provides the clock for the high 
voltage generation in the power supply, along with 
the horizontal and vertical pulse information to oper- 
ate the sweep generator and video processor circuit 
boards. The sweep generator supplies the operating 
voltages for the yokelfocus coil and Vidicon. The 

fig. 2. Photograph of the vertical video waveform. The 
blanking pulse can be seen as a slightly intensified portion 
of the base line, while the sync pulse is visible as an inten- 
sified portion on the - 40 line. 

video processor circuit board, as the name implies, 
processes the minute Vidicon target current into 
composite video, inserting sync and blanking on the 
output video. Typical horizontal and vertical output 
waveforms, at the video output connector, are 
shown in figs. 2 and 3. 

Although complete circuit description and theory 
of operation becomes encyclopedic, and the resul- 
tant space would be prohibitively large, I hope that 
sufficient information is given here to enable you to 
properly troubleshoot and alter the circuitry as re- 
quired to suit your own requirements. Most parts are 
non-critical and substitutions can be made if full 
knowledge of their function is understood. There are 
many areas which are considered "designer's 
choice," implying that there is more than one way to 
achieve the same result. 

Sync generator. All of the outputs provided on this 
circuit board are not used, so I'll recap only the 
functions needed and generally describe what their 
role is in this camera. 

First, the high-voltage power supply uses the 15- 
kHz square wave at pin C. The composite sync at 
pin 4 and the composite blanking at pin 2 are fed 
directly to the video processor for insertion into the 
raw video. The horizontal drive (pin E) and the verti- 
cal drive (pin 5) feed the sweep generator to trigger 
the respective ramp generators and also to provide 
Vidicon blanking during scanning beam retrace. The 
high-voltage disable input is not used so it must be 
connected to pin D ( + 5V) to enable the high-voltage 
drive. 

Power supply. A great deal of effort was made to 
provide a complete power supply (fig. 4) on one cir- 
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cuit board that was as simple as possible, easy to 
troubleshoot, and used commonly available com- 
ponents. I almost made it, with the exception of the 
high-voltage transformer. 

A +5  Vdc power supply circuit is used with the 
popular LM309K regulator IC as the series pass ele- 
ment. Particular attention should be given to the 
transformer secondary ac voltage. I point this out 
because I've seen many projects using a 6.3 Vac 
winding to obtain regulated 5 Vdc from a bridge 
rectifier. It will be found that most of these power 
supplies drop out of regulation at 110 Vac input, 
even with very high filter capacitor values. It's possi- 
ble to use a center-tapped 12 Vac transformer with 
a full-wave center-tap arrangement, as shown in the 
sync generator article, since there is only one diode 
voltage drop. A diode bridge has an extra voltage 
drop to add in, thus a higher ac voltage is required to 
maintain regulation. 

A simple, little known formula for determining the 
minimum filter capacitance is presented here for 
those who may want to calculate the minimum value 
of C4. 

C;..-.+ +&.- -,zn..-.-,,. - . , A I + - - P ,  m+ +h- *:I+-- -----:+-- 
# t r a L ,  tllEi avEilaye bb vurrayc aL Llic; tllre;~ bapabirut 

(C4) is roughly 1.1 times the secondary ac rms vol- 
tage. Using this information, apply the formula 
C V = I T  

where C = Capacitor value in farads 
V =  Peak ripple voltage at the filter capacitor 

in volts 
I =  Load current at the output of the regula- 

tor in amperes 
T =  Time beween charge peaks in seconds 

For the LM309 to regulate, a minimum input to out- 
put differential of 1.5 volts must be maintained. 
Therefore, at 5 Vdc output, the input must never go 
below 6.5 volts. At a low line voltage of 105 Vac, the 
dc level will drop to 7.3 Vdc. Therefore, only 0.8 
volt of ripple is allowed. These facts produce the 
following: 

c=-- IT  - 0. O o 8 j 3  375 = 0.003906 farads (3906p) 
V 0.8 

Therefore, at least 3900pF of capacitance is re- 
quired. I might have parted a bit from the main topic 
here, but I feel the above information is sadly lacking 
from typical power-supply designs. I'm a collector of 
rule-of-thumb formulas and this seems to be a good 
place to exercise this one. 

The + 15 Vdc regulator circuit is similar to the 
+5-volt circuit except a full-wave center-tap recti- 
fier is used. The output is taken from U1. The - 15 
Vdc regulator uses the other half of the CR2 bridge 
with the + 15 Vdc output as a reference. This pro- 

vides tracking between the two supplies. U3 is used 
as an error amplifier to compare the R1-R2 connec- 
tion to ground. If + 15 and - 15 volts are equal and 
opposite, and R1 = R2, zero volt will be present be- 
tween pins 2 and 3 of U3. If not, U3 will drive 02 to 
change the minus voltage until the difference is zero. 
This arrangement works quite well despite the fact 
that there are dual-tracking regulators on the market 
doing the same job. The most cost effective ap- 
proach is used here. The last of the low-voltage 
rectifier circuits is the -45 Vdc supply. This is a 
full-wave bridge doubler composed of C8, C9, C10, 
and CR3. This combination is used to eliminate the 
need for another transformer winding. The circuit, if 
redrawn, will reveal that it is actually two cascade 
voltage doublers arranged in push-pull to provide 
full-wave rectification with better regulation than a 
half-wave arrangement. 

C I O  I 
l O O p F  ' 
2 5 . ;  4 ; 

The power transformer used to supply the vol- 
tages for the previous circuits is the size of a 6.3 Vac 
3-amp filament transformer. Multiple transformers to 
obtain the required voltages could be used here, but 
to fit into the available space I have designed a single 
unit to fulfill these specific needs. It is also possible 
to wind a transformer by removing the secondary of 
a filament transformer and winding back on the 
required wire (if you really like to wind transformers). 

The high voltage needed to operate the Vidicon is 
obtained by the use of a dc-dc converter driven by 
the 15750-Hz square wave from the sync generator. 
T I  is a ferrite cup core around a hand-wound bobbin. 
In operation, when the logic level drive signal at pin 
6 goes positive, Q1 turns on and saturates the core 
of T I .  When Q1 is turned off, the collapsing field in 
the primary of T I  is transferred to the secondary with 
a magnitude determined by the turns ratio. The ac 
voltage induced across the secondary is then recti- 
fied and filtered in a conventional manner. 
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The circuit feeding the focus potentiometer is a 
half-wave cascade voltage doubler formed by C19, 
CR4, and CR5. All other voltages are obtained from 
simple half-wave rectification circuits. The filter on 
the primary of T I  is used to prevent the switching 
spikes and the collapsing field of T I  from being fed 
back into the + 15 volt regulated supply. The point 
that 0 1  switches is halfway across the horizontal 
active scan, so if care IS not taken to suppress the 
spikes, they will appear as a vertical line in the center 
of the picture. 

Various chokes were tried for L1. The best com- 
mercially available unrt I could flnd IS a M~ller 100-pH 
hash choke. However, for those who find this item 

fig. 3. Horizontal video waveform as seen on an analyzer. 
The sync pulse is seen on the - 40 line. 

hard to obtain, a toroid-wound choke consisting of 
24 turns of no. 22 AWG (0.6mm) enameled wire 
wound on an FT50-75 core is quite satisfactory. 

The high-voltage transformer T I  is a homemade 
unit wound on a Magnetics OF42213-UG ferrite core 
and a PCB2213-23 bobbin. Actual winding and as- 
sembly is quite simple and total construction time 
should be less than 15 minutes; careful winding of 
the primary will save time later. See the construction 
section for full details. 

sweep generator 
The sweep generator (f ig. 5) provides a number of 

functions; first and most important is the generation 
of linear ramp currents to sweep the electron beam 
across the target area of the Vidicon. In addition, 
logic is provided to blank the Vidicon during ramp 
retrace and also to blank the Vidicon in case of 
sweep failure. Finally, a constant-current source 
supplies the focus coil with the proper current to 
establish magnetic focus for the Vidicon. 

Vert ica l  r a m p  generator. Operational amplifier 

U I A  acts as an integrater to produce a vertical ramp 
controlled by the vertical drive pulse. This circuit is 
different than most integraters because the inte- 
grating capacitor C1 is referenced to ground,l there- 
by simplifying the vertical ramp reset circuitry (01). 
This configuration also allows for any required lin- 
earity correction. The component values shown pro- 
vide a linear ramp (R1 and R2 are equal) but the out- 
put is an exponential funct~on in which the magni- 
tude and sign of the exponent may be varied by 
changing the ratio of R1 and R2 while holding the 
total resistance constant. The sum of R1 plus R2 
mu!t~plied by C1 [ C l ( R I  + R21! determines the slope 
of the ramp. Values of C1 other than 1 pF may be 
used providing the RC constant remains unchanged 
and the value of R1 and R2 does not exceed ap- 
proximately 250 kilohm. In f ig. 5, C l  = 1 KF while 
R1 and R2 equal 100,000 ohms. Therefore, the RC 
constant is 200,000. If C1 was 10 pF, then R1 and R2 
must each be 10,000 ohms. 

The amount of positive feedback through R4 and 
R5 controls the exponential output. These resistors 
must be equal for a linear ramp but the main function 
is to set the gain (gain of 2). Any value of resistance 
for R4 and R5 between 4.7k and 100k produces no 
significant change in the output. Caution must be 
exercised when selecting values for C1. Stable, low- 
leakage capacitors (preferably non-electrolytic) 
must be used. I specify a mylar capacitor but tanta- 
lum units may be substituted if the correct polarity is 
observed. In operation, the positive-going vertical 
drive pulse resets the ramp generator by turning on 
0 1  and discharging C1 to ground. After the vertical 
pulse is completed, C1 linearly charges producing 
the + 5  volt output at pin 12 of U IA .  The next pulse 
resets Q1 and the cycle repeats again. The relatively 
large signal output ( + 5  volts) from U I A  is inten- 
tional, to produce a large signal-to-noise ratio. 

The second stage (U1 B) is a voltage follower 
placed in the current loop to provide adjustable cur- 
rent gain and dc offset. The signal is reduced before 
pin 6 to approximately 0.6 V p-p and then compared 
to the 0.6 V p-p signal at pin 7. The output from pin 
10 then feeds a complementary transistor pair (02 
and Q3) which provides a current boost to drive the 
vertical yoke. R14 and R15 bias 02 on slightly before 
Q1 turns off, eliminating crossover distortion; R16 
also helps supply current at the crossover point. 
R17 and R18 are simply current limiters for the tran- 
sistors and also provide some degree of decoupling. 

Capacitor C3 shunts the small component of hori- 
zontal ramp signal around the vertical coils. R21 is 
used to sense the current through the vertical yoke 
since the voltage developed across this resistor is 
proportional to the current flowing through the coils. 
R19 and R20 form a voltage divider across R21 and 
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f ig. 4. Schematic diagram of the power supply board. Diodes CR1. CR2, and CR3 are Varo VE18 diode bridges, or can be replaced 
w i t h  individual IN4004 diodes. A l l  other diodes are 1N4007s. R1 and R2 should be matched t o  within 1 per cent; all other resistors 
are 10 per cent tolerance. The 100 pH choke is a J. W. Miller 5250. Al l  the capacitor values are minimum values which can be in- 
creased i f  the new capacitor wi l l  f i t  within the available space. The high-voltage transformer is mounted by an 8-32 (M3.5) screw 
through the circuit board. Flat washers should be used t o  space the transformer approximately 118 inch (3mm) above the board. 

feed back a portion of the voltage to the inverting in- 
put of U1B. The overall gain of the loop is deter- 
mined by 

R11 + R 1 j E .  - E ,  
R l l  l n -  

where E,, is the voltage at pin 7 and E,  is the voltage 
at R20's wiper. 

By changing the vertical yoke current, the height 
is varied with minimum current equal to maximum 

height and vice versa. Yokes with different deflection 
factors can be accommodated by changing the value 
of R21 which changes the range of the height poten- 
tiometer R20. The value used here (100 ohms) will 
yield an R20 range of 12 to 80 mA. Decreasing this 
value to 50 ohms would produce a range of 25 to 
160 mA. However, most deflection factors fall in the 
range of 12 to 80 mA. C2 compensates U1B and 
prevents ringing due to overshoot by reducing the 
gain of U1 B at high frequencies. Centering pot R10 
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This side view of the camera shows the sweep generator 
card. The additional components for the alignment coil can 
be seen on the socket for this circuit board. 

provides a variable dc reference to center the ramp 
symmetrically about zero. Increasing the bias shifts 
the picture on the monitor from the top to bottom. 

Horizontal ramp generator. This circuit is identical 
in concept t o  the vertical ramp generator discussed 
above. In fact, a visual inspection of the schematic 
will reveal only one added part, R24 in the circuit of 
U2A. When the horizontal pulse resets the ramp, C4 
is not completely discharged due to the 10-ohm re- 
sistor, but left with a slightly positive bias which 
shows up at pin 6 of U2A as an offset. This small 
offset opposes that presented by the horizontal 
centering control and will provide sufficient adjust- 
ment on either side of zero. 

The slew-rate upper-frequency limitation of U2A 
is used to an advantage here. Since slew rate is 
measured in volts per unit of time, the higher the 
ramp voltage becomes, the more time it takes to 
retrace. Steep slope retrace times will tend to pro- 
duce ringing in the following stages; By keeping the 
peak ramp voltage high (+5V), the retrace takes 
longer due to slew-rate limiting and yoke ringing is 
minimized. The resistive divider (R29 and R33) then 
attenuates the signal to approximately 0.6 volt at pin 
6 of U2A. 

The output voltage and current boost circuitry, 
formed by transistors 05-08, provide the required 
gain and current drive for the horizontal yoke. 0 5  and 
0 6  provide some gain but serve primarily as dc level 
shifters to drive the complementary stage (07  and 
08). Since the use of higher voltage levels was re- 
quired, I had to fall back on discrete logic. The higher 
peak-to-peak voltages are due to two factors. First, 
the horizontal deflection factor of the yoke is roughly 
six times higher than the vertical circuit. This is due 
to the smaller number of turns of wire to minimize 
the inductive reactance. Second, because of the 
increased inductive reactance, even with fewer wire 

turns, more voltage must be impressed across the 
windings to source the same current as that required 
by the vertical circuit. 

Obviously, there are compromises and tradeoffs 
while trying to maximize current with a minimum of 
voltage. Notice that a negative supply voltage of 
- 45 volts is used. This is because maximum current 
is needed during retrace where the rise time is the 
greatest. An oscilloscope on the collector of 0 6  
would reveal a sharp negative-going pulse. 

Theoretically, an infinitely steep voltage pulse, 
discharged into a pure inductance, will produce a 
current ramp. This is how some commercial cameras 
generate a sweep. However, no circuit achieves 
theoretical factors so non-linearities creep in. That is 
why most cameras provide linearity adjustments. 

Since the circuit presented here is a true closed- 
loop current source, the source voltage is auto- 
matically controlled to produce a linear current ramp. 
Thus, no linearity adjustments are needed and the 
only non-linearities which do exist are in the yoke 
itself. Because of the ramp generator design, com- 
pensation can be made to overcome this if required. 
For all practical purposes, however, yoke non- 
linearities are not detectable to  the average viewer. 

The zero crossover problem, discussed in the ver- 
tical circuit, is more difficult to  overcome due to the 
higher frequency involved. Hence diode biasing is 
used to overlap the turn on of 0 7  before 0 8  turns off. 
R39 provides the proper degree of overlap and also 
balances the base drive for 0 7  and 08.  Notice at this 
point that R7 is placed across the emitter-collector of 
08. If a yoke is used that requires more than 300 mA 
p-p for proper operation, base drive limiting can take 
place due to the low current gain of 08 .  Therefore, 
R7 helps to source current when the ramp is maxi- 
mum negative, reducing the dissipation. Even with 
R7 in the circuit, 0 8  is driven much harder and for a 
longer duration of the cycle than 07.  

I would like to point out here that a large imbalance 
of the centering pot for a long duration will cause 
excessive dissipation in 0 7  or 08, depending upon 
which side of zero the imbalance occurs. Steps must 
be taken to check this when initially powering the 
circuit to avoid the premature replacement of the 
transistors. 

The value of R3 depends upon the yoke induc- 
tance and is used to dampen the inductance and 
lower the Qof  the circuit to prevent ringing. Use a re- 
sistor decade box and decrease the resistance to a 
point where any vertical bar shading irregularities at 
the left side of the video monitor just disappear. If 
an oscilloscope is handy, connect it from terminal C 
to  ground and view the horizontal ramp. Adjust R3 
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to  eliminate any ringing on the leading edge of the 
ramp immediately after retrace. For the yoke speci- 
fied, this value is 2.2 kilohms. 

The current sense element for the horizontal ramp 
is R45 and operates in exactly the same manner as 
R21 in the vertical circuit. Changing the value of this 
resistor will change the range of the width potenti- 
ometer R43. With an R45 value of 10 ohms, a current 
range of 120 to 400 mA can be accommodated. It is 
important to realize that when it is desired to  view 
the ramp waveform on a scope, only the current 
waveform is meaningful, because it is the current 
that deflects the electron beam within the Vidicon. 
(Remember that we are dealing with magnetic de- 
flection Vidicons.) 

Don't confuse the current waveforms with voltage 
waveforms shown on many commercial camera 
schematics. In many cameras, current waveforms 
are difficult to make because of the lack of a ground- 
ed current reference point. However, in this case R21 
(vertical) and R45 (horizontal) are in the current path. 
A scope from terminal A or C to ground will display 
current if the voltage on the CRT is divided by the 
R21 or R45 resistance. 

The Vidicon must be blanked during both vertical 
and horizontal retrace even though proper blanking 
of the video waveform is taken care of farther down- 
stream; this is because of the persistance and lag of 
the Vidicon - an actively scanned retrace will pro- 

duce dark diagonal lines superimposed on the normal 
scan. Methods to blank the Vidicon vary from cath- 
ode blanking to G I  grid blanking or both. In this 
case, simple cathode blanking is used by raising the 
cathode approximately 22 volts positive during the 
retrace intervals. The vertical and horizontal drive 
signals are inverted, wire ORed and again inverted to 
drive the Vidicon cathode through U4. I have noticed 
that when using a type 4478 Vidicon, because of its 
higher cathode cutoff point, marginal cutoff of the 
beam can occur, especially at low-light levels, pro- 
ducing a very slight retrace line. Using a type 7735 
Vidicon has not been any problem. 

The Vidicon must be protected from accidental 
loss of either vertical or horizontal sweep, even for 
time durations as short as a fraction of a second. If 
sweep failures occur without protection, the scan- 
ning beam in the Vidicon would permanently burn 
the target material, causing a serious line or spot in 
the picture after normal sweep resumed. U3, a 74123 
dual retriggerable one-shot, is the heart of a scheme 
devised to blank the Vidicon (turn off the scanning 
beam) if either horizontal or vertical sweep is inter- 
rupted. In operation, C10 and R54 integrate the ver- 
tical ramp, negative-going retrace into a short dur- 
ation pulse at the base of 010. 010 turns on during 
this time to produce a positive pulse at pin 10 of U3 
to reset the timer. The output (pin 12) is low at this 
point. After the input pulse, U3 starts a time delay 

fig. 6. Schematic diagram of the video processor; all voltages are shown with no video (lens capped) and R16 turned fully 
counter-clockwise. R4, R7, and R9 are metal-film or deposited-carbon resistors. All other resistors are %-watt,  10 per cent car- 
bon composition. Diodes CR7-CR10 are IN4151 or equivalent silicon diodes; L l  is a Nytronics WEE-100 or J. W .  Miller 70F755A1, 
and L2 is a Nytronics WEE-220 or J. W.  Miller 70F224A1. U1 is an RCA CA3039 and U2 is a CA3083. The output voltage will vary de- 
pending upon the pedestal setting. R29's value will produce 40 IRE units of sync; to change to 20 units, a?9 must be reduced to 
220 ohms. All voltages were measured with a 10,000 ohms/volt meter. 
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Rear view of the camera with the back plate removed. The 
three capacitors which are connected to the Vidicon socket 
are grounded through a common piece of braid to the video 
processor socket. 

which, if allowed to time out, will cause pin 12 to go 
high. For normal operation, before the timer times 
out, a new pulse arrives at pin 10 resetting the timer 
and repeating the cycle. If the sweep had failed to re- 
trace, no pulse would occur at pin 10 and the timer 
would time out thus driving U4 pin 8 low and blank- 
ing the Vidicon. 

The time delay is set by R55 and C11 and is slightly 
longer than a normal 16-millisecond vertical-scan 
cycle. The horizontal circuit operates in an identical 
manner. Note that I have brought the C11-R55 
junction to pin D on the connector. Normally this 
pin is not used, but if the delay is shortened to time 
out before the end of the normal scan cycle the Vidi- 
con will be blanked from that point until the start of 
the next cycle. By connecting a 500k potentiometer 
from pin D to + 5  Vdc, a poor man's special effect 
can be made to "wipe" from bottom to top. An addi- 
tional 500k potentiometer from pin E to + 5 Vdc will 
produce a wipe from right to left. This combination 
will change the picture from full screen to a small 
square in the upper left of the screen. One caution 
must be observed. By blanking the Vidicon at a point 
normally in the active scan region for a long time on 
relatively bright scenes, a line will be produced on 
the screen when the blanking point is changed. This 
could produce a permanent burn in the Vidicon. 

The Vidicon magnetic focus control circuit is also 
on this circuit board. It is a simple current sink to 
supply constant current to the focus coil indepen- 
dent of supply voltage and coil resistance variations. 
R60 is adjusted to set the current desired to focus 

the Vidicon, The voltage developed at the emitter of 
Q7 1 is compared to the voltage at the wiper of R60 
by U5. U5 will then drive Q11 until these voltages are 
equal, producing a voltage drop across R59 which is 
proportional to the focus coil current. The focus coil 
current, I ,  = ER60urzperiR59. The op-amp's open 
loop gain and excellent temperature stability are 
combined to produce very stable regulation of the 
focus current. 

Most focus coils typically require approximately 
40 mA if the coil resistance is about 400 ohms, pro- 
ducing ER60 equal to 0.4 volts. The lower the coil 
resistance, the higher the required current will be. If 
the focus coil used approaches 100 ohms, it will be 
necessary to place a small resistance in series with 
the coil (approximately 22 ohms) to prevent exces- 
sive dissipation in 0 1  1. The voltage across terminals 
E and F should be close to 15 volts. Finally, capacitor 
C20 must be placed across terminals E and F to 
suppress horizontal spikes occurring at a rate too fast 
to be corrected by U5 (there was not room enough 
to  mount this capacitor on the circuit board). 

video processor 
The video processor, as the name implies, pro- 

cesses the extremely low level video signal from the 
Vidicon. The preamplifier portion (fig. 61, composed 
of 0 1  through 04, amplifies the signal and also pro- 
vides response modification. The amplified signal 
(approximately 0.7 volt p-p) is then presented to the 
processor where blanking and sync are inserted. 

The preamplifier accepts the extremely low level 
current, from the target of the Vidicon, which is pro- 
duced by the discharge of the target by the scanning 
beam. This signal, in the range of 0.05 t o  0.5 micro- 
amp, is ac coupled to Q1 and discharged through R4 
to produce a voltage equal to: 

at the gate of 01. For 0.3 microamp of target current 
(a relatively bright scene), approximately 60 mV is 
developed at Ql 's  gate; a higher voltage level than 
one would suspect. Wiring must be kept to a mini- 
mum and also well shielded at this point to prevent 
broadcast interference pickup due to the high im- 
pedance involved. 

The target bias is also applied at this point. This 
positive voltage will charge the capacitive surface of 
the Vidicon that eventually will be discharged by the 
scanning beam. The bias, usually about +20 volts, 
must be varied as the average scene level changes 
and ideally must be a constant-current source for 
automatic light compensation. By making the value 
of R7 very large (greater than 100 megohms) a 
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constant-current source is approximated because the 
Vidicon is basically a constant-current generator. 
Therefore, partial ALC is achieved. M y  original de- 
sign uses a 2.2-megohm resistor for R7 v,;:? no ALC. 
However, if ALC is desired, use a 500- to 1000- 
megohm resistor for R7 and increase the value of the 
target pot from 500k to 1 megohm. If this is done, the 
recovery from abrupt light level changes will be slow, 
especially as R7 approaches 1000 megohrns because 
C6 must be charged (or discharged) to a stable level 
in the process. 

In operation, the high impedance gate of 0 1  
amplifies the video signal with some series peaking 
in the drain circuit. This technique helps to compen- 
sate for the normal high-frequency rolloff of the 
Vidicon. R9 shunts L2 to shape the response of the 
peaking by reducing the Q o f  L2. At  low frequencies 
R10 is primarily the load resistor, while at high fre- 
quencies, where the reactance of L2 is higher, R2 
and XLof L2 are additive to increase the gain of the 

The video at 02's source is ac coupled to Q3 and 
04; Q4 is used as a bootstrapped emitter follower 
with a dc gain of 1. Degenerative feedback is pro- 
vided to vary the high-frequency rolloff point (aper- 
ture) and the slope of the gain curve to the rolloff 
point (high peaking). The aperture is normally ad- 
justed by viewing a scene with high contrast ratios 
and adjusting R14 for no white talk following a white 
to black transition. The high-peaking pot, R15, is ad- 
justed by observing the maximum picture detail 
without noticeable oscillation effects. The corrected 
video is then fed to the video gain pot R16 for pre- 
sentation t o  the sync and blanking processing 
stages. 

The blanking and sync insertion circuitry2 is built 
around an RCA CA3039 high-speed diode array. The 
circuit restores the dc level to the incoming positive- 
going video signal, inserts blanking, sets up a pedes- 
tal level, and then adds composite sync. This type of 
processing precisely inserts the sync and blanking in- 

8 3 2  X 7/8" SCREW AND NUT TO MOUNT T I  
PLACE FLAT WASHERS BETWEEN TI a PCB 
TO SPACE TI UP APPROXIMATELY 1/8" 

ENDS FLUSH 
PC BOARD 

6 /32  X 3 I 8 "  SCREW, NUT AND 
LOCKWASHER TO MOUNT UI  8 LIZ 

fig. 7. Component placement for the completed power supply board. 

stage. 02 is basically a source follower to isolate the formation, not merely adding it to the video. Linear 
signal from the previous stage and to present a lower addition is not good enough because the video in- 
impedance for coupling to Q4. In addition, it pro- formation would ride on top of the sync information. 
vides a dc stabilized feedback to 01. 0 1  and 02 Sync must only contain position information; there- 
therefore operate together to provide a single in- fore, the video is clamped to a voltage level at the 
version of the signal with a total mid-frequency gain positive terminal of C16 by diode CR3. 
of approximately 15. Diode CR7 protects CR3 from excessive reverse 



The 0.01 pF disc capacitor mentioned in the text can be  seen 
attached t o  the sync generator board. Its inclusion wil l  
eliminate a vertical line in the picture. 

voltage and will clamp the absolute video excur- 
sions to approximately 0.7 volt. The resulting signal 
is then fed into a differential amplifier consisting of 
0 6  and Q7, a matched pair within the CA3086 (U2). 
This amplifier has a low gain (2.5) between the base 
of Q6 and collector of Q7 but a much higher gain 
(6.5) between the base of Q7 and its collector. With 
CR5 reverse biased during scan time, amplified 
video will appear at the collector of 07. When a 
horizontal or vertical blanking pulse appears at pin 2, 
CR5 is forward biased and saturates 07, thereby 
adding a very large pedestal to the video. This pedes- 
tal must then be clipped and sync added to complete 
the process. 

Transistor Q5 and the associated circuitry is con- 
nected to function as a constant-current source 
which will set up a variable voltage at the cathode of 
CR4 depending upon the presence or absence of a 
sync pulse. Thus, whenever the signal at Q7's col- 
lector is more negative than this potential, CR4 will 
isolate the video signal from the base of Q8. How- 
ever, if the level at Q7's collector is more positive, 
the video signal will appear at Q8. If the current from 
0 5  produces a level at Q8 base just beneath the video 
black level, the entire video will rest upon the blank- 
ing level. When CR1 conducts due to an incoming 
sync pulse, R29 will be short-circuited, and the vol- 
tage at the base of 0 8  will drop a corresponding 
amount. The resultant composite video is then pre- 
sented to the output transistors Q8 and Q9. Transis- 
tor 010 is connected as a diode to provide negative 
feedback. Because of 010's low reverse breakdown 
of 6 volts, it acts as a zener to clamp the feedback at 
6 volts. R30 and R32 are purposely selected to be 
low values to keep impedances low and improve 
bandwidth. 

The entire processor circuit, including the preamp, 
has been tested and found to have an overall 3 dB 
bandwidth in excess of 6.5 MHz. This value is more 
than adequate for all but  the most  expensive 
Vidicons. 

There are a few comments about component se- 
lection which deserve mention. The preamp resistors 
R4, R7, and R9 should be metal film to  keep noise to 
a minimum. C6 must be a non-polarized and low- 
leakage capacitor; most ceramic capacitors are fine. 
In the processor U1 is a diode array selected pri- 
marily for high-speed operation. Substitution of 
descrete slow-speed diodes could be disastrous. U2 
is a high-current transistor array to handle the rela- 
tively high current in the output stage; it also runs 
warm in normal operation. In some applications, 
particularly for ATV operation, the sync amplitude 
may have to be altered. R29 is selected to produce 
approximately 40 IRE units of sync. To reduce this 
level to 20 IRE units, decrease this value to 220 ohms. 

A number of prototypes were built before an 
arrangement was obtained that provided compact 
size, easily obtainable materials, a minimum of 
special tools for fabrication, and accessibility to all 
printed circuit boards while the camera was opera- 
tional. Of course, there are always tradeoffs to any 
design, but the main criterion here lies in the ability 
for the maximum number of people to be able to 
reproduce this design with the minimum of effort. 

A standard chassis approach was abandoned early 
because no standard size existed which was close to 
the dimensions needed to qualify the camera as a 
compact. Instead, I settled upon a basic frame ap- 
proach. This may require more individual pieces but 
it keeps bending requirements to a minimum., 

Basically, the front and rear plates are made from 
118-inch (3mm) aluminum. Thinner material could 
be used but mechanical rigidity will suffer. The frame 
studs that hold the front and rear plates are 1/4- 
inch (6.4mm) square aluminum bar stock. This 
material is not generally available in hardware stores 
and I had to go to an industrial aluminum supplier 
and buy a 12-foot (3.7m) long piece. I've got a lot 
left over, but the cost was less than three dollars. 
The back plane bracket, video PCB shield, sync 
generator PCB shield, and the bottom plate are all 
made from I / 16-inch (1.6mm) aluminum. Here, sub- 
stitution of thinner material down to  about 0.040- 
inch ( Imm)  thick is fully satisfactory. Thicker mate- 
rial, however, will be difficult to bend and should be 
avoided. 

* A  copy of the complete set of mechanical drawings is available by sending 
a 9 !4 x 11 envelope with 35 cents postage to ham radio, Greenville, New 
Hamoshire 03048. 
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Mounted directly behind and fastened to the front 
plate is the front mounting block. This serves as a 
very convenient means of securing all four circuit 
boards and establishes a good low-impedance elec- 
trical ground. I t  also spaces the yokelfocus coil 
back from the Vidicon to establish proper focusing. 
I made this block from 114-inch (6.4mm) aluminum, 
bur thicker pieces up to 3!'8-inch i9.5 mm) can be 
used if care is taken to chamfer the edges where 
they contact the circuit boards so no shorts occur. 
Since the yokelfocus coil mounts to this block, 
check the mounting dimension requirements of the 
yoke you obtain before drilling these holes. 

The outer cover that wraps around the entire 
camera is not detailed because of the variety of 

with threads to accept a standard C-mount lens 
which would also screw into the front plate. Not 
everyone can do this so I suggest an adapter avail- 
able from Denson Electronics (part 3833) to mount 
the lens on the front plate. 

The printed-circuit board layouts may be obtained 
by sending a self-addressed, stamped-envelope to 
ham radio, Greenville, New Hampshire 03048 or, pur- 
chased as etched and drilled blank boards from Auto- 
mation Engineering Company." The parts placement 
drawings are shown in fig. 7, 8, and 9. Breadboard 
construction is not recommended because of the 
somewhat critical layout of components on some 
boards. In general, no special assembly of compo- 
nents is required on any of the boards. However, I 

fig. 8.  Component pattern diagram for the sweep generator. Plastic transistor spacers should be used under Q7 and 011  to pre- 
vent the heatsinks from touching other components. 

materials that could be used. Solid-sheet aluminum might suggest three cautions that should not be 
mav be used if ventilation holes are drilled along the overlooked. 
sides and top. Many types of decorative perforated 1. Check for proper polarity of capacitors and 
aluminum are available at hardware stores and are diodes. 
desirable for ease of bending. I used 0.050-inch 
(1.3mm) perforated steel because of availability. 
Don't use this unless you have access to a bending 
brake and can do it right the first time! 

Finally, the hole size in the front plate depends 
upon the method of mounting the lens but must 
be larger than 1-1 18-inch (2.9cm) in diameter in order 
to insert and remove the Vidicon without removing 
the plate. I have found that a universal lens mounting 
method to satisfy all situations is not obtainable. I 
have access to a lathe, so an adapter was machined 

2. Check solder connections on the component 
side of the board. 

3. Be careful not to leave component leads too 
long on the solder side; they may touch the focus 
coil. 

Most components are commonly available and 

'Autornat~on Engineering Company, 3621 Marine Drive, Toledo, Ohio 
43609. 
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fig. 9. The area enclosed with a dotted line on the video processor board should be shielded if broadcast interference is a prob- 
lem. L1 is not mounted on the board but runs directly between the board and the Vidicon. All other components are mounted as 
shown in this diagram. 

were designed with surplus dealers in mind. Many 
substitutions of components are possible, but good 
judgement must be exercised. Hopefully, after read- 
ing the preceding technical descriptions of each 
board a knowledgeable substitution can be made 
knowing that it will work. If substitution of tran- 
sistors is required for the 2N3053, 2N4036, and 
2N3440, be sure to check package size, voltage 
rating, current gain, and power handling capacity. 

The high-voltage transformer in the power supply 
must be wound with the Magnetics, Inc. cores de- 
tailed in fig. 10. The cores and bobbin are not gen- 
erally available in small quantity, from Magnetics, 
Inc., but they can be obtained from Automation 
Engineering for $2.50, postpaid. Adding the required 

pletion of the winding, slip spaghetti insulation over 
the leads and place the cores in position before sol- 
dering the leads to the pins. Careful positioning of 
the leads will prevent them from touching the cores. 
Finally, seal the wire in place on the bobbin by melt- 
ing a small amount of beeswax or crayon on it. 

Almost any I-inch (2.5cm) Vidicon is usable in 
this camera, including the 8507 separate-mesh Vidi- 
con. When this tube is used, however, tie G4 (pin 3) 
directly to power supply pin 10 through a I-megohm 
resistor. G3 (pin 6) is then connected to the focus 
pot as shown. I recommend a yoke-focus coil as- 
sembly available from Denson Electronics (Part 2045) 
for this camera, but it must be altered and mounted 
as follows: 

wire to these parts is quite simple. First, insert a 1. The wire on the focus coil must be unwound 
7116-inch (Ilmm) the bobbin and and rewound with 1 pound (().&kg) of no. 28 AWG 
secure with a nut. Now hold the bolt instead of the (0.3mm) or no. 29 AWG (0,27mm) wire (approxi- bobbin while winding. The primary must be wound 

mately 7000 turns). 
on first, with the wire occupying the bobbin section 
closest to the pins. Wind with 20 turns of no. 26 
AWG (0.4mm) enameled wire (approximately 3 feet 
or I m )  connecting the beginning of the winding to 
pin 1 and the finish to pin 3 (pin 2 is unused). Wind 
the first half of the secondary on the center section 
with 200 turns of no. 36 AWG wire (0.13mm). Con- 
nect the start to pin 4 and the finish to pin 5. Now, 
continue winding another 200 turns on the top sec- 
tion in the same direction as the first 200 turns, with 
the start at pin 5 and the finish at pin 6. After com- 

2. A good target connection is not supplied with 
this assembly. However, if the front mount is re- 
moved by gently tapping it from inside and replaced 
with a Denson plastic front Vidicon mount and tar- 
get connection (furnished with the coil as a loose 
item), this will make the assembly usable with a mini- 
mum of effort. The two plastic ears on the plastic 
front Vidicon mount, which extend behind the solid 
piece, must be sawed off flush so the yoke can be 
fully inserted. 



3. A method of clamping the yoke and Vidicon to short leads as possible. The ground side of the ca- 
the focus coil case must be made by the builder. pacitors should be connected together and then 

connected to the video processor socket pins C, 
4. The electrical alignment coils provided on this 

D, E, and F at the ground lug with a short piece of 
yoke must be powered to operate properly (many 

shielding braid. This is for flexibility along with pro- 
yokes have permanent magnet alignment magnets 

viding a low impedance to ground. 
not needing electrical connections). No provision for 
alignment coil Dower is provided on the circuit initial testing and setup 
boards, but the circuit shown In fig. 11 can be used 

The testing of each circuit board should be done 
to power the coils. 

in a systematic manner to avoid the possibility of 
Two other yokes that I've tested and found to be 

sat is factory  are the Denson 2047 and 2013. They re- 
quire approximately 300 mA p-p to operate the 
horizontal coils and 15 mA to operate the vertical 
coils. See fig. 12. If either yoke is used, you must 
furnish a satisfactory focus coil. The following tips 
will help if you feel confident enough to  build a 
focus coil. 

damaging good components on one circuit board 
due tc a problem on another; the foliowing steps 
will save a lot of time and headaches !ater. 

First, after all frame wiring is completed (do not 
install the Vidicon or any circuit boards) plug the 
camera in and verity that, with respect to pin 2, 
approximately 20 Vac exists at the power supply 
socket pins A and C. Next, measure the voltage 
between pins E and F. It should be about 8 Vac. 

1. Wind the coil with 1 pound (0.45kg) of no. 28 
Last, check for about 7 Vac between Vidicon socket 

(0.3mm) wire (approximately 7000 turns). 
pins 1 and 8. 

2. Use a plastic front Vidicon mount and target Now plug in the power supply circuit board and, 
connection, available from Denson by description. with a clip lead, short pin 6 to ground. Turn the pow- 

er on and check for rt 15 Vdc, + 5  Vdc, k 2 5  Vdc 
3. Use a permanent magnet alignment assembly, 

and -50 Vdc at the power supply socket and all 
Denson 7138. 

other socket connections to which these voltages 
The power transformer is a special unit I wound 

for this application. Although standard transformers 
are available which could work, I found none with 
all of the required voltages. It is possible to hand 
wind a transformer using a Stancor P6466 as a core 
but this is somewhat laborious. 

The 0.02 pF capacitors from Vidicon pins 2, 3, 5, 
and 6 to ground are 600 volt ceramic capacitors. 
They're installed on the Vidicon socket pins with as 

go. If an oscilloscope is available, make sure the 
ripple at pins 1 and 4 (f 15 volts) and pin 5 ( +  5 
volts) is below 10 millivolts. 

After all the tests are complete, remove the clip 
lead jumper, and plug in the sync generator. Again 
apply power and check for proper high voltages 
(approximately 500-600 volts at pin 10). 1 assume at 
this point that the sync generator has been pre- 
viously checked and is operational. In normal opera- 
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NO O F 4 2 2 1 3  - U G  
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M A G N E T I C S  I N C  
NO P C B 2 2 1 3  - 2 3  1 r P L A S T l C  3 S E C T I O N  

- F L A T  W A S H E R  i S T  H A L F  O F  B O B B I N  1 1 S E C O N D A R Y  - / / 

S P A G E T T I  S L E E V l N G  ON 
S E C O N D A R Y  L E A D S  

B O B B I N  T O P  V I E W  
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fig. 10. Construction details for the high-voltage transformer. The primary winding will require approximately 3 feet ( l m )  of no. 
26 AWG (0.4mm) wire, while the secondary will require 50 feet (17m) of no. 36 AWG (0.13mm) wire. The core and bobbin are 
available from Automation Engineering for $2.50, postpaid. 
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fig. 11. The upper diagrams show the lead identification 
colors for the Denson type 2045 yoke/focus coil assembly. 
After the focus coil has been rewound, the dc resistance 
should be approximately 250 ohms. R3, on the sweep gener- 
ator board, can be reduced to about 1000 ohms when using 
this assembly to  improve the shading. The circuits at  the 
bottom should be used to power the electrical alignment 
coils. The components can be mounted on the circuit board 
connector socket in the frame of the camera. I t  is possible 
that in some extreme cases one of the 470-ohm resistors 
may have to  be reduced to obtain the proper range. 

tion, Q l  gets warm but never too hot to touch. If it 
does, either a secondary short exists or the trans- 
former was improperly wound; too few turns on the 
primary will produce this problem. In a couple of 
cases I have found that the high voltage at pin 10 
was low (about 400 volts) and 0 1  ran very hot. I 
unwound the primary and, finding the proper num- 
ber of turns, wound it back on with the same wire. 
When I checked, the voltage was up to 600 volts and 
0 1  was running cool. No explanations found - any 
suggestions? In any case, this could be a source of 
trouble. Also make sure the surfaces between the 
core halves are clean. M y  ears are sensitive to the 15 
kHz whistle, so I found this early. 

Next, plug in the sweep generator and connect 
all yokelfocus coil leads. Turn the power on and 
check for proper sawtooth waveforms at terminals 
A and C with an oscilloscope. Adjust R20 for ap- 
proximately 1.4 volts p-p at terminal A (16 mA) and 
R43 for approximately 1.6 volts p-p at terminal C 
(162 mA) with the Denson 2045 assembly. Make sure 
the centering pots R10 and R32 are set to position 
the sawtooth waveform equally above and below 

zero. If either pot is adjusted to an extreme for an 
extended period of time, the output transistors will 
get very hot and may fail, so check this first! In nor- 
mal operation Q8 will get very warm. A good check 
here is to place your finger directly on 08.  Count 
slowly to two. If you still have your finger on Q8, it is 
not too hot! This may be a crude test, but I like tests 
involving instruments that are handy (pun intended). 

Now check the constant-current source supplying 
current to the focus coil. Set focus pot R60 to supply 
approximately 40 mA. This will produce a voltage 
drop of 0.4 volts across R59. Make sure that the 
focus coil's magnetic field polarity is correct by plac- 
ing a compass at the outside of and at the image end 
of the focus coil. The north seeking pole must be at- 
tracted to the coil. 

Finally, plug in the video processor and short the 
target lead to ground at C6 with a very short jumper. 
With a television monitor connected to the video 
output, vary R34. The monitor should have a blank 
raster that becomes lighter as the pot is rotated 
counter-clockwise. Remove the short at C6. By 
placing your hand near C6, herringbone patterns 
should occur, indicating that the processor is passing 
broadcast radio signals and is operating properly. If 
a vertical line is noticed near the center of the pic- 
ture, it may be due either to improper grounding of 
the power supply or excessive pulse risetimes or the 
15 kHz drive clock. If the latter is the case, a 0.01 pF 
capacitor directly across pins 7 and 8 of U19 on the 
sync generator will correct the problem. After all 
items have been checked, the camera is ready for the 
Vidicon and final testing. 

final checks and calibration 
Install the Vidicon in the camera. The short index 

pin should be oriented to position it at 9 o'clock 
when facing the camera. The Vidicon should be in- 
serted into the yoke to a point where the tube face is 
approximately 112-inch (12.5mm) behind the lens. 
This dimension, however, is rough and final posi- 
tioning will be necessary after the camera is opera- 
tional. Apply power to the camera and perform the 
following steps: 

1. Adjust the focus pot for +450 volts at the 
wiper. 

2. When an image appears, adjust R60 on the 
sweep generator for proper magnetic focus. All elec- 
trical focusing should henceforth be done with the 
rear panel focus pot. 

3. Rotate the yoke, if required, for proper picture 
orientation. 

4. Adjust the centering pots. If either pot is rotated 
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to  its extreme, the round edge of the target will be 
seen. This can be used as a guide for proper center- 
ing along with proper positioning of the object being 
viewed (test pattern). 

5. Adjust the horizontal and vertical size pots for 
correct image size. Note that under scanning the 
tube will produce a larger than normal picture. This 
is undesirable because resolution suffers, and if nor- 
mal scanning is resumed a premanent burn line of 
the target will result. 

6. With a picture in view, rotate R15 on the video 
processor clockwise until the picture "breaks up." 
Back off slightly and leave it there. In general, this 
pot increases the frequency response of the ampli- 
fier and a corresponding increase in resolution will 
occur until overcompensation is reached and oscilla- 
tion takes place. 

7. Next, rotate R14 (aperture) for no white tails 
fo l lowing b lack-to-whi te transitions (po t  ful ly 
counter-clockvvisel or no black tails following black- 
to-white transitions (pot fully clockwise). 

8. Finally, after all other items are satisfactory, the 
alignment magnets on the rear of the yoke should be 
adjusted to improve resolution and shading. These 
are no t  centering magnets and centering will possibly 
have to be touched up later. Rotate the focus pot on 
the rear panel. The image must not shift from the 
center position. Adjust these magnets until rotating 
the focus pot to each extreme produces a picture 
that rotates about an imaginary center axis as it goes 
through focus. No side-to-side or top-to-bottom 
shifts must take place. 

conclusion 
This television camera, although complex in some 

respects, is relatively easy to build and troubleshoot. 
A number of construction approaches were tried be- 
fore settling on this one. Because many amateurs do 
not own a machine shop, as much of the design as 
possible takes advantage of standard workshop 
tools. This is not 100 per cent applicable, but I'm 
sure that alternate approaches, for the same result, 
with available tools will be devised. For this reason, 
I've gone into further detail than normally would be 
expected. The construction of this camera is not 
really as complex as it seems on the surface. Give it 
a try! 

A number of extensions to this design are possible 
as discussed in the preceding text, and in most cases 
are l imited only by  your imagination. W i t h  a 
thorough understanding of this design, it is possible 
to produce a camera applicable to your situation. 
Because of the interlace quality, multi-camera con- 
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fig. 12. Connections for t w o  additional yoke assemblies 
that have been tested in the camera. I t  is easier to mount a 
permanent magnet assembly on the 2047; it also has slightly 
better resolution capabilities than the2013. 

trol is possible (color anyone?). Portable operation, 
as mentioned earlier, is also possible because of the 
elimination of line-lock operation (how about mo- 
bile ATV?). 

Before rushing to the workshop, or your local elec- 
tronics store, re-read the article, understand the 
contents, and visualize your construction method. 
After all, you may already have most of the parts 
without realizing it. I will be happy to correspond 
with any individual about the existing design, con- 
struction diff iculty, or improvements if a self- 
addressed, stamped envelope is enclosed with the 
correspondence. Good luck and happy construction! 
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microstrip transmission line 

A discussion of 
the operating parameters 

of microstrip 
transmission line 

and how to calculate 
its characteristic impedance 

and propagation velocity 

Printed electronic circuits were originally devel- 
oped for military equipment manufactured during 
World War II; in the years following the war printed- 
circuit manufacturing techniques were developed 
which both improved reliability and reduced cost. 
While much of this development work was accom- 
plished under the watchful eye of the military ser- 
vices, the television set manufacturers also played an 
important part - they were exploring every avenue 
that offered the possibility of lowering the production 
costs of their sets. 

In 1949 Robert Barrett of the Air Force Cambridge 
Research Center proposed that printed-circuit 
techniques be adapted to uhf and microwave circuits 
by using flat coaxial configurations with an air or 
solid dielectric.' The only known use of this tech- 
nique at that time was in an antenna power divider. 

In the early 1950s several manufacturers began 
developing Barrett's original suggestion. Airborne ln- 
strument Laboratories (AIL) developed a system 
using air dielectric which they called stripline;2 ITT 
introduced a single ground plane, solid-dielectric 
strip transmission line called microstrip;3 and 
Sanders Associates began investigating a dual 
ground plane, solid-dielectric arrangement that 
subsequently became known as Tri-Plate transmis- 
sion line.4 Since all three forms of strip transmission 
line supported the TEM mode of propagation, they 
had similar electrical characteristics. The major dif- 
ferences were in size, shielding, insertion loss, and 
ease of construction. 

Many companies and research groups contributed 
to the advancement of strip transmission line tech- 
niques, and by 1955 a wide range of uhf and 
microwave components were in limited production. 
Multifunction assemblies were developed by several 
manufacturers which were made available commer- 
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cially; s t r ip  transmission line couplers were 
developed,s and mult iple section lines were 
developed to increase the bandwidth of individual 
components such as directional couplers, hybrid 
rings, and filters.6 

In addition to strip transmission line layout tech- 
niques, improvements were also made in dielectric 
materials. Early efforts produced only a few suitable 
dielectrics such as fiberglass, Rexolite, and Teflon. 
By the 1960s irradiated polyolefin, Teflon-fiberglass, 
beryllia, and a variety of other laminates provided a 
wide range of dielectric constants and operating 
temperatures.' Dielectric substrates such as quartz, 
alumina, sapphire, and magnesium titanate were 
developed later and have found wide use i n  
microwave integrated circuits. 

The Tri-Plate strip transmission line developed by 
Sanders Associates has been used extensively in 
directional couplers and other uhf and microwave cir- 
cuits where shielding is required, while ITT's air- 
dielectric stripline has been used primarily in high- 
power circuits such as amateur vhf /uhf  power 
amplifiers and vhf f m  broadcast transmitters. 
Microstrip, on the other hand, is used widely from 
vhf through microwave - it has been employed in 
such diverse applications as frequency counters, 
broadband solid-state amateur vhf power amplifiers, 
uhf rat-race mixers, matching networks, antenna 
baluns, and phased antenna arrays for radar and 
satellite communications. 

microstrip characteristics 
A microstrip transmission line consists of a thin 

conducting strip placed on one side of a dielectric 
substrate which has a solid, conducting ground 
plane on the opposite side as shown in fig. 1. The 
substrate is usually a low-loss dielectric, but ferro- 
magnetic and semiconductor materials have been 
used in some specialized applications. 

The propagation characteristics of a strip transmis- 

GROUND PLANE 

fig. 1. Microstrip transmission line consists of a thin con- 
ducting strip placed on one side of a dielectric substrate 
which has a ground plane on the opposite side. The charac- 
teristic impedance of microstrip is a function of the ratio of 
the strip width to dielectric thickness, w / h ;  t is the thickness 
of the conducting strip. 

sion line are very similar t o  those of a coaxial 
transmission line, from which it evolved. The electric 
and magnetic field configuration of microstrip in f ig .  
2 is the final stage in a progressive modification of 
the conventional coaxial line. The solid lines are used 
to indicate the electric field; the dashed lines, the 
magnetic field. Both are entirely in the transverse 
plane (at right angles to each other and at 90° t o  the 
direction of propagation), so this is called the 
transverse electro-magnetic or TEM mode. 

In the Tri-Plate line (f ig. 2D) the electric field is 
bounded entirely by the flat outer conductors and 
there is essentially no electric field component t o  the 
sides of the center strip. If the ratio of the outer con- 
ductor width is more than about three times the strip 
width, w, sidewalls are not required. 

The t w o  properties of microstr ip o f  most  
importance to rf circuit designers are velocity of 
propagation (phase velocity) and characteristic im- 
pedance. Whereas the propagation of rf energy in 
coaxial lines and Tri-Plate line is purely in the TEM 
mode, in microstrip the field lines are not entirely 
contained in the substrate (fig. 2E). For this reason, 
the propagation mode in microstrip is called quasi- 

COAXIAL L INE TRANSITIONAL PHASE TRANSITIONAL PHASE TRI- PLATE LINE 

Q 0 0 0 
fig. 2. The propagation characteristics of microstrip (El are very similar to coaxial line (A). from which it evolved. The solid lines 
indicate the electric field; dashed lines the magnetic field - both are in the transverse plane so this is the Transverse Electro- 
Magnetic or TEM mode. Since the microstrip field lines are not entirely within the substrate, propagation is not purely TEM but 
quasi-TEM (see text). 
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table 1. Characteristic impedance Z ,  and propagation properties of microstrip etched on fiberglass-epoxy circuit board ( E , =  4.8) 
double clad wi th 1 ounce copper. The ratio w / h  is microstrip width to dielectric height. 

microstrip width microstrip width 
(1/32"or 0.8 mm board) (1/16"or 1.6 m m  board) 

z 0 w / h  mils mm mils mm v~ 
10 14.93 422 10.7 887 22.5 0.481 
15 9.35 264 6.7 556 14.1 0.490 
20 6.59 1 86 4.7 392 10.0 0.498 
25 4.96 139 3.5 295 7.5 0.505 

30 3.89 109 2.8 230 5.8 0.510 
35 3.13 87 2.2 185 4.7 0.516 
40 2.56 7 1 1.8 152 3.9 0.520 
45 2.13 59 1.5 126 3.2 0.524 
50 1.79 49 1.2 105 2.7 0.528 

55 1.52 4 1 1.04 89 2.3 0.532 
60 1.30 35 0.88 75 1.9 0.535 
65 1.11 30 0.76 64 1.6 0.538 
70 0.955 25 0.64 54 1.4 0.541 
75 0.8'23 21 0.53 46 1.2 0.544 

80 0.71 1 18 0.46 40 1.02 0.546 
85 0.614 15 0.38 34 0.86 0.518 
90 0.532 13 0.33 29 0.74 0.550 
95 0.460 11 0.28 25 0.61 0.552 

100 0.399 9 0.23 21 0.54 0.553 

105 0.346 7.6 0.20 18 0.46 0.555 
110 0.299 6.4 0.16 15 0.39 0.556 
115 0.260 5.2 0.13 13 0.33 0.557 
120 0.225 4.3 0.11 11 0.28 0.559 
125 0.195 3.4 0.09 9 0.23 0.560 

130 0.169 2.8 0.069 7.6 0.20 0.561 
135 0.147 - - 6.5 0.17 0.562 
140 0.127 - - 5.4 0.14 0.563 
145 0.111 - - 4.5 0.11 0.564 
150 0.096 - - 3.7 0.09 0.565 
155 0.0833 - - 3.1 0.079 0.566 

160 0.0723 - - 2.5 0.064 0.567 

fig. 3. Characteristic impedance, Z<,, of microstrip vs the 
ratio uj/h, as derived by Wheeler. Since the curves for wide 
strip don't intersect the curves for narrow strip, values 
which fall in the undefined region must be interpolated 
( u / h  in the range between 1.0 and 2.0); many computer 
programs have been written to accomplish this task auto- 
matically, but Wheeler's rnicrostrip equations are difficult 
for the amateur to use. The impedance curves plotted from 
the more recent microstrip design equations of Schneider, 
Sobol, Hammerstad, and others don't have any undefined 
areas. 

TEM. Assuming the quasi-TEM mode, the velocity of 
propagation in microstrip is given by 

where up is the velocity of propagation, c is the speed 
of light, and teff is the effective dielectric constant of 
the substrate. The effective dielectric constant is 
always lower than the relative dielectric constant of 
the substrate, E ~ ,  because some of the field lines are 
outside the substrate. 

The characteristic impedance of microstrip line, 
Z,, is given by  the familiar transmission line 
equations 

where up is the propagation velocity (eq. 1 ), C is the 
capacitance per unit length of line, and L is the in- 
ductance per unit length of line. Unfortunately, the 
calculation is not as simple as it may first appear 
because capacitance and inductance are both func- 
tions of microstrip geometry; and capacitance and 
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table 2. Characteristic impedance Z, and propagation properties of microstrip etched on Teflon-fibelglass circuit board 
( ~ ~ - 2  5 5 )  double clad with 1 ounce copper. The ratio rLb h is microstrip width to dielectric height (see text). 

microstrip width microstrip width 
(1/32"or0.8 rnm board) (1116"or 1.6 rnrn board) 

20 w l h  mils mm mils mm "P 

10 20.96 593 15.1 1246 31.6 0.646 
15 13.27 375 9.5 789 20.0 0.654 
20 9.47 267 6.8 563 14.3 0.661 
25 7.21 203 5.2 429 10.9 0.667 

30 5.72 161 4.1 340 8.6 0.672 
35 4.66 131 3.3 277 7.0 0.676 
40 3.88 109 2.8 23 1 5.9 0.681 
45 3.28 92 2,3 195 5.0 0.685 
50 2.80 78 2.0 1 66 4.2 0.688 

55 2.42 67 1.7 1 43 3.6 0.691 
60 2.10 58 1.5 124 3.1 0.694 
65 1.84 51 1.3 107 2.7 0.697 
70 1.61 44 1.1 95 2.4 0.700 
75 1.42 39 1 .O 83 2.1 0.702 

80 1.26 34 0.86 73 1.8 0.705 
85 1.12 30 0.79 64 1.6 0.707 
90 0.991 26 0.66 57 1.4 0.709 
95 0.882 23 0.60 51 1.3 0.71 1 

100 0.785 20 0.51 45 1.1 0.713 

105 0.700 18 0.45 39 1 .OO 0.714 
110 0.625 16 0.40 35 0.89 0.716 
115 0,558 14 0.35 31 0.78 0.717 
120 0.498 12 0.31 27 0.69 0.718 
125 0.445 11 0.27 24 0.61 0.720 

130 0.398 9.2 0.23 21 0.54 0.721 
135 0,356 8.0 0.20 19 0.48 0.722 
140 0.318 7.0 0.18 17 0.42 0.723 
145 0.285 6.0 0.15 15 0.37 0.724 
150 0.254 5.1 0.13 13 0.32 0.725 

155 0.228 4.4 0.11 11 0.28 0.726 
160 0.204 3.7 0.094 10 0.25 0.727 
165 0.182 3.1 0.078 8.5 0.21 0.727 
170 0.163 2.6 0.066 7.3 0.19 0.728 
175 0.146 - - 6.5 0.17 0.729 
180 0.131 - - 5.6 0.14 0.730 
185 0.117 - - 4.8 0.12 0.730 
190 0.105 - - 4.2 0.11 0.731 
195 0.094 - - 3.6 0.09 0.732 
200 0.937 - - 3.1 0.08 0.732 

propagation velocity are functions of the effective 
dielectric constant. 

Early efforts t o  derive formulas for the 
characteristic impedance of microstrip were based 
on the quasi-TEM model, but there were serious dif- 
ficulties. As pointed out in 1964 by Harold Wheeler, 
one of the first to derive practical microstrip design 
equations, "Because this was a problem in two- 
dimensional electric and magnetic fields, i t  was 
natural to apply the principles o f .  . . conformal map- 
ping. The resulting formulas were usually so compli- 
cated that any practical utility resulted from simpli- 
fied approximations for limited ranges of variables."8 
Later, Wheeler developed a set of approximate equa- 
tions for microstrip and published design charts 
which were widely used by microwavedesigners.9 

Although Wheeler published both analysis and 
synthesis equations," the synthesis equations were 
apparently largely overlooked because most of the 
published articles which referred to Wheeler's work 
presented only the analysis equations. This meant 
that designers had to use lengthy, interactive trial- 
and-error solutions to  determine the correct 
microstrip geometry for a required value of char- 
acteristic impedance. 

One of the disadvantages of Wheeler's equations 
is that two different equations are required - one for 

'Analysis equations give Z, ~n terms of the ratio of strip width to substrate 
height, u h; synthes~s equations give u !h directly as a function of 2,. Use 
of the analysis equatlon to find u h requires ten or more ~terations, a pro- 
cess that might require a half hour or more with a slide rule; it takes about a 
minute with the programmable HP-25 calculator - the synthesis equation 
provides an answer in less than 10 seconds. 
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fig. 4. Plot of simplified rnicrostrip equation derived by Fisk 
(eqs. 3 and 51, as compared to the more accurate expression 
of Hammerstad. For ut h > O  2 and t ,  > 4  0, the Fisk formula 
is accurate to within a few per cent. 

wide strip ( w / h > l ) ,  and another for narrow strip 
( w / h <  2). Furthermore, the boundary between the 
two cases is not clearly defined, as shown in f ig. 3, 
because the two curves don't intersect. Therefore, if 
the required w / h  ratio falls in this undefined region, 
it's necessary to interpolate the correct value. 

A few  years after Wheeler's formulas were 
published, Schneider developed more explicit equa- 
tions for the free-space characteristic impedance of 
microstrip and effective dielectric constant.10 Like 
the Wheeler equations, two formulas are required; 
one for narrow microstrip and another for wide. 
Unlike Wheeler's work, however, curves plotted 
from the Schneider equations intersect, so there is 
no "indefinite region." Unfortunately, Schneider 
published only analysis equations, so synthesis of 
w / h  for a desired Z, required the lengthy iteration 
process. 

In 1967 Dr. Harold Sobol fitted curves to Wheeler's 
analysis and published an expression for rnicrostrip 
impedance which covered both narrow and wide 
lines.11 This equation has been widely publicized in 
the literature, notably in application notes published 
by Motorola Semiconductor, and is the basis for 
many microstrip design charts. The Sobol formula is 
for analysis (Z, from w / h ) ,  but many microwave 
designers have access to high-speed computers, and 
when synthesis is required, a computer can go 

'Other forms of microstrip design equations have been proposed by H. L. 
Clemm (Frequenz [Germany], July, 1968) and A. H. Kwon (Microwave 
Journal, January, 1976). Clemm's analysis equation is less accurate than 
Sobol's for high rr,  and Kwon's equations, while purported to be new, are 
actually identical to those published by Wheeler in 1965. 

through the necessary iterations very quickly; the 
single closed-form expression for both wide and nar- 
row microstrip simplifies programming." 

Although a computer can go through the iterations 
quickly, programmable hand-held calculators can- 
not. N6TX has written an HP-25 program which pro- 
vides acceptable accuracy for most amateur work, 
but his program begins at w / h  = I and iterates out to 
the required value. Therefore, for high and low 
values of Z, the required calculation may require a 
minute or more of successive iterations. To reduce 
the calculation time, I set about to develop a simple 
equation for the approximate value of w / h  which 
could theri be refined with Sobol's formula. My first 
try greatly reduced the calculation time for values of 
Z, less than about 75 ohms (6,-51, but offered no 
improvement for higher impedance microstrip.12 Fur- 
ther refinement of the approximate formula resulted 
in the following simple expression, which gives quite 
good accuracy for microstrip substrates used in most 
amateur work (t ,> 3.0)  

For fiberglass-epoxy material (c,  = 4.8) this may be 
simplified to 

As can be seen i n  f ig .  4 ,  for w / h > 0 . 2  this 
simplified expression for microstrip impedance is 
within a few per cent of the impedance calculated 
with more accurate equations. This covers the 
microstrip impedance range most commonly used in 
radio communications work. With fiberglass-epoxy 
board (c,=4.8),  eq. 3 is within about 1 ohm of the 
exact expression for all values of Z, below 60 ohms. 
Accuracy falls off for E,<?. 0,  but is still acceptable 
for many applications. 

When it's necessary to calculate Zo from a given 
value of w / h ,  eq. 3 can be rearranged to 

The accuracy of this simplified equation is the same 
as that of eq. 3 (i.e., within a few per cent for 
w/h>0.2 and €,>3.0). 

accurate impedance caiculations 
In 1975 E. 0. Hammerstad reported to  the Euro- 

pean Microwave Conference that he had developed 
analysis and synthesis equations for microstrip which 
are more accurate than earlier work, and fall within 1 
per cent of Wheeler's numerical results.13 His for- 
mulas, which are based on the work of Wheeler and 
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Schneider, are considered to be the best available at 
the present time, and are shown here. First, the 
analysis equations: 

For w / h  >2 

For uj ih  < 1 

Where: Where: 

For u;/h > I 

Where: 

Hammerstad's microstrip synthesis equations for 
w / h  in terms of Z, and t, are given below: 

For w / h <  2 

Hammerstad notes that for t,<16, the maximum 
relative error is less than 0.5 per cent for w / h  > O . 5 ;  
for w/'h<20 the stated error is less than 0.8 per cent. 

Although these formulas may look formidable, 
they can be solved easily with a hand-held scientific 
calculator. These equations can also be quickly 
solved with programmable calculators - solutions 
with my HP-25 require less than 10 seconds (plus 
programming time, of course)." If you don't have a 
calculator, the graph of fig. 5 shows how the ratio of 

"Copies of the HP-25 programs will be sent to interested readers upon 
receipt of a self-addressed, stamped envelope. Send requests to ham radio. 
Greenville, New Hampshire 03048. 

fig. 5. Characteristic impedance of microstrip as a function of w ~ h ,  plotted from the design equations derived by Hammerstad 
for glass-epoxy (t,= 4 8), Teflon-epoxy 1e,=2 55). and alumina it,= I0  0). 
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fig. 6. Effect of finite conductor thickness on microstrip im- 
pedance for 1/16" (1.6mm) and 1/32" (0.8mml fiberglass- 
epoxy circuit board. In most applications the correction 
factor (eqs. 13 and 14) can be ignored for low impedance 
microstrip; at impedances above about 70 ohms the cor- 
rection factor should be included in the impedance cal- 
culation. 

strip width to dielectric thickness, w/h, affects the 
characteristic impedance of the line for fiberglass- 
epoxy circuit board (€,= 4.8) and Teflon-fiberglass 
board (~,=2.55). These are the materials most often 
available for amateur work. For more precise results, 
table 1 lists the required microstrip geometry for Z, 
in 5-ohm steps. 

effects of strip thickness 
The microstrip impedance equations assume a 

two-dimensional microstrip with zero thickness. For 
very thin strips ( t /h< 0.005) the experimental and 
theoretical results have been shown to be in excellent 
agreeme3t.14 For thicker strips, the effect of finite 
strip thickness can be compensated by slightly 
reducing the strip width as suggested by Wheeler.9 
In other words, the effective microstrip width, wefir is 
somewhat wider than the strip's physical width. The 
Hammerstad impedance formulas can be modified to 
consider the thickness of the strip by replacing strip 
width, w, with effective strip width calculated from 
the following relationships 

For & 9 > l  =0.16 
h 2lr 

t 2h 
-f = + - ( I + k - )  

h h lrh t 
(13) 

t 4lr w 3LC = W +  ( l + l n _ )  
h h lrh t 

(14) 

For microstrips with w/h> 0.16 etched on 1 I16 
inch (1.6mm) fiberglass-epoxy circuit board, double- 
clad with 1-ounce copper ( t  = 35.6 microns or 0.0014 
inch), the correction factor Aw is 0.041 (i.e., 
wefi= w + 0.041 1; for 1 132 inch (0.8mm) circuit board 
the correction factor Aw is 0.074. For very thin 
microstrip ( u - . / h > O . l S ) ,  the width correction is 
somewhat grearer; it also varies with strip width so 
must be calculated separately for each different 
width. 

Except for very precise work  where photo-  
etching techniques are used and etching is careful- 
ly controlled, the width correction factor may be 
ignored for low-impedance microstrip etched on 
common copper-clad board. For impedances above 
about 70 ohms, however, the effect of strip thickness 
should be considered (see fig. 6 ) ;  at impedances 
greater than 100 ohms the 1.4 mil (35 micron) con- 
ductor thickness reduces the characteristic im- 
pedance by as much as 10 ohms. (Note that the strip 
widths given in tables 1 and 2 have been compen- 
sated for strip thickness.) 

microstrip materials 
Of the many materials used in  commercial 

microstrip circuits, fiberglass-epoxy (G-10) circuit 
board is the one available to most amateurs. Profes- 
sional designers shy away from G-10 board at fre- 
quencies above 200 or 300 MHz, but amateurs have 
used it quite successfully in low-power circuits up to 
1300 MHz. The losses of G-10 increase substantially 
above 1300 MHz, however, so more expensive 
Teflon-fiberglass board should be used for microstrip 
circuits designed for 2300-MHz and the higher 
amateur bands. 

In addition to its loss, microscopic air pockets in 
the fiberglass-epoxy cause small changes in dielectric 
constant which can be troublesome in precision cir- 
cuits. Some users have reported that the characteris- 
tics of G-10 tend to vary widely from one manufac- 
turer to another, but this problem is not confined to 
G-10 - similar problems have been reported for 
Teflon-fiberglass and alumina.15 One commercial 
user I have talked to buys his substrate materials 
from one supplier, and then purchases material only 
in batch lots to ensure consistency. 

Fiberglass-epoxy circuit board, copper-clad on 
both sides with 1 or 2 ounce copper, can be obtained 
from many supply houses in thicknesses of 1/32 inch 
(0.8mm) and 1 / 16 inch (1.6mm). This material is also 
manufactured in 118 inch (3.2mm) and 1/64 inch 



(0.4mm) thicknesses, but it's usually available only 
on special order. Note that the specified thickness is 
the overall dimension and includes the copper foil. 
One-ounce copper* is 1.4 mils 10.0014 inch or 36 
microns) thick; therefore, the dielectric thickness of a 
double-clad 1 /16 inch (62.5 mils or 1.6mm) board is 
59.7 mils (1.5mm) L62.5-2(1.4)1. This is the h di- 
mension shown in fig. 1. To find the required micro- 
strip width, simply multiply w/h times the dielectric 
height h .  

For example, assume you need a 75-ohm micro- 
strip. From table 1, for 1 I16 inch (1.6mm) fiberglass- 
epoxy board, w / h  = 0.823 for Z,= 75 ohms. There- 
fore, the required microstrip width (not including the 
correction factor for finite strip thickness) is 

w = 0.823 59.7 = 49.1 mils 

(about 0.049 inch or 1.3mm) 

The dielectric thickness of 1/32 inch 131.25 mils or 
0.8mm) board, double clad with 1 ounce copper, is 
28.45 mils (0.7mm). Therefore, the microstrip width 
will be a little less than half that of the same im- 
pedance line on 1/16 inch (1.6mm) board - 23.4 
mils or 6mm for a 75-ohm microstrip. 

*Called 1-ounce copper because one square foot of foil we~ghs 1 ounce. 

Most samples of fiberglass-epoxy circuit board 
which I've measured with a micrometer have been 
very close to the specified thickness; I've seldom 
found circuit-board material so far off that it would 
seriously affect microstrip width. If you want to make 
this measurement yourself, carefully strip back the 
copper foil from a corner of a sample and measure 
the thickness of the dielectric - this is the critical 
dimension. 

You may also want to check the relative dielectric 
constant of the board you're going to use. This can 
be easily done by measuring the capacitance of a 
carefully cut section of circuit board. The relative 
dielectric constant is calculated by rewriting the well 
known formula for parallel plate capacitors with 6 ,  as 
the unknown 

C h  ' = 0.8842 A 

where C is the capacitance in pF, h is the dielectric 
thickness in mm, and A is the area in square centi- 
meters. For dimensions in inches the formula is 

where C is the capacitance in pF, h is dielectric 
thickness in mils, and A is the area in square inches. 
For example, the capacitance of a 1 inch square 

MICROSTRIP WIDTH TO SUBSTRATE HEIGHT , ( w / h )  

fig. 7. Propagation velocity, up (solid lines), and effective dielectric constant, F~,, (dashed lines), as a function of the ratio of mi- 
crostrip width to substrate thickness, w / h ,  for fiberglass-epoxy (€,= 4 8). Teflon-epoxy (e ,=2 55),  and alumina (€,= 10 0). 



(6.5cm2) of 1/16 inch (1.6mm) board, double clad 
with 1 ounce copper, should be about 18 pF for 
E ,  = 4.8. Note, however, that the relative dielectric 
constant of most materials decreases with increasing 
frequency. This means your low-frequency 
capacitance measurement may indicate a dielectric 
constant between 5.0 and 5.5. If the capacitance of 
the I -inch square (6.5~1~121 sample is between 19 and 
21 pF, E ,  will be approximately 4.8 at the vhf and uhf 
frequencies. 

One of the advantages of Teflon-fiberglass circuit 
board, other than its lower loss, is that physical 
microstrip width and electrical length are larger than 
substrates with higher dielectric constants. This is 
very useful at microwave frequencies where high im- 
pedance (narrow microstr ip) and fract ional 
wavelength lines are required. On the other hand, 
substrates with higher dielectric constants such as 
alumina (E,= 1 0 )  are used extensively in microwave 
ICs where miniaturization is important." 

microstrip phase velocity 
In  addition to the characteristic impedance of 

microstrip, phase velocity is the one other property 
of major importance in vhf and uhf designs where 
precise electrical lengths are needed for impedance 
matching or other circuit requirements. As was 
shown in eq. 1, the phase velocity, up, is given by 

where c is the speed of light and ~eff is the effective 
dielectric constant. This may be rewritten to give 
microstrip wavelength, Xg, as a function of free- 
space wavelength, X, 

where the free-space wavelength, A,, can be found 
from 

A, = ---- l1  (inches) 
~ M H Z  

The velocity factor, up, which is a function of w / h ,  is 
given in tables 1 and 2. 

Example. Assume you need a 75-ohm quarter- 

"A new microstrip substrate has been announced by the 3M Company. 
Called Epsilam-70, it's based on a ceramic-filled Teflon material and has 
the electrical properties of alumina, but can be cut with a razor blade or 
shear and may be etched like any other printed circuit. 

wavel.ength matching transformer at 432.1 MHz; 
your circuit is to be built on fiberglass-epoxy circuit 
board (~,=4.8). From table 1, w / h  for 75 ol-ims is 
0.823; up = 0.544. A free-space quarter-wavelength 
at 432.1 MHz is 

A 
-0 = 29980 = 17.35 cm (6.83 inches) 
4 4 432.1 

X 
Therefore -& = 0.544 1 7.35 = 9.44 cm 

4 

If you use the Hammerstad equations to calculate 
the required microstrip geometry for a given value of 
characteristic impedance, ee# can be calculated 
accurately with either eq. 8 (narrow microstrip) or 
eq. 10 (wide microstrip).' These same expressions 
can also be employed if you use the simplified for- 
mulas (eqs. 3 and 5), but there's a simpler way if 
you're not doing precision microstrip work. 

The following formula, which was derived from 
the work of Wheeler and Schneider, is somewhat 
easier to use than the Hammerstad expressions, 
covers the entire range of microstrip widths, and 
gives good accuracy for practical work. 

Consider the previous example where a 75-ohm 
quarter-wavelength matching transformer was re- 
quired at 432.1 MHz. Using the simplified formula 
(eq. 3) to  calculate w / h  

From eq. 18 

The small length difference of 0.7mm (0.028 inch) 
will make no practical difference in circuit operation; 
and don't be concerned with what appears to be a 
large discrepancy between w / h  calculated with the 
simple formula, and the accurate value of w / h  from 
table 1. The actual difference in strip width on 1/16 
inch (1.6mm) circuit board is only about 0.004 inch 
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(1 15 microns). Unless you are using photo-reduction 
techniques and carefully control both etchant 
temperature and etching time, you can't maintain 
this accuracy in your home workshop. 

practical considerations 
Theoretically, you can design a microstrip line for 

any desired characteristic impedance, but at very 
high values of Zo the conducting strip becomes so 
narrow that it's impossible to compensate for the ef- 
fect of finite strip thickness. With a strip width of 1.4 
mils (36 microns) on 1 ounce copper, for example, 
the microstrip is actually square; the impedance of a 
zero-thickness conductor of this width is about 200 
ohms - the impedance of the rectangular conductor 
is 173 ohms or less; it can't be calculated directly (the 
width correction factor, eq. 14, is not accurate for 
strip widths less than 2.8 mils or 71 microns etched 
on 1 ounce copper). 

Conversely, at very low values of Z, the microstrip 
becomes so wide the rf current isn't distributed even- 
ly across the conductor, so it's impossible to accu- 
rately predict performance. In addition, it's difficult 
to  prevent coupling to  nearby circuitry. For micro- 

and t, begin to change with frequency due to the 
propagation of hybrid modes. This has been dis- 
cussed in the engineering literature by a number of 
researchers; interested readers are referred t o  
references 16 and 17. 

conclusion 
Microstrip transmission line is being used in many 

applications at vhf and uhf. Although microstrip is a 
relatively low Q transmission line and has greater 
losses than air-spaced coaxial or troughline struc- 
tures, it provides excellent performance in many low- 
power circuits - indeed, there are some circuits 
which would be impractical to duplicate in the home 
workshop without the use of microstrip. 

The design of microstrip circuits is the same as 
that for more conventional transmission-line circuits; 
if there is sufficient reader interest this will be the 
subject of a future article. 
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microwave path evaluation 

How to plot 
line-of-sight microwave paths 

under varying 
propagation conditions 

to determine 
if the path is clear 

Interest i n  amateur microwave radio seems to be 
at an all time high. Amateurs in the United Kingdom 
recently set a new 10-GHz DX record of 324 miles 
(521km) and with the recent introduction of inex- 
pensive Gunn diode transceivers, equipment 
availability has never been better.' 

The communications capabilities of microwave 
equipment now within easy reach of the average 
amateur are initially rather astounding to the com- 
mercial microwave user. The difference is, of course, 
the luxury of working with 0 dB fade margins (on DX 

paths) and substantially narrower bandwidths. Those 
two factors allow far greater working range with a 
given power output. 

One area of concern to both amateur and profes- 
sional is proper path clearance. Since obstacles 
along the path introduce loss, a signal should clear 
path obstacles, either optically or effectively through 
beam bending. 

This article reviews the essential information an 
amateur will need to evaluate a potential microwave 
path before trying it. The information will be useful to 
both microwave DX enthusiasts and to those who 
wish to  install permanent microwave links for 
repeater control or other purposes. 

distance and azimuth 
For the short distances involved in nearly all 

microwave paths, great-circle formulas are normally 
I 

not used to calculate distance and azimuth. This is 

1 because these formulas assume a perfect spherical 
model of the earth when, in fact, the earth's surface 

' is oblate. In addition, it is difficult on very short paths 
with small differences in latitude and longitude to 
achieve the necessary degree of trigonometric func- 

I tion accuracy. The usual method used for short 
microwave paths up to about 300 miles (482km) is to 
first determine the number of miles per degree of 
latitude and longitude in the vicinity of the path, and 
then use a plane right triangle to determine the 

I distance and azimuth. 

1 By incorporating a table of these distances into 
I linear regression formulas, it is possible t o  devise 

equations which allow you to dispense with the 
tables, within certain limits. The regression-derived 

By Dennis L. Haarsager, N7DH, 483 South 
Walnut, Boise, Idaho 83706 
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forniula for the length of the horizontal portion of the 
triangle is* 

and for the vertical part of the triangle 

The distance along the path is given by 

D= \'HZ+ v2 (3) 

where m = t h e  ari thmetic average of the t w o  
latitudes 

Z J -  the difference between the two latitudes 
h = t h e  d i f f e r e n c e  b e t w e e n  the  t w o  

longitudes 

It is easiest to perform the arithmetic if minutes 
and seconds are converted to decimal degrees before 
performing the mathematical operations. These 
regression equations are normalized for latitudes be- 
tween 25ON and 60°N. 

To find the azimuth, use equation 4 

A = arctan V / H  (4) 

Note that A will be positive in the second and 
fourth quadrants, and negative in the first and third 
quadrants. Add this angle algebraically to 90' if the 
destination is east of the starting point, and 270' if 
the destination is west of the starting point. The 
result wil l be the azimuth of the destination in  
degrees east of north from the starting point. A bit of 
ingenuity on your part will enable you to incorporate 
angle A (not the azimuth) into a procedure for finding 
intersecting points on map edges where you need to 
use two or more maps to draft your path profile. 

map usage 
An essential step in path evaluation is drafting a 

vertical profile of the path. Use standard graph paper 
that has at least 10 squares to the inch or, better yet, 
millimeter divisions. Choose vertical and horizontal 
scales which will enable you to conveniently plot the 
range of your path elevations and distance. The 
smaller the scale you choose, the better the resolu- 
tion will be. 

For rough initial path evaluation, especially in hilly 
or mountainous areas, the 1:250,000 scale 
topographic maps published by the United States 
Geological Survey (USGS) are adequate. Final 
evaluation of potential obstruction points requires 
use of the USGS's 7 . 5 -  or 15-minute series 
quadrangle maps. The latter are available for most 

dealers, from USGS sales counters in major cities, or 
by mail order from certain USGS offices." 

Another source of topographical maps, although 
they are less useful for plotting microwave paths, is 
your local airport's private aviation flight shop; they 
sell Sectional and Wor ld Aeronautical Charts 
( 1  :500,000 and 1 : 1,000,000 scales, respectively) 
published by the National Oceanic and Atmospheric 
Administration. The scale of these maps is too large 
for accurate microwave path profiles, but significant 
changes in elevation are shaded on these maps, mak- 
ing them useful for identification of possible DX 
paths. 

In making a path profile, assume the earth is flat 
and choose some arbitrary elevation - normally the 
lowest one along your path - as the base elevation 
for your profile. Enter it on the bottom of your graph 
paper and add elevation indicators from there ac- 
cording to your vertical scale as illustrated in fig. 1. 

The next step is to draw a line between the two 
points which define your path on the map or maps 
you are using. In most cases you will need to use 
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fig. 1. Simple microwave path evaluation between two sites 
50 miles (80km) apart. The dashed lines show the effects of 
different values of K ,  a factor which indicates the earth's 
effective radius and results from varying degrees of re- 
fraction (see text). 

more than one map to cover your path. You may 
either tape adjoining map sections together or deter- 
mine where your line intersects map edges by ap- 
plication of the angle A and eqs. 1 through 4. I t  will 
be very important to the mathematical procedure to  
determine the latitude and longitude of the two end 
points as close as you can. Use the smallest scale 
maps available for this determination. Carefully 

areas in the United States. Maps and map indexes 
are available at nominal prices from private map "For maps of areas east of the Mississippi write to the USGS at 

1200 South Eads Street, Arlington, Virginia 22202; for areas west 
*To convert the results of eqs. 1. 2, and 3 to kilometers, multiply of the Mississippi, including all of Louisiana and Minnesota, write 

by 1.609344. to USGS c / o  Federal Center, Denver, Colorado 80225. 
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transfer elevations shown on the maps to the ap- tions the earth's effective radius decreases (as 

propriate distances on your profile. measured by K )  and path obstructions are effectively 

Once the path profile is constructed, it will be higher. When the atmosphere is homogenous, N r e -  

necessary to add a correction factor on top of the mains 'Onstant Over the range and equals 

plotted terrain t o  allow for the curvature of the earth. unity. In this case, there is no refraction and the ef- 

This is a bit more complicated than it sounds because fective earth's radius is the same as the true earth's 

the effective curvature of the earth changes with radius. During a humidity inversion, N can increase 

varying atmospheric conditions. by over 200 3' units/km and K is reduced to less than 

Most amateurs are familiar with something called 112. Such extreme conditions are called subrefrac- 

the "413 radio horizon," but i t  is less well known that 
this horizon is different in different geographical The amateur microwave DX enthusiast will be 

areas, at different times of the day and year, and at most interested in typical values of h' for the path in 

different elevations. use. The values for K given in table 1 will suffice for 

The amount and direction of bending or refraction this These values of K should be used in 

of a radio beam is dependent tipon several at- e9.5 to determine the earth's effective bulge." 

mospheric variables. A factor called- K is used to in- B=d ld7/ l .5K (5) 
A - 

dicate the effective earth's radius which results from where: = earth,s effective bulge in feet 
these varying degrees of refraction. On a grazing dl=distance from starting point t o  test 
path, that is, on a path where the microwave beam point in miles 
just barely clears an obstruction, small changes in K dp= distance from test point to destination 
can make or break the path for communications by in miles 
"moving" that obstruction in  and out  of the  
beam path. 

The K factor is determined by how much another 
variable, the radio refractivity index, changes over a 
given change in altitude. The radio refractivity index 
is normally designated as N and is calculated from 
pressure, temperature, and water vapor data. When 
N decreases by 40 units with a one kilometer increase 
in altitude (the so-called standard atmosphere) K 
equals 413. When N decreases by more than 40 units 

table 1. Average K values for different localities and at- 
mospheric conditions (adapted from reference 3). 

K description 
1.17 Normal K for light refraction; radio refraction in dry, mountainous 

areas above 7500 feet ~2290 meters) elevation 

1.20 Dry mountainous areas between 5000 and 7500 feet (1525 to 2290 

meters) 

1.25 Dry mountainous areas up to 5000 feet (1525 meters) 

1.30 Inland plains during winter 

1.34 Standard atmosphere K 

1.50 Inland plains and northern coastal areas during summer; southern 

coastal areas during winter 

1.60 Southern coastal areas during summer 

1.75 Extreme southern coastal areas during summer 

per kilometer, the earth effectively flattens. A t  - 157 
N unitslkm, K equals infinity and the earth is effec- 
tively flat. When N decreases by more than - 157 N 
unitslkm, K adopts a negative value and the earth 
becomes effectively concave. Such extreme condi- 
tions are called superrefractive. 

Under certain atmospheric conditions the index 
decreases by less than 40 N units1 km or even in- 
creases with increasing altitude. Under these condi- 

This earth bulge should be added on top of the 
point you are testing for an obstruction as shown in 
fig. 1. Amateurs interested in establishing perma- 
nent microwave links should add an amount for earth 
bulge at K =  I to allow for adverse propagation con- 
ditions at certain times.4 

other clearance requirements 
In evaluating the path profile, an allowance should be 
made for any trees or buildings known to be at the 
controlpoint, That's the point along the path which 
gives the least vertical clearance for the microwave 
beam. Consideration should also be given to these 
non-terrain obstructions for points close in elevation 
to the control point. 

Finally, an allowance should be made for the space 
taken up by the microwave beam itself. Without go- 
ing too deeply into wave theory, every radio beam is 
composed of concentric Fresnel (pronounced fray- 
NEL) zones. The first Fresnel zone is defined by a 
grouping of points representing all possible paths 
which are one-half wavelength longer than a straight 
line between transmitter and receiver.5 If it were 
possible to view these points from the side of the 
path they would represent a cigar-shaped ellipse. 
The width of a Fresnel zone is therefore greater in the 
middle of a path than at the ends. To avoid obstruc- 
tion loss, it is necessary to have a beam clearance 
equal to at least 0.6 first Fresnel zone radius over the 

*In metric form, eq. 5 is 
B = d,d,/12.75 K 

where B is in meters, and d,  and d, are in kilometers. 
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potential control point (terrain + earth's bulge + trees 
or buildings). The formula for this Fresnel zone 
clearance is given as" 

where 0. 6 F I  = 0.6 first Fresnel zone radius in feet 
D = path length in miles 
f = frequency in GHz 

d l ,  d p  are defined in eq. 1 

To plot this additional clearance draw a straight 
line from the antenna elevations at both the starting 
(transmitting) and destination (receiving) points. The 
Fresnel zone clearance is then added below this line 
as shown in f ig .  1. If there is 0.6 first Fresnel zone 
radius clearance over your obstruction at the normal 
K for your area, you will have near free space condi- 
tions over the path most of the time. If there is 0.6 
first Fresnel zone radius over K =  1 (true earth cur- 
vature), near free space conditions will exist over the 
path for all but the most extreme atmospheric condi- 
tions. 

reflection analysis 
Microwave signals may be reflected off certain sur- 

faces such as open water or dew-laden fields of grain 
- surfaces that appear smooth relative to  the 
wavelength of the microwave beam. If this reflected 
energy arrives at the receiving antenna at or near 
180' out of phase wi th the direct beam (when 
clearance over the point is an even-numbered Fresnel 
zone radius), severe fading can take place. Because 
of this, it is recommended that amateurs interested in 
installing permanent, reliable microwave links also 
evaluate their potential paths for such reflection 
points. 

Since the position of a reflection point varies with 
any change in the earth's effective radius (K), reflec- 
tion analysis begins with sketching in the potentially 
reflective surface and other terrain features at differ- 
ing values of K.  This procedure makes use of eq. 5 
and is illustrated in fig. 1. If the reflective surface is 
not clearly blocked by intervening terrain at the same 
K factor, it is advisable to make some computations 
to determine if a reflected wave will reach your 
desired receiving antenna. 

The following formula may be used for such com- 
putations. t 

where hl,hz= higher antenna and reflection 
heights, respectively, in feet, above 
the reflective surface plotted a t  
K= m. 

dI,d2= distance from each antenna to the 
potential reflection point, in miles 

In fig. 1, the potential reflecting surface is the lake 
which runs from mile 10 to mile 15 along the path. 
Assume that the obstructing point for K = 4 / 3  at 
about 27.5 miles is not there. To calculate where the 
reflection crosses mile 50, use eq. 7. Substituting, 
hl = 410 fee t ,  d l  = 10 miles, d 2  = 40 miles,  and 
K = 41'3. This makes hz = 2240 feet. Adding this to the 
height of the reflecting surface at K =  03 (1600 feet) 
gives 3840 feet above sea level. Since this is well 
above the planned receiving antenna height, no 
reflection problems will be experienced because of 
this reflection point. Similar calculations should be 
made for other unobstructed potential reflection 
points and at other projected values of K. 

summary 
In fig. 1, the example given assumes an operating 

frequency of 10 GHz, and a normal K of 413. The 
path profiled is 50 miles (80km) long. 

A t  this K value, the user will have little more than 
grazing clearance over the control point, which is 
located 27.3 miles (44km) from the transmitting 
antenna. There is not 0.6 first Fresnel zone clearance 
over the control point, however, indicating that a 
small amount of obstruction loss will be experienced. 
For casual use, this loss will pose no major problem, 
but for permanent installations the small clearance 
will give fading problems whenever K  goes below 
413. Note that the receiving point is shadowed when 
K decreases to about 1.22 or less. 

The techniques outlined here will give the amateur 
microwave user the basic information needed to 
evaluate any potential path for normal communica- 
tions possibilities. It does not preclude use in path 
analysis for tropospheric scatter or refractive duct 
communications, but such techniques require addi- 
tional analysis beyond the scope of this article. 

"In metric form, eq. 6 is 
0 6F,= 10 39 Jd,d,/Df 

where d,, d,, and Dare in kilometers. 

tAdapted from reference 4, page 17. 
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solution to the 
low-band antenna problem 

The Marconi antenna 
works great on the 

lower amateur frequencies - 
here's how to make it play 

using simple methods 
and inexpensive parts 

Since many  transceivers inc lude 160 meters, 
many amateurs need a low-band antenna. However, 
this can raise a number of questions or comments, 
such as: 

1. Most trap or shortened antennas are very nar- 
row band. Is there something simple that will cover 
the entire low bands? 

2. The cost of an antenna and transmatch may be 
wasted if I find I don't like 160 meters. 

3. My lot is too small for even a quarter wavelength 
on 160, so how can I put up something effective? 

4. 1 tried to load a "compromise" antenna but 
burned up my final amplifier before I got it to load. I 
don't intend to buy an antenna lab just to check out 
an antenna! 

background 
Radio Handbook has, for years, included one 

antenna - a 180-foot (55m) Marconi. This length 
works as a 314-wavelength antenna on 80 meters 

and as a 114-wavelength on 160 meters by shorten- 
ing its electrical length with a variable capacitor. This 
antenna works nicely, but may still be too long. The 
Handbook suggests a 90-foot (27.4m) length for 80 
and 40, and may make you think about loading it 
for 160. 

The latest edition of Radio Handbook suggests the 
antenna be pruned to favor desired band segments. 
This seemed to fit the needs of a friend who needed a 
modest 160-meter antenna, so I agreed to "wring it 
out." The antenna started as a 94-foot-long (28.7m) 
antenna and was a real bear on 80, since the 112- 
wavelength point was at 4 MHz. Since it was end-to- 
end with my Bobtail Curtain, I assumed it was coup- 
ling to that antenna, so I re-erected it in the opposite 
direction completely clear of all antennas and utility 
lines. This was no improvement, so the antenna was 
progressively shortened until i t behaved. 

taming the antenna 
Table 1 shows the results. The column labeled 

compensation indicates the component in series 
with the antenna to make it purely resistive at that 
frequency. A t  that point the R value was determined. 
Notice that the 82-foot (25m) version will provide 
operation on the high end of 160, all of 40, and all of 
15 with low swr, and no matching is needed other 
than the simple compensating element. You might 
feel that the 94 footer (28.7m) should behave exactly 
as the 180 footer (55m) does, with respect to im- 
pedances. It won't for this reason: 160 and 80 are 
very nearly harmonically related (1.8 to 3.6 MHz and 
2 to 4 MHz). 80 and 40 are not: (3.5 to 7 MHz and 4 to 
8 MHz). If you set up the 94 footer (28.7m) for 
resonance at 8 MHz, it will perform nicely at 80 
meters. The 82 foot (25m) version in table 1 is reso- 
nant at 7450 kHz. 

I t  might be a temptation to let the antenna behave 
as a 112 wavelength at '75 meters. It could be loaded 
with a parallel-resonant tank circuit link coupled to 
the rig. If your version had a flat top at a height of 1 I 8  
wavelength or less, if it was built of no. 12 (2. lmm) 
or smaller, and if it were located over soil having ex- 
cellent conductivity (or a radial ground system), its 

By Bill Wildenhein, W8YFB, 41230 Butternut 
Ridge, Elyria, Ohio 44035 
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table 1. Values of compensating components for use with the low-band Marconi antenna (160 through 10 meters). 

frequency 
kHz 

1803 

1890 

3557 

3646 

3 180 

3980 

7005 

7150 

7200 

7292 

14,010 

14,240 

14,300 

21,015 

21,360 

21,450 

28,020 

28.600 

29,560 

R 94 f t  (28.7rn) t o  north 

(ohms) compensation 

22 15.5pH 

30 11.5tiH 

300 lOOpF 

500 lO0pF 

900 8OpF 

5k 30pF 

100 240pF 

R 
(ohms) 

25 

30 

250 

350 

500 

1.5k 

48 

50 

55 

750 

900 

900 

100 

95 

90 

90 

120 

150 

94 f t  (28.71~1) t o  south 

compensation 

19 5pH 

18.0pH 

1OOpF 

80pF 

1OpF 

36pF 

3 35pH 

2.7uH 

1 9pH 

RESONANT 

0.54pH 

1 . ~ F H  

1.2,iH 

1 OPH 

0.85pH 

325pF 

170pF 

RESONANT 

82 f t  (25rn) t o  nor th  

compensation 

22 OtlH 

16.0pH 

120pF 

90pF 

75pF 

35pF 

1.2jiH 

RESONANT 

520pF 

SEE TEXT 

SEE TEXT 

SEE TEXT 

0.7pH 

0.25pH 

0.25pH 

0.25pH 

0.4pH 

0.55pH 

end impedance will be well over 10,000 ohms. That 
means very high rf voltage in the station, BCI and 
TVI become more severe, lead-in losses rise, 
capacitor spacing would have to be much greater 
(and cost much more). There would be a possibility 
of very serious rf burns if a child happened to touch 
the lead-in. I t  would be beyond the capabilities of 
commercial transmatches. 

COMBINE0 I N  ACTUAL PRACTICE n 1 
(2 IIP"DIA 3 112" LONG,BTURNS 

PER INCH) 

XMTR 

2 16 17-21 (COMPENSATING) 
(LNETI 

k = 
TOTAL 1000 

MICA 
m h h  

17-27 

2-10 VARlOMETER 

11/4"DIA I 7/B1'LONG 16 T P 1  
f3cml  f46crnl  

SUBSTITUTE FOR TAPPED INDUCTOR 

fig. 1. Loading circuit for the low-band Marconi. The L net- 
work and compensating coil are one unit in the practical cir- 
cuit. Voltage is low in this system, so an ordinary capacitor 
from a broadcast receiver can be used for tuning. Sketch B 
shows an alternative method for a tapped inductance. 

R 
(ohms) 

20 

40 

145 

160 

240 

500 

58 

60 

63 

350 

1000 

800 

75 

60 

58 

110 

80 

110 

82  f t  (25rn) t o  sou 

compensation 

20 5pH 

17 5pH 

120pF 

lOOpF 

8OpF 

50pF 

2.3pH 

1 8uH 

1.2pH 

75pF 

RESONANT 

0.26pH 

0 85pH 

0.72pH 

0.68pH 

190pF 

lOOpF 

75pF 

Instead, deliberately detune it by pruning it well 
above 40 meters. The 82-foot (25m) version is reso- 
nant at 7450 kHz in my backyard. Notice that the 80- 
meter numbers become quite reasonable. Also 
notice that the 40- and 15-meter numbers do not 
change appreciably with changes in length. You 
might be concerned that the antenna will lose effi- 
ciency if not cut to exact resonance. By adding the 
small compensating coil, you are resonating the en- 
tire system. 

the ground system 
A good ground is essential for a Marconi antenna. 

I use three radials for each band, 114-wavelength 
long, and fanned out under the antenna. These 
radials are tied to a ground stake just outside the 
basement window. The lead-in is a scrap of no. 4 
AWG (5mm) wire but could just as well be a scrap of 
RG-8lU coax cable with shield and center conductor 
tied together. A second ground stake about 8 feet 
(2.4m) away is tied to the first with another scrap of 
no. 4 AWG (5mm) wire. Inside the window, my cop- 
per plumbing is also tied in with a piece of no. 4 
AWG (5mm) wire. If you have hot water heating, the 
plumbing in the basement may be copper pipe buried 
in the concrete. This results in a large area of copper 
capacitively coupled to ground. The ground wire 
may be fastened to the copper plumbing with hose 
clamps. A ground system such as this is very effec- 
tive and results in an efficient antenna. 
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An easy way to enter a basement window is to 
replace a pane with plexiglass. This material may be 
drilled (cautiously) for 1/4-20 (M7) brass bolts for 
antenna and ground lead. Keep the antenna lead well 
separated from the sash and ground lead. The most 
desirable location for the tuner is on a shelf at the 
basement window, with coax running to the rig. A 
long ground lead is undesirable. In short, when using 
a Marconi, don't cheat on the ground! I have used 
Marconis with only one radial cut for the lowest 
band; another had no radials and only a water-pipe 
ground. With the latter antenna I worked over 20 
states on 160 with 12 watts on a-m. The present 
antenna has convinced me of the value of a good 
ground. I get good, solid contacts over at least a 500- 
mile (800km) radius running 35 watts PEP on ssb. 
This, again, on 160 meters. 

leading circuit 
Now let's see how cheaply we can load this thing. 

If you want the entire 160-meter band with unity swr, 
the arithmetic goes like this: 

= 41 000- 400 = 24.5 ohms 

This is for the case where the antenna presents 10 
ohms. Fig. 1 shows the circuit. The voltage across 
the capacitor is low so an ordinary 3-gang broadcast 
capacitor will do nicely. The inductance above can 
be added to the compensating inductance in the 
form of one single coil. 

Next, there are two ways to match the antenna for 
80 meters. If you have an Amidon balun core it can 
be rewound with the same number of turns, trifilar, 
and connected as an autotransformer. Connect the 
finish end of one winding to the start of the next. 
Fig. 2 shows the hookup. If you jockey the im- 
pedance values to duplicate mine (by varying anten- 
na length), this system will result in a maximum swr 
of 1.5 at any point in the 80-meter band. 

The total expense of matching components for 160 
and 80 is low enough that you can have separate, 
pretuned networks for each band. On 40 meters the 
antenna is so close to the proper impedance that 
you need only a 2.5 pH coil in series with the antenna 
lead, and with tap set for minimum swr. This will 

allow you to assess the capabilities of the setup. If 
you like it, you can buy a Transmatch later. You may 
have to add series inductance to get a commercial 
Transmatch to tune 160. 

Another solution for 80-meter matching is shown 
in fig. 3. This is the reverse of the network shown in 
fig. 1, since we want to step up the impedance. This 
network will allow unity swr at any point in the 80- 
meter band. Component values allow reasonable 
cost if you are operating a transceiver barefoot. 
Values are computed in this manner: 

This gives us the values for the 500-ohm point. In the 
same way you can calculate the values for the 3.5- 
MHz point. 

Before you run away from the simple math shown 
here, let me say that the amateur who usually uses 
guesswork would look at that choice of coil and say, 
"You're nuts! That coil might work on 20 but will 
never tune on 80!" Substituting a coil that "looked" 
like an 80-meter coil, he'd hunt at length for a tap 
position that would result in a match. Finding it with 
the coil nearly shorted out, he'd say, "Anyone can 
see this isn't right! It must be loading on a harmonic 
or something! Better junk that antenna before you 
get in trouble with the FCC!" 

Component values for an L network are, to a large 
extent, controlled by the ratio of impedances to be 
matched. Another reason for calculating the values is 
that it often enables you to see trouble ahead. If you 
didn't take the time to calculate the values, you 
might say, "Most commercial transmatches seem to 
use big capacitors. I have a pair of 450 pF variables 
here. With these I should be able to  match 
ANYTHING." A good example of this is the 
"Moose" shown in the photo. Since I do a lot of 
antenna experimenting I built this thing to give me a 
wide range of capabilities as a pi network, or either 
version of an L network. I calculated the values need- 
ed for my antenna on 20 meters. The minimum 
capacitance required made me suspicious. I wasn't 
disappointed! The network in the photo has a 
minimum capacitance too high to permit using it on 
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20! The minimum plus distributed capacitance of the 
450-pF capacitors would certainly also be too high, 

While this antenna is primarily intended for 160-80- 
40-meter operation, it will work the higher-frequency 
bands. On the higher bands it begins to take on the 
characteristics of a long-wire antenna. For example, 
as can be seen from table 1, variations in impedance 
between voltage-feed and current-feed points 
become progressively less as frequency increases. 
The antenna will begin to exhibit directional tenden- 
cies and can supply occasional surprises when you 
hit the correct conditions. You'll probably want to 
use a more effective antenna on the higher bands, 
but this one is quite useful as a standby antenna. By 
the same token, it will, obviously, do a good job of 
radiating harmonics. 

If TVI is a problem, a lowpass filter in the lead from 
the transmitter to the matching network should do 
the job. In my case, the TV set is located directly 
above the rig. Total separation is less than 10 feet 
(3m). The rig can be operated with shield covers 
removed, but no TVI occurs on 160 through 40. Of 
course, I use low power - 35 watts PEP, while the 
big amplifier is down for modification. If you do ex- 
perience trouble, the lowpass filter should be the 

fig. 2. Schematic showing a method for matching the Mar- 
coni to your rig for 80-meter operation. By varying imped- 
ance values, this circuit will provide an swr of 1.5 across the 
entire band. 

answer unless you have excessive ground-lead 
length. This will tend to couple the rf to the ac line. In 
that case a lowpass filter may still help but may not 
be quite as effective. 

While on the subject of lowpass filters, it might be 
a temptation to build one of the simple lowpass filters 
described in the ARRL Handbook (late editions) for 
use in cleaning up vfo outputs. This little filter is very 
useful for its intended purpose but will behave as a 
halfwave filter when used in the output of a transmit- 
ter. For example, if the cutoff frequency were set a 

little beyond 20 meters (for instance, if you used a 
combination of 620 and 820 pF capacitors t o  yield a 
14.5 MHz cutoff), it will work beautifully on 20 
meters. If you check it with the signal going into a 
good 50-ohm load you'll find that each lower band 
will show greater reflected power, making it useless 
as a wide-range unit. The halfwave filter is a very ef- 
fective single-band device. If you have TVI problems 
on a single band, the filter can be an inexpensive and 
effective cure. Just don't be misled into thinking it 
will perform well on all bands below the cutoff fre- 
quency! 

instrumentation and design aids 
If you aren't the experimenter type, you're prob- 

ably worrying about all the L and C calculations. Be 
smart! Send $2.00 to the ARRL for their Type A 
Calculator. With this thing you can solve your L, C, 
and F calculations in seconds. I've worn out three of 
them over the years, and keep one at work and one 
at home. Once you get used to the thing, you're 
hooked. Instructions are printed r ight  on  the  
calculator, so it's impossible to mislay or forget this 
information. 

A good practical example of the savings in time 
and money is this: You might not have a grid dipper 
but may want a cheap and dirty model just for this 
antenna work. Perhaps you have a little two-gang 
broadcast capacitor but don't know its capacitance 
range. Be assured it will work very well in a conven- 
tional Colpitts oscillator. Perhaps you leave it on the 
original chassis, use an existing socket, and haywire 
the circuit. You may have some defunct octal tubes. 
The bases can be the plugin coil forms. Take a guess 
that in the Colpitts circuit the little capacitor will hit 
100 pF somewhere in the vicinity of a capacitor set- 
ting that puts it two-thirds meshed. 

The ARRL calculator gives you the correct number 
of turns on the tube base to hit some desired fre- 
quency. Once you have the instrument running, you 
can determine the total range of frequencies the coil 
will cover. 

Now you know the coil inductance and the end 
frequencies. With the calculator you can determine 
accurately the exact number of turns for any range. 
The calculator will also tell you the true maximum 
and minimum capacitance you have, which will in- 
clude stray capacitance. You can use the calculator 
to juggle turns to give a desired amount of overlap in 
coil ranges. In other words, i t  takes out  the 
guesswork, and the time-consuming work of remov- 
ing turns or rewinding coils repeatedly to achieve a 
specific range. 

The calculator also gives positive verification of a 
hoped-for cost saving. For instance, in making the 
dipper, you might look at the tube base and say, "I'll 
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never get a 160-meter coil on that form!" But the 
calculator says you certainly will. For example, very 
often an article might specify a certain length of 
husky coil stock. Your calculator tells you what in- 
ductance this represents. It enables you to say con- 
fidently, "That coil from a surplus tuning unit will be 
correct, too." Think about it. You saved the price of 
the calculator with that one decision! 

measuring antenna impedance 
Possibly in your location the antenna impedances 

will be somewhat different from mine. Or you might 
have heard that two or three spaced wires, instead of 
a single wire, will decrease the impedance at the 
halfwave points. How much lower? You need to 
measure the impedance but have no tools? The 
Radio Handbook has carried a description of a simple 
little bridge for a number of years. It is the Antenna- 
scope. The latest edition has a version that only goes 
to 100 ohms. Earlier editions had a model that went 
to 1000 ohms. For hf antenna work, that model is en- 
tirely adequate. It is an inexpensive, two-evening 
project and can be made from standard parts. 

The meter need not be an expensive one since 
we're concerned only with a null. You can substitute 
one of the $1.50 surplus tuning meters used in stereo 
amplifiers. It should have a 100 or 200 microampere 
movement. Calibration requires nothing more than a 
handful of resistors between 10-1000 ohms. 

If you really want to go all out on antenna 
measurements, Hank Keen described a bridge that 
independently measures the R and X components.~ I 
described a similar one in reference 2. While only a 
little more costly and complex, both instruments will 
do an excellent job. However, if properly used, the 
little Antennascope is entirely adequate. 

In addition to the Antennascope, you'll need a 
source of low-power rf. This source can be a 
vacuum-tube-type grid dipper (the solid-state models 
don't have the power output necessary to serve as 
bridge drivers). You could also use a simple crystal 
oscillator. This oscillator should be a vacuum-tube 
type with a tuned-plate circuit link coupled to the 
Antennascope. No tuning meter is required since the 
Antennascope meter can be used to indicate maxi- 
mum output from the oscillator. Again, this could be 
built out of a scrap ac-dc set. The tuning capacitor in 
the ac-dc set will be adequate. Plug-in coils wound 
on tube bases will be satisfactory. 

With the original tuning capacitor you can hit two 
adjacent bands with a single coil. For instance, one 
coil will hit both 160 and 80 meters. A second coil will 
hit 40 and 20 meters. If you don't have an rf choke 
handy, use one pie from an old 455-kHz i -f  
transformer. 

+ C COMPENSATION 

band L C C compensation 
80 3 6uH 12 turns 2" dia 240 440pF 1 kV 50 120pF 1 t V  

15lmrnl 1 1 2" (38rnrnl 
Iorg 

20 1 4-2 5pH 12 turns 2" 40-80pF, 1 kV shorted out 
d ~ a  (52rnrnl 1 112" 
(38rnrnl long 

10 0 25 0 35pH 12 turns 50 60pF. 500V 75-2OOpF, 500V 
2" d~a  (51rnrnl 1-112" 
(38rnrnl long 

fig. 3. Alternative matching circuit for 80 meters. 

Another solution is possible if you have a service- 
type signal generator. Many of these units have an 
open circuit output of about 0.3 volts. Make a "mini 
linear" using a hot pentode such as a 6AG7,6CL6, or 
6GK6. Don't tune the input - just use a 10k resistor 
to ground. Tune the output and link couple it to the 
Antennascope. Set it up according to the tube 
manual values for class A operation. If output is 
marginal, tune the link. If you're using this technique 
or a grid dipper, don't rely on dial calibration; verify 
the frequency with your communications receiver. 

measurement technique 
The proper technique to ensure accurate measure- 

ments is this: In each case, the antenna must first be 
made resonant. Table 1 will give you a rough idea of 
the compensating "element needed to ensure exact 
resonance. Example: 

1. On 160 meters, connect about 30 FH of in- 
ductance between antenna and ground. 

2. Couple a dipper to the coil and carefully short 
turns until a dip occurs at the desired frequency. 

3. Disconnect the grounded end of the coil from 
ground and insert the Antennascope between 
ground and the end of the coil. 

4. Feed power to the Antennascope at the same 
frequency. 

5. Adjust the Antennascope for a null on its meter 
and read the resistance indicated. Also note the in- 
ductance needed to obtain resonance. 

On 40, if your antenna is similar to mine, you could 
use the same technique but with a smaller coil. On 80 
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you'd use a section or two of a broadcast capacitor in 
series with the antenna. The free end of the capacitor 
goes to a 2-turn link coil to ground. The dipper is 
coupled to the link, and the series capacitor is ad- 
justed for a dip. Then the Antennascope is con- 
nected in place of the link. At halfwave resonance, 
the impedance is very high. If you connect a link to 
ground, you may not be able to find a dip - or the 
dip may be very shallow. Thus, on 80 meters, it 
would be best to start at 3.5 MHz. The antenna will 
be far enough from the half-wavelength resonant 
point to enable you to get a dip. The dip may still be 
shallow, but it can be found. A similar situation exists 
on 20 meters. 

Another technique is t o  judge resonance by  
deepness of dip on the Antennascope. For instance, 
the Antennascope could be connected directly from 
antenna to ground on 80 meters. You may find that 
its null is shallow. This will make it difficult to deter- 
mine the exact R value. You can connect the series 
capacitor between the Antennascope and antenna. 
Adjust the capacitor carefully to find the point where 
the null on the Antennascope is deepest. If this is at 
the point of minimum capacitance on the series 
capacitor, you may want to use a smaller capacitor. 
Finally, find a point with the series capacitor where 
the null is deep and sharp. This makes it easy to ob- 
tain the exact R value. 

On 20 meters you may have to use either a small 
inductance or fairly large capacitance to f i nd  
resonance (depending upon the frequency in the 20- 
meter band). A t  some point the antenna may be 
resonant and will require no compensation. (This is 
the advantage of using the more complex bridge 
mentioned earlier.) Incidentally, in a situation such as 
the 82-foot (25m) antenna at 20 meters, the reactive 
component is small enough so that no compensating 
element must be used with an L network. A standard 
L network will accommodate this reactive compo- 
nent, which simplifies matching. 

This antenna does a good job on the l ow -  
frequency bands. I hope this description makes it 
easy for you to obtain top performance. With the 
simple equipment and techniques described, you can 
be assured of an exact match without even turning 
on your rig. One last warning: The antenna length is 
measured from the far end to the point where it con- 
nects to the tuner. Have fun! 

references 
1. Henry S. Keen, WZCTK, "A Simple Bridge for Antenna Measurements," 
ham radio. September. 1970. pages 34-38. 
2. Bill Wildenheim, WBYFB, "Low-Cost RX Impedance Bridge." ham radio, 
May. 1973, pages6-15. 
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a review of 
ssb phasing techniques 

Phasing methods for 
ssb signal generation 

have provoked 
much controversy - 

here's an article 
that provides 

some interesting information 
to the contrary 

A revival of interest in ssb phasing systems seems 
to have occurred in recent years, a trend I whole- 
heartedly endorse. Thus it's time to discuss the 
various phasing techniques used and to introduce 
some new or little-known techniques, which in my 
opinion, may revolutionize traditional approaches for 
obtaining ssb signals by this method. 

Using the rf-phasing methods discussed near the 
end of the article, it is my opinion that direct- 
conversion ssb generators and receivers can be made 
that cover an octave or more in bandwidth. This is 
the so-called "third-method" of ssb-signal genera- 
tion in which the desired output signals can be 
obtained without using cumbersome heterodyne 
methods with filters and their problems of frequency 
drift, which require periodic realignment. 

economic considerations 
A  bloc^ diagram of the classic phasing method of 

ssb generation is shown in fig. 1(A). More usually for 

practical reasons it's implemented as shown in fig. 
I ( B ) .  The key to the whole technique is the phasing 
networks - this may be stating the obvious, but 
their design, construction, and adjustment, and the 
difficulties encountered therein account for much 
constructor resistance to phasing ssb. Phasing ssb is 
mostly looked on as not a "proper" method of gener- 
ating ssb, an opinion I entirely reject. I've always 
thought that the filter method is really a brute-force 
technique. 

It's possible to obtain opposite-sideband suppres- 
sion of more than 50 dB with narrow bandwidths, 
but the subsequent amplifier stages degrade this 

BALANCED 
MODULATOR I p&qH OSCILLATOR 

BALANCED 
MODULATOR 

BALANCED 
MODULATOR 

I / pq 1 
OSCILLATOR 

PHASE-SHIF PHASE-SHIFT 
NETWORK NETWORK 

I 

BALANCED 
MOWLATOR 

fig. 1. Classic phasing method for generating ssb signals 
(upper). For practical reasons, the method is implemented 
as shown in the lower drawing. 

suppression and, as they generate intermodulation 
products at high levels, some of the advantage 
is lost. 

As the state of the art existed some 20 years ago, 
when most ssb equipment was homebrewed, the 

By Roger Harrison, VK2ZTB, 14 Rosebery 
Street, Balmain 2041, Australia 
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filter method was somewhat easier to implement. 
However, cost is almost always a consideration in 
homebrew projects, and the phasing method has a 
great advantage here. Furthermore, using some cir- 
cuit techniques described later, my opinion is that 
the phasing method is easier to implement than the 
filter method. Although you must spend $30 - $50 on 
a filter and matched upper and lower sideband 
crystals and a further $5 - $10 on components, a 
phasing generator can be built for around $10 or less. 

Even if you buy a batch of surplus crystals and 
make your own filter the cost will be considerable. 
Furthermore, the filter will require a great deal of time 
and effort to  align - without guaranteed results. In 
my opinion, simplification of both circuit and align- 
ment, as in the phasing system, is a step forward in 
which you can do the job required and still achieve 
adequate specifications. 

ssb requirements 

Let's look at what specifications are considered 
"adequate" for ssb. Opposite sideband suppression 
is important; after all, you have to live with your 
neighbors. Opposite sideband suppression of -40 
dB is quoted in many texts as reasonable. However, 
w i th  moderate output  power - 35 dB can be 
tolerated. Such suppression can be obtained with 
phasing techniques, but with some circuits it's dif- 
ficult to maintain this number; in other circuits it can 
be exceeded. 

Carrier suppression with phasing ssb depends on 
balanced-modulator performance, as with filter 
systems. Suppression of -50 dB may be obtained 
with filter systems, depending on the type of mixer. 
The bandwidth of filter-type ssb systems is mostly 
determined by the filter. These bandwidths range 
between 2.1 and 3.2 kHz for most commercially 
available equipment, which usually has a 6-60 dB 
shape factor of more than 2. 

ALTERNATE 

VOLTAGE 
INPUT 
RATIO 
7 2 

I 4 Y 

INPUTS 

C1 607 pF (560 pF and 47 pF, 5% capacitors in parallel) 

C2 1215 pF (390 pF and 820 pF, 5% capacitors In parallel) 

C3 2430 pF (2200 pF and 220 pF, 5% capacitors in parallel) 

C4 4860 pF (4700 pF and 150 pF, 5% capacitors in para!le!) 

Rl,R2 133.3k (E96 series) or l00k and 33k, 1% resistors in series. or 1.2 
meg. 5%, and 150k. 1% resistors in parallel 

fig. 2. An audio phase-shift network (psnl for homebrew ssb 
projects popular from the early 1950s to the present. I t  was 
marketed by the Millen Company and by Central Electron- 
ics. Preferred capacitors are 1% or 2% silver mica, NPO 
ceramic, or polystyrene. 

With phasing systems bandwidth depends on 
audiostage bandwidth and the audio phase-shift net- 
work. Unless elaborate sharp cutoff audio filters are 
used, the shape factor is not as good as in the filter 
system. However, this isn't a major problem, and 
many operators find phasing-type ssb easier to tune 
(on receive) and often describe it as having a more 
natural quality. It's easy to weight the audio response 
of a phasing generator to provide improved intelligi- 
bility. 

Maintaining the specifications, particularly op- 
posite sideband suppression, has always been a 
problem with phasing-type ssb systems, requiring 
periodic realignment of the phase-shift circuits. 
Opposite-sideband suppression was largely a func- 
tion of component stability (that is, frequency drift). 

fig. 3. Audio stages of the "Tucker Tin Mark II" (reference 11, a phasing ssb transmitter using the phase-shift network shown in 
fig. 2. 
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24.2 nF or 24200 pF (22 nF polycarbonate or polystyrene and a 470 
pF silver mica. NPO ceramic. a! polvstyiene, connei:ed in parailel! 

8.06 nF or 8060 pF 14.7 nF and 3.3 nF tn oarallel, or 6.9 nF and 1.2 
nF In parallel, or 8.2 nF and 0.47 ,'F in series, polycarbonate or 
polystyrene capacitors) 

5.35 nF or 5350 pF (5 6 nF and 0.12 i iF in series. or 4.7 nF and 680 
pF in parallel, polycarbonate or polystyrene capacitors) 

4.03 nF or 4030 pF (3.9 nF and 120 pF in parallel, polycarbonate or 
polystyrene capacitors) 

1.78 nF or 1780 pF (1.8 nF and 0.18 pF in series, or 1.5 nF and 270 
pF in parallel) 

892 pF (560 pF and 330 pF in parallel: use silver mica. NPO 
ceramic, or polystyrene capacitors) 

20k E96 series or two 10k. 1 % resistors in sertes 

60.4k E96 series, or 27k, and 33k, 1% in series, or two 120k in 
parallel 

fig. 4. Phase-shift network first popularized by WZKUJ 
(reference 1). 

With modern components and circuit techniques, 
these problems can be overcome, as we shall see. 

audio phase-shift networks 
Two types of phase-shift networks are used - ac- 

tive and passive. The latter are most widely used, but 
we'll examine both. 

In the heyday of homebrew ssb, several commer- 
cially made audio phase-shift networks were avail- 
able; the Millen and B B W  2Q4 being perhaps most 
widely used. The Millen network is shown in fig. 2. 
Its popularity over the past 20 years is probably due 
to its relative simplicity. When properly adjusted the 
differential phase shift between outputs can be main- 
tained within * 1.3' of 90' over the audio range from 
225 to 2750 Hz. This results in an average opposite- 
sideband suppression of 45 dB. Using off-the-shelf 
1 % or 5% resistors and 2% or 5% capacitors, an 
opposite-sideband suppression of 40 dB can be 
achieved. The circuit has two other distinct ad- 
vantages: it requires a minimum of 12-14 compo- 
nents, and the overall loss is about 10 dB, which is 
the lowest of all the RC networks to be described. 

The Millen circuit requires unequal drive voltages 
at inputs X and Y (fig. 2) in the ratio of 7:2. The 
source impedance is about 2k. The circuit may be 
driven by a specially wound transformer (well-nigh 
impossible to obtain today), which would have to be 

built. Another alternative is to drive the circuit from a 
phase splitter (that is, 180° out of phase) through the 
RC network shown. The 100-ohm trimpot is then ad- 
justed so that the audio voltage on input Y is only 
28.5% of that on X. Alternatively, the pot may be 
adjusted to provide equal-amplitude signals at the 
outputs, A and B. 

The audio bandwidth must be restricted as the dif- 
ferential phase shift between A and B departs further 
from the required 90' outside the bandwidth men- 
tioned, thus markedly degrading the opposite side- 
band suppression. A rolloff of at least 12 dB per oc- 
tave above about 2.5-3.0 kHz is recommended - 
preferably 16 dB per octave. The low frequency 
should be rolled off at about 10-12 dB per octave 
below 300 Hz. 
The outputs must drive a very high impedance, 
preferably an fet source follower. The "Tucker Tin 
Mark II" ssb transmitter' used this phase-shift net- 
work, which was driven by a phase splitter. The out- 
puts drove two fet source followers as shown in fig. 
3. The audio amplifier, which has a high-impedance 
input, is arranged to provide the appropriate frequen- 
cy response and gain, making it suitable for use with 
either crystal, ceramic, or dynamic microphones. 

The phasing and audio-frequency balance pots are 
adjusted to provide minimum opposite-sideband sup- 
pression during alignment and rarely need readjust- 
ment. The phase-pot is used to adjust the input drive 
voltages to the phase-shift network in the correct 
ratio. The Tucker Tin was a highly successful kit. It 
was made available by the Upper Hutt branch of the 
NZART. Phase-shift network components were 
standard off-the-shelf  1 % resistors and 5 %  
capacitors. 

R1 125k (124k or E l2  series, 120k and 4.7k, 1 % resistors in series) 

R2 198k (196k E96 or E l2  series, 180k and 18k. 1 % resistors in series) 

R3 487.5k (487k E96 or E l2  series, 470k and 18k. 1% resistors in 
series, or 3.9 meg, 5%, and 560k. 1 O h  resistors in parallel) 

R4 770k (768k E96 or E l2  series, 12 meg. 5%. and 820k, 1% resistors 
in parallel, or 680k and 82k. 1 % resistors in series) 

fig. 5. Network designed by Dome (reference 4).  Circuit 
must be driven by equal-amplitude, opposite-phase sig- 
nals as shown or from a phase splitter. Output must be a 
very high impedance. 
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R 2  

C1 10.5 nF or 10500 pF 110 nF and 470 nF in parallel) 

C2 32.3 nF or 32300 pF (27 nF and 560 pF in parallel) 500k POT 470k 

C3 7 14 nF or7140 pF (6.8 nF and 330pF In parallel1 

C4 5.38 nF or 5380 pF 14.7 nF and 680 pF in parallel) 

C5 2.38 nF or2380 pF (2.2 nF and 180 pF in parallel) 

C6 1.2 nF or 1200 pF (1 nF and 200 pF in parallel) P,"4,"3 
Rl,R2 90k 122k and 68k. 1 Oh in series) 

Zh-iOhCT 
A OUT 

TRANS- 
FORMER 

C3 

fig. 6. Modified Dome phase-shift network. 
Outputs may drive an impedance as low as 1 -4 5znF u- - - - -__g;b;* 

94 180 h 
meg, which swamps the input impedance of 
the following stages (usually a source fol- 

NOTE ALL COMPONENIS WITHIN 1% 
lower or similar circuit). Polycarbonate or 
polystyrene capacitors should be used for values above 1 nF (1000 pF); polystyrene, silver mica, or NPO ceramics below 1000 pF. 

A similar circuit (fig. 4), having different values to 
accommodate a lower input impedance, *was first 
popularized in the 'SSB Jr.," a phasing-type ssb 
transmitter designed and described by Don 
Norgaard, W2KUJ.2 Bandwidth and differential 
phase shift characteristics are much the same as in 
the circuit of fig. 2, which has the distinct advantage 
of a minimum component count of 14. Standard E24- 
series 1% or 5%, silver mica, or NPO ceramic 
capacitors are preferred and are readily available. 

The resistors may be 1 % or 5% with values from 
the E96 series as indicated. Alternatively, they may 
be derived from 1 % or 2% tolerance types from the 
El2 series. If E96-series resistors are used, the com- 
ponent count is 9, whereas if El2 series are used with 
values in series or parallel combination, the compo- 
nent count is 13 (including the 100-ohm pot). The pot 
can be a carbon or wirewound type. A carbon type 
with a Cermet element is preferred. 

As for the circuit in fig. 2, the phase-shift network 
requires the X and Y input voltages to be in the ratio 
of 7:2. The pot is used to set this ratio. The circuit 
can be driven from a simple fet phase splitter with 
equal-amplitude outputs or by a transformer. A very 
high impedance must be presented to the outputs, 
and fet source followers are again recommended. 

For maximum results the two networks just 

described (figs. 3 and 4) can be aligned by making a 
portion of each capacitance a trimmer, ther; the en- 
tire phase-shift network can be adjusted for 
minimum phase deviation (from 90') over the fre- 
quency range. An audio oscillator and scope are 
necesssary. The procedure is described in reference 
3. Details for aligning the Tucker Tin circuit are given 
in reference 1. 

A detailed and very useful discussion on the 
design, construction, and alignment of audio phase- 
shift networks is given in reference 3. An alternative 
procedure is to measure a group of components on a 
precision bridge, selecting those within 1% of the 
values given in the circuit. The only adjustment then 
is to get the input-voltage ratios correct. 

The Dome network4 shown in f ig. 5 has the ad- 
vantage that it can be driven directly from a balanced 
input such as a center-tapped transformer or phase 
splitter. However, as with the two previous circuits, 
the outputs must be presented to a very high im- 
pedance. If components are close to the values 
specified, deviation from 90' phase shift will be 
about + 1.5' between about 270 Hz and 2.9 kHz. 
Restricted audio bandwidth must be used, as 
discussed previously. 

Another disadvantage of the circuit in fig. 5 is its 
high loss, which is about 15 dB compared with 10 dB 

TO 
EAL 
MOO 

fig. 7. Network designed by Van Heddgem (refer- 

NOTE ALL COMPONENTS WITHIN 1% A:, ence 5) for solid-state applications. Values of R 3  
' O D  and R6 include Zi,. All values shown in the schema- 

tic should be within 1% or better. The ratio of R7 /R8 
=3.83 (within 1% or better). 



for the previous two circuits. However, it's usually 
not too difficult to provide sufficient gain margin in 
the audio stages to compensate. 

One of the disadvantages with all the circuits 
described thus far is the necessity for the outputs to 
be presented with a very high impedance. The phase 
shift is affected by load-impedance variations, with a 
consequent degradation in opposite-sideband sup- 
pression. If the output impedance can be defined, 

could be built for solid-state applications. See fig. 
7.The input impedance of the following emitter- 
follower stages is taken into account when 
calculating R3 and R6. Note that input and output 
impedances are quite low compared with those in the 
previous circuits. Many standard component values 
may be used. 

In contrast with the original Dome network, the 
circuit of fig. 7 requires that the input drive voltage 

fig. 8. Passive phasing generator by W. Doyle, W C M J  (reference6). 

and a practical value lower than the input impedance 
of the following stage selected, then the effect of any 
variations in load impedance can be swamped. 

Southwell3 discusses a variation of the Dome net- 
work4 in which the network outputs drive I-megohm 
loads placed across the inputs of the following 
stages. The circuit is shown in fig. 6. Amplitude 
balance at the outputs may be obtained by a fixed 
voltage divider and by a pot in the other load 
resistance. The original circuit was designed to drive 
a cathode follower, whereas I've shown a source- 
follower stage. 

Van Heddegems discussed modifications to the 
basic Dome network in which a suitable network 

be in the ratio of 3.83:1. The circuit was later used by 
Doyle6 in his passive ssb generator. The ratio of the 
two input resistors, which determine the input- 
voltage ratios, must be accurate to within f I % or 
better. 

Input impedance is noncritical but should be low. 
Doyle6 uses two 5k pots to adjust output levels and 
impedance for best opposite-sideband suppression. 
His circuit is shown in fig. 8. According to Van 
Heddegems the network should work well between 
280 Hz and 2.8 kHz. Audio must be restricted in 
bandwidth to maintain opposite sideband suppres- 
sion. No numbers are given as to how close the 
phase shift remains at 90°. Component count is 

fig. 9. Phase-shift network using RLC components developed by Westinghouse in 1944 and described by Cheek (reference 7). 
Circuit has a minimum of 9 components. 

047pF 
4 3 1  390  - - - --  The 40-mH inductors may be made from 

88-mH toroids. The 6-henry inductor may 
be an ordinary iron-core choke. Alternative- 
ly, all inductors may be wound on pot cores 
or low-frequency toroid cores. 

LOAD IMPEDANCES 
6 o  

1 176 turns no. 26 (0.3mm) enameled wire on a 

6 2°F 
single bobbin in a Vinkor LA2330 pot core 

U 2090 turns no. 42 (0.06mml on a single bobbin In 

----- a Vinkor LA2330 pot core 
i5k T- T I  2 windings, 176 turns each, no. 34 (0.16mml 

enameled wire, in each half of a double bobbin in 
a Vinkor LA2330 pot core 
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C).-- 

INPUT 

f ig. 10. Wideband active audio phase-shift network described by Norgaard (reference 2) and Southwell (reference 31. Each RC 
network is adjusted for&' phase shift, grid-to-grid, at the frequencies indicated. Circuit loss is about 8-10 dB. 

only 12 if Eggseries or selected E12-series com- 
ponents are used. 

If you wish to build this ssb generator, I recom- 
mend that you read reference 3 for adjustment and 
alignment. (The rf phase-shift circuit is discussed 
later.) No numbers are given for opposite-sideband 
suppression, but it appears that at least 30 dB is 
obtainable. 

So far all phase-shift networks considered have 
been made of RC combinations. Networks using R, 
L, and C combinations are quite rare in the literature, 
probably because the inductances in a phase-shift 
network of this type are not off-the-shelf items. 
Nevertheless, such a circuit has certain merits; one in 
particular is shown in  fig. 9. This circuit was 
developed by Westinghouse in 1944 and subsequent- 

fig. 11. Modern wideband active phase-shift network described by Dickey (reference 8) uses t w o  LM324 quad op amps. Input 
circuit provides operation from a single 5-volt supply. Each stage is adjusted for 90' phase shift, input-to-output, a t  the fre- 
quencies indicated. Circuit has unity gain (no loss). 
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ly described by Cheek.' Components are noncritical. 1~~~~~ - - 0 4 h H  - - 0 47pH - 

Resistors and capacitors can be standard 5% or 10% 
55-30OpF 

components. Composition resistors and paper l l ~ p ~  l lopF l lOpF 

capacitors were used in the original circuit. The main 

r' 
requirement is that each 40-mH inductor resonate 0 4 7 p H  047pH 

with critical the as 1-yF long capacitor as components at 800 Hz. Exact of the values specified aren't >-:I 
nominal values are used. 

i j  
The 6-henry inductor and the 6200-pF capacitor ,y 

fig 13. Coaxial-cable quadrature phase shift network 

must resonate at 800 Hz. The 40-mH inductors may 
be made from 88-mH toroids, which are readily 

V mean of 200 and 2800 Hz) or 900 Hz (geometric mean 

available in the surplus outlets. These inductors con- 
of 270 and 3000 Hz). 

Transformer T I  consists of two windings having 
sist of two 44-mH coils wound on a toroid core and 

equal numbers of turns wound on the same core 
connected in series. 

resonated at 800 Hz with the 1-pF capacitor. The two 
Using a scope or vtvm and an audio oscillator, it's 

windings are connected in series: dots in the circuit 
easy to  resonate a 44-mH inductor and a 1-pF 

in fig. 9 for TI indicate the start (or finish) of each 
capacitor to 800 Hz. Just remove turns from the 

winding. As an alternative, each inductor could be 
44-mH winding until resonance is obtained. The 

wound on a standard pot-core assembly or a low- 
exact frequency has no magic about it; 800 Hz is the 

frequency toroid. 
geometric mean of 160 and 4000 Hz, which ade- 

<. -. 
quately covers the speech band. Ensure that each LC 
circuit resonates to the same frequency. This fre- 
quency could just as easily be 750 Hz (geometric 

COAXIAL CABLE SAME 
IMPEDANCE 
AS COAX 

CARRIER 
INPUT INPUT 

'P 
C '1 

2llfR 
L . R  

2 lrf 

WSH-WLL 
90' 

COILS COUPLED 0 5 to 0 8  
OF CRITICAL COUPLING 

CARRIER 
INPUT 

CARRIER 
INPUT 

fig. 12. Passive rf phase-shift networks commonly used in 
phasing ssb designs over the past 30 years, which are dis- 
cussed in the text. All are suitable only for single-frequency 
use or for a very small frequency range. 

] -fig. 14. Quadrature phase-shift network after Taylor (refer- 
Y 

ence 13) centered on 14.25 MHz. Output amplitudes are 
within 0.8 dB between 13.8-14.6 MHz. 

The two quadrature outputs, A and B, can drive 
low-impedance loads. The characteristics of the 
phase-shift network are unaffected by the load im- 
pedance, which may be between 400 and 600 ohms. 
Input impedance is about 5k and should be floating 
with respect to ground. The input should be driven 
by a transformer or a differential amplifier. 

The speech amplifier preceding the phase-shift 
network should include deemphasis for frequencies 
below 800 Hz. If the network is transformer driven, a 
deemphasis network consisting of two 15k resistors 
and two 47 nF ( =  .047 pF) capacitors, connected in 
series with each input terminal, serves this purpose. 
The input impedance then will increase to about 40k 
and the input transformer should be selected to drive 
such an impedance. This is suggested by Cheek.7 

The network will maintain the phase shift within 1 
or better between 300 Hz and 3.5 kHz. The amplitude 
balance between the quadrature outputs is within 
2% or better between 200 Hz and 4 kHz. Thus, it's 
easy to achieve an opposite-sideband suppression of 
about 40 dB, which is certainly one of the advan- 
tages of this particular cireuit. That and the quite low 
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INPUT 150 OHMS1 

P 
Fr.79 MHz Fr= I ~ M H L  

C1 .C2 26.3 pF (27 pF. 5% NPO ceramic or silver mica) 

C3.C4 t 10 pF, 5% NPO ceramic or silver mica 

C5,C6 390 pF, 5% NPO ceramic or silver mica 

C7,C8 1605 pF (2700 pF and 3900 pF, 5% polyfilm capacitors in series) 

L1 .U  1.05 wH. 5 turns no. 26 (0.4mm) enameled, closewound on 
Philips 020-91010 toroid core 

L3,L4 4.36 wH. 12 turns no. 26 10.4mm) enameled wound on Philips 
020-91010 toroid core, turns spread evenly around circumference 
of core 

chosen so that the entire network produces a dif- 
ferential phase shift within t 1 between 70 Hz and 
5.5 kHz. 

This type of network needs alignment, but the pro- 
cedure is more complicated to explain than to ac- 
complish and is not outside the expertise of most 
amateurs. All you require is a passing acquaintance 
with a scope and an audio oscillator. Once adjusted, 
the network will maintain its alignment for con- 
siderable periods. The wide bandwidth allows good 
opposite-sideband suppression over the speech 
bandwidth of 300 Hz to 3 kHz. The circuit has ex- 
cellent phase and amplitude stability. Overall loss is 
about 8-10 dB. The circuit can obviously be adapted 
to use modern fets. 

A more recent circuit, using two quad op-amps, 
was described by Dickey.8 He claims this circuit will 
provide two equal-amplitude outputs that differ in 
phase by 90° within + 2' over the frequency range 

INPUT I50 OHMS1 

L5,L6 15.4 wH. 24 turns no. 26 (0.4mm) enameled, wound on Philips 
020-91010 toroid core 

L7,L8 64.2 pH. 48 turns no. 30 (0.25mm) enameled, wound on Philips 
020-91010 toroid core 

T1,T2 See text 
T3 

fig. 15. Wideband 90' phase-shift network using two 4 5 O  
bridge circuits (courtesy of Jim Koehler, VE5FPIVK2BOV). 

input and output impedances together with the 
relatively noncritical nature of the components, gives 
this circuit quite an edge on the RC circuits dis- 
cussed. 

The overall loss is 12-14 dB (excluding the de- 
emphasis circuit), which is comparable to the RC 
circuits. The audio stages preceding the network 
must have a sharp cutoff above 3 kHz, a common 
feature of all networks discussed. The minimum 
component count of 9 is also an attractive feature 
and is competitive with the circuit in fig. 4. 

A point worth noting is that the low output im- 
pedance of the network in fig. 9 makes it suitable for 
driving low-impedance diode bridge balanced 
modulators. 

Active audio phase-shift networks were used in 
many early designs for ssb exciters. These circuits 
generally consisted of a cascaded series of triode 
phase splitters with RC networks coupling each 

12 pF, 5% NPO ceramic or silver mica 

46 pF (47 pF, 5% NPO ceramic or silver mica) 

153 pF (150 pF, 5% NPO ceramic or silver mica) 

604 pF (680 pF, 5% NPO ceramic or silver mica in series with 5600 
pF, 5% polyfilm capacitor) 

0.465 pH.  5 t o  6 turns no.  22 ( 0 . 6 m m )  enameled o n  
579~250~3121900 Neosid toroid, turns spread evenly around cir- 
cumference 

1.84 pH. 6 turns no. 30 (0.25mm) enameled wire, closewound on 
Philips 020-91010 toroid core 

6.13 pH. 12 turns no. 26 (0.4mm) enameled, wound on Philips 
020-91010 toroid core, turns spread around 213 the cir- 
cumference 

24.2 pH. 27 turns no. 30 (0.25rnm) enameled, wound on Philips 
020-91010 toroid core 

Wound on Neosid 1050-1-F14 of Indiana General F684-1 balun 
core. Twist together three 7" (180mml lengths of no. 26 (0.4mm) 
enameled wire and wind 3 turns through 2 holes; connect two 

stage as shown in fig. 10. This circuit is discussed by wires in series for the 2 ~ ) - o h m  winding 

both Sothwell3 and Norgaard,;! amongst others. fig. 16.3-30 MHz quadrature phase-shift network. Maximum 
Each stage produces a 45Ophase shift at a particular phase error is about 1'. Overall loss of this network and that 
frequency. The frequency of each RC network is of fig. 15 is about 6 d ~ .  
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100 Hz to 10 kHz. High-fidelity ssb! The circuit is 
shown in fig. 11. Two LM324 quad op-amps are 
used. Each stage is adjusted, using the 47k trimpot, 
to produce a 90' phase shift at the frequencies 
shown. The design values were calculated from data 
published by S. D. Bedrosion,g if you're interested in 
getting into heavy phase-shift network design. The 
circuit in fig. 11 has the advantage of having mini- 
mal loss. 

Alignment techniques for both circuits in figs. 10 
and 11 involve the use of an audio oscillator and a 
scope, as ment~oned above, a phase meter, or a net- 
work analyzer. A technique using the oscillator and 
scope is discussed in detail in the references. 

For further reading the article by Wadelo is recom- 
mended. An excellent description of simple methods 
for aligning phasing-type ssb exciters is given by Fred 
Johnson.' 

rf phase-shift networks 
Again, both active and passive phase-shift net- 

work designs are available. The networks commonly 
used in phasing ssb designs over the past 30 years 
are illustrated in fig. 12. Popularity seems evenly 
divided among the various circuits with the exception 
of E, the pi network. The RLG circuit in B is simply a 
variation of that in A. Input or output impedances are 
a consideration in all cases; the component values 
are dimensioned to accommodate external circuit 
conditions. 

The networks in figs. 12 A, B,  C and D are quite 
simple to  set up. Usually, one of the components is 
made variable to provide phase adjustment for final 

CLOCK 
t I 1  

DUAL MASTER-SLAM 1 I I 
(4XF0) 

TTL FLIP-FLOP 
I I I 

14 3 

02 Jl KI E - 
02 

fig. 17. The 7473 IC connected to produce quadrature 
square waves. 

circuit trimming. Extra components may be added to 
account for circuit strays as necessary. 

The first two circuits exhibit an output phase 
characteristic that does not vary with frequency, but 
the relative amplitudes vary markedly either side of 
the design frequency. The circuits in C and D also ex- 
hibit the same characteristics, but the impedance 
varies also. The network in C exhibits least variation 
in this respect. Alternatively, another capacitor and 
resistor may be inserted in series with output termi- 
nals A and B respectively in the circuit of fig. 12D t o  
reduce output impedance variation. 

The technique of using two under-coupled tuned 

circuits, as in fig. 12F, was first popularized in 
reference 11 in 1950 and has been used in several 
phasing ssb transmitter designs since then. In prac- 
tice, the two tuned circuits are coupled by 50% and 
80% of critical coupling, and the links are adjusted to 
achieve equal-amplitude output. Secondary tuning is 
adjusted to provide the correct phase shift between 
the outputs. A very complete discussion on theory 
and practical considerations of this technique is 
given by R .  W. Martin, VK2AHI.12 

160' DRIVE 

fig. 18. Digital quadrature-phase rf circuit given by Shubert, 
WABJYK (reference 15). 

All circuits shown in fig. 12 suffer from three 
disadvantages: 

A. They work only over a narrow range of frequen- 
cies and are thus limited to fixed-frequency applica- 
tions or operation over bandwidths of 100 to 200 kHz 
at best. 
B. All need periodic realignment as they are subject 
to drift due to environment (temperature, etc.) and 
component aging. 
C. The practical upper-frequency limit is about 15 
MHz at best, depending mostly on strays, external- 
circuit conditions, and component performance. In 
any case, using these circuits above 10 MHz is not 
recommended. 

A technique that has occasional mention in the 
literature, but which I've not yet seen applied, is the 
use of coax cable as a phase-shift element in an ssb 
exciter. An electrical quarter wavelength of coax ex- 
hibits a phase shift of 90' at the design frequency 
and will remain within f 1 ' of this amount over a 
small bandwidth. Coax cables are relatively unaf- 
fected by temperature changes that would cause 
marked changes in the circuits discussed so far. The 
low impedance is an advantage in some instances 
(e.g., where diode-ring balanced modulators are 
used). Amplitude differences between the two out- 
puts are not a consideration. This technique is exten- 
sively used in antenna phasing applications. 
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FREQUENCY FREOUENCY 
QUADRATURE 

OUADRATURE OSCILLATOR OUTPUT SIGNAL 
HYBRID f .; u&oa 

MIXER 
LOWfASS 

fig. 19. Quadrature signals can be generated over a wide 
band by adapting the third method of ssb-signal generation. 

A coax-cable quadrature phase shifter is shown in 
fig. 13. No real theoretical upper frequency limit 
exists for this method, but practical limitations put it 
at about 150 MHz. A coaxial line-stretcher would be 
useful here. A coax-cable quadrature phase-shift net- 
work has the same disadvantages as those of the cir- 
cuits in fig. 12, only slightly less so. An electrical 
quarter wavelength of coax on 10 MHz is nearly 16.5 
feet (5m) long. This technique is probably best for 
fixed-frequency or narrowband use above about 15 
MHz. Small-diameter cables, such as Microdot, of a 
suitable impedance are best as they are less bulky 
than standard cables such as RG-58lU. 

Passive wideband rf phase-shift networks for ap- 
plication in  phasing ssb exciters are rare in the 
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This circuit, fig. 14, will maintain 90° phase-shift 
and output amplitudes within 0.8 dB between 13.8 
and 14.6 MHz. A bandwidth of 800 KHz isn't 
exactly wideband, but is certainly much better than 
the 100-200 kHz bandwidth of the circuits in fig. 12. 
The trimmer provides phase adjustment. As men- 
tioned, Taylor13 used this circuit in a direct conver- 
sion receiver, but it could be used in a transmitter as 
well. You could generate ssb signals directly on the 
desired output frequency rather than on a fixed fre- 
quency, which requires heterodyning to the desired 
output frequency, as in common practice. 

Real advantages exist when generating ssb signals 
on the desired output frequency. The only spurs to 
contend with are those associated with opposite- 
sideband suppression and w i th  intermodulation 
distortion, both of which must be considered in any 
heterodyning system. 

Then there's the simplicity of the circuitry. A major 
push behind the development of modern IC circuits is 
the simplicity of the following circuitry; therefore, cir- 
cuit simplicity is certainly an advantage. Circuit com- 
plexity isn't necessarily synonymous with sophistica- 
tion or "the state of the art." 

Quadrature rf phase-shift networks that operate 
over an octave or more in frequency were described 
many years ago. However, you must search the liter- 
ature on antennas and circuit theory to find them. 

The network in fig. 15 is through the courtesy of 
J im Koehlor, VE5FP/VK2BOX, who designed it for a 
circularly polarized antenna system. Two bridge net- 
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. ,' - - - . . 
fig. 20. Suggested bilaterial direct-conversion phasing ssb generator-detector. TI-T4 are wideband rf transformers. T5-l7 are 
audio transformers to suit the audio phase-shift network used. A wideband rf transformer may be used instead of the 7-dB pad. 

literature. Richard Taylor, W1 DAX, described a cir- works each provide 45' phase-shift between 1 and 15 
cuit in the Septmember, 1969, issue of CIS773 used in MHz, resulting in a differential phase shift of 90° over 
a direct-conversion ssb receiver for 14 MHz. The arti- that range. Phase error is less than lo, and the 
cle was reprinted in the ARRL's Single Sideband for amplitude differences between outputs is less than 
the Radio Amateur, f ifth edition, 1970. 0.5 dB over the range. This rf phase-shift network 
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makes direct-conversion phasing ssb generation 
possible and has application in direct-conversion 
receivers. Third-method ssb generation, with output 
directly on any desired frequency between 1 and 15 
MHz, is also a possiblity. 

A network designed to cover 3 to 30 MHz is shown 
in fig. 16. It has characteristics similar t o  those of 
fig. 15. Input and output impedances of each bridge 
in both networks is 200 ohms. Transformers T2 and 
T3 transform the impedance to  50 ohms, which is 
convenient. 

Although the inputs of each bridge are in parallel, 
making the input impedance 100 ohms, T I  may be 
the same as T2 and T3, as the mismatch has no 
serious effect on network performance. The three 
transformers are constructed as wideband baluns 
having a turns ratio of 2 : l .  Small toroids or dual- 
hole balun cores, such as the Neosid 1050/1/F14 or 
Indiana General F684-1, are suitable. The input and 
output windings must be isolated. To use dual-hole 
balun core, twist together three 7-inch (180mm) 
lengths of 26 or 30 B&S or AWG (0.3 or 0.25mm) 
enameled copper wire at about two twists per 318 

resonate with the capacitor at the frequency in- 
dicated. Each series arm is temporarily connected as 
a parallel-tuned circuit to  enable adjustment. This is 
very simply done with grid-dipper and a monitoring 
receiver. Sufficient accuracy is easily obtained. Of 
course, if you have a network analyzer or phase 
meter, the job is a little simpler. 

Wideband active rf phase-shift networks involve 
digital techniques. This technique involves cross- 
coupled JK flip-flops and was described by A. J. 
Turner.14 The circuit is shown in fig. 17. The upper 
frequency of such circuits is limited by the phase jit- 
ter between the two outputs and is somewhat below 
the upper clock speed limit of the device used. The 
clock frequency of the circuit shown in fig. 17 must 
be four times the desired output frequency. 

A circuit that requires a clock frequency only twice 
the desired output frequency is presented in fig. 18. 
This circuit is by G. K. Shubert.15 

The disadvantage of the digital technique is the 
nonsinusoidal output waveform and the attendant 
harmonics that must be removed. Although these 
may be reduced with simple low-pass filters, extra 
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fig. 21. Another suggested bilateral direct-conversion phasing ssb generator. TI-T4 are wideband rf transformers. T5 is an audio 
transformer chosen for the phase-shift network used. As in the circuit of fig. 20, the 7-dB pad may be replaced by a wideband rf 
transformer. 

inch ( lorn). Wind three turns through the two holes 
and connect two of the wires in series to make the 
200-ohm winding. If desired, the secondaries of T2 
and T3 may be arranged to drive diode-ring balanced 
modulators directly. 

It's important that coupling between the tuned cir- 
cuits in each arm of the bridge, and between each 
bridge, be kept to a minimum. Also, the Q of each 
coil must be at least above 50 or 60. Consequently, 
toroids have been suggested, although standard coil- 
former and screened-can assemblies (with ferrite cup 
cores) have been used successfully. Each arm is con- 
structed individually and the inductor adjusted to  

spurs are undesirable. The digital technique has the 
big advantage of requiring no adjustment. 

Another technique for  producing broadband 
quadrature rf signals, adapted from third-method ssb 
generation, is suggested b y  Taylor.13 A block 
diagram, fig. 19, illustrates this. However, its relative 
complexity puts this technique at a disadvantage. 

The networks in figs. 15 and 16 and the circuits in 
figs. 17 and 18 may be used for direct-conversion 
generation or reception of ssb signals using either the 
phasing method or the third-method as already men- 
tioned. Indeed, it should be possible t o  build a 
passive phasing exciter using a combination of the 
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techniques discussed. The third method produces 
superior performance with regard to opposite siae- 
band and carrier suppression than either the phasing 
or filter techniques. 

Fig.  20 shows a suggested bilateral direct- 
conversion phasing-type ssb generatorldetector. It 
may be possible to use all-passive techniques. The 
audio phase-shift network may exhibit too much loss 
for successful operation and the bilateral feature of 
the circuit may be impossible to realize. T I ,  T2, T3, 
and T4 are wideband rf transformers as suggested 
previously. T5, T6, and T7 are audio transformers to 
suit the audio phase-shift network. A 7-dB resistive 
pad may be used to isolate the local rf input. 
Alternatively, a wideband transformer may be 
substituted. 

Fig. 21 is a somewhat simpler circuit using series- 
bridge-diode balanced modulators instead of the 
ring-diode balanced modulators. Comments similar 
to those for fig. 20 apply. Performance may not be 
quite as good as the previous circuit, but the simplic- 
ity may be an advantage. The phasing of the sec- 
ondaries of T3 and T4 in both circuits is important. 
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RTTY test generator 

Construction details 
for the Digiratt 
RIY generator 

that can be used 
with the 

Digiratt afsk generator 
or as a stand-alone accessory 

The Digiratt R /Y  test generator is a companion unit 
to  the original Digiratt precision AFSK generator and 
phase-locked-loop terminal unit featured in an earlier 
issue of ham radio magazine (September, 1977); it 
can be used with that unit or as a stand-alone ac- 
cessory for RTTY enthusiasts. 

While it would be simpler, from a design stand- 
point, to use a PROM (Programmable Read Only 
Memory) as the heart of the unit, I decided not to go 
this route for two reasons. First, few hams possess 
the required equipment necessary to program the 
PROM. Second, few people have the patience to do 
the programming. I also thought that more people 
would be interested in building a unit which used 
readily obtainable ICs. Those who do build the com- 
plete unit will have a non-mechanical device which 
generates 64 RYs, a carriage return, and a line feed. 

The Digiratt R IY generator is an eleven IC, TTL- 
based device for generating the 5-level Baudot code. 
It has on-board encoding for automatic sequential 
generating of the Baudot code necessary to print the 
letters R and Y. Additionally, encoding is provided 
for carriage return and line feed code generation. 
Logic is provided which keeps track of the number of 
characters printed and steers the output port to 

select either the RY message, carriage return (CR)  or 
line feed (LF) code. 

The unit was designed in such a way that by con- 
structing only that portion of the schematic (fig. 1) 
enclosed by the dashed line, an RY generator only, 
can be built which deletes the CR and LF provisions. 
If this is done, the unit will print RYs continuously 
without regard to line length. Additionally, provision 
is made for "normal" and "inverted" output data to  
key transmitters with either mark high or space high 
signals. Finally, the unit is designed to operate at 
slightly less than the full 60 wpm. Older Teletype 
machines and those slightly out of adjustment should 
be able to copy the test message with little difficulty. 

shift registers 
Before examining the details of the schematic 

diagram (fig. I), the basic operation of a shift 
register should be understood. The SN74165 
registers used in this design are capable of changing 
an 8-bit parallel data bus into a serial stream of 
pulses. The parallel information is first loaded into 
the registers by the application of the load data 
pulse. Next, for each clock pulse that is received the 
bit pattern is serially shifted one register to the right. 
In this way, at the end of eight clock pulses the entire 
8-bit data pattern is now in a serial form. By hard- 
wiring the parallel input ports to a known pattern, a 
specific character, in this case CR and LF, can be 
generated. The hardwired pins, from right to left, or 
the first to last bit out are, 6, 5, 4, 3, 14, 13, 12, 
and 11. 

The Baudot code used for Teletype is composed of 
5 either mark or space conditions. Different combina- 
tions of the marks and spaces represent the actual 
letters, symbols, and functions. In addition to  the 
first 5 bits, a start mark precedes the actual informa- 
tion. Finally, a stop pulse is used to indicate the end 
of the character. For the RY test generator I've com- 
bined the last two bits from the shift register into a 

By John Loughmiller, WBSATW, Route 1, 
Box 480C, Borden, Indiana 47106 
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slightly longer than normal stop pulse, 44 vs 31 ms. 
While this will slightly reduce the speed of the 
machine, it insures that older machines will print cor- 
rectly. 

circuit description 
U1 is the clock pulse generator and, as such, is the 

heart of the system. The output from pin 3 provides a 
pulse train with a 45.45 hertz rate which is applied to 
the clock inputs of shift registers U4, U9, and U10. 
These pulses are also applied to pin 4 of U2 which 
divides the rate by a factor of eight (5.68). The divid- 
ed signal then becomes the load data pulse for the 
shift registers. 

To generate the required pulse configuration for 
the CR and LF functions, the eight parallel inputs of 
the shift register are hardwired to either 1 or 0. Initial- 
ly, the load data pulse loads this hardwired informa- 
tion into the shift register. Each clock pulse then 
shifts the information one position. On the eighth 
pulse, new information is again entered into the shift 
register. Every eight pulses you will have a complete 
bit pattern available for use. 

In addition to  functioning as the load data pulse, 
the 5.68 hertz pulse rate is inverted and then used to 

clock U5, U6, and U7. U5 is a J -K flip-flop that will 
alternately change the hardwired pattern of the RY 
shift register. In this way, the shift register will pro- 
duce an R and then a Y as the IC toggles. US and U7 
are wired to divide by the fixed rate of 66. And, with 
the addition of U8, are the basis for producing the 32 
RYs and the CR, LF on each line. 

With the count initially at 66, a CR is generated, 
count 65 produces a LF with RYs being produced on 
the rest of the counts. A t  the end of the count cycle, 
the counters are preset t o  66 and then start 
decrementing again. The actual selection of the RY, 
CR and LF bit pattern is done by a 4 : l  multiplexer, 
U11. The signals from U8 determine which pattern is 
selected as the ultimate output. 

Switch S1 is used as a manual reset to ensure that 
each line starts with an R. Normally, the reset is per- 
formed after the counter decrements down from 66. 
Holding the switch closed will result in continuous 
CRs being sent. This technique is not recommended 
if 74LS series ICs are used. 

construction 
The construction of the RY test generator is non- 

critical. The only special precaution that should be 

fig. 1. Schematic diagram of the RY test generator. The position of the jumper will permit you to select either inverted or normal 
RY information. A suitable loop keyer is shown in fig. 1, ham radio, September, 1977, page 27. 
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fig. 2. Component placement diagram for the board sup- 
plied by Circuit Specialists. 

observed is to install the Vcc bypass capacitors on the 
board with the ICs (fig. 2). In extreme cases of rf 
interference, you may have t o  install additional 
bypass capacitors on the ICs. The power supply can 
be based on the popular LM309 with adequate heat 
sinking. 

The first portion that should be assembled is in- 
dicated by the dotted line in fig. I . "  This portion will 
send a continuous stream of RYs. R1  should be ad- 
justed to have the oscillator running at 45.45 Hz. If a 
counter is not available, R1 can be adjusted until the 
machine starts to print correctly. 

"A  drilled and plated circuit board is available f r om Circui t  Board 
Specialists, Box 969, Pueblo, Colorado 81002 for $6.50. A complete kit of 
parts is also available from Circuit Specialists for $22.00. 
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microwave 

If you're interested 
in trying microwaves, 

but don't know 
where to start, 

this bibliography 

of amateur microwave articles 
will get you off 

on the right foot 

Many  amateurs have expressed an interest in 
microwave communications, but the techniques at 
microwave frequencies are considerably different 
than those used at vhf and uhf, so many amateurs 
don' t  know where to  start. The fo l lowing 
bibliography was prepared with this in mind. Far 
more good microwave information is documented in 
the amateur radio publications than is generally 
realized. Also included is a number of excellent 
books on the subject, as well as a short list of articles 
in other publications which are especially useful to 
the amateur microwave enthusiast; these publica- 
tions can often be found in a local library. 

If you're looking for the maximum amount of 

bibliography 
, microwave information in the least amount of spacc 

obtain a copy of the 3rd edition of the RSGB': 
VHFIUHF Manual and read Chapter 3 - it contains 
more amateur microwave data per page than any 
other single publication. 

In the field of microwave textbooks, there are a 

I 
great many which are of limited use to amateurs; 
those books are no t  l isted i n  the fo l lowing 
bibliography. Microwave books which are listed in 
the bibliography were chosen because they had 
something to offer t o  the amateur microwave en- 
thusiast. Lance's Microwave Measurements, for ex- 

I 
ample, is an excellent introduction to microwave 
techniques for those readers who are looking for the 
non-mathematical approach. Microwave Transmis- 
sion Design Data is a paperbound reference which 
covers many microwave subjects but is especially 
valuable for its explanation of circular waveguides. 
Very High Frequency Techniques is a compilation of 

I 
a number of experiments from which the amateur 

I can obtain cavity design information and practical 
transmission line information for new designs. The 
book, Principles and Applications o f  Waveguide 
Transmissions, provides excellent coverage of 
transmission lines and conical antenna design. 

Microwaves are really simple, when you get to 
know them, and microwaves are far superior to the 

I lower frequencies for line-of-sight point-to-point 
communications. Microwaves are also an ex- 
perimenter's paradise, and far less expensive than 
432 MHz was fifteen years ago - and much more 

, satisfying. Microwave is one area where amateurs 
can still contribute to  the art of radio communica- 
tions - the following bibliography will head you in 
the right direction. 

By Cliff Buttschardt, W6HDO. 1488 Warner 
Street, Chico, California 95926 
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I introduction to 
GaAs f ield-effect transistors 

What's a GaAs fet? Certainly not a gaseous field- 
effect transistor, as a misguided soul recently asked. 
GaAs fet is short for Gallium-Arsenide field-effect 
transistor; it is the hottest new uhf and microwave 
component, and is being widely used in industrial 
and military applications. 

Gallium Arsenide is one of the newer semicon- 
ductor compounds, which until recently was used 
primarily for LEDs and microwave diodes. If yoc! 
remember the Periodic Chart of  the Elements from 
basic chemistry, you'll find the common semicon- 
ductors, silicon (Si) and germanium (Ge) in column 
IV of the chart, indicating they have four free elec- 
trons. I t  has also been found that semiconductors 
can be made by combining an element from column 
Ill, such as gallium (Gal or indium (In), with an ele- 
ment from column V, such as phosphorous (PI or 
arsenic (As). The combined compound apparently 
has an average of four free electrons and acts as a 
semiconductor. The more successful combinations 
are gallium arsenide (GaAs), indium phosphide (InP), 
and gallium phosphide (Gap). 

What is the advantage of using these exotic 
semiconductors? It arises from the higher carrier 
mobility of these materials - the electrons move 
faster than they do in silicon or germanium. This is 
the key to high-frequency performance; the max- 
imum operating frequency of any amplifying device 
is limited by the time it takes a signal to pass through 
it (transmit time in a vacuum tube for example). 

GaAs fe t  construction 
Gallium arsenide is the most commonly used of 

these Ill-V semiconductors; with appropriate doping, 
it is used for field-effect transistors, infrared LEDs, 
and many types of microwave diodes including Gunn 
oscillators. The fets are fabricated on an epitaxial 
layer of the proper doping, with the channel defined 
between the high-conductivity source and drain 
areas (fig. 1). To take full advantage of the high car- 
rier mobility for high-frequency performance, very 
short channels or gate lengths, are used. Typical 
gate length is one micron (10-6  meter) for a 
microwave GaAs fet; some devices are available with 
a half-micron gate length. The fundamental limita- 
tion is the wavelength of the ultraviolet light used to 
expose the photoresist, which is approximately 1 I 3  
micron. 

A one-micron gate seems very small, and it is, 

even though i t  is much wider than i t  is long - 
typically 100 to 150 microns wide. The current path is 
therefore relatively short and wide, a good high- 
frequency configuration. To increase power capabili- 
ty, several gates are paralleled for higher current. 
Fig. 2 shows a typical GaAs fet structure with four 
gates in parallel (hidden by metallization). The gate 
itself is a Schottky junction, as opposed to the com- 
mon P-N junctior? found in low-frequency fets. 

How high in frequency do GaAs fets work? In the 
laboratory they have been operated to 22 GHz and 
higher. Commercially available devices work well up 
to about 12 GHz as low-noise amplifiers and power 

fig. 1. Construction of the GaAs fet, showing the channel 
between the high-conductivity drain and source areas. 

By Paul C. Wade. WA2ZZF, GaAs FET Appli- 
cations Leader, Microwave Semiconductor Cor- 
poration, 100 School House Road, Somerset, 
New Jersey 08873 
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fig. 2. GaAs fet chip structure as seen by a scanning elec- 
tron microscope. 

amplifiers, and at even higher frequencies as oscilla- 
tors. And this performance is obtained at low supply 
voltages, 3 t o  12 volts. 

A t  present, it is as low-noise amplifiers that GaAs 
fets really shine. Available noise figures were 
previously only obtainable with the best parametric 
amplifiers and MASERS. For instance, some GaAs 
fets offer noise figures under 2 dB at 4 GHz, and 
under 4 dB at 12 GHz. A few of these devices are 
finding their way into amateur hands; at the recent 
Eastern VHF/UHF Conference, K2UYH's 432-MHz 
preamp, using a NEC V244 GaAs fet, had a measured 
0.8 dB noise figure! However, the prices for these 
devices, while dropping, are still rather steep. 

One problem with power GaAs fets is adequate 
heat sinking, since gallium arsenide has a thermal 
conductivity much lower than silicon. Normally, 
planar transistors are fabricated with the active area 
up and the heat is conducted through the bulk 
semiconductor material underneath. Wi th  power 
GaAs fets, however, some manufacturers are using 
an inverted mounting technique, wi th the source 
metallization attached directly to ground, as shown 
in fig. 3. This technique not only halves the thermal 
resistance, but also reduces the source inductance, 
which improves stability. 

Investigation of GaAs fets as oscillators has only 
begun recently. To date, we have obtained as much 
as 0.6 watt output at 9 GHz from an oscillator. The 
highest frequency oscillator we have made so far was 
at 17.1 GHz, where we obtained 100 milliwatts from 
the waveguide oscillator shown in fig. 4. 

precautions 
GaAs fets also have a reputation for being fragile, 

but all new semiconductor devices pass through this 
stage; they inevitably become more rugged as better 
manufacturing techniques are developed. The latest 

Power GaAs fets are newer, but are also showing fig. 4. A GaAs fet 17-GHz waveguide oscillator. 

respectable performance. Devices are commercially 

available with watt Output to GHzl and more GaAs fets are damaged only by excess voltage or ex- 
than 6 dB power gain. Since these are linear devices, tremely high temperature ( >300°C). An  excessive 
unlike bipolar microwave transistors, the power and voltage applied between the source and drain causes 
gain are specified at the standard 1 dB compression a bulk breakdown, wh ich  unl ike avalanche 
point. breakdown in a transistor, is irreversible. With the 

addition of protective Zener diodes, however, GaAs 
fets are as rugged as most microwave semiconductor 
devices. 

I t  may seem that GaAs fets are too rare, exotic, 
and expensive for amateur use, but  many new 
devices started out this way. Then, radio amateurs 
like K2UYH, who needs the improved low-noise per- 
formance for his moonbounce work, began using 
them. Finally, after a few years, price and availability 
become more reasonable and formerly exotic devices 
come into general usage. This may or may not hap- 
pen with GaAs fets, but amateurs should keep an eye 
on new technologies for the future. 

'All photographs courtesy Microwave Semiconductor Corporation. 

fig. 3. GaAs fet chip flip-chip mounted in package. ham radio 
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new op amp 
challenges the 741 

The new CA3140 IC op amp 
from RCA features a 

hig h-impedance 

mosfet input stage, 
improved slew rate, 

and wider frequency response 
at comparable cost 
to the popular 741 

For several years the 741 op amp IC has been the 
popular workhorse for both industrial and hobbyist 
circuit designers. Why? Because it's inexpensive and 
simple to use. Of course, its slew rate isn't too great, 
and its input bias current isn't anything to write home 
about, but what do you expect for twenty-five cents? 

Now there's another op amp IC on the market 
which I think deserves as much attention as the 741; 
it's the new RCA CA3140. Like the 741, it requires no 
external frequency compensation components, and 
its output is short-circuit proof. Its pin configuration 
is the same as the 741, and RCA claims the CA3140 is 
a direct plug-in replacement for the 741 in most ap- 
plications. 

So, what's so special about the CA3140? For 
openers, it has mosfet input transistors (diode pro- 
tected) which means you can use much higher value 
resistors in the input circuit without worrying about 
their effect on output offset voltage. Another big ad- 
vantage is that the slew rate of the CA3140 is an 
order of magnitude faster than that of the 741. Sup- 
ply voltage range for both op amps is the same; 5 2 
to rt 18 volts. 

Now for the price. A t  this writing, it's available in 
an 8-pin TO-5 can for 80 cents in small quantities. It is 
reported that it will soon be available in the popular 8- 
pin minidip plastic package for 72 cents. The slight 
difference in cost as compared to the 741 seems very, 
reasonable for  the higher performance of the 
CA3140. 

Table 1 lists some important parameters for both 
the 741 and the CA3140, so you can quickly see what 
you're getting for your money. Specs given are for 
the commercial versions. 

The big differences between the two op amps are 
clearly input resistance and bias current, and slew 
rate. Typical curves for the devices show that max- 
imum output voltage swing for the 741 is flat out to 
10 kHz before it starts falling off at higher frequen- 
cies, while the CA3140 is flat out to 100 kHz. Fig. 1 
shows a block diagram of the CA3140, and fig. 2 
shows the schematic diagram. 

a disadvantage 
There is one point on which the 741 is superior to 

the CA3140: the 741 will drive a lower resistance load 
than the CA3140 will. M y  experience shows that 
severe clipping of the output occurs on negative 
peaks when the load resistance on the CA3140 is 
1200 ohms. If the load resistance is increased to 2000 
ohms, this problem disappears. The 741 output cir- 
cuit is a complimentary npn-pnp emitter follower, 

BIAS CIRCUIT 

CURRENT SOURCES 

AND REGULATOR 

OFFSET 
NULL CA3/40 

fig. 1. Block diagram of the new RCA CA3140 op amp IC 
which is a direct plug-in replacement for the popular 741 
in most applications, but features a mosfet input stage for 
high input impedance. 

I while the CA3140 has an npn emitter follower with a 
current source in the emitter circuit. 

I application 
Since the input current to the CA3140 is so low, 

many megohms of unbalanced resistance may be 

By Courtney Hall, WABSNZ, 7716 La Verdura 
Drive, Dallas, Texas 75248 
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table 1. Specifications of the 741 and RCA CA3140 op amp ICs. 
compared at +25'C. 

parameter 741 CA3140 units 
Input resistance (wpicall 2.0 1.5 x lo6 megohms 

Input bias current (max) m , 0 0 0  50 picoarnps 
Input offset voltage (maxl 6 15 millivolts 

Slew rate ( typ~cal)  0.5 9 voltsl/is 

Large signal voltage gain ( m ~ n )  20.000 20,000 voltslvolt 
Output resistance (typical) 75 60 ohms 
Power supply rejection (max) 150 150 ,i volt lvol t  
Common mode rejection ratio iminl  70 70 dB 

current will be no more than 0.5 millivolt. Therefore, 
for most applications, you can use just about any 
resistor network you choose on the input and forget 
about its effect on the offset voltage. 

I took advantage of this feature of the CA3140, 
plus its high slew rate, to build the simple Wien 
bridge sine wave generator shown in fig. 4 .  Both ICs 
are CA3140s. U1 is the oscillator, and U2 provides a 
constant 600-ohm output impedance, regardless of 
the amplitude setting. 

The resistor network at the output lets U2 see a 
used in the input circuit with no appreciable dc out- load resistance of 2000 ohms when the output ter- 
put offset due to bias current. Consider the circuit of minals are connected to a 600-ohm load; it also 
fig. 3. The inverting input terminal sees a parallel causes the output terminals to look like a 600-ohm 
equivalent resistance of 10 megohms. Since the source. Maximum output amplitude into a 600-ohm 
maximum input bias current is 50 pico-amperes load is about one volt rms. 
(0.00005 microamp), the offset voltage due to bias Frequency range of the Wien bridge oscillator is 30 

6 
OFFSET NULL STROBE 

fig. 2. Schematic of the RCA CA3140 op amp IC with diode-protected mosfet input stage. As compared to the 741 op amp, the 
CA3140 offers higher input impedance and improved slew rate. Typical specifications for the two devices at room temperature 
are listed in table 1. 
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Hz to 100 kHz and is flat within 0.5 dB, due to the ex- 
cellent gain control characteristic of the thermistor in 
the feedback circuit of U1. The 10k pot is adjusted 
for best waveform. Total harmonic distortion is less 
than 0.5 per cent at all frequencies. C1 and C2 is a 
two-gang 450-pF air variable. Its frame must be in- 
sulated from ground; I mounted it on a piece of plexi- 
glass and used an insulated shaft coupling to con- 
nect it to the dial. A trimmer capacitor is needed to 

fig. 3. Maximum dc oifset of this circuit due t o  bias current 
is 0.5 millivolt. 

balance out stray capacitance from the capacitor 
frame to ground. 

a word of caution 
The input bias currents given above are for +25OC 

ambient temperature ( room temperature). As 
temperature increases, the input bias current of the 
CA3140 will approximately double for each 10°C rise. 

i 
SWITCH 

68351 l k  

I 
OHMS 

fig. 4. Wien bridge sine-wave oscillator using t w o  RCA 
CA3140 op amps covers 30 Hz t o  100 kHz w i th  less than 0.5 
per cent total harmonic distortion. The 10k pot  is adjusted 
for best waveform. Capacitor C1 and C2 is a two-gang 450- 
pF variable w i th  its frame isolated f rom ground. Maximum 
output into a 600-ohm load is about 1 volt rms. 

A t  +125OC, its value will be roughly 1000 times 
greater than at room temperature. Input bias current 
for the 741, however, actual ly decreases as 
temperature rises. 

ham radio 
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microprocessors: 
a microprocessor 
controlled CW keyboard 

N o w  that the microprocessor has made the 
homebrew computer possible, its popularity should 
tend toward dedicated applications in amateur radio. 
In this article, a preprogrammed microcomputer is 
designed to function as a Morse Code keyboard with 
extra features providing the utmost in flexibility. This 
project is an attractive alternative to its discrete 
equivalent with numerous gates, flip-flops, binary 
counters, and diode matrices. 

The code computer was designed around the 
MCS-6504 microprocessor by MOS Technology. The 
other devices connected to the processor chip com- 
prise a software simulation of a discrete logic system. 
The software for this project was developed and 
debugged with the aid of a KIM-1 microcomputer. 
After the program was working to my satisfaction, 
the source listing for the software package was 
transferred to the 1702A EPROMs for permanent 
storage. Thus, the system is running upon applica- 
tion of power. 

However, this system does more than synthesize 
Morse code from an ASCll keyboard. It also provides 
control functions, for operator convenience, which 
are unheard of in similar units of discrete design. The 
features of this system are: 

1. Variable code speed, 5 to 99 wpm range. Code 
speed is entered digitally from the numeric keys on 
the keyboard. 

2. 256-character first-in-first-out (FIFO) buffer 

the machine is sending. A t  10 wpm, it's possible to 
get five minutes ahead of the machine. 

3. Automatic character spacing. Word spacing is 
provided by the operator's depressing the SPACE bar 
on the keyboard. 

4. 64-character auxiliary buffer for storing repeated 
messages like CQ or call-up sequences. Data can be 
entered into the auxiliary buffer without causing in- 
terference to the FIFO. 

5. BACKSPACE command. A backspace routine is in- 
cluded in the software for FIFO error correction, and 
operates like the BACKSPACE key on a typewriter. 
For ASCII keyboards without a BACKSPACE key, 
CONTROL H can be used. 

6.  Automatic default. Illegitimate control characters 
are ignored by the program to prevent a software 
lock-up condition. Control characters are used for 
code speed entry, auxiliary buffer data entry, aux- 
iliary buffer data transfer to FIFO, and backspacing. 

7. TRANSMITIRECEIVE output. This reed output 
automatically switches your transceiver from receive 
to transmit when you begin typing. The rig will stay 
on the air until the FIFO is empty. 

8. Warning lights. Two indicator lamps are provided 
to prevent the operator from filling the FlFO to the 
OVERFLOW point. Lamp 1 lights when there are less 
than 64 character spaces left in the FIFO. Lamp 2 
(condition red) turns on when the operator is within 
16 characters of OVERFLOW. 

9. FIFO full output. This signal from U13 goes to a 
logic 1 when the condition red lamp goes on. I t  stays 
high until the condition yellow lamp turns off. This 
output can be used to control a paper-tape reader. 

By James W. Pollock, WBZDFA, 6 Terrace 
memory. This allows the operator to type faster than Avenue, New Egypt, New Jersey 08533 
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10. By adding a serial-to-parallel converter, like a PIA is bit 0 of Port A and is used as the serial output 
UART, the system can be used with an ASR-33 or for the Morse code information that switches the 
similar Teletype, CRT serial data terminal, etc. side tone oscillator (U13) and the keying relay driver 

transistor (Q4). Port B is used as an output latch for 
Although construction is not especially critical, 

the FlFO status flags. 
this project is not recommended for the beginner; an 
experienced hardware hacker should encounter no 1. Pin 25 - TRANSMITIRECEIVE output 
difficulty. The cost of this project including power 2. Pin 24 - Condition yellow output 
supply, ASCII keyboard, enclosure, and all parts is 3. Pin 23 - Condition red output 
less than $200. About half of that figure will be in- 
vested in  the ICs alone. Knowledge of basic 
microprocessor operation and programming is 
recommended, but is not a requirement to build the 
system since the EPROMs store the system's opera- 
tion program. 

It's important that the builder be very meticulous 
while assembling the system. Since computers do 
only what they are told to do, a miswired address or 
data line will wreak havoc. Interchanging EPROMs U6 
and U7 will have the same effect. The instructions for 
the program have been listed in a specific order to 
define the behavior of the Morse keyboard. Inter- 
changing the EPROMs, in effect, scrambles the order 
in which the instructions are to be executed. 

system opesation 
The heart 01 this code computer is a 6504 

microprocessor which is a software compatible 
cousin to the 6502. The 6504 was chosen for its lower 
cost and compact 28-pin package design. 

The crystal oscillator (UIC and U ID)  functions as 
the system clock (see fig. 1). U2A divides the 1-MHz 
clock down to 500 kHz to compensate for the slow 
speed of the 1702A EPROMs. Since the access time 
for the 1702A is usually specified at 1 pec ,  the 
operation of surplus units may be marginal at the full 
1-MHz clock rate. Thus, a system clock of 500 kHz 
was chosen to  prevent EPROM access timing prob- 
lems without resorting to buying factory prime 
units. 

Pin 28 ($2 out) on the 6504 is used to coordinate 
the readlwrite timing of the RAMs (U8-U11) and the 
peripheral interface adapter (PIA), U12. U5A, U5B, 
and U5C buffer the readlwrite and 42 signals to pre- 
vent loading effects on the microprocessor. 

The PIA (U12) is used to interface the data bus of 
the microprocessor to the ASCll keyboard, keying 
relay, xmtlrcv relay, side tone oscillator, and the 
FlFO warning lamps. Thus, the PIA chip is used as an 
I10 port for the system. Port A is used to read the 
seven-bit input from the ASCll keyboard. Pin 2 of the 

'A PROM programming service is available from Keith Petersen. 1418 
Genesee Street, Royal Oak, Michigan 48073. For this project only, the cost 
is $6 for programming plus $1 for shipping and handling, per pair. Send the 
PROMS in a conductive carrier to prevent static discharge damage. 

In addition to two I10 ports, the PIA is equipped 
with a readlwrite interval timer that is used exten- 
sively for the timing of dots, dashes, and spaces. The 
timer is programmable in discrete steps of two  
milliseconds with a 500-kHz time base. 

The PIA also has a 64 by 8 bit RAM that can be 
used for scratch pad, or temporary program storage. 
The RAM, however, was not used on this system. 

The RAMs (random access memories) chosen for 
this project are 21 11's (U8, 9, 10, I I ). These chips are 
crganized as 256 by 4 bit devices, and are used in 
pairs to accommodate the 8-bit data bus of the 
microprocessor. Thus each pair (U8, U9, and U10, 
U11) makes up a 256 by 8 bit memory page for a total 
RAM storage of 512 bytes. As seen in fig. 1, the 
RAMs are used as temporary storage for the system 
scratch pad and messages entered via the keyboard. 

These particular RAMs, like the microprocessor, 
have a bi-directional data bus that permits OR tying - 
to the CPU for ease of construction. The R I W  signal 
from U5E, when a logic 0, allows the RAMs to  send 
data to the CPU; when a logic 1, they will accept 
data. 

The bi-directional data bus of the CPU, pins 18-25, 
is OR tied with the data bus pins of the EPROMs, 
RAMs, and the PIA. Since these lines are tri-state, 
ORing them in this fashion greatly simplifies con- 
struction. These I10 pins are in a high impedance - 
state when the chip select (CS) pin of the IC is a logic 
1. Since the address bus is a "one-way street," these 
lines are also tied together. 

Selection of the support devices is accomplished 
by U3. The high order address lines of the CPU, are 
decoded by U3 which in turn presents a logic 0 at the - 
CS pin of the appropriate device. Address lines 
A8-A10 select the support device (RAM, EPROM, PIA) 
while the low order address lines Ao-A7 select a 
memory cell within that device. Table 1 shows the 
selection scheme with regard to the address lines. 

table 1. Device selection by the microprocessor. 

device selected A10 A9 A8 

U8 and U9 0 0 0 
UlO and U11 0 0 1 
u12 1 0 1 
U6 1 1 0 
U7 1 1 1 
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In order to have data from the keyboard processed be remembered: the ASCII outputs are not latched, 
by the CPU, the strobe output from the keyboard and will only be present when the kev is ~ressed. 
drives the  Interrupt Request pin (IRQ) w i th  a 
negative-going pulse. The negative-going pulse at 
the IRQ input is about 10 psec long. Using the IRO in- 
put in this manner alerts the CPU to the fact that 
keyboard data has been entered for processing. A 

P b T T E R N  FROM 
LOOK U P  

STORE I N  
MOWE 

REGISTER 

1 1 2i;;T 1 
ONE BIT  TO 

fig. 2. This flow chart shows the ASCll to Morse conversion 
used in the keyboard. 

subroutine then fetches the keyboard data from the 
PIA and stores i t  in memory each time a key is 
pressed. 

Any ASCll encoded keyboard with TTL compatible 
output levels will easily interface with the computer. 
Pins 34-40 are the ASCll inputs to the PIA, with pin 
40 being the least significant bit, B1. The KBD-5 
ASCll keyboard kit by South West Technical Pro- 
ducts is a good choice. Regardless of the keyboard 
you select, bear in mind that the keyboard must be 
programmed for upper case characters; lower case 
characters will not work in this system. 

On the KBD-5, the BACKSPACE key is uncom- 
mitted and must be connected to the on-board en- 
coder. In my case, I connected the leads for the 
BACKSPACE key to pins 26 and 36 of the AY-5-2376 
encoder. The ASCll output will then be 0001000 
when the key is pressed. One additional point should 

. . . . 

ASCll to Morse conversion 
The generation of the Morse character for its ASCll 

equivalent begins by using table 2 for U6. As an ex- 
ample, the ASCll code for the letter F is 1000110 or 
46heX. The CPU looks at the 46th position in table 2. 
At position 46h,x the number is 00101000 or 28h,,. 
The CPU stores this value in a memory location for 
shift operations during the code synthesis process 
and for future reference. 

table 2. Look-up table listing for U6 

Morse code hex 
ASCII hex group equivalent 

A 1000001 41 01 100000 60 
B 1000010 42 10001000 88 



The Morse buffer register will contain the informa- 
tion from table 2 as: 

The 0s represent dots and the 1s represent dashes. 
The actual code pattern is determined by inspecting 
the bits, from most t o  least significant. The remain- 
ing bits are used t o  denote completion of the 
character by putting a 1 after the character and 0s 
after the one. The software will then check for 
10000000 (80 hex). 

The arithmetic shift left (ASL) instruction is used 
to shift the code group into the CARRY flag one bit at 
a time. 

C B7 B6 B5 B4 83 B2 B1 BO 

START 0 1 0 1 0 0 0  
1st ASL O I O O O O  
2ndASL 0 ~ 1  0 1 0 0 0 0 0 
3rd ASL 1 = ' 0 1 0 0 0 0 0 0  
4th ASL 0 ~ 1 1 0 0 0 0 0 0  

Upon execution of ASL, B7 is shifted into the CARRY 
flag and the other bits in the Morse register are 
subsequently shifted to the left. The shifts are per- 
formed until the content of the register is 1000 0000 
(8OheX). In the case of the letter F, four shifts are 
used. 

Morse characters are synthesized in dot-space and 
dash-space pairs. The state of the CARRY flag deter- 
mines whether a dot-space or dash-space pair will be 
sent by the timing loop software to the keying relay. 
When the final shift occurs, the program inserts a 
time delay equivalent to three dots to provide proper 
spacing before the next character. 

The f low chart illustrating the entire ASCII t o  
Morse conversion technique is shown in fig. 2. 

control characters 
Control characters lend a greater flexibility to the 

system by allowing the operator to change the 

LM309K 

r C17V TO LED'. 

25 2 VCT AT IA 
TRANSFORMER 

:r 
OUT 

LM-320-1ZT 
TOP VIEW 

fig. 3. Schematic diagram of the power supply. The LM309K 
should be mounted on a heatsink. Note that the case of the 
LM320-12T must not be grounded. The bridge rectifier's 
rating is 100 PIV, 1 ampere; the transformer is 25.2 Vac. 1 
ampere. 

+ 5 volts ground - 8 to - 9 volts 

14 7 

14 7 

16 8, 12 

4 2 

14 7 

13, 15, 22, 23 

18 8 

7, 16, 20 1, 5, 6, 8, 
10, 11, 12 

14 7 

8 1 

course of program execution, and perform software 
generated control sequences solely f r o m  the  
keyboard. The control character is implemented by 
pressing the CONTROL key first and while keeping it 
depressed, the desired alpha-numeric key. The 
following control characters are programmed for use 
with this system: 

1. BACKSPACE (CONTROL HI 
2. CONTROLX 
3. CONTROLS 
4. CONTROL L 
5. CONTROLT 
6. RETURN (Carriage return) 

BACKSPACE is used only for FlFO error correction. 
This key backs up the FlFO pointer t o  the last 
character entered; the keystroke that follows will 
replace that character. This feature literally makes it 
possible to send perfect code. Since the BACKSPACE 
key can be used to correct mistakes as they are 
made, a special key for the standard error signal (8 

The CW keyboard is housed in a 14 x 11 x 3 inch (36~28x8 dits) was not included in the software. 

cm) cabinet available from Nu Data Electronics, 104 North CONTROL X is used for entering the code speed en- 
Emerson Street, Mount Prospect, Illinois 60056. try routine. For example, the code speed can be 
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changed to 25 words per minute by the following 
sequence: 

1. CONTROLX 
2. 25 
3. CONTROLS 

CONTROL X allows the operator to enter the two- 
digit code speed into a buffer. CONTROL S then in- 
itiates a subroutine that programs the interval timer 
by calculating the equivalent time element for that 
code speed. The calculation was based on the ARRL 
rule that 12 wpm is analogous to 5 dits per second, or 
10 Hz. Thus, from wpm, the time interval can be 
calculated. Since the interval timer is binary and not 
decimal, the timing interval must be converted to 
hexidecimal. 

After all the conversion constants are computed, 
the final equation is 

550 mdlzseconds t 1 6 =  -- 
wpm 

(1 

The division is performed in the microprocessor by 
using a repeated subtraction technique that performs 
the subtraction in decimal, and counts the number of 
subtractions in hex (base 16). 

CONTROL L is used to store call-up or CQ se- 
quences in the 64-character auxiliary buffer. When 
CONTROL L is activated, the contents of this buffer 
are, in effect, erased. The auxiliary buffer can be 
loaded as follows: 

1. CONTROL L 
2. CQ CQ CQ CQ CQ CQ DE 

1. CONTROLT 
2. AR AR K 

After the content of the transmission has been sent, 
the FlFO will send K2SMN K2SMN DE WB2DFA 
AR AR K. 

If a mistake is made while entering data into the 
auxiliary buffer, you must start all over again by 
depressing CONTROL L. BACKSPACE will not correct 
auxil~ary buffer errors. When using a data terminal or 
a TV type terminal to enter data, the capacity of the 
auxiliary buffer will be one line of text. 

construction 
Since construction of this project involves the 

handling of MOS devices, their handling precautions 
should be observed. It is best to leave the EPROMs, 

+I  

PINS 1.6 

I I 

WB2DFA WB2DFA WB2DFA K 
3. RETURN FROM 6 5 0 4  

CPU U3 
The RETURN key jumps the program back into its DURING BY " CONDITION THE "STAND- 

normal flow, and the auxiliary buffer can be recalled 
by depressing CONTROL T. If it is desired to save the 
auxiliary buffer for later recall, the RETURN key is 
used so that the operator can go on with typing data 
into the FIFO. 

There are many situations in which this buffer can 
be used to make the operator more efficient. For ex- 
ample, while your QSO partner is answering, you can 
load a signing sequence as follows: 

1. CONTROL L 
2. K2SMN K2SMN DE WB2DFA 
3. RETURN 

When he is finished, you go on the air instantly by 
hitting CONTROL T and start typing your QSO. After 
the auxiliary buffer is empty, the FlFO memory is 
read out, in the order in which characters were 
entered. 

To  finish your transmission, you can recall the aux- 
iliary buffer data by using CONTROL T again. 

fig. 4. System timing pulses that are on U3, the chip select 
IC, during the halt loop. 

CPU, PIA, and RAM chips in their protective carriers, 
installing them last. The use of sockets is highly 
recommended; a one-dollar socket is good insurance 
for the prevention of irreparable damage to a 20 
dollar CPU or 18 dollar PIA. 

The best place to  start building is the power supply 
( f ig .  31, measuring the output  voltage f r o m  
regulators U15 and U16, + 5 and - 12 volts respec- 
tively. The potential at the cathode side of CR2 
should be - 8 to - 9 volts. After the voltage checks 
have been made, all capacitors, resistors, diodes, 
and transistors should be installed. Do not install any 
of the ICs before checking the pin voltages shown in 
fig. 3. When the voltage and continuity checks 
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agree, it's safe to proceed installing the U1, U2, and 
U14 circuitry. 

After you've re-applied power, check pin 8 of U IC  
for a 1-MHz signal, then pin 6 of U2 for a 500-kHz 
square wave. The tone oscillator, U14, should put 
out an 800-hertz square wave when pin 4 is tied to 
+ 5  volts by a clip lead. The tone should stop when 
pin 4 of the 555 oscillator is grounded. 

The next step is the installation of the CPU, 
EPROMs, and RAM chips, along with their support 
devices, U3, U5, and U12. When power is re-applied, 
the tone oscillator should be running. Momentarily 
grounding pin 1 of U4 will stop the tone. This means 
that the microprocessor has stepped through the 
configuration software, and is executing the STAND- 
BY routine in U6. Verification of this condition can be 
made by comparing the waveforms from U3's out- 
puts, with those depicted in fig. 4. Also, the output 
pins of U12, pins 2, 23, 24, and 25 should be at 
logic 0. 

The address and data lines of the cpu can only 
drive one standard TTL load. Therefore, i t  is 
necessary to use low-power TTL (SN74L00 series) 
devices so the microprocessor can reliably drive the 
address, RIW, and clock pins of the EPROMs, RAMs, 
and the PIA. SN74LS00 devices could also be 
substituted. Note that the 1-MHz oscillator uses an 
SN74L00 in a self-biasing scheme provided by the 
4.7k resistors. A standard SN7400 will not work with 
the values shown in the schematic. 

The system, as is, represents a minimal configura- 
tion. The CPU itself is capable of addressing a total of 
8192 bytes of memory; of this amount, only 1024 
bytes are used for RAM and PROM. Address locations 
0200 to 04FF are not used." Thus, the system can be 
expanded by adding RAMs or more I10 with software 
to supervise the expansion in the PROMS for loca- 
tions above address 0800. However, expansion of 
the basic system means buffering the address and 
data bus by means of TTL inverter pairs on the ad- 
dress lines, and a transceiving buffer on the data bus, 

* A  copy of the memory map and programming information for the EPROMS 

is available by sending a self-addressed, stamped envelope to ham radio, 
Greenville, New Hampshire 03048. 

references 
1. Brice, Ward, MicroprocessorlMicroprogramming Handbook, Tab 
Books, Blue Ridge Summit, Pennsylvania, 1975. 
2. L. Krakauer, "Efficient Storage of Morse Character Codes," BYTE, 
October, 1976. 
3 .  W .  Sewell, WB5NYC, "If Sam Morse could see us now," BYTE, 
October, 1976. 
4. J. Pollock, WB2DFA. "1000 WPM Morse Code Type," 73, January, 
1977. 
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mobile color code 
Dear HR: 

I would like to propose a standard 
color -coding system for mobile 
antennas so that one mobiler could 
quickly tel l  visually what  band 
another mobiler was operating on at 
that time. Using the standard resistor 
color code, the fo l lowing colors 
would be used for each of the high- 
frequency amateur bands: 

80 meters gray-black 
40 meters yellow-black 
20 meters red-black 
15 meters brown-green 
10 meters red-gray 

The red-gray code is chosen for 28 
MHz because of its higher visibility 
over brown-black for 10 meters. 

The t w o  colors for each of the 
bands could be applied with colored 
tape (or paint) to the antenna loading 
coil, displayed on a pennant flying 
from the tip of the antenna, or shown 
with two  colored tape strips on the 
rear bumper. 

Ray Day, WBGJFD 
Palos Verdes, California 

f m  repeater channel 
spacing 
Dear HR: 

I w ish  t o  thank Jerry Pulice, 
WB2CPA, for his fine article on direct 
synthesizers (August, 1977). The 
technical portions appear to be most 
needed i n  the f m  community, 
especially for repeater usage (it 's 
amazing what spurs on a mountain 
can do). 

This letter is to comment on a 

nts 

statement made by Jerry in  dis- 
cussing the local-oscillator noise per- 
formance of his synthesizer. His 
statement, "lr: norma! =peration, 
crystal-controlled equipment would 
be able to maintain DX communica- 
tions within 10 kHz of a repeater 
channel," is misleading and requires 
clarification. 

As is well known, f m  spectrum 
width is wider than the actual devia- 
tion. In fact, the bandwidth actually 
occupied by a narrowband fm signal 
is very close to twice the sum of the 
deviation and maximum modulation 
frequency. For voice operating a 5 
kHz peak deviation (typical repeater 
operation), the bandwidth of the 

radios offer "400 channels" simply 
because they can be tuned to 400 
discrete 5-kHz frequencies. In reality, 
there are only a theoretical rnaximun 
of some 100 channels from 146-148 
MHz, but due to  the repeater band- 
plans based on 15-kHz (or 30-kHz) 
spacing, only a theoretical maximum 
of some 80 channels are available. 
This is with ideal equipment. With 
real receivers and transmitters 
available today, this number is closer 
to 60 discrete simultaneous channels 
available from one location. 

Robert 0. Thornburg, WBGJPI 
Studio City, California 

transmitted signal is 13 kHz or 6.5 3 0 0 - ~ ~  crystal filter for 
kHz from the carrier or no-modulation 
frequency. A receiver with 15 kHz Collins receivers 
bandwidth would have interference 
when tuned within 7.5 +6.5= 14 kHz 
of the transmitter. In actual practice a 
physical spacing of 40-50 miles (64- 
80km) is required for operation of 15- 
kHz channels, and 10-kHz spacing is 
totally impractical. 

This condit ion is becoming a 
serious problem in the high density 
areas (like Southern California), not 
because of Jerry's statement, but 
primarily because of the transceiver 
manufacturers' insistence that their 

Dear HR: 
Referring to the article by W1DTY 

in September 1975 ham radio, I have 
found that the transistor impedance 
matching circuit, which has an input 
impedance of less than 15 thousand 
ohms, caused a 10 dB insertion loss 
when used with my 75S3C. To pre- 
sent a high impedance input, I modi- 
fied the circuit as shown in fig. 1. 
This method gives the same output 
as the other filters in the receiver and 
properly matches the crystal filter. 

fig. 1. High-impedance matching circuit for the 75S3C. 
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The circuit is mounted on a small 
Veroboard held in place with nuts on 
the f i l ter mount ing screws. The 
whole uni t  f i ts  nicely under the 
screening can without defacing the 
receiver in any way. I am very pleased 
with the performance of the filter. 
The attenuation is approximately 80 
dB when 600 Hz from the center fre- 
quency. 

C. H. Foulkes, G3UFZ 
Herts, England 

IC-crystal oscillator 
Dear HR: 

VK2ZTB is to be congratulated for 
his excellent article in March 1976 
ham radio. However, it did have one 
omission in the section on IC oscil- 
lators. The Motorola MC12060 and 
MC12061 are specifically designed as 
series-mode crystal oscillators. The 
MC12060 covers 100 kHz to 2 MHz 
and the MC12061 2 MHz to 20 MHz. 
Both ICs produce sinusoidal, ECL and 
TTL outputs. The MC12061 has also 
been operated as an overtone oscil- 
lator by connecting the components 
as shown in fig. 1. Also, not men- 
tioned in the data sheet* is the ability 
to get twice the oscillator frequency 
by tying the sinewave outputs (pins 2 
and 3) together. This connection per- 
forms a full-wave rectification of the 

'Motorola MTTL Phase-Locked Loop Components. 
MC12060 Data Sheet. 

BIAS VCC 
SINE 

AGC WAVE 

I 
VOLTAGE 

REG 
A OSC 

sinewaves to achieve the doubling. 
These two features allow VHF oscil- 
lator signals to be easily developed in 
one IC package with only one tank 
circuit. 

Ron Treadway, W7EKC 
Scottsdale, Arizona 

low-resistance 
measurements 
Dear HR: 

In the September, 1977, issue of 
ham radio, the accuracy of a low- 
resistance measurement method is 
indicated as being in the range of 
1 or2%. 

This is no t  always the case, 
however, since an error of plus 100% 
will occur when the resistance being 
measured, R,, is equal t o  the 
resistance of the millivoltmeter, R,. 
In fact, only when the resistance of 
the millivoltmeter is infinite is the 
method strictly accurate. 

Since the millivoltmeter shunts the 
unknown resistor and the total line 
current is 100 mA 

(V,/R& + (V,/RJ = 0. I ampere 

Hence 10 V,=R,xR,/(R,+R.J 

where V, is the voltage across the 
millivoltmeter. In other words, the 
method gives the resistance not of 
the unknown resistor, R,, but of the 
combined resistance of R, and R,, in 
parallel. 

ME CL = i CRYSTAL HARMONIC1 X Z  
OUTWT 

41tl 
fig. 2. Pin connections for using the MC12061 as an overtone oscillator. 

When selecting the millivoltmeter, 
one should be sure that its resistance 
is at least 50 times (and preferably 100 
times) the highest resistance to be 
measured to maintain the stated ac- 
curacy of this useful method. The 
percentage accuracy of the method, 
insofar as the resistance of the 
millivoltmeter is concerned, is limited 
to I00 IR,/RJ. 

Ed Sampson, WIPT 
Brockton. Massachusetts 

magnetron 
development 
Dear HR: 

I have read w i t h  considerable 
interest W1 HR's article on "Solid- 
State Microwave RF Generators" in 
the April, 1977, issue of ham radio. 

In the opening paragraphs where 
WIHR briefly reviewed the history of 
devices used to generate microwave 
power leading up to the modern solid 
state devices, I fe l t  that  some 
reference should have been made to 
the considerable work done by Dr. 
Eric Megaw, GGMU, on the split and 
multi-segment anode magnetrons 
principally done fo r  the Marconi  
Company. Eric Megaw worked at the 
General Electric Co. Ltd., Research 
Labs at Wembley. Also the develop- 
ment of the first high power cavity 
magnetron developed at Birmingham 
University in February, 1940, which 
gave 400 watts CW at 9.8cm, and 
later pulse types for our radar, might 
have been mentioned. 

You are no doubt well aware that 
microwave act iv i ty  i n  the UK is 
growing significantly, largely under 
the direction of Dain Evans, G3RPE, 
and his associates. W e  how have 
three 10-GHz beacons operating at 
the Isle of Wight, Alderney (Channel 
Islands), and Romford  in  Essex. 
Microwave Associates at the Luton 
factory are considering another 
beacon in this band, and one in Aber- 
deen is projected. 

G.R. Jessop, G6JP 
General Manager, RSGB 

London, England 
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CMOS programmable 
divide-by-N counter 

Most divide-by-N counters require 
either a complicated system of gates 
or pin strapping; changing the divisor 
is difficult for either method. If the 
speed of the circuit is such that a 
CMOS IC can be used, a single con- 
nection change will permit division by 
any integer between 2 and 10. This 
can be done with a simple, single- 
pole switch. 

This divide-by-N counter uses an 
RCA CD4017A Johnson decade 
counter. In normal operation, the 

fig. 1. The CD4017A connected as a divide 
by 7 counter. The resistor is used to hold 
the reset line low. When the appropriate 
number is reached, that output and the 
reset line are driven high, resetting the 
counter. To divide by other integers, pin 
15 should be connected to the desired out- 
put. For example, pin 1 for a divide by 5 ,  or 
pin 7 for a divide by 3. 

counter provides decimal outputs 
that are low and go high only at their 
respective time slots. For divide-by-N 
operation, the reset line of the 
counter is connected to one of these 
outputs, depending on the desired 
divisor. As the count progresses, 
each decimal output goes high and 
then low until the count reaches the 
one connected to the reset line. The 
counter is then reset, and the output 
of the divider appears on the 0 line. 

Fig. 1 shows the circuit connected 
to divide by 7. 

It should be noted that to divide by 
10, no feedback is used and the inter- 
nal gating of the counter is permitted 
to function in the normal manner. 
Division by 0 and 1 are not permitted. 
For division greater than 10, this cir- 
cuit can be cascaded wi th  other 
divider schemes. 

Ken Stone, W7BZ 

socket label for 
integrated circuits 

How many times have you bor- 
rowed integrated circuits from other 
boards and then when you went to 
return them, forgot which chip went 
in which socket? Well, it happened 
once too often for us. We decided 
that anything would be better than 
retracing circuits to determine which 

integrated circuit goes where. 
Various labeling methods were 

tried. Decals were too hard to apply 
in cramped spaces; painting was out 
due to a total lack of manual dexter- 
ity. Finally, strip labeling worked and 
has been adopted for labeling old and 
new boards. This is done by typing, 

or printing , the IC type on strips of 
gummed paper wh ich  are then 
trimmed to fit the goove between the 
rows of pins. The result is neat, ac- 
curate, and inexpensive. In addition, 
the labels are visible only when the in- 
tegrated circuit is removed from its 
socket. 

John M . Franke, WA4WDL 
Norman J. Cohen, WB4LJM 

using the National 
NCL-2000 with the 
Drake T-4XC 

Af-ter finally moving t o  a QTH 
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IN AC- 4 
(APPPOX 6 0 V l  

fig. 2. Schematic diagram of the amplifier for use between the NCL-2000 
amplifier and a T-4XC. The zener diode has a 36-volt rating. A IN4003 or 
equivalent diode is used in the collector of the 2N3055. 

ment terminals, as shown in fig. 3. 
Since this reference voltage is con- 
stant across R1, a constant current 
flows through the output set resistor 
R2, so that the output voltage can be 
calculated from 

Typically, VREF= 1.25 V, and 
I A D / =  50 p 4 ,  SO that 

R 2  
VorT= 1.25 (1 += ) + 

(50 pA)(R2) volts 

where I could use my NCL-2000, I a simple adjustable As shown i n  f ig.  4 ,  the input  
found that the alc output level was in- 
sufficient to drive the T-4XC. To 
overcome this difficulty, I designed a 
simple amplifier to make the equip- 
ment compatible. No adjustments are 
necessary, and the circuitry can be 
conveniently built in to the Drake 
AC-4 power supply. 

Parts selection is not critical. If a 
higher voltage transistor is used in 
place of the 2N2907A, the zener 
diode can be eliminated. However, a 
very low-leakage transistor wil l be 
necessary to keep from turning the 
2N3055 on. The 2N3055 was probably 
overkill for this application, but it was 
the only high-voltage transistor in the 
author's junkbox. 

Wi thout  the  modif icat ion, the 
NCL-2000 would severely flat top 
unless careful attention was paid to 
the GAlN control on the transmitter. 
After modification, no flat topping 
is evident on the monitor scope even 
if the GAlN control is operated wide 
open. Of course, the severe compres- 
sion renders speech unintelligible. 

Edwin R. Ranson, K5ER 

IC power supply 
Last year, National Semiconductor 

introduced the first 3-terminal ad- 
justable positive voltage regulator. 
When used with a few external com- 
ponents, the LM117 is capable of 
delivering voltages from 1.25 to 37 
volts at 1.5 amps. Mounted in a TO-3 
case, this device is also protected 

L M l l 7  

A D J U S T  

fig. 3. Basic configuration for the LM117 
adjustable IC voltage regulator. 

aga ins t  c u r r e n t  a n d  t h e r m a l  
overloads. 

In normal operation,l the LM117 
regulator develops a 1.25 V reference 
(VREF) between its output and adjust- 

voltage is provided by a simple bridge 
rectifier and capacitor input filter ar- 
rangement delivering approximately 
37 Vdc. The 0.1 pF disc bypass 
capacitor C2 is strongly recommend- 
ed if the regulator is physically 
located some distance from C1. C3 
(10-pF tantalum) is added to improve 
the ripple rejection. 

Although the LM117 is capable of 
good load regulation, typically 0.3 per 
cent at constant junction tempera- 
ture, the 240-ohm current-set resistor 
R1 should be connected directly to 
the regulator's output terminal, rather 
than near the load. When external 
capacitors are used w i t h  any IC 
regulator, it is wise to add protective 
diodes to prevent the capacitors from 
discharging through l o w  current 
points in the regulator. Therefore, 
CR1 protects against C4, and CR2 
protects against C3. 

reference 
1. Linear Data Book, National Semiconductor 
Corporation, Santa Clara, California 95051, 
June, 1976. 

Howard Berlin, W3HB 

L M 1 1 7  
+ O U T P U T  

'IN v~~~ O 1 2 5  -37 

A D J U S T  voc 

1 
C R I  

I N 4 0 0 2  

"- . - ,  
V O L T A G E  

fig. 4 Schematic diagram of the complete power i o J u r T ~  

supply wi th  current and thermal overload protection. 
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A s  th is issue goes t o  press, it appears that the launch of the next amateur communications satellite, AMSAT- 
OSCAR 0, is imminent (after it is in orbit this satellite will be known as OSCAR 8). Like ~ t s  famous predecessors, 
OSCARs 5, 6, and 7, this new "bird" has two transponders: a two-to-ten meter unit similar to that used in OSCAR 
7 called Mode A, and a two-meter, 70-centimeter transponder designated Mode J. The Mode J transponder 
was built by members of the Japan AMSAT Association in Tokyo; a similar combination of inputloutput 
frequencies was used in the short-lived OSCAR IV spacecraft back in 1966. 

The new OSCAR will be launched from NASA's Western Test Range in California as a "piggyback" payload 
aboard the second stage of the two-stage Thor-Delta launch vehicle which will carry NASA's Landsat-C earth 
resources technology satellite into orbit. Because of scheduling at the Western Test Range, and the complex 
pre-launch checkout of Landsat-C, it's impossible to pinpoint the exact launch date, but late reports from 
AMSAT indicate it will be sometime in early March. 

The new spacecraft is a 38 cm rectangular solid 33 cm high, weighs 27 kg, and is solar powered. The solar 
cells, combined with the 12-cell rechargeable nickel-cadmium battery, should be adequate to power the satellite 
in Mode A for several years. The receiving antenna for both modes is a turnstile comprised of four 48 cm lengths 
of 12 m m  carpenter's rule. Four permanent magnets located inside the spacecraft provide stabilization; this is 
the same technique used in OSCARs 6 and 7. The polarity of the magnets is such that the top of the satellite 
always points toward the earth's magnetic north pole. Permalloy damping rods mounted behind the solar panels 
are designed to reduce the spin of the spacecraft; their operation is similar to  a shorted transformer turn as it 
cuts the lines of flux of the earth's magnetic field. OSCAR 7 used the same system with good success. 

The spacecraft will be automatically powered up upon ejection from the Thor-Delta launch vehicle over 
northern Greenland. I t  is designed to come on in Mode J; the Mode A transponder will not be turned on until 
the satellite is almost completely stabilized in orbit, which may take as long as a week. This is because the 
10-meter dipole antenna cannot be deployed until the spacecraft's spin rate is less than 1 revolution per minute; 
otherwise the antenna may be severely damaged. The deployment process takes about 15 seconds and cannot 
be reversed - the elements can't be retracted once they are extended - so correct deployment is crucial. 

OSCAR 8's orbit is planned to be sun-synchronous, with passes repeating at approximately the same time 
each day on a one-day cycle (as opposed to the two-day cycle of OSCARs 6 and 7). Since the altitude of OSCAR 
8's orbit, at 900 km, is just over half the altitude of OSCARs 6and 7, the maximum communications range will be 
slightly shorter. The usable time on an overhead pass will be about 18 minutes instead of the 22 minutes 
provided by OSCAR 7, and the horizon range will be 3220 km (down slightly from the 3940 km horizon range of 
OSCAR 7). In practical terms this means that transatlantic communications will still be possible with OSCAR 8, 
but not as often as with OSCAR 7. 

One of the big advantages of the 900 km sun-synchronous orbit is that keeping track of OSCAR 8 is going to 
be much simpler than it was for earlier amateur satellites; it will come into range at nearly the same time every 
day - the overhead descending node pass is planned for 9:30 A M  local time. The satellite's anticipated useful 
operating lifetime is three years. 

Since the prime mission of the OSCAR 8 spacecraft is to use the Mode A transponder for the ARRL OSCAR 
educational program in schools, the spacecraft may be left in Mode A during weekdays and put into Mode J on 
weekends. Because of the relatively high current drain of the Mode J transponder, however, the power budget 
may not support the Mode J transponder for continuous full-time operation over an entire weekend. The 
spacecraft may also be switched to Mode J during the evening hours in the Western Hemisphere, depending on 
the burden to the command stations and the condition of the on-board batteries. 

The Mode A transponder on the new spacecraft has the same frequency passband as OSCAR 7 (input 
between 145.85 and 145.95 MHz, output between 29.40 and 29.50 MHz). Approximately - 95 dBrn is required 
at the transponder input terminals for an output of one watt; this corresponds to an effective radiated power 
from the ground of about 80 watts. The 250 m W  telemetry beacon operates at 29.402 MHz. 

The Mode J transponder operates with an input frequency passband between 145.90 and 146.00 MHz - the 
output is between 435.10 and 435.20 MHz. Power output is 1 to 2 watts PEP, and the output is inverted (upper- 
sideband uplink signals become lower-sideband downlink signals). Uplink sensitivity for 1 watt output is - 105 
dBrn which corresponds to an effective radiated power from the ground of about 8 watts (note the greatly 
improved sensitivity of this mode, and keep your power down). A 100 m W  beacon at 435.095 will carry 
telemetry information. 

J i m  Fisk, WlHR 
editor-in-chief 
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understanding 
and using 
electronic counters 

Only a f e w  short years ago, i t was extremely 
rare to see an electronic counter outside of a 
laboratory or a specialized service installation. To- 
day counters can be found in ham shacks all over 
the world. Of course the reason for this prolifera- 
tion is obvious - the integrated circuit, and in par- 
ticular, medium- and large-scale integration. In the 
early sixties, a typical 10-MHz counter weighed 
nearly 120 pounds (55kg), occupied about 5.75 
cubic feet (165,000 cubic centimeters), and 
dissipated approximately 600 watts as heat. By way 
of contrast, a 520-MHz counter currently produced 
by the same manufacturer weighs 4.75 pounds 
(2.16kg), has a volume of approximately 213 cubic 
inches (3890 cubic centimeters), and dissipates less 
than 20 watts. 

As size has decreased, so has cost. That ante- 
diluvian counter cost $2600 in "1966 dollars;" to- 
day you can buy a counter for under $100 if you 
want a bare-bones instrument, and can get a 250- 
MHz multifunction counter for less than $400. 
Because of today's relatively low costs, counters 
have become a versatile tool in the ham station 
and on the work bench. If you have one, this arti- 
cle may help you make better use of it. If you are 
planning to buy one, it may help you to decide 
what to look for. 

You may have noticed that the title of the article 
uses the term electronic, rather than frequency, 
counter. This was not a pedantic choice; electronic 
describes the type of counter and is inclusive of all 
functions that the counter may perform, only one 
of which may be the measurement of frequency. 
We shall discuss these various functions, although 
emphasis wi l l  be placed on frequency meas- 
urement, which is of primary interest t o  the 
average ham. 

Before discussing the applications and limitations 
of the frequency counter, it is important to cover 
the method by which frequency is measured by the 
counter. Regardless of the type and complexity of 
the instrument, all counters measure frequency by 
comparing the frequency of the input signal with a 
known frequency or time period. Fig. 1 shows the 
basic functional blocks of a typical counter. The 
main function of the signal conditioner is to con- 

vert the input signal to one whose amplitude and 
waveshape are compatible with the internal cir- 
cuitry or logic of the counter. It generally includes 
an amplifier to increase the amplitude of the in- 
coming signal, and may also contain an attenuator 
for input signals of high amplitude, trigger level 
and slope selection circuits, and so on. No matter 
how the signal is processed, the output of the 
signal conditioner is a pulse train in which each 
pulse corresponds to one cycle or event of the in- 
put signal. 

The conditioned signal is applied to a gating cir- 
cuit, which is shown symbolically as a single logic 
gate, but which is actually a more complex circuit. 
The gate is opened for a predetermined, accurate 
time interval, during wh ich  the signal passes 
through to the decade counters. These counters 
count the number of pulses wh ich  are gated 
through, and transfer the count to the display. The 
number of decade counters determines the number 
of digits which are displayed, one counter being re- 
quired for each digit. The display can utilize any 
type of visual readout device, such as gas-dis- 
charge numeric tubes, light-emitting diode arrays, 
or liquid-crystal displays. 

Since the decade counters count the number of 
pulses which pass thorugh the gate, it follows that 
the accuracy of the instrument is a function of the 
time that the gate is open. This interval is, in turn, 
a function of the time-base accuracy. The time- 
base oscillator in the modern counter is invariably a 
crystal-controlled oscillator operating a t  a fre; 
quency between 1 and 10 MHz, although there 
have been counters made in the past which used 
crystal frequencies as low as 100 kHz, or even used 
the ac line frequency as a time base. Even though 
the oscillator frequency must be divided, crystals in 
the 1- to 10-MHz range are used because they are 
inherently more stable than those which work at 
lower frequencies; the optimum range for stability 
is between 4 and 10 MHz fo r  most  types of 
crystals. 

The divided time-base frequency drives the gate- 

By Robert S. Stein, WGNBI, 1849 Middleton 
Avenue, Los Altos, California 94022. 
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appropriate to the measurement. The normal range 
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fig. 1. Functional block diagram of the basic frequency 
counter. 

control circuit, which controls the gate-time inter- 
val in accordance with the divided time-base fre- 
quency. To explain the need for dividing the time- 
base frequency, we must at this time discuss 
resolution, or the smallest frequency increment 
which the counter displays. 

Let us assume that the frequency of the time- 
base oscillator is 10 MHz, and that the gate control 
holds the gate open for exactly 10 clock pulses 
(clock being the term used to designate the time- 
base signal or the signal derived, through the 
dividers, from the time base). Since each cycle 
from the 10-MHz oscillator has a period of 0.1 
microsecond, the gate will be open for 1 micro- 
second. I f  a 1-MHz input  signal were being 
measured, only one pulse would be gated through, 
and the counter would display a 1. Frequencies 
below 1 MHz might or might not produce a reading 
at all, and those above 1 MHz could be read only 
to within one digit of the nearest megahertz (more 
about this later). Thus, the resolution would be 
1 MHz at best, an obviously unsatisfactory ar- 
rangement. 

Suppose, instead, that the time-base frequency 
were divided down to 10 Hz, or a period of 0.1 
second. The gate will now be open for 1 second, 
and 1 million pulses from a 1-MHz input will be 
counted. Now the counter will display 1000000, 
which provides us with a resolution of 1 Hz. Thus, 
the resolution is the reciprocal of the gate time, 
and in fact, some counters with selectable gate 
times have the switch positions designated by the 
gate time. 

The limiting factors governing resolution are the 
number of digits in the display and the tolerable 
gate time. Usually 0.1 Hz is the smallest resolution 
practical, in that it involves a 10-second gate time 
and a 9-digit display up to 99.9999999 MHz. The 
gate time can be reduced in a computing counter, 
but that is outside the scope of this discussion. 

of gate times is typically between 1 millisecond and 
10 seconds, corresponding to resolutions of 1 kHz 
to 0.1 Hz. 

The number of digits in the display can be re- 
duced by switching both the displays and gate 
times, a technique which is used in many low- 
priced counters having a 5-digit display. A 2-posi- 
tion switch is used to select gate times of 1 second 
( I -Hz resolution) and 1 millisecond (I -kHz resolu- 
tion). When the gate time is 1 second, the five 
decade counters can produce a display up  to 
99,999 Hz; when the gate time is 1 millisecond, up 
to 99,999 kHz or the frequency limit of the counter 
can be displayed. Thus by switching the clock, the 
equivalent of eight digits is obtained, with overlap 
between the two readings. This is an economical, 
Gut oftentimes inconvenient, way of obtaining im- 
proved resolution. 

I t  should be reiterated at this point  tha t  a 
counter displays a pulse count .  Whether the 
display reads out in Hz, kHz, or MHz is simply one 
of convenience and the location of the display 
decimal point. The decimal point is either fixed, or 
is switch selected with the gate time, and its posi- 
tion is independent of the actual count. 

time-base accuracy 
It should be apparent from the preceding discus- 

sion that the time-base oscillator is the most critical 
part of the counter, in that it determines the overall 
accuracy of the instrument. Let us examine its 
effect, in terms of the specifications usually given 
for a counter. 

Of course, it is not always necessary to read fre- The Yaesu YC-500 Frequency Counter has a frequency range 

quency to a tenth of a hertz, nor is it particularly of 10 Hz to over 500 MHz. Its six-digit display provides the 
equivalent of eight digits when the gate time is switched. 

convenient to have to wait for a 10-second count, A room-temperature crystal, TCXO, or ovenized crystal 
By selecting the appropriate output  f rom the time base may be ordered (photo courtesy Yaesu Electronic 
frequency-divider chain, you can reduce the gate Corporation). 
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First of all, the accuracy of the time base, either 
in per cent or parts per total, is directly translatable 
to the measurement of frequency, period, interval, 
or any other function which the counter may be 
capable of measuring and which utilizes the time 
base. This holds true, regardless of the magnitude 
of measurement. For example, if a I -MHz time- 
base oscillator is off  frequency by 2 Hz, that 
represents an error of 0.0002 percent. The gate 
interval, therefore, will also be in error by the same 
percentage, and the displayed count will have the 
same error. If the frequency being displayed is 
50.000000 MHz, the error will be 100 Hz. If the 
time-base frequency is high, the displayed count 
will be low, since the higher the frequency, the 
shorter the gate time. If the time-base frequency is 
low, the opposite will hold true. 

Time-base accuracy specifications should include 
the parameters listed in table 1, although most 
lower-priced instruments may omit one or more. 
Typical values for the various types of oscillators 
are included as examples. I t  can be seen that 
temperature change has the greatest effect on fre- 
quency. In the examples listed, the specification for 
temperature stability can be improved by one order 
of magnitude by using a TCXO (temperature- 
compensated crystal oscillator) instead of a room- 
temperature crystal. In the real world, however, a 
good room-temperature crystal may be better than 
a poor TCXO; you must compare the specifications. 

The oscillator aging rate is not as important, 
since this will manifest itself as a gradual change 
in frequency, and is predicated on the oscillator 
running continuously. If the counter is designed so 
that the oscillator circuit is powered as long as the 
instrument is connected to  the primary power 
source, the specified aging rate is valid. If the 

The Fluke 1910-A Multi-Counter is one of a series which 
provides frequency, period, period-average, ratio, and 
totalize functions. The 1910A is rated to 125 MHz; the 1911A 
and 1912A are similar in appearance and will measure fre- 
quencies to 250 and 520 MHz, respectively (photo courtesy 
John Fluke Manufacturing Company). 

table 1. typical specifications for time-base oscillators. 
room 

temperature oven 
crystal TXCO* osc~llator 

Aglng rate (long term 5 x  10-7/mo 3 x 10-7/mo 5 x 10- lot  
stab~l~ty 

Temperature,O-50°C 5x10 -6  5x10 -7  7 x  10-9 
L~ne  voltage, 2 1090 1 x 1 0  ' 5 x 1 0  8 5 x 1 0  4 

Short-term stabll~ty 1 x 10-10 
per day 

"Temperature-cornper~sated crystal osc~llator 
t ~ f t e r  24-hour warm-up 
*rms/sec 

oscillator is deenergized along with the rest of the 
counter when the instrument is turned off ,  
however, the aging specification means little or 
nothing. 

GATE 1-1 - 
fig. 2. Gate time and signal pulse train, showing f 1 count 
ambiguity. 

Short-term stability is generally specified only for 
very stable, ovenized oscillators and is pertinent 
only to laboratory-type measurements. 

Time-base errors can be corrected by recalibra- 
ting the oscillator against a known standard or 
against WWV. Virtually all counters incorporate an 
adjustment control for this purpose. The tech- 
niques used in recalibrating the oscillator will be 
covered later in this article. 

frequency-measurement accuracy 
Although the preceding discussion of time-base 

DISPLAY n 
fig. 3. Functional block diagram of an electronic counter 
configured for period measurement. 

accuracy would appear to account for any inaccu- 
racies in the measurement of frequency, such is 
not the case. The specification for the frequency- 
measurement accuracy of all electronic counters is 
invariably stated as k time-base accuracy + 1 digit. 
The last term of that statement is known as the 1- 
count ambiguity - but what does this mean? 

Fig. 2 shows the signal under measurement and 
its relationship to  the gate. Although the suc- 
cessive gate times, t l  and t p ,  are equal in duration, 
the gate is not synchronized w i th  the signal. 
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Therefore it is possible, during gate time t , ,  for five 
signal pulses (numbered 2 through 6) to be gated, 
while during time t 2 ,  six signal pulses (numbered 1 ' 
through 6') may be gated. Thus there is always an 
irreducible f 1-count ambiguity in the least signifi- 
cant digit of the display. 

The per cent of error due to the 1-count am- 
biguity is reduced as the measured frequency in- 
creases, since it becomes increasingly less signifi- 

PERIODS 
AVERAGED 

DISPLAY 

fig. 4. Functional block diagram of a period-averaging 
counter. 

cant compared to the total count. The maximum 
error is an inverse function of the frequency being 
measured and the number of pulses being counted, 
i.e. the gate time, and is expressed as 

100 % Error = -- 

f.t 
where f is the frequency in Hz, and t is the gate 
time iii seconds. 

From the above equation, it can be seen that 
measuring a 10-MHz signal with a 1-second gate 
time will be subject to a f 0.001 per cent error. 
However, measuring a 20-Hz signal with the same 
gate time may result in a counter display between 
19 and 21 Hz, a f 5  per cent error. This would not 
be very satisfactory if you were attempting to  
calibrate the low-frequency end of an audio 
oscillator, and must be taken into account. 

period and period-averaging 
measurements 

One of the ways in which accurate low- 
frequency measurements may be made is t o  
measure the period of the signal, rather than the 
frequency. Since the period of a signal is the 
reciprocal of its frequency, the frequency can be 
calculated accordingly. I t  might also be expected 
that a simple reciprocal arrangement of the func- 

of the input signal, and the 1-MHz clock is applied 
to the gate input, a series of pulses having a period 
of 1 microsecond will be gated through t o  the 
decade counters. Therefore the counter wil l in- 
d i ca te  t h e  p e r i o d  o f  t h e  i n p u t  s i gna l  i n  
microseconds. If the clock frequency were reduced 
to 1 kHz, the counter would display the signal 
period in milliseconds. 

Let us now reconsider the frequency measurement 
of the aforementioned 20-Hz signal to see how we 
can improve the possible + 5  per cent error which 
can occur with a I-second gate time. The 20-Hz 
signal period is 0.05 second, so that if the counter 
were configured to measure period, it would display 
50,000 microseconds. Thus, the number of signifi- 
cant digits in the display has been increased from 
two to five, and the gate time reduced from 1.0 to 
0.05 second. Now if you were calibrating the audio 
oscillator and wanted a 1 per cent dial accuracy, you 
could accept any reading between 49,500 and 50,500 
microseconds, subject to the correction for period- 
measurement accuracy. 

Period measurements are inherently less accurate 
than frequency measurements because it is the 
signal, rather than the time base, which controls the 
gate time. Noise on the input signal, regardless of the 
measurement mode, causes an uncertainty in the 
point at which the trigger circuit in the signal condi- 
tioner switches. (It is the trigger circuit which con- 
verts the input signal to a waveform which is com- 
patibie with the counter's circuitry.) It the noise is not 
great enough to cause false triggering which would 
result in more or less output pulses than correspond 
to the input, no significant error is introduced in a fre- 
quency measurement. 

For period measurements, however, this uncer- 
tainty results in an error in the gate time, since the in- 

tional blocks of an electronic counter would pro- Ballantine's model 5720A Frequency Counter covers the 
vide a measurement of period, which turns out to range from 10 Hz to more than 80 MHz and provides fre- 

be true. quency and ratio measurements. This counter also includes 
an audio multiplier circuit for input frequencies from 50 Hz 

In fig' 3~ the time-base and signal have to 1 kHz which provides resolution of 0.01 Hz with only 1- 
been interchanged. If the gate-control circuit is second measurement time (photo courtesv Ballantine 
configured so that the gate is open for one period Laboratories). 
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Heath's model IM-4130 is capable of measuring period, 
period average, events (totalizing). and frequency over a 
5-Hz to 1-GHz range. Since it has provisions for connecting 
an external time base, ratio measurements can also be 
made, as explained in the text (photo courtesy Heath Com- 
pany). 

put signal controls the gate time. This error is known 
as trigger error, and is part of the instrument 
specification for period measurement, usually ex- 
pressed as i time-base error * trigger error f I 
count. Notice that the trigger error has been added 
to the previously discussed expression for frequency- 
measurement error. For low-frequency noise on a 
sine-wave input, the approximate worst-case errors 
are k 3  per cent for a 20-dB signal-to-noise ratio, 

k0 .3  per cent for a 40 dB signal-to-noise ratio, and 
f 0.03 per cent for a 60-dB signal-to-noise ratio. 

In addition to the trigger error caused by noise, the 
stability of the input signal may be such that succes- 
sive gate times are of differing durations. Even 
though the differences may be minute, they will 
manifest themselves as a continuously changing dis- 
play on the counter, especially at high resolutions. 
This is not to be considered a counter error, since it 
does not occur with a stable input signal. 

Period errors may be minimized by averaging the 
readings over several periods of the input signal. If 
the input-signal frequency is divided to a lower fre- 
quency. the gate will remain open for a multiple of 
the input-signal period, so that the counter will 
display the number of clock pulses for 10, 100, 1000, 
or more periods. A typical counter configuration for 
the period-averaging mode appears in fig. 4. The 
frequency-divider chain is split so that both the time- 
base oscillator and/or signal frequencies are divided 
to obtain the desired resolution and number of 
periods which are to be averaged. The counter will 
display the period measurement, regardless of the 
number of periods averaged, simply by having the 

ERROR IN MEASUREMENT 

PERCENTAGE FRACTION 

I I I 

MEASURED FREOUENCY (Hz) 

FREQUENCY MEASUREMENT PERIOD AVERAGE MEASUREMENT 
t I COUNT * 1 COUNT 
t TIME BASE ACCURACY * TIME EASE ACCURACY 
K i  3 PARTS IN IO'ASSUMED) t TRIGGER ERROR = 0 . 3  % PER PERIOD 

fig. 5. Measurement accuracy of a counter having a 10-MHz time base with an assumed accuracy of better than 3 x  10-7. 
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display decimal point moved as the periods-averaged 
switch is changed. -- I r o  3 

Period averaging reduces the possible trigger error 
by a factor equal to lV, the number of periods aver- 
aged, so that the error for this mode is I time-base 
error f (trigger e r r o r ) l N i  1 count. If enough periods z::d 
are averaged, the trigger error can be reduced to a 
value which may be of little significance. It must be 
remembered, however, that the gate time increases 
by the same factor, which may make the measure- 
ment time quite long. For example, a 20-Hz signal 
has a period of 0.05 second; averaging 100 cycles 
results in a gate time of 5 seconds; averaging 1000 
cycles entails a 50-second gate time, which is nor- 
mally too long for convenient measurements. 

From the preceding discussion, we can deduce 
that there is a point below which period or period- 
averaging measurements provide a more accurate 
reading than a correspondng frequency measure- 
ment. This can be calculated, taking into account the 
I-count ambiguity, time-base error, trigger error, and 
gate time. More conveniently, it can be plotted, as 
shown in fig. 5. These curves apply to a counter hav- 
ing a 10-MHz time base of the accuracy specified, 
and indicate which measurement mode should be 
used for the desired measurement accuracy. 

INPUT 
A 

GATE-CONTROL 
TWITCH . . . . . - , . 

CONTROL 
OISPL A Y r l  

fig. 6. Functional block diagram of a totalizing counter. The 
gate-control switch can be either a manual switch or an in- 
ternal switching circuit. 

In many instances, measuring the ratio of two fre- 
quencies is a time-saving procedure. A typical case 
might involve designing or troubleshooting a phase- 
locked loop, where the output frequency is a discrete 
multiple of a reference oscillator. Since the output 
frequency may be divided by a factor of up to several 
thousand within the loop, an error or glitch causing a 
one-count error in this division may not be readily 
apparent unless a ratio measurement is made. 

In conjunction wi th fig. 1, we discussed the 
method by which frequency is measured. Another 
way of defining this measurement is to state that the 
counter displays the ratio of the input frequency to 
the clock frequency. By using an internal clock 
whose frequency is known, the ratio can be dis- 
played in megahertz, kilohertz, or hertz. If an external 
signal were used in place of the time-base oscillator, 

fig. 7. Using a totalizing counter to measure contact 
bounce. When relay voltage is applied, the counter will dis- 
play the number of contact bounces. 

the counter would still display the ratio of the two 
frequencies, except that it would no longer be in 
hertz or a multiple thereof (unless the external fre- 
quency were the same as the time-base frequency). 
Counters which provide specifically fo r  rat io 
measurements incorporate provisions for changing 
the display to a dimensionless number, and position 
the decimal point accordingly. 

Many counters do not have an apparent capability 
of measuring ratio, but can actually be used in this 
mode. If the counter has provisions for using an ex- 
ternal time-base oscillator, the reference signal 
against which ratio is to be measured can be intro- 
duced into the external time-base connector. It is 
necessary that the amplitude of this external refer- 
ence signal be as specified for the counter being 
used, that its frequency be within the range that the 
counter will accept as an external time base, and that 
the internai time-base osc~llator frequency be known. 

The ratio of the input signal frequency to the exter- 
nal reference frequency is determined from the 
expression 

f* - fctr - 
h e ~  frnt  

where 
.fsrg is the input frequency 
,fief is the external reference frequency 
fc tr  is the frequency displayed on the counter 
f, , ,  is the internal t ime-base oscil lator 
frequency. 

totalizing 
Perhaps the simplest function of which an elec- 

tronic counter is capable is that of totalizing, or 
accumulating, a count of input events. Because this 
mode does not require a time base, as indicated in 
f ig.  6, i t  probably should have been covered 
previously as the most basic counter circuit .  
However, totalizing is not usually a function of low- 
priced counters, nor does it have major applications 
in amateur work; therefore I have delayed discussing 
it until the modes of greater interest were described. 

The gate-control switch shown in fig. 6 can be 
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either a manual switch or an internal switching circuit 
actuated by the input signal. Switching the gate- 
control switch to on resets the decade counters to 
zero and allows the processed input signal to pass 
through the gate for the length of time that the 
switch is held on. When the switch is turned off, the 
count stops and the number of input events which 
has occurred is displayed on the counter. 

An  application which is of interest in these days of 
digital logic circuits is that of measuring contact 
bounce. Fig. 7 shows a simple circuit which permits 
such a measurement for either a relay or a manually 
actuated switch. When voltage is applied to a relay 
coil (or a manual switch is operated), the contacts 
will usually open one or more times after the initial 

fig. 9. Reactance of 120 pF (typical for a high-impedance 
counter input with a 3-foot or 1-meter cable) plotted against 
frequency. 

ambiguity becomes + I count -+ m w h e r e  N is the 
number of time intervals averaged. 

An important application of time-interval measure- 
ment is the accurate determination of pulse width. 

fig. 8. Functional block diagram of a time-interval counter, 
which counts the number of clock pulses between the time 
the gate is opened by the START input and closed by the 
STOP input. 

closure because of the elasticity of the switch 
materials. This results in the waveform shown in the 
illustration, which is applied to the counter. The 
counter will then totalize and display the number of 
bounces. 

time interval measurements 
A counter may be used to measure the time inter- 

val between two input events, but this mode of 
operation requires two input-signal-conditioning cir- 
cuits and a more complicated gate-control circuit; i t  
is therefore found only in the more expensive profes- 
sional instruments. As shown in fig. 8, the gate con- 
trol has two inputs, one from each of the signal 
conditioners. The gate is opened by the processed 
start input, allowing the accurate clock pulses to 
pass through to the decade counters until the stop 
input closes the gate. Thus the counter will display 
the time interval between the two input signals. 
The start and stop points are determined by the trig- 
gering levels and slopes selected by circuits in the 
signal conditioners. The time-interval resolution is 
limited by the clock frequency, and is subject to the 
same i I-count ambiguity as all other measure- 
ments. As with period averaging, this ambiguity can 
be reduced for repetetive signals by averaging the 
time-interval measurements. When averaging, the 

The signal under measurement is applied to both the 
start and stop inputs. If the start channel is set to 
trigger on the positive slope, and the stop channel on 
the negative slope (or vice versa), the counter will 
indicate the time interval between the leading and 
trailing edges of the input signal. Adjustment of the 
triggering levels will permit the measurement to be 
made between the desired points on the edges. 

The upper frequency limit of the modern basic 
counter is dependent on the type of digital logic 
devices used in the signal conditioner and the first 
decade counter. This frequency limit may be as high 
as 50 MHz for conventional TTL, 120 MHz for Schott- 
ky TTL, and 250 MHz for ECL. Above those frequen- 
cies, prescaling is generally used to increase the fre- 
quency range, up to about 1300 MHz. 

Prescaling simply means that the input frequency 
is scaled, or divided, down to one which is within the 
basic range of, and is measured by, the basic 
counter. The divisor may be any integral number. If 
the prescaler is external to the counter, it will usually 
divide by 10 or 100, so that the frequency can be read 
directly from the counter after you have mentally 
multiplied the counter reading by 10 or 100, as appli- 
cable. If the prescaler is built into the counter, it may 
scale by any integral factor. 

The advantage of using an external prescaler is 
obvious - it permits extending the frequency range 
of an existing counter at relatively low cost. Its disad- 
vantages become equally obvious after it has been 
used. First, there is the necessity of mentally moving 
the decimal point, since the counter is actually dis- 
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playing the divided input frequency. Second, one 
digit of resolution is lost for every decade of scaling. 
For example, a 145,600.0-kHz signal measured with a 
scale-by-ten prescaler will read 14560.0 kHz on a 

HYSTERESIS 

REFERENCE 
LEVEL 

TRIGGER n -- 
OUTPUT 

fig. 10. The effect of triggering hysteresis. The waveform at 
(A)  will result in output from the trigger circuit, while those 
at ( 6 )  and (C) will not because neither crosses both limits 
of the hysteresis band. 

counter having a 0.01 -second gate time (0.1 -kHz 
resolution). Multiplying by ten yields a frequency of 
145,600 kHz; the 0. I -kHz resolution is lost by scaling. 
It can be re-established only by increasing the gate 
time by a factor of ten, provided the counter has that 
capability. 

If the prescaler is an integral part of the counter, 
mentally scaling and moving the decimal point is 
eliminated, since this will be accomplished in the 
counter when the mode is changed from direct count 
to prescaled count. Nevertheless, the loss of resolu- 
tion remains. I t  can be minimized, however, by scal- 
ing by a factor less than ten, and simultaneously in- 
creasing the gate time by the same tactor. 

Suppose that the internal prescaler divides the in- 
put frequency by four. If the gate time is increased by 
the same factor, there will be no change in the num- 
ber of signal pulses gated through to the decade 
counters, and the display will read out the correct 
frequency. Consequently, prescaling is accom- 
plished with only a fourfold increase in gate time, 
which is generally acceptable. 

Switching from direct to scaied operation may be 
carried out in one of three ways. If a single input 
connector is used, the counter mode is generally 
switched manually. If two separate input connectors 
are employed, one for low-frequency signals and the 
other for high-frequency inputs, the counter mode 
may be switched manually or automatically when the 
input signal is present at the high-frequency input. 

input impedance 
Counters which measure frequencies below 250 

MHz or so usually present a high input impedance - 
typically 1 megohm shunted by 30 to 40 picofarads. 
Above that frequency, the input impedance is 
generally a nominal 50 ohms, although the vswr may 
be as high as 2.5:1. A t  audio and low radio frequen- 
cies, a high input impedance is normally desirable, 

since it minimizes the load on the circuit under test. 
But just how high in frequency is this true? 

Consider a counter with an input impedance of 1 
megohm shunted by 32 pF, which is used with a 
three-foot (91cm) cable made from RG-58ClU coax. 
The capacitance of RG-58ClU is 29.5 pF per foot 
(96.8 pF per meter), so that the total shunt capaci- 
tance presented to the circuit under test is approxi- 
mately 120 pF. The reactance of this shunt capaci- 
tance, plotted against frequency, is shown in fig. 9. 
It can be seen that the reactance drops to approxi- 
mately 1300 ohms at 1 MHz, and is only about 130 
ohms at 10 MHz. So the input impedance can no 
longer be considered high. On the other hand, if the 
counter had a nominal 50-ohm input, you would 

REFERENCE 

OUTPUT 

fig. 11. Erroneous counting caused by harmonic distortion 
is shown at (A) .  The false count can be eliminated by ad- 
justing the level control, as indicated a t  ( 6 ) .  or by increasing 
the signal amplitude, as shown at (C). 

know the loading effect, within the limits defined by 
the specified vswr. 

Suppose that you had to check the frequency of a 
70-MHz crystal oscillator which was designed to feed 
a %-ohm load. If your counter has a 50-ohm input, 
all is well. However, if it has only a high impedance 
input, the shunt capacitance of the counter plus a 
cable will more than likely load down the oscillator 
and change the frequency, if it continues to oscillate 
at all. Fortunately, a relatively inexpensive accessory 
will solve the problem. By using a 50-ohm feed- 
through termination* at the counter connector, a 
50-ohm interconnecting cable will be reasonably well 
terminated, and will present a load close to 50 ohms 
at the oscillator. 

The same thing may be accomplished by using a 
20-dB loss pad at the input connector of the counter, 
provided that there is enough signal to trigger the 
counter after having been attenuated by the pad. 

Even at low frequencies, the shunt capacitance 
may be too high for certain applications, such as 
checking filters. Capacitive loading can be reduced 
by using a 10X oscilloscope probe. Such probes typi- 

'Such as the Heath SU 511~50. Hewlett-Packard ?0100C, Tektronix 
01 1-0049-01, Systron-Donner 454, and other similar types. 
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fig. 12. False counting caused by ringing is shown at (A) and 
(B). Proper adjustment of the reference level and/or ampli- 
tude, as shown at ( C ) ,  corrects the fault. 

cally present a 10-megohm resistive ioad shunted by 
5 to 15 pF, but of course attenuate the signal by a 
factor of 10. 

input signal levels 
One of the parameters invariably specified for a 

counter is sensitivity, generally in millivolts, but often 
in dBm for 50-ohm inputs. This indicates the mini- 
mum signal needed at the counter input to ensure 
reliable triggering. Of equal, and possibly more 
importance, however, is the maximum signal which 
may be applied to the input without damaging the 
instrument. 

For high-impedance inputs, the maximum signal 
voltage is usually specified as the sum of a dc value 
plus a peak ac value. The peak ac value may vary 
with frequency, going down as the frequency in- 
creases. The sum of ac plus dc is limited by the input 
blocking capacitor; the limiting ac value alone is a 
function of the input device in the signal conditioner. 
To be safe, when measuring at any point in a circuit 
where dc is present, always use an external blocking 

capacitor of the smallest value which will permit 
reliable triggering. And if there is any possibility of 
the ac signal exceeding the specified maximum for 
the counter, use an external attenuator or dividing 
probe. 

For low (50-ohm) impedance inputs, the maximum 
signal level is limited by the input circuit of the signal 
conditioner. This level is generally much lower than 
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fig. 13. Spurious counts can result from noise on a signal 
when the noise is of sufficient amplitude to cross the hys- 
teresis band. 

for high-impedance inputs, and is typically between 
+ 19 and +27 dBm (2 to 5 volts rms across 50 
ohms). Because of the relatively high cost of the 
high-frequency input device and the possibility of ap- 
plying excessive power from a transmitter, the 50- 
ohm inputs are fuse-protected in many counters 
which can function at 500 MHz and higher. 

Although it should be obvious, the following warn- 
ing must be included: Never connect a counter 
directly to a transmitter or any other high-power 
signal source! Use a short length of unshielded wire 
as an antenna at the counter input connector, an 
inductive coupling loop at the end of a shielded 
cable, and/or an attenuator of sufficient power 
rating. The counter you save may be your own! 

If the counter is battery-powered, and there is no 
direct connection between it and the circuit or gener- 
ator under test, the counter should be grounded. 
This will reduce noise pick-up, especially when using 
a counter with a high input impedance. 

triggering 
The signal-conditioning circuits in all counters in- 

clude a trigger circuit which, as ~reviouslv stated, - - 
B&K Precision 1820 Universal Frequency Counter will meas- provides output pulses whose amplitude and wave- 
ure frequency from 5 to 520 MHz, and permits high-resolu- Shape are compatible with the counter circuitry 
tion period measurements from 5 Hz to 1 MHz. Decimal 
point position and unit-of-measure display is selected auto- which follows. The sensitivity of the counter 

matically for best resolution (photo courtesy B&K Pre- depends on the threshold level of the trigger input 
cision). and the amplification between it and the input of the 

18 a february 1978 



counter. If the amplified input signal has insufficient Another way of solving the ringing problem, which 
amplitude to reach the threshold level, the instru- is useful when the reference level andior arnpiitude 
ment will not count or will perform erratically. cannot be changed, is to use a low-value resistor 

All trigger circuits have a hysteresis band, through 1100 to 1000 ohms) between the circuit point under 
the limits of which the input signal must pass in order test and the counter cable. This resistor, in conjunc- 

tion with the cable and counter input capacitance, in- 

RIGGER /i L f l  // 
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fig. 14. Amplitude modulation of the input signal can cause 
missing counts when the signal amplitude is too low. 

to result in an output pulse. Fig. 10 shows three in- 
put signals in relationship to the hysteresis band. 
Sine wave A crosses both the upper and lower limits 
of the band, and will actuate the trigger circuit; the 
amplitude of sine wave B is too small, so triggering 
will not occur; and waveform C crosses the upper 
threshold, but not the lower, so again no output will 
be produced by the trigger circuit. 

I t  is the action of this hysteresis effect which can 
result in erroneous counting which is so confusing to 
a relativeiy inexperienced operator. Suppose that the 
input to the counter were a sine wave with consider- 
able second-harmonic distortion, a not uncommon 
situation. In fig. 11A, the amplitude of the signal is 
such that the positive half-cycle crosses the hyster- 
esis-band limits twice, instead of once. The trigger 
circuit will generate two output pulses for each input 
cycle, and the counter will display twice the funda- 
mental frequency of the signal. If the counter has a 
level control, which adjusts the reference level at the 
input of the trigger circuit, it can be adjusted to elimi- 
nate the false count, as shown in fig. 11B. If there is 
no level control, as is the case with most low-priced 
counters, the problem can be eliminated by increas- 
ing the amplitude of the input signal, as depicted in 
fig. 11C. 

A similar problem may arise when measuring the 
frequency or period of a signal comprised of fast 
pulses. If the interconnecting cable is not terminated 
in its characteristic impedance, or if other impedance 
discontinuities exist, ringing will occur on the pulses. 
If the ringing traverses the hysteresis band, as shown 
in fig. 12A and 12B for two different reference 
levels, a false count will result. Proper adjustment of 
the signal amplitude and reference level, indicated in 
fig. 12C, will provide the correct count. 

tegrates the pulse and minimizes the pulse aberra- 
tions which reach the counter. 

Figs. 13 and 14 illustrate two other conditions 
which can result in false counts. The noise transients 
on the signal shown In fig. 13 will cause additional 
counts, while amplitude modulation may result in 
missing counts, as shown in fig. 14, if the amplitude 
of the input signal is too small. In either case, the 
solution is the same as previously prescribed - 
change the reference level and /o r  the signal 
amplitude. 

In our earlier discussion of period and period- 
averaging measurements, it was stated that the trig- 
ger error resulting from noise on the input signal 
contributed to the measurement error. This is shown 
in fig. 15, in which a sawtooth wave is used to 
demonstrate the effect of slope, or slew rate, on the 
trigger error. I t  can be seen that the noise voltage on 
the relatively slow rise-time can cause a much greater 
trigger error than that which occurs on the fast fall- 
time. Thus we can see that the trigger error can be 
minimized by triggering on the steepest portion of 
the input signal to the counter. For a sine wave, this 
will be that pait of the ~ a * ~ e f o i i i i  a t  the zero aiiis, 
leading to the conclusion that a signal of the max- 
imum possible amplitude should be used. 

I t  should be apparent from the preceding discus- 
sion that an input attenuator on the counter can be 
of considerable help in establishing the correct input 
level to the trigger circuit. In many of the lower- 
priced counters an attenuator has been omitted 
because of cost and because it was felt that limiting 
diodes at the input of the signal conditioner would 
protect the input device. The latter reason is valid 
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fig. 15. Trigger error in period and period-averaging meas- 
urements, caused by noise in the input signal. The error is 
minimized by a fast slew rate through the hysteresis band. 
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fig. 16. Test setup for calibrating the time-base frequency 
against VVWV. 

only where overload is considered, for even a two- 
position attenuator can be extremely valuable in 
eliminating false counting. 

time-base calibration 
Unless an oven oscillator or TCXO is used as the 

time base ir! a counter whose oscillator circuit is 
energized continuously, the oscillator frequency 
should be checked, and adjusted if necessary, 
whenever accurate measurements are to be made. 
Be sure, however, that the counter is fully warmed 
up before checking or recalibrating the oscillator. 

In order to calibrate the time-base frequency, 
either a standard of known accuracy or a com- 
munications receiver capable of receiving WWV is 
required. If the standard is at least five times more 
accurate than the best resolution of the counter at 
the time-base frequency, it can be applied directly to 
the input of the counter. Then adjust the time-base 
oscillator frequency control for the correct frequency 
read-out on the counter. 

A more accurate adjustment may be made if the 
counter has an output connector from which a 
I -MHz time-base signal can be obtained. Connect 
this output to the vertical input of an oscilloscope, 
and connect the output of the frequency standard to 
the horizontal input." The scope will display a Lissa- 
j o u ~  pattern, which will probably be moving. Adjust 
the time-base frequency control until a stationary 
pattern is obtained. 

If the counter is to be calibrated against WWV, a 
time must be chosen during which transmissions are 
received with an absolute minimum of fading. Select 
the highest receiving frequency possible (e.g. 15 
MHz) to achieve the greatest calibration accuracy. 
The calibration technique involves obtaining a visual 
beat indication on the receiver S-meter, and ad- 
justing the time-base oscillator frequency for as close 
to a zero-beat as possible. 

In order t o  obtain a good beat null, the time-base 

"These connections are based on the assumption that both the horizontal 
and vertical amplifiers in the oscilloscope will pass a 1-MHz signal. If the 
counter has a time-base output of higher frequency, it can also be used, 
provided that it is within the frequency range of the scope. The lower of the 
two frequencies (the standard and the counter time base) should be con- 
nected to the horizontal input, since the horizontal frequency limit is usually 
lower than the vertical. 

signal which is applied to the receiver must be of the 
correct amplitude relative to the signal level from 
W W .  Since we cannot control the latter, we have 
to be able to vary the signal level from the counter. If 
the counter has a 1-MHz output from the time-base 
circuit, make the connections shown in fig. 16. If a 
time-base signal is not brought out to a connector on 
the counter, substitute an insulated wire for the coax 
shown connected to the receiver antenna terminal 
and place it near the counter time-base oscillator or 
frequency-divider chain. In either case, the harmonic 
of the 1-MHz signal should result in a low-frequency 

Leader LDC-822 Frequency Counter measures frequency to 
80 MHz and features selectable gate time and input attenua- 
tion (photo courtesy Leader Instruments). 

beat with WWV. (This will not be an audible beat 
unless the time-base oscillator is very far off frequen- 
cy; more likely it will be observed as a rythmic varia- 
tion in the S-meter reading.) Adjust the potentiom- 
eter shown in fig. 16, or change the position of the 
insulated wire, to obtain the deepest beat null on the 
receiver S-meter. 

It should be possible to adjust the time-base fre- 
quency so that the beat-frequency period is several 
seconds, which corresponds to a remarkably accu- 
rate short-term frequency setting. To demonstrate 
this, assume that eight beats are observed on the S- 
meter in a 60-second period. The beat frequency is 
therefore equal t o  8160, or 0.133 Hz. If the beat is 
measured at 15 MHz, the error is 0.133115 x 106, or 
8.9 x 10-9. Of course, this degree of accuracy may 
hold only for a short period of time, because the 
stability of the counter time-base oscillator, unless it 
is an oven type, is nowhere near that good. Never- 
theless, highly accurate measurements may be made 
until the counter is turned off or a temperature 
change affects the time-base oscillator. 
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simplifying the 
digital frequency counter 

Some innovative ideas 
for high-resolution 

counters using CMOS - 

ITL devices 

Radio amateurs have had a long history of 
pioneering in electronics. My experiments with the 
new IC technology resulted in the following article. I 

INPUT f 

and pulse conditioning. Power required is 5 volts at 
1.5-2 amps or more! Only one example was found 
using CMOS. It still used 21 chips and was limited to 
4 MHz. 

A number of the newer CMOS combinations are 
available from which to choose for simplifying the 
counter and decreasing power requirements; the 
lntersil 720817207A combination seemed to be the 
most promising, so it was chosen for this project. 

The counter is shown in figs. 1 and 2. Both cir- 
cuits comprise a complete frequency counter with 1- 
Hz resolution from below 20 Hz to above 50 MHz, 
and with 10-Hz resolution to above 300 MHz. Nine 
ICs and four transistors are used including the power 
supply and prescaler. Current drain is 200 mA for fre- 
quencies below 50 MHz; an additional 130 mA is 
required for higher frequencies. 

Device description. The heart of the counter is the 
7208 CMOS chip. This device contains a 7-decade 

fig. 1.300-MHz prescaler for the high-resolution counter. 

decided to find out just how much the digital fre- 

I 
counter, multiplexer for the display, 7-segment 

quency counter could be simplified by using some of decoder, digit and segment drivers, and the logic re- 
the newer CMOS combination chips. quired for blanking, reset, input inhibit, and display 

Today's literature shows that much can be done. on-off - a regular one-man band! 
Almost everyone seems to be using TTL technology; The 7207A is another CMOS chip that teams up 
for example, the 749017447 combination dating from 
the 1960s: an 8-digit counter using 7490 devices 
requires 24 chips for the main counter alone, plus 12 BY Holton E. Harris, WIWP, 5 Newtown Turn- 
or more (typically) for a crystal-controlled time base pike, Westport, Connecticut 06880 
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with the 7208. I t  contains a high-stability oscillator 
and a frequency divider for dividing the 5.24288-MHz 
crystal frequency to obtain the I-second gate re- 
quired for counting. It also provides outputs t o  
synchronize the mutliplexer for the displays as well as 
short pulses for latching and resetting the counters. 

7432 TTL gate directly, and an extra buffer was 
required. The 4049 IC is a hex bufferlconverter 
designed for this CMOS to TTL interface. The signal is 
passed through the buffer twice with a 4.7k pullup 

FND- 503 COMMaY CATHODE DISPLIYS 

CMOS and l T L  combination. The one real deficien- 
cy of CMOS is that it is slow - i.e., low-frequency 
response. The 720817207A combination alone, with 
power supply, LED displays, and crystal can be used 
to make a complete counter (as shown later) but it 
won't count above about 6-7 MHz. Almost all of the 
remaining circuitry in this counter is the old work- 
horse TTL, purely and simply to extend the fre- 
quency range. 

The 74196 counter is used to get to 50 MHz. This 
device is similar to the 7490 but has a higher frequen- 
cy range. A prescaler could have been used instead, 
of course, but a synchronized counter was preferred 
because it retains accuracy in the least-significant 
digit. The 9368 performs the decoderldriver func- 
tions for the least-significant digit of the LED display. 

When lntersil first announced the 7208, the com- 
panion driver was the 7207. This combination gave a 
gate signal of 0.1 second, so the resolution was 10 
Hz instead of 1 Hz. But the worst of it was that, if all 
seven decades of the 7208 were used, the most-sig- 
nificant digit was 10 MHz, which was above the fre- 
quency range of the counters in the 7208. In effect, 
therefore, all seven decades could never be used. 

The 7207A, announced in late 1976, corrects the 
problem. I t  has a gating pulse of 1 second duration, 
permitting I-Hz resolution. Unfortunately, to make 
room for the added counter stage, the output buffers 
on the reset and enable lines had to be eliminated. 
These signals therefore can't be used to drive the 

I f  

POOV 

fig. 2. Schematic of a 50-MHz counter wi th 1-Hz resolution. 
In each counter example, the resolution is decreased by a 
factor of ten by taking pin 11 of the 7M7A to  Vcc. 

resistor at the interstage in an effort to  make the 
gating pulse rise and fall times equal. Equal rise and 
fall times are important, since the accuracy of the 
entire counter depends on the time the counting gate 
is open. The 7432 is an OR gate, which removes the 
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Pegboard construction of the counter shown in fig. 3. The 
power supply is shown at left. The two sections were cut 
apart for mounting into a cabinet. 

, . 
input signal from the counter input except during the 
counting interval. 
Circuit description. The 5.24288-MHz crystal and 
the oscillator portion of the 7207A form a high- 
precision time reference that determines counter 
accuracy. The crystal is a low drift, 5 ppm type. If 
higher precision is desired, an oven should be used. 

The 7207A has a binary divider chain that divides 
the oscillator frequency by 220 to  yield a 0.5-Hz 
square wave that sets the counting interval to exactly 
1 second. A higher frequency is picked off to syn- 
chronize the 7208 for multiplexing the output  
displays. Pulses are also generated to set the display 
latches and reset the counters at the appropriate 
times. 

After passing through the 4049 buffer, which 
increases the power level to drive the TTL gates, the 
timing signal is applied to the 7432. For the 1 second 
during which the signal is low, the 7432 allows the in- 
put signal to pass through to the 74196 counter. The 
74196 counts to 10, puts out a pulse to the 7208, then 
repeats. The 7208 has seven decade stages that 
similarly count successive decades. 

After the I-second counting period, the gate to  the 
7432 goes high and the counters stop. The latch 
pulse from the 7207A transfers this count into the 
latches, and the decoderldrivers in the 7208 convert 
the count to 7-segment form and pass it to  the 
display lines. Another pulse from the 7207A through 
the 4049 then resets the 74196 and the seven 
decades i n  the 7208 t o  zero. Meanwhile the 
multiplexer in the 7208 energizes each LED display in 
sequence. 

The low-frequency preamplifier was cribbed from 
Stark?. An additional stage of amplification was 
added after the input fet to increase sensitivity. The 
circuit thus consists of a two-stage amplifier driving a 
Schmitt trigger. The Schmitt trigger turns on at one 

level and turns off at another, much lower, level so 
that slowly rising signals can't cause jitter, and false 
triggering is avoided. 

The prescaler to extend the range is likewise con- 
ventional. It was lifted from the excellent article by 
Kitchens2. Why argue with success? 

One point may appear puzzling. If you check the 
lntersil 7208 data, you'll find the multiplexer input 
brought into pin 16. This leaves two prior CMOS 
gates open, which is bad practice. I couldn't get the 
device to work at all with that connection. Bringing 

F N O - 5 0 3  CaVlKlV CATILDDZ DISPLAYS 

Vcc - 5K 

I K  7 2 0 7  
, I3 

A P I 4  - . 

4 - 
5 
6 - 

6.5536 MHz 

CLOCK 

7 - 
77 

fig. 3. Schematic of a 30-MHz counter with 10-Hz resolu- 
tion. 
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FND-SO3 COMMON CATHODE DISPLAYS prising builder might wish to make a PC board. The 

fig. 4. Simplified counter that operates up to 6 MHz with 
10-Hz resolution. 

the multiplexer input to pin 19, as shown in fig 2, 
ties everything down and cures the problem. 

The new National 5881, 581, and 583 multiple 
display LEOS were used because when they first 
came out they were even cheaper than surplus 
standard units. If I had it to do over again, I'd use the 
conventional FND-507 even i f  more wiring is 
required. 

construction 
I built the circuit on pegboard using point-to-point 

wiring with a Vector wiring pencil. A more enter- 

only ;djustmentsrequired are to tune the crystal to 
exact frequency using the 8-40 pF trimmer and to 
adjust the 5k pot in gate 2 of the 40673 prescaled 
transistor (fig. 1). This latter adjustment is easily 
made by connecting a voitmeter between the 7413 
pin 1 and ground and adjusting the trimmer pot until 
the dc level is about 1.3 volt. 

other forms of the counter 
The one big disadvantage of the counter described 

above is that its sampling time is quite slow. Obvi- 
ously, if a resolution of 1 Hz is required, the counting 
gate must be open for one full second. Another 
second is allowed for reset and latch, so that the total 
time to update the display is 2 seconds. Under some 
circumstances, this can seem like forever! 

For most applications, a 1 -Hz resolution isn't really 
necessary, and the circuit of fig. 3 can be used. Here 
the 7207 is used as the oscillator/timer. This device 
gives a counting interval of 0.1 second and a total 
period of 0.2 second. The counter thus updates 5 
times per second instead of once every 2 seconds, 
and action seems much more normal. The resolution 
is, of course, only 10 Hz instead of 1 Hz, which is suf- 
ficient for most purposes. 

The counter shown in fig. 3 includes further 
simplifications. The functions of the 7413 Schmitt 
trigger and the 7432 OR gate are combined in a single 
iC, the 74132. This device is a quad 2-input NAND 
Schmitt trigger, which does both jobs. This change 
could, of course, be made in the circuit of fig. 2. 

Fairchild FND-503 displays are used here. The 100- 
ohm limiting resistors were eliminated for a brighter 
display, which increased total counter current from 
200 to 300 mA. 

A further simplification is possible if the highest 
frequency to be counted can be limited to 6-7 MHz. 
In this case the 74196, together with the 9368 and 
7432, can be eliminated. The circuit is shown in fig. 
4. The 7208 IC provides the counting function. 
Resolution is again 10 Hz, and the seventh digit in the 
readout is omitted, since it can never be used in this 
instance. However, the circuit makes a mighty sim- 
ple counter. 

I'd like to express my appreciation to my co- 
worker, Josh Schwartz, without whose excellent 
and timely suggestions this project couldn't have 
been completed. 
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1. Peter A. Stark, K20AW. "A Modern VHF Frequency Counter," 73, July, 
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how to modify 

for 

exist 

your frequency counter 
rect counting 

to 100 MHz 

Simple IC circuit 
can be used in an 
frequency counter 

to extend its 
-ect counting range 

to 100 MHz 

When the prices of l T L  integrated circuits first 
dropped to the point where the average amateur 
could use them to build a frequency counter, the 
maximum operating frequency was about 25 MHz. 
Then came the Fairchild Semiconductor 95H90 
prescaler with its 350 MHz capability. This promised 
reliable measurements at 220 MHz, but some of the 
earlier homebrew counters were frequency limited 
and could not use the prescaler to its full advantage. 
Next came the Fairchild 11C90, which was rated at 
650 MHz and the 1300 MHz counter from Hewlett- 
Packard. I t  will only be a matter of time before an in- 
expensive 1 GHz prescaler reaches the market. I t  
hasn't arrived yet, but I decided to redesign my 
counter to adapt to such a prescaler, when it comes. 

There has been a flood of second-generation TTL 
1 ICS appearing in the past few years that would both 

increase the speed and diminish the size of a modern 
frequency counter over one using the standard 7490 
decade counter, 7475 latch, and 7447 LED 
decoderldriver. I decided that a complete rebuilding 
of my counter, while interesting, could not be 
justified. In this project described in this article a 
single board, containing a gate circuit and the first 
decade counter, is substituted for the original. This 
board can be used in any counter which has a 
positive gate-enable pulse, a positive or negative 
reset pulse, and enough room to sandwich in the 
modification. 

1 circuit operation 
The gate function is performed by one gate of a 

74S00. When a positive enable pulse is applied to 
one NAND gate input (during the counting period), 
the gate will act like an inverter to a square wave ap- 

By Ian MacFarlane, WAISNG, 102 Columbus 
Avenue, Greenfield, Massachusetts 01301 
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fig. 1. Schematic diagram of the 100 MHz counter. If your existing counter has a positive reset pulse, jumper C to CC and D to 
DD as shown here; if the reset pulse is negative, jumper C to D. If the count enable pulse is negative, jumper A to AA and B to 
BB as shown; if positive, jumper A to B. Not shown here but included on the circuit board are two bypass capacitors from the 
power supply to ground, C2 and C3. 

plied at the second input. As the gate enable pulse was second only to finding an 82S90. Neither device 
falls to a logic zero, the NAND output rises to one, is stocked by most suppliers, but I have been advised 
and is not affected by state changes at the second in- by Active Electronic Sales that they can supply 
put. Consequently, the gate operates as an onlof f  SN74S196N ICs at $3.45 each." These are Texas 
switch to control the flow of the signal to be counted 
into the first decade counter. If your counter uses a "Active Electronic Sales Corporation, Box 1035, Framingham, 

negative enable signal, provisions have been made Massachusetts 01701. They have a minimum order requirement of 
$10.00, plus a $1 .OO postage and handling charge. 

on the circuit board to use an extra NAND gate to in- 
vert the count-enable pulse. 

A 74S196 presettable decade counter is used to 
extend the guaranteed count frequency to 100 MHz. 
The typical frequency limit is 140 MHz. To clis;lh!e the 
preset feature, all presettable data inputs must be 
held at a logic one, along with the CountlLoad input. 
Binary-coded-decimal counting is provided by con- 
necting out QA to Clock lnput 2, and injecting the 
signal to be counted into Clock lnput I .  Counting oc- 
curs on the negative transitions of the count pulse. 
The reset (clear) pulse must also be negative, unlike 
that used for 7490 decade counters, so one NAND 
gate is used as an inverter. If your counter also uses a 
negative reset pulse, it is possible to directly drive the 
clear input, so long as the fanout of your clear line is 
not exceeded by the 74S196 requirements. Unlike a 
7490, the clear input of the Schottky chip is two 
standard Schottky loads (or 2.5 standard 7400 series 
loads). If your counter has a maximum of eight 
digits, you should not encounter any difficulty. 
However, don't try to drive the reset line with an L or 
LS series device because it will not be able to supply 
sufficient current. The 74S196's four binary-coded- 
decimal outputs (QA through OD) are connected to 
the respective inputs of the latch. 

Signetics Corporation manufactures a plug-in 
replacement for the 74S196 called the 82S90. This 
might be the easiest device to find for some people, fig. 2. Full-size printed circuit board for the 100 MHz counter 
but for me the difficulty of trying to locate a 74S196 stage. Component layout is shown in fig. 3. 
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SURFACE FOR THE BCD OUTPUT TO LATCH 
CONNECTION OF TO 1~~~~ OF power supply lead should be a separate shielded 
SHIELDED WIRE QA 0, QC OD NEXT COUNTER 
BRAID - t r  t cable (audio type is fine) connected directly at the 

power supply. Connect the shield to the common 
power supply ground point and attach the other end 
to common on the PC board. To prevent ground 
ioops, do not ground the board where it is mounted. 

Disc or rectangular ceramic bypass capacitors are 
used liberally t o  discourage transients but  their 
values are not critical - the larger the better. One 
large tantalum or electrolytic capacitor is used to 
eliminate low-frequency transients. Shielded cable 
may also be used to bring the Gate-Enable, Reset, 
QA through OD, Count Pulses In, and Count Pulses 
Out signals into and out of the board. Shielded cable 
is not really needed in practice, but it will reduce the 
amount of rf floating around the counter, and may 
prevent jamming of the input circuit. If shielding is 
used, ground the shield at the board and trim back 
the braid at the other end. 

modifying the input circuit 
Extending the range of the input circuit to 100 MHz 

is not absolutely necessary because a prescaler will 
extend the counting range anyway. However, direct 
counting to 100 MHz is easy to accomplish in  
counters which use the two most popular input 
circuits. 

One popular input  circuit  consists of a f e t  
amplifier, often an RCA 40673, driving a Schmitt trig- 

1 ger; a typical circuit is shown in fig. 4.1 Almost any 
PRESCALED COUNT COMMON t 5 V  CLEAR 

COUNT PULSES ENABLE (RESET) 
dual-gate mosfet will operate well above 100 MHz, so 

IN IN IN no change is required there. If the Schmitt trigger is a 

fig. 3. Component layout for the 100-MHz counter. Bypass 7413, it can be replaced directly wi th a 74S13. 
capacitor C2 is a 0.1 pF or larger disc ceramic; C3 is a 47 Discrete Schmitt triggers built up from 7400 or 7404 
pF, 10 volt, tantalum or electrolytic. gates can usually be reulaced with Schottky devices 

without changing any external resistors. 
Instruments devices with current date code devices, Another popular counter input circuit first ap- 
but since they are not normally stocked, delivery time 

peared in QST2 during a review of the HUA Elec- 
is three weeks. tronics 1 BC-la frequencv counter. This circuit (fig. - 

5) has been widely duplicated over the years with 

construction and installation varying success. Input sensitivity estimates have 
been reported from 10 to 300 mV, so a few sugges- 

Circuit details and IC pin-out diagrams are shown tions are in order for anyone having difficulty with 
in fig. 1. The printed-circuit pattern and component the HUA circuit. Problems stem from two sources: 
placement information is given in fig. 2 and 3. The the extreme sensitivity of the unit, and the substitu- 

fig. 4. Counter input and shaper stage used in many homebrew frequency counters was originally used in a commercial instru- 
ment; it can be modified for use at 100 MHz as discussed in the text. 
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tion of one TTL sub-series for another (such as a 
74LS04 for the 7404). Sensitivity can be so great that 
leakage from other counter circuitry jams the input, 
establishing a threshold that must be exceeded to 
trigger the counter. The solution is to shield the en- 
tire input circuit in a minibox, using coax to bring the 
signal in, and shielded wire, bypassed on both ends 
with 0.1 pF and 47 pF capacitors, for the +5 volt sup- 
ply. The shield should be grounded at the power sup- 
ply and connected as the common return on the cir- 
cuit board. 

fig. 5. Popular counter input stage based on the 40673 mos- 
fat which can be modified for operation to 100 MHz as de- 
s2ribed in the text. 

The second problem concerns differing bias re- 
quirements between the standard and LS series. 
When substituting a 74LS04 for a 7404, it is impossi- 
ble t o  simply interchange one for the other without 
changing the external resistors. This problem is not 
as acute when replacing the 7404 with a 74S04, 
because the difference in Input clirren: between the 
Schottky and standard series is slight. Only one 
resistor seems to be at all critical, and this is the 560- 
ohm feedback resistor across the first hex inverter. A 
sure way of obtaining the most performance from 
your particular combination of devices is to optimize 
this resistor. Connect a 1000-ohm potentiometer in 
place of the 560-ohm resistor and adjust it for max- 
imum sensitivity. Using an ohmmeter, measure the 
resistance (after carefully removing the pot from the 
circuit) and replace it with a fixed value. 

conclusion 
For a total cost of less than $20 for all materials, in- 

cluding printed-circuit drafting and etching supplies, 
this circuit can put new life into an otherwise out- 
moded counter. The 74S196 will typically extend 
counting to  125 or even 140 MHz, which should ac- 
commodate the output of prescalers for many years 
to come. 

references 
1. Peter Stark, K20AW, "A Modern VHF Frequency Counter," 
73. July. 1972. page 5. 
2. Gerald Hall, KlPLP, "HUA Electronics Frequency Counter 
Model 1 BC-la," QST, April, 1972, page 60. 

ham radio 

february 1978 29 



simple front-ends 
for a 500-MHz 

frequency counter 

Basic f ront-end design 
is stressed in this adaptation 

of the lntersil seven digit 
CMOS frequency counter 

The advent of the lntersil CMOS counter chip pair, 
the ICM 7208 and 7207A, has resulted in many 
designs which take advantage of the low cost and 
simplicity these chips make possible. I wanted a 
complete, 500-MHz counter, but with no bells and 
whistles. Since most hams do not need more than 
100 Hz resolution at 500 MHz, the counter was re- 
stricted to seven digits. With most of the basic work 
already documented in lntersil application notes, the 
only real design problem was to fabricate a suitable 
front-end that interfaced between the prescaler and 
the CMOS integrated circuit. 

As an engineer I have fought many debugging 
wars, enough to know that sure things don't always 
work the way they are designed. Accordingly, I re- 
searched the literature for the tried and true. As a 
result, what follows is not entirely original, but it has 
the redeeming virtue that it works. 

50-MHz front end 
The front end is composed of 0 1  through 07, with 

a sensitivity of 300 mV at 30 MHz, falling to 1 volt at 

50 MHz (see fig. 1). Most of the credit for the design 
goes to Marvin Moss, W4UXJ, who adapted it from 
several other similar designs. 

As a single device, the fet used for 0 1  does not 
give satisfactory performance. Therefore, Q2 is used 
to bootstrap the voltage at the source of 0 1  to more 
closely equal the voltage at the gate of 01. This also 
greatly reduces the effect of 01's input capacitance 
at high frequencies, thus maintaining the input 
impedance with increasing frequency. Capacitor C2 
compensates for the small amount of rolloff that will 
never-the-less occur. R5 allows quiescent point 
adjustment for maximum sensitivity. Since the 
remainder of the front end is dc coupled, R5 also sets 
the operating point for the rest of the amplifier. 

03 has a fixed gain of approximately 6.8, the ratio 
of R7 to R8. R8 also raises the input impedance of 
this stage to minimize loading on Q1-Q2. C3 tends to 
raise the gain of 0 3  to compensate for the rolloff in 
gain brought about by the output capacitance of 0 3  
being in parallel with R7. 

Q5 and Q6 form a high-gain amplifier with hystere- 
sis. Basically, Q5 is an emitter follower driving the 
common base amplifier, 06. The base of 0 6  is held at 
approximately 6 volts by R12 and CR4. Because of 
the high voltage gain of the common base configura- 
tion, the signal alternately drives Q6 close to satura- 
tion and cutoff. However, R11 creates a small 
amount of positive feedback, or about a 0.6 volt hys- 
teresis. This is necessary to avoid extraneous counts 
on low-frequency signals. 

Transistor 0 7  is used as an emitter follower to 
drive the TTL counter circuitry that follows. The low 
value of R14 is necessary, since TTL likes to see a low 
source impedance in the low state. A common-emit- 
ter stage might work here, but would require more 
components and would draw just as much current. 

By John H. Bordelon, K4JIU, 1132 Research 
Drive, Marietta, Georgia 30066 
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fig. 1. Schematic diagram of the complete frequency counter including the low-frequency (0-50 MHz) and high-frequency (50- 
500 MHz) preamplifiers. The displays have been wirewrapped into a set of sockets and are shown here as a multiplexed assem- 
bly. Other displays can be used but they must be common-cathode types. The crystal frequency is 5.242880 MHz (available from 
International Crystal). Al l  resistors are % watt, 10 per cent tolerance. The 5 and 12 volt regulators are MC7805 and MC7811: ICs. 
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fig. 2. Foil pattern for the 500-MHz frequency counter. 

The 500-MHz prescaler uses the popular and readi- 
ly available Fairchild 11C90. This ECL device not only 
has a minimum count rate of 500 MHz, it directly 
drives TTL, and has built-in biasing networks to in- 
sure optimum sensitivity. It does not have the older 
95H90fs reputation for being picky about supply 
voltage. 

The 2N5179 has got to be one of the most bang- 
for-the-buck transistors around. Reviewing articles 
for using it to drive 95H90s to 300 MHz led me to  
think it would almost certainly work well at 500 MHz, 
especially in view of its fT  of over 1 GHz. Such is the 
case, and the sensitivity at 500 MHz is 200 mV RMS, 
and 25 mV at 50 MHz. A 0.3m (1-foot) antenna yields 
solid counts on a I-watt, 2-meter mobile 6 . l m  (20 
feet) away. The low-input impedance is not a handi- 
cap in most cases, and a virtue in some. L1, in com- 
bination wi th the 2N5179's output capacitance, 
serves as a low-Q resonant circuit. 

the complete counter 
Referring again to the schematic, I chose a very 

common IC, the 74196, for the 50-MHz prescaler 
(U3). U2, a 74S00, routes the signals as directed by 
the range switch (S2). This also eliminates the need 

for any front-panel rf switching. Q9 drives the appro- 
priate display decimal point, under command of S1 
and S2, to provide a display that always reads in kHz. 
The CMOS counter will not count to its specified 
maximum frequency when driven by TTL; the output 
voltage swing of TTL is too low. U9 cures this prob- 
lem by providing a signal that swings from nearly 
ground to very near the supply voltage. Observant 
readers may notice that the signal goes through the 
%-MHz prescaler, even when the 5-MHz range is in 
use. I've applied the signal to the QD data input; with 
the countlload control (pin 1) low, the QD signal will 
follow the data input. When pin 1 is high, inputs on 
pin 8 are accepted and prescaled by 10. Taking 
advantage of the architecture of the 74196 in this 
way eliminated the need for any extra gates. 

Resistors R33 through R40 are current limiting re- 
sistors for the FND359 displays which I plugged into 
wire-wrap sockets. R26 through R32 are recom- 
mended by lntersil to  preclude digit driver leakage 
from causing "ghosting" on the display. 

The power supply is conventional. CR17 allows 
use of external battery power and protects the bat- 
tery pack should ac be applied to  the counter power 
supply. It should be noted that U8 supplies U4, U5, 
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and U9. Otherwise, U5 may be damaged by any volt- 
age difference between the two regulators. I de- 
signed my circuit board (fig. 2) to take care of this. 

construction 
A printed-circuit board seemed the only reason- 

able way to construct the counter." Fig. 2 shows the 
layout of the board. The two front ends use good 
high-frequency layout practices. Although two-sided 
boards are generally thought to be de rigueur for 
such situations, they are not always necessary. M y  
counter does not talk to itself. One reason for this is 
the use of broad ground planes dividing and encir- 
cling some circuits. Note especially the layout of the 
500-MHz preamp and prescaler. 

The chassis is homemade, black anodized alumi- 
num. Transfer letters were used for labeling, with 
clear spray enamel used to protect them. Enamel 
does not seem to cause smearing of the letters, but 
caution was exercised. 

There are no adjustments to the 500-MHz front 
end. In use, a no-count condition may just as likely 
be an overload as well as indication of not enough 
signal. 

The 50-MHz front end requires R5 to be adjusted 
for maximum sensitivity. The best way to adjust it is 
with the aid of a signal generator having a variable 
output attenuator. This way the input signal may be 
reduced in small steps, touching up the adjustment 
of R5, until maximum sensitivity is obtained. 

Adjustment is most critical at 50 illiiz, so finai 
alignment should be done there. Because my 74196 
was of questionable origin, the maximum count rate 
was just shy of 50 MHz. If operation at 50 MHz 
seems impossible, drop down in frequency and come 
up in small steps, touching up R5 each time. Don't 
forget that if the 74196 is not up to snuff, the 11 C90 
will be handicapped as a result. Check the former be- 
fore blaming the latter. 

conclusion 
Two of these counters have been built and are op- 

erational. About twenty-two more are in various 
stages of construction around the southeastern 
United States. Minimum cost, exclusive of the cir- 
cuit board, is about $50, with a maximum cost of 
about $85. 

"Etched, drilled, and plated circuit boards, of G-10 epoxy fiberglass, with 7 
pages of documentation, are available for $15, postpaid, from the author. 

reference 
1. Marion D. Kitchens, Jr., K4GOK, "VHF Prescaler for Digital Frequency 
Counters," ham radio, Februaw. 1976, page 32. 

ham radio 

february 1978 [i2il 33 



precision temperature control 
for crystal ovens 

The National LM3911 
temperature-controller IC 

is featured in a circuit 
for precision 

temperature measurement 
and control 

in commercially available 
crystal ovens 

Many amateur stations are equipped with fre- 
quency synthesizers and digital counters. These 
circuits require a highly stable frequency source. The 
most commonly used frequency standard uses the 
100-kHz quartz crystal. Such standards exhibit 
drift with changes in temperature. More recently, 
the trend has been toward the use of high-accuracy 
AT-cut crystals operating in the 4- to 10-MHz range. 
These crystals also exhibit some temperature drift. 
They must be used in a good crystal oven to obtain a 
stability of better than one part per million over 
extended periods. 

Crystal ovens fall into two categories: on-off (or 
bang-bang) and proportional control. In the former, 
a bimetallic strip makes and breaks the heater circuit. 
Most inexpensive ovens used by amateurs are of 
this type. Temperature variations frequently exceed 
g0F (5OC). These ovens are somewhat erratic in 
operation, especially the older units that have worn 
and pitted strip contacts. With proportional control, 
the heater current is continuously and automatically 
varied to maintain constant temperature. 

This article shows how the National Semiconduc- 

;.$ 

SENSOR 

FEEDBACK 

OP AMP 
INPUT 

OUTPUT 

fig. 1. Block diagram of the LM3911N temperature control- 
ler. The pinout diagram is shown as a top view. 

tor LM3911 N temperature controller IC can be used 
for precision temperature measurement and control. 
This marvelous little device, selling for under $2.00, 
makes it possible to maintain oven temperatures to 
better than 0.18OF (0.1 OC). The LM391 I N  can be 
used to replace the thermostat in an existing oven or 

By Fred Schmidt, K4VA, 3848 Parkcrest 
Drive, N. E., Atlanta, Georgia 30319 
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can be incorporated into an easily and inexpensively 
built oven. 

The LM3911 NX consists of an operational ampli- 
fier, zener, and a temperature sensor in an 8-pin 
plastic DIP. The block diagram, taken from the data 
booklet is shown in fig. 1. The sensor develops 10 
millivolts per degree Kelvin between the positive 
supply terminal on the op amp chip and its non- 
inverting input. 

on-off and proportional control 
Figs. 2 and 3, also from the device instruction 

booklet, show how the LM3911 N can be used for 
simple on-off and proportional control respectively. 
In on-off control, the operational amplifier is used as 
a comparator. When the sensor temperature in- 
creases to the value at which the noninverting input 
voltage is equal to the inverting input voltage, the 
output switches from about 6 volts to a fraction of a 
volt. The output can be used to control oven heater 
current by means of a suitable power transistor. The 
voltage at the inverting input terminal determines the 
temperature at which the output switches. 

The proportional-control circuit (fig. 3) generates 
a square wave at the output terminal. The duty cycle 

"Available from Tri-Tek, Inc., 6522 North 43 Avenue, Glendale, 
Arizona 85301, Specifications and Applications Booklet, $.SO 
(also, Radio Shack RS3911, Catalog 276-1706, $2.19). 

Installation of the LM3911 IC in a commercial oven. 

TEMPERATURE OUTPUT 

bf- 
OUTPUT GOES NEGATIVE 

R - (v+ -6.81 XILOHMS AS TEMPERATURE INCREASES 

fig. 2. Circuit for on-off temperature control. 

(ratio of OFF to ON time) is determined by the sensor 
temperature and the voltage at the inverting input 
terminal. Any departure of temperature from the 
desired value causes the duty cycle to change. This 
action is used to change the average heater current 
in such a way as to  bring the temperature back 
toward the desired value. Proportioning bandwidth 
refers to the temperature range over which the out- 
put is a square wave. When the temperature is above 

+v 
O REGULATED 

R 6  4 7 

R5 
I 

R 7  
R 9  
PROPORTlONlNG 

31 
RANDWIDTH 
i S w  Tsxtl 

TO OPTICALLY 7- LEO 7 CONTROLLED LED 2. HEAT HEATER OFF 

(+V - 7 )  
USE BF TYPE - 

0.0015 

I ALL RESISTORS 112 WATT COMPOSITION EXCEPT RI AND R 3  
WHICH SHOULD BE CARBON FILM OR WIREWOUND FOR 
TEMPERATURE STABILITY R 2  IS WIREWDUND 

2 VALUES OF RI .  R 2  AND R 3  ARE FOR 7 5 C  OVEN TEMPERATURE 

fig. 3. Circuit for proportional temperature control. 

the bandwidth the output will remain low, and when 
the temperature is below the bandwidth output will 
remain high. The square-wave frequency is deter- 
mined by the time constant R4C1. The frequency 
varies somewhat over the bandwidth and is max- 
imum at the center. 

The complete circuit for proportional control of an 
oven is shown in fig. 4. The 4N30 is a 6-pin dual in- 
line IC containing a light-emitting diode, which is 
optically coupled to a photo-sensitive darlington 
transistor. I t  drives a power transistor. The oven 
heater is in the power-transistor collector circuit. 
During the ON intervals of the square wave, the 
power transistor is driven to saturation. During the 
OFF intervals it is cut off. 

The photo shows how the LM3911 N is installed in 
an oven of the ON-OFF variety. The oven is a Bliley 
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TCO-1A surplus unit with a 6.3-volt, 0.85-A heater 
element. The thermostat was unsoldered and 
discarded. 

The LM3911N was cemented to the inverted-U 
copper strip, which is used to conduct heat from the 
heating element to the crystal. The LM391 I N  die is 
on the base of the package. Therefore, it's important 
that the base be coupled as closely as possible to the 
heat source. 

Pins 4-8 are not used electrically and should be 
bent in such a way as to make contact with the cop- 
per strip to help conduct heat into the package. 
Pins 1-4 are connected to pins in the oven socket. 

testing 
Performance can be checked by connecting a 

voltmeter across the heating element. When first 
turned on, the heater voltage will nearly equal the 
supply voltage. As the oven heats up, the heater 
voltage will go through several damped oscillations 
about a final value of about three volts. (The damped 
oscillation is caused by the thermal lag between the 
heating element and the copper heat conducting 
strip. 

The maximum temperature overshoot is about 1 
degree C. Bandwidth control R9 should be set about 
two-thirds of the way down from the end connected 
to the supply line. R1 and R3 should be wirewound or 
metal-film resistors. (Composition resistors have a 
large temperature coefficient and would cause the 
oven temperature to change somewhat with changes 
in ambient temperature.) 

R1 and R3 values can be changed if it's desired to 
operate the oven at a temperature other than 75OC. 
The maximum operating temperature of the 
LM3911 N is 85OC. 

Temperature calibration can be performed by 
drilling a small hole in the metal cover just above the 
crystal socket and inserting a thermometer into the 

+ 12v 0 - 
REGULATED 

R 6  
4 . 7  I + " 7 

TEMPERATURE 
SET - RIO 

INCREASE 
3H I 

TEMPERAT- i' !" 

,.",.< 
I ALL RESISTORS 112 WATT COMPOSITION. EXCEPT RI AND R 3 .  WHICH SHOULD BE 

METAL FILM OR WIREWOUND. 
2 VALUES OF RI. R 2  AND R 3  ARE FOR OVEN TEMPERATURE O F  7 5 C  
3 .  +V SHOULD BE 5 - 6  VOLTS FOR 6 . 3  VOLT SURPLUS OVEN: 9- 12 VOLTS 

FOR HOME BREW OVEN. 

fig. 4. Complete circuit for a proportional temperature- 
control crystal oven. 

oven. The thermometer will take a minute or more to 
reach final temperature. 

homebrew oven 
If a surplus oven isn't available you can make one 

easily and inexpensively. A homebrew oven offers 
several advantages: 

1. It can be made large enough to include the 
complete oscillator circuit for enhanced stability. 

2. There is room for an additional LM3911 N for 
temperature measurement. 

3. It can be constructed with very close thermal 
coupling between the heating element and the 
controller t o  avoid temperature oscil lations 
(hunting). 

The photo shows how an oven can be made with a 
surplus i-f transformer can. The unit measures 1-1 I 2  
by 2 by 3-1 12 inches (38x51x89mm). 

The heating element consists of no. 28 (0.3mm) 
enamelled copper wire wound directly onto the 
aluminum can. The wire should be close wound over 
a length of about 2-112 inches (64mm). After 
winding, check for short circuits to the can then 
paint with Red X Corona Dope (General Cement 

Photo of can inside showing the placement of the LM3911 Catalog no. 50-21, or with Dipping Varnish (General 
ICs - one for temperature control and the other for tem- Cement Catalog no. 56-2). 
perature measurement. Connections are brought out t o  two screws, 
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which are insulated from the can by fiber shoulder 
washers. The oscillator circuit is built onto a PC 
board, which is held in place by two metal brackets. 
A t  the top of the board is a ceramic trimmer capaci- 
tor for frequency adjustment. A hole in the top of the 
can allows screwdriver adjustment for frequency 
trimming. 

Two LM3911 N chips are cemented to the inner 
surface of the can as shown in the photo. The 
second chip is used as an electronic thermometer. 
After assembly, the oven is insulated with two layers 
of styrofoam. A convenient source of this material is 
the 16-ounce (472ml) styrofoam drinking cup. 

In the unit shown, the cold resistance of the heater 
winding is about 6 ohms. The regulated supply for 
the heater should deliver between 9 and 12 volts. 
For a srnaller-size can it may be necessary to use 
smaller wire for the heater. A cold resistance of 6 to 
8 ohms is about right. 

thermometer circuit 
The thermometer circuit is shown in fig. 5. Re- 

sistance values are for a 0-1 mA meter and a tem- 
perature range of 70' - 80°C (158-176OF). Other tem- 
perature and meter ranges can be obtained by 
changing the resistance values according to  the 
equations in the appendix. It's not necessary to  
install a milliammeter permanently in the unit: a pair 
of terminal posts can be instaiied to ailow ternpera- 
ture to be monitored with your multimeter. 

Many AT cut crystals exhibit a turning point in the 
neighborhood of 60°C (140°F). Advantage should be 
taken of this by operating the oven at that tempera- 
ture. The turning point can be found by observing 
the crystal frequency as the oven warms up. If the 
frequency initially drops then starts to rise, adjust the 
oven temperature to obtain the minimum frequency. 
The oven temperature should be at least 5OC above 

iizv 
REGULATED 

? 

fig. 5.  Circuit of the LM3911N IC as an electronic therrnorn- 
eter. 

maximum ambient in the equipment in which it will 
be installed. 

The performance of either oven leaves !ittle t o  be 
desired. Temperature stability is reached in about 5 
minutes. Temperature variation is too small to  be 
detected on the thermometer calibrated from 7O0- 
80°C (158'-176OF). 
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appendix 
The resistances for the thermometer circuit are calculated by the 

tollow~ng equations: 

R, = 6k 

R7 = 500 ohms 
where 

A T  =Meter temperature span (degrees C) 

I,, = Meter full scale current (amperes) 

T ,  = 5 +  meter zero temperature (degrees K )  

I" =Current through R1,  R2, and R3 at zero meter current 
(use 0.0001 amperes) 

Notes: 
1. OK=OC+273. 
2. Resistors should be metal film. 
3. If no thermometer is available for calibration set potentiometer 
to its midpoint. 

The assembled oven in its styrofoam jacket. ham radio 
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I satellite tracking - 
pointing and range 

with a 
PO' ke la or 

How to use 
a pocket calculator 

to calculate 
antenna pointing angles 

and range 
for an earth-bound 
or satellite station 

A frequent question in long-distance radio commu- 
nications is where to point the beam. This article 
contains algorithms for RPN pocket calculators to 
calculate distances and headings between stations 
on the earth, and pointing angles and slant ranges to  
an earth satellite or the moon. 

earth stations 
Given the longitude XI (west longitudes are + )  

and latitude 4l (north latitudes are + )  of station 1 
(home) and the longitude X2 and latitude 42 of station 
2; the algorithm below* calculates A, the initial 
heading or pointing angle (north reference clockwise 

'These algorithms are based on similar algorithms in my "Algorithms for 
the HP-45 and HP-35," Center for Astrophysics Technical Report, 

azimuth) great-circle from distance station between I toward stations. station 2, and D, the 

Alternatively, if X2 and 42 are the coordinates of 
the sub-satellite point and h is the height of a satellite 
over the surface of the earth, then the algorithm also 
gives E, the elevation look angle and r ,  the slant 
range or straight-line distance from station 1 to the 
satellite. If E comes out negative, then the satellite is 
invisible below the horizon. 

On an HP-45 calculator, the longitudes and 
latitudes can be keyed in the format DD.MMSS 
(degrees, minutes, and seconds of arc): 

(42: DD.MMSS) [GI {D.MS-} 1 [GI {- R} 
(A1: DD.MMSS) IG1 {D.MS-) 
(A2: DD.MMSS) [GI {D.MS-} [ - I  [x-y] 

[GI {-R) [x-yl 111 [RI l [R l I  [-PI 
[x-yl 

(41: DD.MMSS) [GI {D.MS-1 [ -  I [X-YI 
[GI { -R} IR11 Ix-yl [R l l  [-PI [x-yl 
(if negative: 360 [+I; see A in degrees) 
IR11 [x-yl [-PI [x-yl 

~t this point choose one of the following t w o  
options: 

A. 69.1 1x1 (see D in miles). 
B. ( h ,  miles) [I1 3958 [ + I  [GI { -R} 3958 

[ - I Ix-yl [-PI (see r in miles) [x-yl 
(see E in degrees). 

For an HP-21 calculator, the longitudes and 
latitudes should first be converted t o  decimal 
degrees. Select DEG mode, then: 

(42, degrees) 111 1 lB1 {- R} 
(XI, degrees) [ 1 I 
(A2, degrees)[-l[x-yl[Bl{-R}lx-ylltl 

[RJI  [RI I  [Bl { - P I  [x-yl 
(41, degrees) I- I lx- yl IBI {- R) IRI I  [x-yl 

[R l l  [BI {- P}  [x-yl (if negative: 360 
[ + I; see A in degrees) [R 1 I lx -yl 
[BI {- P} [x- yl 

Ohn A m  Oak Hill Harvard, 
Massachusetts 01 451 (Mr .  Ball is a radio 

Cambridge, Massachusetts, March 9, 1975; and in Appendix A.7 of 
Algorithms for RPN ~a/cu/ators. to be published by John Wiley ~t Sons, astronomer at the Center for Astrophysics in 
New York. Cambridge, Massachusetts) 



At  this point choose one of the following t w o  rected for refraction (which can be as much as % '1. 
options: Example. X1 = 71 '03' = 71P05, 4, = 42'22' = 42.0367 

A. 69.1 [ x I (see D  in miles). 
B. (h, miles) l t l3958 [STOJ [ +  I [BI {- R) 

[RCLI I- I [x- yl [B l  { - P I  (seer in 
miles) [x - y l  (see E in degrees). 

For a Corvus-500 calculator: 

( ~ 2 ,  degrees) [ENTI [SIN1 [y-XI ICOSI 
(Xi, degrees) [ENTI 
(A2, degrees) [ - I [y -XI [INVI [GI { -POL} 

[y-XI [ENTI [ R l l  [ R l l  [GI {--POL) 
[y-XI 

(4?, degrees) [ - I  ly-XI [INVI [GI {-POL) 
[R I I  ly-XI [ R l l  [GI {- POL) [y-XI (if 
negative: 360 [ + I; see A in degrees) [R 1 I 
[y-XI [GI {-POL] [y-XI 

A t  this point choose one of the following t w o  
options: 

A. 69.1 [XI (see D  in miles). 
B. (h, miles) [ENTI 3958 I +  I [INVI [GI 

{- POL} 3958 [ -  I [y-XI [GI {-POL] 
(see r in miles) [y-XI (see E in degrees). 

On some Corvus-500 calculators, [R 1 I is just [ 1 I, and 
[y -XI is [x -yl. 

If you prefer to work in kilometers (km), change 
the constant 69.1 miles/ O to 11 1.2 k m I 0  (this is the 
length of lo on the earth's surface) and change 3958 
miles to 6370 km in two places (this is the radius of 
the earth). Also change the units of D, h, and r .  To 
work in decimal degrees on the HP-45, replace the 
first two appearances of [GI {D.MS-}  by [TI, and 
drop the last two [GI {D.MS-). On an HP-25 
calculator, use the HP-45 algorithm but change [GI 
{D.MS-}  to [g l  { -H I ,  [GI { -R}  to [ f l  {-R), and 
[ -PI  t o  [g l  { -P I .  This algorithm is approximate 
because it uses a spherical earth and E is not cor- 

note on notation 
Keystroke symbols in brackets (e.g., [ + I )  are printed on the top 

of the key, those in braces (e.g., { - R ] I  on the side of the key or on 
the land area above or below the key. [GI represents an unlabelled 
gold-colored key, [B] an unlabelled blue key, and [ I 1  stands for 
[ENTER! I. The symbol : I  is analagous to a musical repeat symbol 
and means loop back to the last preceding colon ( : I  not in paren- 
theses. Parameters to be keyed or read and comments or optional 
sequences are in parentheses. 

The symbol DD.MMSS means degrees, minutes, and seconds of 
arc, with two digit locations for each. The decimal point after DD 
must be keyed. Any digits following SS will be taken for a decimal 
fraction of a second. Similarly HH.MMSS means hours, minutes, 
and seconds of time. Use [CHSI for negative numbers. For example 
- 5.420202 would mean - 5°42'02."02 with DD.MMSS or -5h42m 
0232 with HH.MMSS. For details, see the instruction booklet with 
the calculator. 

(Boston), h2= 74', cP2= 40'42' =40?7 (New York 
City); get A=234' (southwest by west), D =  191 
miles away. If a satellite is 900 miles directly over 
New York City, then r=925 miles and E =  75' as 
seen f rom Boston.  I f  X2= 70°40' = 70P667, 
42= - 33' 25' = - 33.417' (Santiago de Chile on the 
west coast of South America); get A = 179P7 (slightly 
east of south) and D = 5237 miles from Boston. 

As an exercise, compare the distance from Los 
Angeles to  London with the distance from Los 
Angeles to Rio de Janeiro. 

the moon and other 
celestial objects 

This algorithm, slightly modified, also gives 
pointing angles for the moon. Substitute the local 
sidereal time T for X2, the moon's right ascension a 
for XI, and the moon's declination 6 for 42. Multiply 
by 15 to  change the units of a and T from hours to 
degrees. For the moon, h should be about 235,000 
miles, but an error of less than 1 in E comes from 
taking h =  co. W i t h  these changes, the HP-45 
algorithm becomes: 

(6: DD.MMSS) [GI {D.MS-} 1 [GI {- R}  
a :  HH.MMSS) [GI {D.MS-) 
( T :  HH.MMSS) [GI {D.MS-}  [ - I  15 [XI  

ix-yj  [Gj { -R)  ix-y] [ I ;  [ R l j  [R I ]  [ -P j  
[x- yl 

(GI: DD.MMSS)[GI { D . M S - } [ - ] [ X - ~ ]  [GI 
{- R )  [ R l l  [x- yl It311 [-PI [x- yl (if 
negative: 360 I + 1, see A in degrees) [R l I 
[-PI [X -yl (see E in degrees). 

For an HP-21, CY and T should first be converted to 
decimal hours, and 6 and $1 t o  decimal degrees, 
then: 

(6, degrees) [ t l  I [Bl  ( -R}  
(a, hours) [ I ]  
( T ,  hours) 1- I 15 [XI [x- yl [B l  { -R) [x- yl 

[ t l  [R I I  [R I I  [BI { - P I  [x-yl  
(41, degrees) [ - I  [x- yl [B l  {- R)  [ R l l  [x- yl 

[ R l l  [B l  { - P I  [ X - ~ I  (if negative: 360 
[ + I ;  see A in degrees) [ R l l  [B l  { - P I  
[x -yl (see E in degrees). 

For a Corvus 500: 
(6, degrees) [ENTI [SIN] [y-XI [COSI 
(a, hours) [ENTI 
(T, hours) [ -  I 15 [XI [y-XI [INVI [GI 

{- POL} [y-XI [ENTI IR 11 [R 11 [GI 
{-POL) [y-XI 
degrees) [ - I  [y-XI [INVI [GI {- POL) 
[R 11 [y-XI [R 11 [GI {- POL} [y-XI (if 
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HP-25 Program HP-25 Program 

MEMORY REGISTERS M E M Y  REGISTERS 

RO 1. 
degrees 

R i  Ao-hlf90. . 
degrees 

a 2  ?.. '&c.ee.. ----7 

fig. 1. HP-25 program to calculate antenna pointing angles fig. 2. HP-25 program to calculate antenna pointing angles 
for the moon or other celestial objects. and range for earth satellites. 

negative: 360 [ + I; see A in degrees) [R l I S is the Greenwich sidereal time on January 0.0 of 
[GI {- POL} [y -XI (see E in degrees). the indicated year, and is in the AENA. For an HP-21, 

key GMT in decimal hours and delete the following: 
This is a general pointing algorithm for any distant 

[GI {D.MS- }; key X1 in decimal degrees and replace 
celestial object. The a and 6 of the moon and other 

the following: [GI {D.MS-)  by [ I ] ;  and delete the 
objects are in The American Ephemeris and Nautical 
Almanac or AENA. 1 

final [GI { -D.MS} and see T i n  decimal hours. For a 
Corvus 500, follow the HP-21 scheme but replace [ t I 

sidereal time by [ENTI and [x-yl by [y-XI. The precision of this 

If your shack is not equipped with a sidereal clock, 
algorithm is about f 1 second. A sidereal clock runs 

the AENA shows h o w  t o  calculate T, or on  one day per year or 3m57s per day faster than an or- 

an HP-45: dinary clock. 

( Day-Number) [ t 1 24 [XI [ 1 I [ t I 
(GMT: HH.MMSS) [GI {D.MS-}  [ + I  

1.0027379 [XI  [x-YI - I 
(XI: DD.MMSS) [GI {D.MS-}  15 [ + I  [ - I  

(S, hours) [ + I (if negative: 24 [ + I, if greater than 24: 
24 [ - I )  [GI { -D.MS} (see T i n  HH.MMSS). 

Day-Number means day of the year, GMT is Green- 
wich mean time or universal time (UT), and S is from 
the table below. 

Year, AD 

1976 
1977 
1978 
1979 
1980 
1981 
1 982 
1983 
1984 

S, hours 

6.5865 
6.6363 
6.6204 
6.6044 
6.5885 
6.6383 
6.6224 
6.6065 
6.5906 

Example. On 1976 December 25 (Day-Number = 

360) at GMT =2lh, the moon was at a=22h25m 
37s564, 6= -5'21'33."33 (from the 1976 AENA, 
page 187). The local sidereal time at Boston was 
T=22h33m46s, and the moon was visible a t  
A = 182."7 (almost south), and approximately E=42O 
(just under halfway from horizon to zenith). 

The program in fig. 1 combines the celestial 
pointing and sidereal-time algorithms for the HP-25. 

Key in the program, then initialize: 

(a: HH.MMSS) [gl { - H I  15 [XI [ST01 1 
(Aa, seconds1 hour) [ 1 I 240 [ -+ I [ST01 2 
( 6 :  DD.MMSS) [g l  {- H}  [STOI 3 
(A6, arcsecondsl hour) [ 1 I 3600 [ + I [ST01 4 

DD.MMSS) [gl  { - H I  [ST01 5 
(S, hours) [ t l  15 [XI 
(XI: DD.MMSS) [g l  { - -H I  [ -  115.04106864 

[STOI 6 [ + I 
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(Day-Number) I t 1  24 1x1 [ + 1 [ST01 7 If1 {PRGM} 
Calculate: (GMT: HH.MMSS) IRIS]  (see E: in 

degrees) [x -yl  (see A in degrees) : 1 .  
If A is negative, you may want to add 360'. For this 
program, a is the right ascension on the hour, Au! is 
the change in a in one hour, 6 is the declination on 
the hour, and A6 is the change in 6 in one hour. 
Don't forget minus signs [CHSl where needed. The 
rates Acr and A6 are called first differences and are 
tabulated for the moon in the AENA. 

This program interpolates linearly through the 
hour; cu and 6 should be for the preceding hour. For a 
planet such as Jupiter, tabulated daily rather than 
hourly in the AENA, change the [gl  {FRAC} in lines 
03 and 15 both to [g l  {NOP) and key a and 6 for Oh, 

The tabulated first differences in this case need to be 
divided by 24 to get the right units (per hour rather 
than per day). Jupiter is an interesting object for 
amateur radio astronomy. For a star with constant a 

and 6, set Acx and A6 to zero. 

Example. Repeat the preceding test case on the 
moon but for GMT = 21 h20m. From the 1976 AENA, 
A a =  122S767 and A6=6151'44. Get A = 189.2' 
(A = - 170.78+360= 189.2Oand E=41.g0). 

satellites 
Given Q, a satellite's period in minutes of time; 1 ,  

the inclination in degrees of the satellite's orbit to the 
equator; 7, the time since an ascending node (north- 
bound equator crossing) in minutes; and ho, the 
longitude of the ascending node (7=0) in degrees;" 
the HP-45 algorithm below2.3 calculates X2 and 42  for 
the satellite: 

(7, minutes) [ t l  [ f  I (Q,  minutes) [ + I 360 [XI  
I t 1  [SIN] 

( 1 ,  degrees) [x- yl [GI {- R}  [x- yl [GI 
{SIN - 1 )  (see 42 in degrees) 
[ R l l  [x- yl [COSI [-PI [ R l l  lx-y 1 4 [ + 1  
L - l  

(XO, degrees) [x -yI [ - I (see X2 in degrees). 

This algorithm is approximate because it uses a cir- 
cular orbit; h is taken to be constant. 

For an HP-21, select DEG mode, change [GI to lB1 
and change [ -P I  to [B ]  ( -P} .  For an HP-25, 
change [GI to [g l  or [fl, [SIN] to If1 {sin), [COSI to 
[ f l  {cos}, and [ -PI  to [gl  { -P I .  For a Corvus 500, 
change [ I ]  to  [ ENTI, [x-y] to [y-XI, [GI (SIN- ' )  

"The orbital elements of Oscar satellites are available from AMSAT, Post 
Office Box 27, Washington, D.C. 20044. For Oscar 7: e =  114.95 minutes, 
i = 101.7 degrees, h = 908 miles, e = 0.001; but these numbers change slow- 
ly with time. Also see the SateNable available from Ham Radio's Communi- 
cations Bookstore, Greenville, New Hampshire 03048. For other satell~tes, 
see Satellite News, 12 Barn Croft, Preston PR1 OSX, England. 

EAST 

lo-- 

0 -  NORTH 

350-- 

3 4 0 ~  

1 T (MINUTES) 
30CO 

2bW-- 

2600-- 

2400-- 

2200-- 

2000-- 

1800-- 

/600-- 

-\ 1400-- 5 /zoo-- 

a /ooo-- 

800-- 

@600-- 

400- 

ZOO-- 

-'Ii ; ; ; ; i i /L ;/ 1; I\ /; /i ,L /; /L /; 2L *\ *; 2L e. 2i 
T IM1NUTE.S) 

fig. 3. Azimuth, range, and elevation for Oscar 7 orbit 10590 
as seen from Boston. 

to [INVI [SIN], [-PI to [GI {-POL), and [GI {- R)  
to [INVI [GI { -POL}. These algorithms are also easy 
to convert for the HP-19, HP-27, HP-29, HP-46, 
HP-55, H P-65, HP-67, HP-91, H P-97, HP-9815, 
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summary of symbols 
Station 1 is normally home; station 2 is sometimes a subsatellite point. 

head~ng (north reference clockwise azimuth) from station 1 S Greenwich sidereal time on January 0.0 (tabulated ~n the 
toward station 2 or toward a celestial object. ..l = 0  is north, article). 
A =90° is east, A = 180' is south, and ,-I =270° is west. 7 local sidereal time at station 1. 
Negative .-I means counterclockwise, so A = - 90" is also t Doppler velocity of a satell~te relative to station 1. 
west. rig!:! ascer:sion of a ceiestia! object. 

< speed of light; c = 11,177,000 miles1 minute. S declination of a celestial object. 
U great-circle distance from station 1 to station 2.  A/ change in/ due to a Doppler shift. 
Day-Number day of the year (GMTI available on some desk calendars. Aa change in u per unit time (first difference). 

elevatioc look a'ngie fro-. s t a t~o r  i ~ c w a r d  a sat?111!e il* .\ change (5 per uo!: ?!me (firs: difference! 
celestial object. E=90° is straight up toward the zenith, E=O kg longitude of the ascending node at T=O in a satell~te's orbit. 
is the horizon, and negative E means that the object is in- West longitudes are positive ( + I, east longitudes are either 
visible below the horizon. negatlve ( - 1 or greater than 180'. 

e eccentric~ty of a satellite's orbit; e = 0 IS a circle. 4 longitude of statlon 1 
freqi~ency X2 long~tude nf station 2 or a si~bsa+ellite point 

GMT Greenwich mean t1n.e or universal t lmr  ! U i  ?r UTC" - 3 1415926536 

Eptiemeris !!me d~ffers fro!?? SLIT by abour 48 seconds. 2 period :!!me for one complete orbit! 3f a sa:el!~te 
h he~ght of a sateilite over the surface of the earth. T tlme slnce an ascend~ng node (northbound equator cross~ng) 

hn  the average ti over an orbit. In a satellite's orb~t .  

I ,ncl~~iat ion angle of a satellite's oi bit to the equator. O1 iatitbde of statioin 7 .  Nortli iatitudes are pos~tive i + i, south 
r slant range or stra~ght-line distance from station 1 t o  a latitudes are negative ( - I. 

satellite. 02 lat~tude of station 2 or a subsatellite point. 

National Semiconductor 4640, APF Mark 55, and 
Omron 12-SR calculators. Converting for non-RPN 
calculators is more difficult. 

The program shown in fig. 3 combines the satellite 
and pointing algorithms for the HP-25. Key the pro- 
gram, then initialize: 
(Ao, degrees) [ t I (XI, degrees) [ - I 90 [ + I [STOI 1 
(q5,, degrees) [STOI 2 (Q,  minutes) [ I 1  1440 [ + I  
[STOI 3 180 [ t l  ( 1 ,  degrees) [ - I [ST01 4 3958 [STOI 
5 (h, miles) [ + I [STOI 6 [ f l  {PRGM} 
Calculate: (7, minutes) [RISI  (seeA indegrees) 

[ R l l  (see r i n  miles) [ R l l  (see E in 
degrees) : I .  

If A is negative, you may want to add 360'. The con- 
stant 1440 is the number of minutes in a day. 

Example. Oscar-7 orbit 10590 on March 10, 1977, 
T = 14m (wh ich  corresponds t o  GMT = 00h08m 
+ 14m = 00h22m), e = 114m945, 1 = 101.7, Xg = 5405, 
h = 908 miles; get 42 = 42P71, X2 = 69P02, A = 76O, 
r = 916 miles, and E = 82O, almost overhead as seen 
from Boston. 

Fig. 2 shows A, r, and E as a function of 7 for this 
orbit over Boston. For a pass almost overhead such 
as this, A is nearly constant except for a couple 
minutes around closest approach. The slope v of the 
r curve is the Doppler velocity (in miles per minute) 
and can be calculated by subtracting two ys a minute 
apart. The largest possible v is 27dh + 3958 miles)/ Q 

or about 266 mileslminute for Oscar 7. Convert v to a 
Doppler frequency shift using Af = - fv/c, where f is 
the frequency, Af is the shift in frequency, and c is 
the speed of light (c = 11,177,000 mileslminute). The 
Oscar-7 beacon at 145.975 MHz, for example, shifts 
as much as 0.00347 MHz and so appears somewhere 
between 145.972 and 145.978 MHz. 

When the satellite is approaching, v is negative, Af 

is positive, and the beacon appears at a higher fre- 
quency; when the satellite is receding, v is positive, 
Af is negative, and the beacon appears at a lower fre- 
quency on the dial. If you are working through a 
repeater on a satellite, then two different Doppler 
shifts need to be calculated and added. 

Kepler's third law relates Q and ha, the average h, 

(e ,  minutes) [ I1 [XI 8720351 [XI  3 [ l l x l  [GI l y x )  

3958 [ - I (see ha in miles). 

The first number is Kepler's constant for the earth, 
8,720,351 miles3/minute*. With a circular orbit, ha 
and h are the same. For Oscar 7 with Q = 114m945, 
get ha = 908 miles. 

accuracy 
These algorithms employ several approximations 

that cause inaccuracies in the answers. The earth's 
eccentricity causes an error up to 0.2 per cent (2 
miles in 1000 miles) in D. The eccentricity of a 
satellite orbit has two effects: first, h is not constant. 
The maximum variation in h is e(3958 miles +ha) 
where e is the eccentricity and ha is the average h. So 
if e = 0.01 and ha = 925 miles, then the variation in h is 
49 miles and h varies from 876 to 974 miles. 

Another effect of e is on the speed of the satellite, 
which can be as much as about  eel^ ahead or 
behind in the orbit compared to a circular orbit. If 
e = 0.01 and e = 115 minutes, then the satellite can be 
up to 0.37 minutes early or late. Also the "4" in the 
orbital algorithm, which converts T from minutes of 
time to degrees, should be 41 1.0027379 = 3.9890783 
because the earth's rotation speed is one degree per 
4 sidereal minutes. The error due to using 4 is 
noticeable only for large 7. 

Finally, the orbital elements of earth satellites 
change slowly due to influences such as the sun and 
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moon, air resistance, and the uneven distribution of 
mass in the earth. For Oscar 7, the orbit regresses 
just about enough t o  cancel the error caused by 
using 4 minutes per degree; such orbits are called 
sun-synchronous, 

I wish t o  thank George Rybicki for showing me the 
spherical-tr igonometry trick used in these algor- 
ithms; Dick Ellis, W5YCK, for helping research arti- 
cles on Oscar satellites; Tom Bates and Fritz Mans- 

velt-Beck for loaning me their calculators; and R.C. 
Vanderburgh for sending me copies of his programs. 
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appendix 
RPN portable calculators 

The table below lists all the available or recently available RPN 
portable calculators. The algorithms in this artlcle can be easily 
converted to work on any calculator that has "yes" In the R- P 
coluniri I r i  this tab!e. hion-RPN calcuiato!~ are [not !isted, they are 
awkward for this type of problem 

The Corvus 500, the APF Mark 55, and tile Omron 12-SR are in- 
ternally identical, but the Corvus 500 has a better keyboard and 
case. The instruction booklet with the Corvus 500 is very poor; if 
you have this calculator, you should also get the book Everything 
You've Always Wanted to Know About RPN but were Af ra~d to 
Pursue - Comprehensive Manual for Scientific Calculators 
available for $7.50 plus postage from T. K .  Enterprises, 16611 
Hawthorne Boulevard, Lawndale, California 90260. This book 
does not live up to its name and IS not as good as the instruction 
books with HP calculators, but IS the best book availabie for the 
Corvus 500, APF Mark 55, and Omron 12-SR. 

Table 1. List o f  portable calculators wh i ch  use RPN archi tecture 

manufacturer 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

National Semiconductor 

National Semiconductor 

National Semiconductor 

National Semiconductor 

National Semiconductor 

Corvus 

APF 

Omron 

"No longer available 

stack 
model  o f  

HP-i9C 4 

HP-21 4 

H P-22 4 

H P-25 4 

HP-25C 4 

HP-27 4 

H P-29C 4 

H P-35" 4 

H P-45" 4 

HP-55" 4 

HP-65" 4 

HP-67 4 

HP-70" 4 

H P-80 4 

HP-91 4 

H P-92 4 

HP-97 4 

Novus 4510 3 

Novus PR4515i4615 3 

Novus 4520 4 

Novus PR4525 4 

N S 4640 4 

500 4 

Mark 55 4 

12-SR 4 

For an HP calculator, you should get the appropriate HP ap- 
plications book. Some dealers will throw these ~n with the 
calculator; otherwise they are about $10 from Hewlett-Packard, 
19310 Pruneridge Avenee. Cupertino, Californra 95014. Some HP 
calculators have several such books. 

Generally speaking, HP calculators are better made and will 
probably last longer than the others in this table. Don't overlook 
the possibility of finding a used or surplus calculator of a model 
listed as no longer available. 

.~ . -- - 

"Start extravagant, and you'll never f~nlsh. Get the cheap tool 
first, see if it feeds your life. If it does, then get a better one. Once 
you use i: all the rime, get the best. You can only grow into quali- 
ty. You can't buy it." 

- from The Last Whole Earth Catalog 
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no ta t ion  

yes 

yes 

yes 

number  o f  
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30 

1 
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8 

8 
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30 
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9 

20 

9 

26 

2 + 5  

1 

16 

30 

26 

1 

number  o f  
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steps 

98 

0 

0 

49 

49 

0 

98 

0 

0 

49 

100 

224 

0 

0 

0 

0 

224 

0 

100 

0 

100 

0 

0 

0 
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no no 

yes yes 
no no 

no no 

no no 

no no 
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high-impedance preamp 
and pulse shaper 

for frequency counters 

Simple circuit for 
improving your counter 

from dc to 
over 60 MHz using 

readily available devices 

Many  of t h e  inexpensive frequency counters on 
today's market, as well as some of those built by 
homebrew enthusiasts, could use some improve- 
ment  i n  the  preamp and pulse-shaper circuit 
(sometimes called the trigger circuit). This is the cir- 
cuit that brings the input signal waveform to TTL 
level (3.5 volts peak-to-peak). Often counters poten- 
tially capable of counting to 40-50 MHz don't pro- 
duce best results because of an inefficient input cir- 
cuit. On the other hand, if the trigger works fine at 
high frequencies, it shows some limitation in squar- 
ing low-frequency signals. Kritterl solved this prob- 
lem by using two pulse shapers in his frequency 
counter. Although this approach is quite satisfac- 
tory, it can be impractical and expensive. 

The circuit we're going to examine can process 

at the output a perfect square wave at TTL level. 
Furthermore, it's not very expensive, because it uses 
transistors and ICs available at most discount outlets. 

circuit description 
The input circuit ( f ig. 1) is a balanced amplifier 

using two field-effect transistors. For dc stabililty, 
the stages are dc coupled. These fets must be 
selected for the same ID,,.2 The absolute ID,, value 
isn't critical but must be nearly equal for the two 
devices. 

The first stages are source followers, so the input 
impedance is extremely high. ~t IOW-input signal 
levels, when the two back-to-back protective diodes 
don't conduct, overload protection is provided only 
by the 2.2-meg polarization resistor. I t  would be 
possible to increase the input impedance even more 
by increasing this resistor value or by using bootstrap 
polarization. However, I felt that this value was more 
than adequate for amateur purposes. 

The input stage drives a 733 IC which, according 
to reference 3, is a differential video amplifier with a 

Top view of the counter preamp PC board showing com- 
ponent layout. 

bandwidth of over 100 MHz. The gain of this ampli- 
fier is selectable by proper connection of pins 3, 4, 
11, and 12 [the DIP package). 

Three different gain values are possible without 
adding external components: x10, x100, and x400. 
The last has been chosen for this application. Even if, 
in this case, the amplifier bandwidth is reduced 

BY Giuseppe Beltrami, I4YAF, Via Meloni 39, 
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fig. 1, Input circuit for improving inexpensive counters. Cil 

slightly, it remains well over 50 MHz - more than 
sufficient for our use. 

A 2N709 switching transistor follows the preampli- 
fier and squares the signal. If you want to reach the 
maximum frequency that the pulse shaper can han- 
dle, this transistor is highly recommended. It's fast. 
Some attempts that have been made to use other 
types of transistors (for example, 2N914, 2N2368) for 
processing 60-MHz signals haven't been very satis- 
factory. So I highly recommend the 2N709 if you 
don't want problems. Of course, I haven't tried all 
the available switching transistors, so there are many 
substitution possibilities if you like to experiment. If 
you have some computer transistors, try them; you 
might obtain even better results. 

The last stage is quite conventional. It is a TTL 
translator using two sections of a high-speed quadru- 
ple NAND gate (type 74H00). For this application I've 
tried several ICs made by different manufacturers. 
Those that gave the best results were a Texas Instru- 
ments SN74H00 and a National Semiconductor 
DM74H00. I also tried some Schottky devices 
(74S00). Al l  performed well, even at higher 
frequencies. 

The circuit requires a supply that delivers plus and 
minus 5 volts. Without an input signal, the input 
transistor drain current is 18 mA from the negative 

rcuit requires a dual-polarity supply that delivers at least 63 mA. 

side and 45 mA from the positive side, which in- 
creases to 63 mA with a strong input signal. Tests 
showed that the circuit was not too sensitive to an 
unregulated supply, so the filtering doesn't have to 
be elaborate. Of course devices such as the 320- and 
340-series voltage regulator ICs can be used to solve 
a power-supply problem at a reasonable price. The 
only recommendation is to avoid any possibility of 
false counting by bypassing the positive supply as 
closely as possible to pin 14 of the TTL IC. 

construction and alignment 
The prototype was constructed on a 3 x I .5-inch 

(8.2x4cm) board (fig. 2). The component layout 
shown in fig. 2B is slightly different from that in the 
photo because of some improvements made after 
the photo was taken. The second trimmer resistor on 
the PC board was a former polarization control for 
the level translator, which was disconnected after 
some tests. 

The only alignment required for the circuit is the 
regulation of the trimmer pot, R1. With the counter 
connected at the output and a signal source (grid-dip 
meter or signal generator) at the input, adjust R1 for 
maximum sensitivity at the highest measurable fre- 
quency. With proper alignment, the input sensitivity 
must be better than 100 mV in the range from a few 

OUT* 

fig. 2. Circuit-board layout and component arrangement for the counter preamp. 
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MHz to at least 40 MHz, decreasing to about 150 mV 
at the lower (DC) and upper limit (66 MHz in the 
prototype). 

counter improvements 
Some counters using 7400-series ICs may not 

cover frequencies higher than 30 MHz. It's now time 
to update them using faster ICs provided by modern 
technology. Substitute the input gate of the counter 
(it may be a 7400 or a 7410, perhaps a 7420) with the 
Schottky TTL equivalent: 74S00, 74S10, or 74S20. 
The substitution was direct and required no wiring 
change. Then substitute the first decade divider 
(7490) with the faster type 74196 or 74S196. Here the 
connections are different, so you must have a little 
patience and, following the schematic of fig. 3, 
make the modifications needed on the PC board. The 
74196 IC requires a reset pulse inverted with respect 
to that required by the 7490. If you have an unused 
NAND or inverter circuit in one of the other ICs, use it 
to invert the reset pulse; otherwise use one of the 
two NAND gates not used in the pulse-shaper circuit. 
Wi th these simple modifications, your frequency 
counter can now display at least 50 or 60 MHz. Don't 
forget that some ICs are now available that permit 
scalers for GHz frequencies. With a pair of these ICs 

fig. 3. Pin layout for the 74196 decade divider, which may be 
used in your counter for faster response. Modifications 
shown must be made on the PC board. 

and your improved counter, it will be possible to 
make precise measurements well into the microwave 
region. 

references 
1. W. R. Kritter, DL8TM, "A Dual-Input Preamplifier with 2:l Prescaler for 
Frequency Counters from 1 Hz to a Minimuni of 100 MHz," VHF Com- 
munications, May. 1973, page 91. 
2 C. Hall. WA5SNZ. "New FETs Simplify Bias Problems," ham radio, 
March, 1974, page 50. 
3. "Linear Integrated Circuits," National Semiconductors, August, 1973, 
pages 5-57. 
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wide-range 
capacitance meter 

A portable 
test instrument 

that combines three modes 
of capacitance testing 

using just 
a few components 

Here's an instrument for the experimenter that 
combines three modes of capacitor testing into a 
portable unit, which uses readily available devices: 
two 555 timer ICs, a 2N5484 fet, and a CA3140 
operational amplifier. 

features 
With the instrument described you can apply a 

polarized voltage of a few volts to the capacitor 
under test, one side of which is grounded. A single 
u n r e g u l a t e d  9 - v o l t  p o w e r  supp ly  is used.  
Capacitance readout is linear. 

Three testing modes are available: low capacitance 
(to 1 pF), high capacitance ( to 2500 pF), and a 
logarithmic indication of the test-capacitor leakage 
current with up to 8 volts applied. Let's take a look at 
the circuit (fig. 1). 

low-capacitance measurement mode 
(to 1 pF) 

U1, an NE555, operates as a clock, which provides 
negative-going pulses at about 350 per second to 

trigger U2, also an NE555. This action unclamps the 
test capacitor, allowing i t  to  charge through a 
switch-selected resistor, until i t reaches half the sup- 
ply voltage. A t  this point U2 resets, discharging the 
capacitor through pin 7. During the charging period, 
U2 pin 3 is high (about 8 volts), and the duration of 
this high state is directly proportional to the test 
capacitance. 

The resulting rectangular waveform can be used to 
drive a I -mA meter directly through a 5k trimpot for a 
simplified circuit. In this instrument, the high signal is 
attenuated to 0.6 volt across silicon diode CR1 at the 
noninverting input of U3, a CA3140 op amp with mos 
input. U3 operates as a unity-gain buffer, which 
feeds the meter through calibrating trimpot R6.  
Meter deflection is proportional to the average value 
of the rectangular waveform output from U3 and is 
therefore proportional to the capacitance. 

Supply voltage is noncritical because: 

1. U1 clock frequency is, for practical purposes, in- 
dependent of voltage. 

2. The reset level of U2 pin 6 is at one-half the sup- 
ply voltage, which compensates for voltage-change 
effects on the charge rate of the test capacitor 
through the switched resistors. 

3. CR1 operates as a simple regulator, limiting the 
high signal input to U3 to 0.6 volt. 

With no test capacitor applied to the circuit, about 
30 pF of internal capacitance exists at U2 pins 6 and 7 
(plus strays). To prevent this capacitance from caus- 
ing a substantial residual reading on  the lower 
ranges, a negative capacitance is used to cancel the 
internal capacitance. This unlikely device is simulated 
by C3, a 100-pF capacitor, which is connected not to 

- 
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ground but to 0 1 / 0 2  output, which has a small 
positive voltage gain and a low output impedance. 
The current through C2 is equal and opposite to that 
through the residual 30-pF capacitance. 

To calibrate, use a known accurate capacitor giv- 
ing a high deflection on the 0.01 or 0.1 pF ranges. 
First adjust negative-capacitance trimpot R1 so that 
the source of Q l  is at the top end of R1. Then 
calibrate by adjusting R6. There may be a small 
residual zero error caused by the minimum pulse 
width from U2, which can be offset by the addition 

Accurate high-value capacitors are difficult to find, 
so calibration using trimpot R5 is best done with 
values around 1 pF. Leakage resistance of the test 
capacitor extends the charging time, causing a false 
high reading. 

After the integrating period the meter should re- 
main stationary while the reading is taken. If drift is a 
problem (assuming feedback capacitor 64 is not 
leaky) it may be minimized by correcting the offset in 
the U3 input stage. Try a 10k resistor R3 from U3 pin 
1 or 5 to ground and adjust for minimum drift. 

of R7, a 470 k in my instrument. Now switch to the 
100-pF range with a known capacitor of 10-20 pF leakage mode 

- 
connected and adjust negative cap trimpot R1 until This mode produces a logarithmic indication of the 
the meter reads the correct value, showing that the test capacitor leakage current with up to 8 volts ap- 
strays have been cancelled. The readings are then plied. The lower end of the capacitor is disconnected 
accurate to a few pF. from the supply minus, and the leakage current now 

flows through limiting resistor R8 and diode CR1. 
high-capacitance measurement mode The voltage across CR1 bears an approximately loga- 
(to 2500 pF) rithmic relationship to the current flowing through it. 

This mode uses a single-shot method. U1 is not re- 
quired. When +9 volts is switched on, U2 is triggered 
by the momentary low on pins 2 and 4 caused by the 
uncharged capacitor, C2. As in the previous mode, a 
high of 0.6 volts is applied to the noninverting input 
of U3 until the capacitor under test is charged to half 
the supply voltage. During this period, U3 behaves as 
an accurate integrator using low-leakage capacitor 
C4 in the feedback loop. A t  the end of the high input 
period, U3 output voltage will be proportional to the 
duration of that period and therefore to the test 
capacitance. 

U3 is again used as a unity-gain buffer, and trimpot 
R4 is set to produce full-scale deflection with a short 
circuit across the test terminals. U1, U2, and the neg- 
ative capacitance amplifier are disconnected from 
the negative supply line. 

Electrolytic capacitors that have remained unused 
for some time can be reformed in the leakage test 
mode before their capacitance is measured. 

The logarithmic readout can be interpreted by 
observing the readings obtained w i t h  known 
resistors across the test terminals, ranging from a 
few kilohms to hundreds of megohms. 

fig. 1. The three-mode capacitor tester. Circuit features linear readout and common devices. Author's original was built on perf 
board but with a little ingenuity an etched board could be used. See table 1 for switch configurations and positions. 
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table 1. Switch arrangement for the portable capacitance 
meter. 

switch configuration position 
S1 3-pole. 3-position, A (low-capacitance rnodel 

2 section B (high-capacitance model 

C (leakage model 

modeA mode B mode C 
5 2  1-pole, 5-position ct F PF 

A 0.0001 0.25 

B 0.001 2.5 

C 0.01 25.0 

D 0.1 250.0 

E 1.0 2500.0 leakage 

5 3  SPST (test) 

The capacitance ranges are in steps of 1:IO. In- 
termediate ranges are most economically obtained as 
follows. In mode A, (table 1) switching to a larger 
clock t iming capacitor, C1, wi l l  permit larger 
capacitances to be read on scale. In mode B, switch 
resistor R2  to a higher value, which slows the in- 
tegrating rate and thus allows a greater full-scale 
capacitance reading. Ten-thousand pF is probably a 
practical limit because of leakage. 

Use accurately scaled values for the switched 
range resistors connected to S2 for best accuracy. 

construction notes 
The CA314.0 op amp was chosen because of its 

very high input impedance and because both inputs 
and the output can be swung down to the negative 
supply line, eliminating the need for a separate 
negative supply. The positive supply may be varied 
from +6 t o  +I2 volts with little effect on calibration. 
Current drain is 20-30 mA for capacitance meas- 
urements and a few mA for leakage measurements. 

The original circuit was built on matrix board with 
the layout approximately following this schematic. 
Because fast rise times are involved, several 0.01 pF 
bypass capacitors are included on the board, and 
leads should be kept short and neat. The op amp is 
Zener protected - keep a shorting ring around the 
pins while soldering! If a shorting-type wafer switch 
is used for S1, insert a 470-ohm current-limiting 
resistor in series with U2 pin 3. 

The test points can be alligator clips on short flexi- 
ble leads fed through grommets in the front panel. 
Take care to minimize stray capacitance to ground 
from the plus test point. 

Finally, never apply reversed power-supply voltage 
to the circuit unless you want to buy three new ICs. 
A reverse-biased I -amp diode across the 9-volt sup- 
ply will provide protection. 
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solid-state vhf-uhv 
transmitlreceive switch 

New PIN diode device 
provides good isolation 

and low vswr 
at frequencies 

up to 1000 MHz 

Microwave Associates recently introduced a 
solid-state TIR switch for vhf-uhf applications. The 
device, designated the MA8334, makes use of PIN 
diodes in a hybrid rf circuit which is small and easy to 
use. This spdt switch is rated at 50 watts CW and has 
a nominal %-ohm impedance. Frequency of opera- 
tion is from 20 to 1000 MHz. Specifications list 
typical insertion loss at 0.2 dB with 1.2:l vswr from 
20 to 500 MHz. 

After evaluating the MA8334 on the test bench, I 
decided to replace the conventional relays in a solid- 
state 2-meter transverter I had recently built. The cir- 
cuit of fig. 1 was used. To operate a switch path, 
approximately 50 mA forward bias is applied; 
removal of the bias releases the switch path. 
Capacitors C1 and C2 provide isolation of the dc bias 
and the rf source feeding the switch. These 
capacitors should have low rf loss and be able to han- 
dle the power used. I used button micas in my 
design. The inductance of the rf choke is not critical, 
and anything around 3 pH should work satisfactorily. 
Capacitors C3 and C4 are feedthrough bypass types. 
The 220-ohm resistors provide the correct bias cur- 
rent when using a 12-volt power supply; their values 

will have to be adjusted accordingly if another supply 
voitage is used. 

Operation of the MA8334 has been completely sat- 
isfactory. With the circuit of fig. 1, the measured 
insertion loss was 0.25 dB, and the swr is 1.23:l 
when operated at 50 ohms. Isolation between ports 
has not been measured, but from observation I 
would judge it to be at least the 37 dB specified by 
the manufacturer. 

To conclude, this device provides interesting pos- 
sibilities for vhf-uhf switching at power levels up to 

,- XMTR (50 OHMS) 

211 C4 44!,,R +,. "Dc 
001 SW CONTROL 

fig. 1. Circuit diagram of a solid-state T IR  switch for 144 
MHz.  The MA8334 can be used at other frequencies up to 
1000 MHz by proper choice of circuit constants. The lead 
marked with an asterisk is identified by a diagonally cut 
end; the other two leads may be used interchangeably 
for either transmitter or receiver. 

50 watts CW. With proper component selection, the 
switch should perform well on 432 MHz. When com- 
pared with conventional switches, the MA8334's 
compact size, rugged construction, and reliability 
give it a definite advantage. The present single- 
quantity cost is $19.00, but with increased produc- 
tion the price is expected to drop significantly. It may 
be purchased through any dealer handling Micro- 
wave Associates products. 

ham radio 
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digital scanner 
for 2-meter synthesizers 

Complete 
construction details 

plus other unusual ideas 
for integrating 

a digital scanner 
with a 2-meter synthesizer 

After operating a synthesizer, you begin to realize 
the number of 2-meter repeater channels that exist 
and also how long it takes to turn the switches 
through all channels. The digital scanner presented 
in this article was designed to permit easy, hands-off, 
monitoring of the 2-meter fm band. It can also serve 
as a good indicator of 2-meter band conditions by 
listening for repeaters outside your local area. 

The features incorporated in the scanner were 
based on several months of on-the-air operation of a 
prototype in  an area heavily populated w i th  
repeaters. It scans all 2-meter repeater input and out- 
put frequencies between 146.01 MHz and 147.99 
MHz, in 30 kHz steps; all 67 frequencies are scanned 
in about 6 to 8 seconds. The frequency is also read 
out directly by five, 7-segment LED displays. 

Operating features include three modes of scanning, 
A, B, and C.  Mode A scans until a signal is received, 
at which time the scanner stops, listens for about 3 
seconds, and then continues. This mode allows rapid 
scanning of all channels to determine activity. Mode 
B scans until a signal is received and waits until the 
signal is gone before continuing the scan. Mode C is 
the same as Mode B except that a 3-second delay oc- 

O S C I L L A T O R  

7 - S E G M E N T  F R E Q U E N C Y  ym 1-q 
1 S T R O B E  1 

B C D  D A T A  T O  ( 
S Y N T H E S I Z E R  L A T C H E S  

I fig. 1. Functional block diagram of the digital scanner. 

curs before continuing the scan. Mode C allows 
monitoring of repeaters that require the repeater car- 
rier to drop between transmissions. To prevent the 
scanner from locking-up on a very active repeater, a 
timer is incorporated to ensure that the scanner does 
not stay on any frequency more than 3 minutes. 

A latch function is provided to permit locking a 
synthesizer receiver to the scanner's receive frequen- 
cy by command. If the synthesizer has automatic 
transmit offset capability, this feature can be used to 
good advantage. In my case, I've wired the function 
to a momentary type toggle switch but it's readily 
adaptable to a push-to-talk (PTT) mike switch. Wire 

By Mar ion D. Kitchens, K4GOK, 7100 
Mercury Avenue, Haymarket, Virginia 22069 
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D I V I D E  BY 3 
C I R C U I T  

(PRESET  T O  91 

ONE - SHOT --lL-.- 

I O L H Z  1 J 
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2 - 1  
4  I 
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2 
I O k H z  - 
LATCH 

4  I I 

C O U N T  T O  
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fig. 2. Timing diagram of the scanner. The divide-by-three circuit sets the channel spacing at 30 kHz. 

the latch function to  the PTT line and when a QSO is 
to be joined, just push the mike button and the syn- 
thesizer is on frequency. The scanner is latched or 
locked on this receiveltransmit frequency, even 
when the PTT is released. Scanning will continue 
when manually commanded; the continue command 
will cause the scanner to run continuously, even 
though a signal may be present, until the command 
is removed. If the scanner has stopped on an 
undesired frequency, a quick tap of the continue 
switch will move the scanner one or two channels up 
frequency to where it will resume scanning. 

circuit description 
The circuit diagram of the scanner is shown in fig. 

I .  A 555 timer is used as an oscillator to drive three 
7490 decade counters. The BCD outputs of the 

counters are applied to  three 7475 latches. The 
oscillator output is also applied to another 7490, con- 
nected as a divide-by-three circuit, which provides a 
strobe to the latches on every third count. A time 
delay is provided by a 74121 one-shot multivibrator t o  
insure that the inputs to the latches have settled. 

The basic timing diagram is shown in fig. 2 that in- 
dicates the signal relationship between the oscillator, 
the first decade counter, the divide-by-three counter, 
and the one-shot delay circuit. The output from the 
7475s is a BCD output occurring in steps of three; 1, 
4, 7, 10, 13, etc. The latch outputs are also applied to  
7446 BCD to seven-segment decoders that drive the 
displays, and to  the synthesizer inputs in place of the 
frequency control switches. This section of the scan- 
ner is standard for TTL counting and display circuits. 

Two things are sufficiently different, however, that 

SQUELCH 

INH IB IT  
+ o s c I L L * T o R  

fig. 3. Functional diagram of the 3-minute and 3-second timers. They control the time that the oscillator runs and when it is 
inhibited. 
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S Q U E L C H  
F R O M  
X C V R  4 7k I 
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1 0 6  - H  

fig. 4. Schematic diagram of the scanner. The actual 102%7 ---'--XI 
board can be split into two portions: all circuitry after ----1O---0 1 0 3  

1 0 7  d 
C O N T  

the 7490 counters and the control timers. The 180-ohm 
1 0 1 d  M O M E N T A R Y  O N  - O F F  - 

resistors can be used as interconnections between the M O M E N T A R Y  ON 

main board and display boards. DPDT C E N T E R  - O F F  

they should be explained. First, the GLB type syn- 
thesizers do not utilize a complete BCD signal from 
the frequency switch; a portion of the BCD signal is 
hard wired within the synthesizer while the remaining 
signal lines are controlled by the frequency switches. 
Table 1 shows the BCD inputs required at the syn- 
thesizer divider chain to produce the frequencies in- 
dicated. Examination of the table shows that some of 
the data does not change for frequencies between 
146 and 147.99 MHz. For example, to scan from 
146.01 MHz to 147.99 MHz requires only the ap- 

table 1. Required BCD information for the synthesizer input. 

frequency 
column a 

146.01 0  

146.04 0  

146.07 0  

147.00 0  

147.03 0  

147.06 0  

147.99 0  

bcd data 
MHz 100 kHz 10 kHz 
b c d e f g h i j k l  
1 1  0 0 0 0 0 0 0 0 1  

1 1  0 0 0 0 0 0 1 0 0  

1 1 0 0 0 0 0 0 1 1 1  

1 1  1 0 0 0 0 0 0 0 0  

1 1  1 0 0 0 0 0 0 1 1  

1 1  1 0 0 0 0 0 1 1 0  

1 1  1 1 0 0 1 1 0 0 1  

propriate change between BCD 6 and BCD 7. The 
7490 decade counter supplying the MHz data then 
has to supply the 0 and 1 count data of column d for 
the MHz BCD data as shown in table 1. The 2 count 
of this decade counter then represents 148.00 MHz 
and is used to reset all three 7490 decade counters 
and the 7490 divide-by-three circuit. 

The second major difference is the manner in 
which the divide-by-three counter is reset and its 
resulting operation. Outputs B and D of U6 are OR- 
wired via the two diodes to the input of the 74121. 
The A and B outputs of U6 are used to reset this 
counter. The resulting circuit  then funct ions 
according to table 2. The 148-MHz reset signal from 
the third decade counter (U8) presets the divide-by- 
three circuit to count nine. Upon receipt of the first 
pulse from the oscillator, the circuit goes to count 10, 
or zero since no carry circuit is used. A t  count zero 
the output goes low and the 74121 sends a signal to 
latch the 7475s. The correct BCD data for 146.01 
MHz is now stored in the latches. 

The fourth pulse from the oscillator causes outputs 
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A and B of U6 to  be high and the 7490 resets itself to  
zero. A t  this point, the output from the diode OR cir- 
cuit goes low and strobes the latches. The 7475s now 
have BCD data for 146.04 MHz stored in them. 

Three more pulses from the oscillator will again 
trigger the 74121 and the 7475s, providing BCD data 
for 146.07 MHz. The sequence continues for fre- 
quencies in 0.03 MHz steps until 148.00 MHz is 
reached, whereupon the divide-by-three circuit is 
reset to nine and the sequence starts over. 

Two timing circuits are used to provide the three 
operating modes described earlier. One 555 timer 
provides a 3-second delay and another timer provides 
about 3-minutes delay. A receiver squelch circuit is 
sensed by the 339 voltage comparator whose output 
controls the 3-second timer. Both true and inverted 
outputs are obtained from the 339. Fig. 3 shows a 
partial schematic of the timer circuitry. With the dpdt 
switch in position A, pins 2 and 4 of U2 are con- 

10 M H z  

nected to  the voltage comparator. An  output pulse 
will be generated if the pins receive a positive going 
signal from the comparator. The duration of the 
pulse from U2 is determined by the values of R, and 
Ct. The output pulse will terminate after this time 
even though the input is still present. If the input 
signal is less than the RtCt determined pulse dura- 

table 2. Outputs from the 7490 showing the divide-by-three 
operation. 

7490 circuit 
inputs outputs output 

d c b a  
Reset to 9 1 0 0 1  1  

Oscillator ~ n p u t  count 1  0  0  0  0  0  

2 0 0 0 1  0  

3 0 0 1 0  1  

4 0 0 0 0  0  

5 0 0 0 1  0  

6 0 0 1 0  1 

7 0 0 0 0  0  
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0- 0 fig. 5.  Full-size layout of the printed- 

tion, the output will terminate with the input. The ner were based on reference1 and the data in the 
output from the timer is used to inhibit the oscillator; Signetics data books.2 
this causes the scanner to stop on the frequency that The 3-minute timer is used to prevent the scanner 
opened the transceiver squelch. In this mode the from locking up indefinitely on very active repeaters. 
scanner stops only for a duration determined by R ,  The 3-minute 555 timer (U3) senses the output from 
and C,, in this case 3 seconds (or less if the signal is the 3-second timer, as shown in fig. 4. It operates 
present for less than 3 seconds). just as the 3-second timer does when in mode A. A 

With the dpdt switch in position 6, the inverted 
squelch signal is applied through the 1-meg resistor 
to only pin 2 of the 555. In this mode, the 555 output 
follows the squelch signal, without delays, as long as 
the squelch signal is longer than 3 seconds. The 555 
output exists for at least 3 seconds even though the 
squelch input may be shorter. This is the mode used 
when it is not desired to wait for a return call after a 
repeater drops. 

One section of the 339 voltage comparer is used as 
an amplifier and connected across the t iming 
capacitor of U2. When the dpdt switch is in position 
C, the amplifier has an input and becomes active. A 
signal from the squelch drives the amplifier output to 
ground potential, thereby maintaining C, in a 
discharged state until the squelch is present, and for 
a period afterwards that is determined by Ct and R,. 
The receiver listens as long as the squelch is open 
and then for an additional period, 3 seconds in this 
case, waiting for a return call. This mode is used with 
repeaters that require a repeater carrier drop between Close-up view of the scanner portion of the synthesizer 
transmissions. The timing circuits used in the scan- showing the operating controls. 
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The main circuit board has been split into two separate por- 
tions with the display board connected by the 180-ohm 
current-limiting resistors. 

positive-going signal at its input (pins 2 and 4 tied 
together) causes initiation of its 3-minute output 
pulse. The 3-minute timer's output is terminated 
when the input is removed or after 3 minutes, 
whichever is less. The output of the 3-minute timer is 
applied to one input of a 2-input NAND (U4B) gate to 
control passing or inhabiting of the 3-second timer 
output, which is connected to the second input of 

the NAND gate. The output from the NAND gate (pin 
6 )  controls the scanner oscillator. The squelch input 
to the amplifiers is inhibited by a second NAND gate 
(U4A) when the 3-minute timer has expired and the 
3-second timer's output still exists, thereby resetting 
both timers. 

construction 

Construction of the scanner is rather straight- 
forward with use of the printed circuit board. A full- 
size circuit-board layout and parts placement 
diagram are shown in figs. 5 and 6 ,  respectively. The 
circuit board can be built as a single unit, or can be 
cut and assembled into a compact unit as shown in 
the photographs. Since IC sockets usually cost more 
than the ICs themselves, soldering directly to the cir- 
cuit board is recommended. 

The circuit board should be built and tested in sec- 
tions. The recommended sequence is to install the 
squelch amplifier, timers, and latchlcontinue chain, 
and then follow with the 555 oscillator, divide-by- 
three counter, and one-shot chain. A I -meg pot 
should be temporarily installed in place of R,. This 
pot wil l later be adjusted to suit the builder's 
transceiver and then replaced with a fixed-value 

fig. 6. Parts placement diagram for the 
printed-circuit boards. 
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fig. 7. Scanner wiring to synthesizer. The control switches must be disabled when the scanner is in use. 

resistor. A t  this point in construction, a 30-Hz signal 
should be observed at the oscillator (U5, pin 3) and a 
10-Hz signal at the output from the one shot (U7, pin 
6). The oscillator should also respond to squelch in- 
put signals. The 7490 counters and the 7475 latches 
can now be installed. Pin 14 of the 7475s must be 
removed from the package. The pin was removed to 
facilitate circuit board layout; jumpers or, the foil side 
of the board connect pins 4 and 13 of the latches 
and between pins 3 and 9 of U10. Check that the 

T R A N S M I T  
I N D I C A T O R S  

p F F A  
X M l T  S W I T C H  

R C V  S W I T C H  

p T T  $ 
R E C E I V E  
I N D I C A T O R S  

fig. 8. Control switching for the BCD lines in the synthe- 
sizer. The normal switches on the synthesizer are auto- 
matically inhibited when using the scanner. 

7490s are counting down and data is being trans- 
mitted through the latches. Install the decoders and 
verify the correct information exists at the outputs. 

The seven-segment LED displays are mounted on a 
small, separate printed-circuit board. Note that the 
10-MHz display (the number 4) is mounted inverted. 
The display circuit board will accommodate most of 
the SLA-1, MAN-7, or 707 displays with a common 
anode. Be sure to install the jumper wires on the foil 
side of this circuit board. The displays should first be 
mounted to the circuit board, then make the connec- 
tions between the display circuit board and the main 
circuit board. The main circuit board can be cut near 
the 7476s and the 180-ohm resistors used to mount 
the display board to the main circuit board. Make 
these connections to suit your particular installation. 

The control switches should now be wired and the 
completed scanner checked out before connection 
to the synthesizer. Use a regulated 5-volt power sup- 
ply capable of providing about 750 mA. An  indepen- 
dent LM309K or similar regulator, supplying power 
only to the scanner, is recommended. 

The scanner outputs from the 7475s are wired to 
the synthesizer as shown in fig. 7. The synthesizer 
BCD transmit, BCD receive, and scanner outputs are 
OR wired through the diodes to the synthesizer 
programmable divider. When the scanner is in use, 
neither the synthesizer BCD transmit or receive 
diodes can have voltage applied; their anodes must 
be either open or grounded. Fig. 8 shows the circuit 
used in my homebrew 2-meter TTL synthesizer. 

Another method is to replace the synthesizer 
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receive select switch (used for selecting between the 
two sets of BCD switches) with a double-throw, 
center-off switch. This switch must be in the off 
position when the scanner is in use. An  alternative to 
both of the above methods is to set the BCD switches 
for all zero outputs, usually 144.00 MHz. The squelch 
input to the 339 comparator (U1) should be con- 
nected, wi th shielded cable, t o  a point in the 
transceiver where the voltage goes high when the 
squelch opens. 

Power can be applied to all portions of the scanner 
and correct operation of the control switches, 
display, etc. should be verified. The 1-meg pot tem- 

return call) if the mode switch is simply omitted. 
Connecting a jumper between points 102 and 105 
results in mode C operation (wait for a return call). 
The latchlcontinue function is useful and its elimina- 
tion is not recommended unless minimization of 
panel space is desired. 

Those builders needing the absolute minimum 
panel space could eliminate the control switches and 
use 0. I -inch (2.5mm) high displays. Only the 100 kHz 
and 10 kHz digits need displays. A discrete LED could 
be used to indicate 147 MHz. The synthesizer 

O P E N  H E R E  . 7 

thesizers if maximum scan rate is not of particular 
importance. 

circuit variations and additions 

porarily installed in place of R, should initially be set I 

A number of practical and interesting circuit and 
functional variations are possible. This section will 
present several variations and additions that have 
occurred to  me. Some have been tried, while others 
are only ideas that you may want to develop to suit 
your own particu!ar needs. 

One variation is to have the digital display indicate 
both the scanner frequency and the synthesizer BCD 
switch frequency. This can be accomplished by 
taking the BCD inputs to  the 7446 seven-segment 
decoders from the synthesizer at the programmable 
divider inputs. The display will indicate the scan fre- 
quency when the scanner is in operation; when off, 
the display will indicate the synthesizer receive fre- 
quency when receiving and the transmit frequency 
when transmitting. Pull-down resistors may have to 
be added at the 7446 inputs; the 7446s and displays 
must, of course, have power when the scanner is off. 

Scanning in 10-kHz steps can be obtained by in- 
hibiting or bypassing the divide-by-three circuit. This 
feature will provide nearly continuous coverage of 
the 2-meter band. 

Fig. 9 shows simple circuit changes that wil l 
eliminate scanning of the 147-MHz repeater input fre- 
quencies. This change will reduce the scan time by 

e 

A D D  W I R I N G  S H O W N  
8 1  H E A V Y  L I N E S  

I at its maximum resistance. It should then be adjusted 
12 

fig. 9. Circuit changes to prevent the counters from cover- 
ing the 147-MHz repeater receive frequencies. 

11 9 I I for the maximum scan rate, as dictated by the lock- 

ONIOFF switch could be a center-off dpdt switch 
supplying power only to the synthesizer when in one 
on position, and power to the synthesizer and scan- 
ner when in the other on position. 

Another addition that could lead to  some in- 
teresting possibilities is an automatic transmit fre- 
quency offset feature. Digital subtraction of 600 kHz 
could be provided for 146 MHz repeater frequencies 
and 600 kHz addition provided for 147 MHz repeater 
frequencies. A center-off, double-throw switch, 
marked REPEAT-SIMPLEX-INVERT could be used. The 
latchlcontinue control could then be used to  place 
the synthesizer on frequency and latch it there. The 
bulky BCD transmit and receive switches could be 
eliminated, and a very compact, highly functional 
synthesizerlscanner could be built. 

These variations and additions are presented to 
encourage building and experimenting among 
amateurs. I hope that others will build upon and add 
to these efforts, and eventually present the results 
for the benefit of all amateurs. 

- up time of the external synthesizer. After satisfactory u B 

about 2 seconds. No comparably simple way was references 
found to eliminate scanning of the 146-MHz repeater 

1. Mike Connor, WABBMP, Bob Henson, WBBJHS, "Super 
input frequencies. COR," 73, June, 1976, page 16. 

Other variations include elimination of the scan 2. Signetics Digital, Linear, MOS Data and Applications Book, 

1 2  

can be used for R, with most transceivers and syn- 

i e  9 8 

U I O  u 9 

mode control switch and the latch/continue switch. 1974,~ignetics~orporation, Sunnyvale, ~ a ~ i f o r n i a  

I 

I I  

operation is obtained, the pot should be replaced by 3 2  3 2 

the next largest, fixed value resistor. A 470k resistor 

The scanner will be in mode B (does not wait for a 

A I 

I 
I , Y ( ,  

n 
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modifying the 
Collins 51 J receiver 

for ssb reception 

If you're lucky enough 
to have one of the 

51 J-series receivers, 
here's an easy way 

update 
for single-sideband reception 

One o f  the  m o s t  popular surplus receivers is the 
Collins 51J series, available in limited quantities 
through MARS and some surplus stores. Designed in 
the mid 1950s, the stability, readout accuracy, and 
general excellence of this receiver literally revolu- 
tionized receiver design, setting the trend for most of 
the modern ssb receivers and transceivers. The 
immediate fallout from the 51 J design was the well- 
known Collins 75A series of amateur-band-only 
receivers, followed by the present S-line. 

The many virtues of the 51 J series receivers do not 
include good ssb reception. An important modifica- 
tion is the inclusion of a product detector and alter- 
ation of the automatic gain-control loop to accom- 
modate ssb signals. This article covers these 
modifications as well as other minor changes that 
make the 51J into a first-class receiver suitable for 

amateur service, including general-coverage 
operation. 

Five models of the 51 J receiver are available. The 
51J-1 is quite rare; probably the quantity made was 
small. The 51 J-2 and 51 J-3 are fairly common on the 
surplus market; differences between the receivers 
are minor. The military R-388lURR is similar to the 
51J-3. The 51J-4 was the latest production model 
and incorporates mechanical filters in the i-f system. 
A choice of three filters may be made with a panel 
switch. 

A t  one time Collins made an adapter (Collins part 
number 354A-1) for the 51 J-2 and 51 J-3 that would 
modify the receivers for inclusion of crystal filters. 
The adapter is no longer in production. 

The first job for the owner of a 51 J is to align it cor- 
rectly and test all the tubes. Complete alignment 
information is included in the Collins receiver manual 
and also in the military technical manual, Radio 
Receiver R-388/URR, TM-I  1-854, sometimes obtain- 
able through MARS or surplus dealers. 

receiver sensitivity 
A common fault in most 51 J receivers I've inspected 
is that overall gain is low and the receiver seems dead 
above about 15 MHz. Investigation has shown that 
receiver gain is reduced because of an uncommonly 
high bias voltage applied to the rf tubes. Bias is ob- 
tained from a voltage divider in the negative side of 
the high-voltage power supply (fig. 1). Normal bias 
voltage is -1.4 volts and, in the receivers tested, has 
usually run from -1.6 to -3.0 volts. This high 

By William I. Orr, WGSAI, EIMAC, 301 In- 
dustrial Way, San Carlos, California 94070 
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negative voltage lowers the gain of the rf stages, 
leaving the receiver lifeless. Bias voltage is developed 
across resistor R149, which is 820 ohms, 112 watt. In 
many receivers, this resistor looks to be overheated 
or measures abnormally high in resistance. The cure 
is to remove R149 (which is located on a terminal 
strip on the inside wall of the receiver, near the line 
cord) and replace it with a 2-watt resistor of the pro- 
per resistance, which will develop a voltage drop of 
1.4 volts across it. You'll find the value will run be- 
tween 700 and 1000 ohms, depending upon your 
receiver. 

receiver PTO 
On occasion a 51J may be picked up for a song 

because the PTO (permeability tuned oscillator) 
"doesn't work." The usual cause of malfunction is a 
collection of matchstick capacitors in the PTO (C005, 
COO6 and C0081, which tend to short circuit after a 
few years of service. These are 0.01-pF, 400-volt 
capacitors of a design no longer made. Replacing 
these capacitors with 0.01-pF, 600-volt disc ceramic 
capacitors will usually restore the PTO to operation.' 

the new product detector 
Once the 51J has been aligned and is operational, 

the ssb modification may be added. The circuitry to 

FROM 
D E T E C T O R  

V l l O A  
P I N  6 

0 N  

A V C  A N D  B I A S  
T O  G R I D  R E T U R N  

OF V I O I .  V 1 0 7  * 

POWER 
TRANSFORMER 

T I 0 8  
R 1 6 4  

fig. 1. Agc and bias control portion of the 51J receiver. R149 
establishes control-bias level. For a negative control vol- 
tage VllOB and V l l l A  operate below ground. Agc time 
constant is determined by R144 and C250B. External cath- 
ode-to-grid circuit ( V l l l A )  should be below 2 megohms 
after modification to prevent stray "gas current" in the 
12AU7 from blocking the agc action. Audio amplifier bias 
is obtained from the negative source across R166. 

fig. 2. Original 51J BFO circuit. A 6BE6 tube is substituted 
for the original 6BA6 (V114) to  provide a product detector. 
Tube is turned off by switch S112, which short circuits the 
screen voltage to ground. (See reference 2 for more details 
on the tube substitution.) 

be modified is shown in figs. 2, 3, and 4. The major 
alteration is in the beat-frequency oscillator (fig. 2), 
which is changed to perform as a product detector. 
To make this change, the receiver panel may have to 
be removed, as a new beat oscillator switch (S112) 
may be required. A 6BE6" is substituted for the 6BA6 
BFO tube, and various circuit changes are made 
beneath the chassis. The final circuitry, after 
modification, is shown in fig. 4. 

The first step is to start work on the BFO tube 
socket (XV114). Most Collins 51Js are wired with 
high-quality wire having a thin plastic coating, which 
can be easily damaged by a soldering iron. I suggest, 
therefore, that you use a small iron with a long, nar- 
row point and proceed carefully so that you don't in- 
advertently burn any insulation on adjacent wires. 
Referring to  f ig .  2, remove the following com- 
ponents: R161 (33k), R160 (look), R162 (2.2k), C218 
(0.01 IF) and C219 (0.01 IF). 

Next, capacitor C206 (5 pF) must be carefully 
disconnected from XV114 pin 5 and reconnected to 
pin 7. A IOk, 112-watt resistor is then connected be- 
tween pin 7 and the adjacent ground lug. XV114 pin 
2 is ungrounded and reconnected to  the BFO 
transformer pin 5 (center pin) through the 220-ohm 
resistor and 0.01 IF combination. 

The next step is to solder the 0.05-pF disc ceramic 
capacitors in place. One capacitor connects between 
pin 6 and the nearby socket ground post. The other, 
in the plate circuit, is attached to an existing terminal 
stud, which is screwed to the bolt holding the main 
filter capacitor socket. The 10k, 1-watt resistor is 
connected between the high-voltage terminal (pin 5 
of C217B socket) and the terminal stud. The 47k, 
112-watt resistor is placed between the stud and pin 
5 of socket XV114. 

'For additional information on the use of the 6BE6 product 
detector, see reference 2. 



The final modifications at this point are to place 
the 0.1 pF filament bypass capacitor on the socket TO P I N  3 

and revise the audio and agc circuitry. X V 1 1 2 A  
V l l C 2 0 . 9  

TO 

audio-stage mods R154 
lVOLUMEJ 

The remainder of the modified circuitry is shown in 
f ig. 4.  The plate circuit filter components ( two 470- 
pF capacitors and a 47k, 1 i2-wat t  resistor) are 
mounted on a two-terminal strip placed under one 
bolt of coaxial socket J104 (marked i f  output). The 
0.05 pF coupling capacitor is connected between this 
assembly and XV114 pin 5. 

+ " - - - - - - - - - - - - - - - - - _ - - J  1" 

The 51J panel must now be removed to get at 
selector switch S112 (BFO OFF-ON) (f ig. 5).  If not, X:K I M  

the switch will have to be replaced with the proper 6 J V  
T O  P I N  3 

r'--7 
v l l o B  .u$T T O  R!71  

type (dpdt). The A section shorts the 6BE6 screen 4 N D  X Y I I I A  

supply for am service. The B section switches the M O D I F I E D  C Z 0 5 B  1 0  T O  1 . 5 p F  
A  G C 0 . 1 p F  

audio section of the receiver from the product detec- C I R C U I T  

tor t o  the diode detector, through limiter tube 
V112A. The audio takeoff point is XV112A pin 3. 

?? 'O0' 

fig. 4. Revised product detector and agc circuit. Caps are 
To make the interconnections. three coax cables ceramic except for the time-constant cap, which is Mylar 

must be run from switch S112 to the rear of the 
receiver. For ease of wiring, the small-diameter RG- 
179lU is suggested. The outer braids of the three 
cables are grounded to the switch assembly on the 
panel. The cables are dressed into position and run to 
the respective termination points, at which place the 
shields are again grounded. 

agc mods 
To complete this step, capacitor C205A-B-C 

should be temporarily unbolted from the chassis and 
moved out of the way. 

The agc loop in the receiver is designed to adjust 
the rf and i-f gain automatically for a-m signals. It 
must be modified for ssb reception. Pappenfus et  a/J 
recommends an attack time of about 0.002 second 
and a release time of 0.2 to 2 seconds. This time con- 
stant can be closely approximated within the limita- 

(see text). BFO injection, measured at pin 1 XV114 socket, 
should not be more than 10V rms. Oscillator voltage can be 
set by varying the 22k. 2W screen resistor. Signal injection 
level is set by the value of the resistance between XV114 
pin 7 to ground. 

tions imposed by the 51 J circuitry. The agc circuit is 
shown in fig. 1. The agc time constant, as the 
receiver stands, is about 0.06 second, determined by 
capacitor C205B and resistor R144. 

It's theoretically possible to increase the time con- 
stant by increasing R144; however, there's an upper 
limit to the value of this resistance, as pointed out by 
my friend and colleague, W6P0, who reminded me 
that oxide cathode tubes such as the 12AU7 are 
restricted as to the maximum value of grid resis- 
tance, which should run less than two megohms. 

The reason for this restriction is that a combination 

fig. 3. Detector and i-f output amplifier schematic. VllOA is connected as a diode detector. Audio is recovered across R151. 
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of the Edison effect and the migration of oxide from 
the cathode to the grid as the tube ages can lead to 
grid emission. An electron flow caused by grid emis- 
sion (even if only a microampere or so) can seriously 
disrupt the bias level when the grid resistor is an 
unreasonably high value. One microampere, for ex- 
ample, flowing through a 2-megohm resistor pro- 
duces a 2-volt drop, enough to alter the operating 
characteristics of the 12AU7 agc amplifier tube. The 
flow of grid current can block the agc line, rendering 
the receiver inoperative. W6PO recommended that 
not more than 2 megohms, and preferably less, be 
used in the agc time constant circuit, 

To achieve the desired results capacitor C205B 
(0.1 pF), which is part of the timing circuit, must be 
increased to at least 1 pF. The use of a low leakage, 
Mylar capacitor at this point is recommended. The 
capacitor can be placed directly from the center ter- 
minal of C205B to an adjacent ground lug. The 
resistive portion of the timing circuit is made up of a 
germanium diode and two resistors. The attack time 
is set by the 2.2k, 112-watt resistor and the release 
time by the 1 megohm, 1 /2-watt resistor. The 1 N270 
diode disconnects the attack resistor during the 
discharge portion of the agc cycle. This tiny network 
is made up and then placed between pin 3 of socket 
XV11OB and the adjacent terminal of capacitor 
C205B (fig. 4) .  

testing 
After the wiring is checked, the receiver should be 

tested on a-m to  make sure that all original circuits 
are working. When the BFO switch is turned on, the 
BFO may be adjusted for good ssb reception. Once 
satisfied the receiver is working properly, you can 
check out ssb operation. 

The first step is to check for BFO harmonics. With 
the antenna off, tune the receiver to 1 MHz, 1.5 
MHz, and 2 MHz. The BFO harmonics should be 
heard weakly at the lower frequency and should be in 
the receiver noise level above 3 MHz. If the har- 
monics are loud enough to be troublesome, the BFO 
level should be reduced by increasing the value of the 
22k, 2-watt screen resistor on the 6BE6. Once the 
BFO harmonics have been reduced to your satisfac- 
tion (about 2 or less divisions on the S meter at 2 
MHz), you can check the product detector for signal 
overload. 

With the constants shown, the signal from the 
product detector will be somewhat less than that 
from the a-m detector. The receiver has ample audio 
gain, so this presents no difficulty. You should be 
able to tune in a needle-banging ssb signal and 
receive it crisp and clean. If audio distortion shows 
up as a growl on speech, this indicates that the pro- 
duct detector is being driven too hard by the i-f 
signal. The remedy is to reduce the value of the 10k, 

112-watt resistor in the rf input leg of the 6BE6 
XV114 pin 7. In some cases, this resistor value will be 
as low as 1.2k for low intermodulation distortion. 

The 51J receivers vary a bit from one production 
run to another, and changes in harness layout affect 
the oscillator level injection, oscillator harmonics, 
and intermodulation distortion. However, the values 
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fig. 5. Many 51Js can be wired in this fashion for proper 
switching. If S112 and S116 are single-pole switches, they 
must be replaced with double-pole, 2-position, shorting 
switches. Note that section B of S116 is used only as a tie 
point for C209. 

given in the schematic are representative and are a 
good place to start from. 

parting thoughts 
One baffling 51J receiver, after modification, 

overloaded on even the weakest ssb signal. A 
painstaking check revealed that some previous 
owner, anxious of wringing every decibel of gain out 
of the receiver, had changed the detector tap on 
transformer TI05 from pin 6 to pin 4 (fig. 3).  This 
upset the gain level of the receiver so that overload 
was inevitable. Changing the modification back to 
the original circuitry cured the trouble. 

The modified 51J, especially if equipped wi th 
mechanical filters and a reduction tuning knob, is the 
equal of the best of today's ssb receivers. How many 
items of equipment, designed in the mid-1950s can 
equal that? 

references 
1. William I. Orr, W6SAI. "Collins 51J PTO Restoration," ham 
radio, December, 1969, page 36. 
2. Lee, "The Single-Tube Pocket Detector," CQ, April, 1961, and 
Scherer, "More on Updated Improvements for  the 51J 
Receivers," CQ, December, 1968. 
3. Pappenfus, Bruene, and Schoenike, Single Sideband Principles 
and Circuits, McGraw-Hill Book Company, New York, 1964. 
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I discrete 
operational amplifier 

active filters 

The functions of 
the hybrid active filter 

can be replaced 
by using individual 

operational amplifiers - 
the quad 

now permits a 
package-by-package 

replacement 

Two recent excellent articles have described the 
construction of active filter circuits for CW and ssb 
receiving applications, using the Kinetic Technology 
type FX-60 hybrid, integrated circuit.l.2 As men- 
tioned in K6SDX's article,2 the KT1 FX-60 "Univer- 
sal Active Filter" is a basic building block, incor- 
porating three micro-power op-amps with internal 
chip resistors and capacitors forming multi-loop 
negative feedback transfer functions. By the addi- 
t ion of external resistors and/or capacitors, the 
nominal center frequency may be changed, and the 
outputs modified to simulate a variety of classic filter 
characteristics. 

However, the FX-60 is not always easy to come by 
since it is a "cull" or production reject of the com- 
mercial series FS-60. The FS-60 rejects have one or 
more tolerances out of limits, but are perfectly ac- 

table 1. Comparison of multiple op amp integrated circuits. 

number of supply 
manufacturer type op amps voltage 

RCA CA3401E four single ( + ) 

Motorola MC3301P four single ( + ) 

National LM3900N four single ( + 
National LM-324 four single ( + 
RCA CA3060E three dual ( +  & - ) 
National LM148 four dual ( +  & - ) 
Note: The CA3401 E, MC3301P, and LM3900N are pin-for-pin compatible. 

ceptable for experimental and amateur applications; 
they carry the designation FX-60. The FX-60 is only 
available directly from the manufacturer, the supply 
is limited due to a small rejection rate, and the com- 
mercial grade FS-60, at a five times higher price, is 
proportionately less attractive for amateur projects. 

Fortunately, there are now a number of inexpen- 
sive, multiple op amp ICs which can be used to 
adequately simulate the basic functions of the FX-60. 
The multiple op amps can be substituted in most of 
the circuits for which the FX-60 is specified. A partial 
list of suitable ICs for this purpose is shown in  
table 1. 

Single supply voltage types require only a positive 
supply in the range of 5 to 25 volts, and have a built- 
in center-signal reference. Dual supply types more 
commonly require both a positive and negative vol- 
tage with respect to ground. Some may be found at 
bargain prices at surplus supply houses. 

While all of the ICs listed in table 1 are suitable 
for active filter applications, I chose the LM324 for 
further consideration. Though not  classified as 
"micropower," it has relatively low power drain 
(approximately 700 pA/amp), low internal noise 
(allowing use in low-level signal circuits), incorpo- 
rates four independent op amps, and requires only a 
single positive supply voltage. 

I basic universal 
active filter 

Fig. 1 illustrates the basic circuit of the FX-60 with 
its internal negative feedback loops, and connections 
for the DIP configuration (viewed from the bottom). 
The internal resistor and capacitors (RlAIR2A and 
CIAlC2A) set the nominal bandpass output center 
frequency of 230 Hz and also the cutoff frequency 
(fC) of the lowpass and highpass outputs. This fre- 
quency (230 Hz) can be increased by connecting ex- 
ternal shunt resistors, R1 B/R2B, across pins 1 and 2, 
and pins 10 and 12. The external resistors are always 
of equal value for a specific frequency above 230 Hz, 
and can be calculated from the formula 

R =  455 x 105 

f c 

where f, is the desired frequency above 230 Hz. If 

By Peter A. Lovelock, KGJM, 1330 California 
Avenue, Santa Monica, California 90403 
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R1 BlR2B are ganged variable units, the filter outputs 
can be made tunable. 

For nominal center frequencies below 230 Hz, ex- 
ternal capacitors ClBlC2B are connected across 
pins 2 and 12, and pins 7 and 10. These capacitors 
should also be of equal value to establish the desired 
center frequency below 230 Hz. In addition, the ex- 
ternal resistors can be used, in conjunction with the 
external capacitors, t o  tune the filter outputs above 
the reduced nominal frequency. 

External resistor R4, either fixed or variable, is con- 
nected between pin 8 and ground to trim the nominal 
Q and gain of the FX-60, in conjunction with R3, 
the external input resistor. Pin 14 is normally the 
signal input, with pin 6 used for special applications. 

The basic circuit of the FX-60, which is called the 
"Bi-Quad Active Filter," can be adequately dupli- 
cated, for amateur applications, with an LM324 as 
shown in fig. 2. Since the LM324 has pin connec- 
tions to  each of the four independent internal op 
amps, the frequency-determining resistors and 
capacitors are combined into single components, 
R l l R 2  and C l lC2.  The Q is varied by appropriate 
values of a single resistor R3; increasing the value of 
R3 increases Q and vice versa. Since width of the 
bandpass output is related to Q, R3 can be adjusted 
experimentally for the desired bandpass character- 
istic. 

ALTERWTE LO-PASS 
SIGNAL IN WTPUT 

? I P 
I tl I I 

lOOk I I 

k ki OUT .a'Aw BAND-MSS 

CI OUT 

@-EQUIVALENT F X- 6 0  PIN NUMBERS 

(WT-4 INPUTS-4 VEE INPUTS-3 OUT-3 

0 

OUT-I INPUTS - I VCC INPUTS-2 OUT-2 

fig. 2. A basic bi-quad active filter using the individual op 
amps of an LM324(A). The equivalent pin numbers of an 
FX-60 show the LM324 can be used to replace the hybrid ac- 
tive filter. B shows the pin outs for the LM324. 

Comparison of figs. 1 and 2 show how the latter 
circuit, using the LM324, can be substituted for the 
FX-60 in previous articles. If the same resistance1 
capacitance (100k and 0.001 /.LF) are used in  the 
LM324 circuit, the same approximate nominal center 
frequency of the FX-60 (230 Hz) will result. For direct 
substitution, the user may want t o  configure R3 in 
fig. 2 into the three resistor combination used i n  
fig. 1. 

In the Bi-Quad duplicated circuit, only three of the 
four available op amps are used. The fourth op amp 
may be used as an output amplifier in place of the 
741 device required in some circuits,2 or for summing 
the highpass and lowpass outputs. 

Fig. 3 shows the complete circuit of an active filter 
using the LM324, with appropriate biasing for a sin- 
gle supply voltage of + 5 to +25 Vdc. The R1 l R 2  
value (150k) establishes f, at 1000 Hz, and the value 
of R3 (10 meg) for a Q of 50. Values of R l l R 2  for 
other bandpass center and f, frequencies can be 
calculated from the formula 

fig. 1. The internal configuration of the KT1 FX-60 hybrid ac- 
tive filter. External resistors or capacitors can be added to 
either raise or lower the center frequency. 

The resistors should have a 1 per cent tolerance, but 
5 or 10 per cent tolerance may be used, with some 
variation in resultant f,. Variations of R1lR2, for 
values of C1 lC2  other than 0.001 pF, are beyond the 
scope of this article; in general, the bandpass and 
f, can be determined for values of RIC when R = X , .  
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fig. 4. Schematic diagram of a tunable active filter. The highpass and lowpass outputs have been summed in the fourth op amp 
to provide a notch output. The potentiometers must have a reverse log taper. 

A fully tunable active filter, covering the range of 
300 Hz to 3000 Hz is shown in fig. 4. In addition to 
the previous highpass, bandpass, and lowpass out- 
puts, the fourth op amp (U4) is used to sum the high- 
pass/lowpass outputs which, being 180 degrees out 
of phase, result in a tunable notch at the output of 
U4. The tuning potentiometers are ganged, reverse 
log taper, 500k carbon, 2 watt units. Although exact 
tracking between the potentiometers is not critical, 
high quality components are recommended to mini- 
mize noise and frequency jumps. A notch of -35 
dB can be attained using fixed components with 5 
per cent tolerance. This circuit is similar to that used 
for audio notching in the new Atlas 350-XL trans- 
ceiver, and is most useful for nulling out unwanted 
CW signals or broadcast hetrodynes in the 3.8 and 7 
MHz bands. The low internal noise of the LM324 
permits inserting this circuit between the product de- 
tector and first audio amplifier stages of a receiver. 

Resistor R3 establishes the Q for a notch width of 
200 Hz at the - 3 dB points. While the notch may be 

INWT * 

I HI-PASS 'Oak BAND-PASS I 
OUT OUT 

look O 
CI 0 

fig. 3. A practical fixed-frequency active filter using the 
LM324. The center frequency is 1 kHz, with a Qof 50. 

narrowed by increasing the value of R3, tuning for 
maximum notch depth becomes increasingly diffi- 
cult; 200 Hz is about optimum, for ease of adjust- 
ment. The notch output has unity gain with respect 
to the input signal, and any variations due to com- 
ponent tolerances can be adjusted for by trimming 
the value of the 100k resistor between pins 13 and 14 
of U4. 

This tunable active filter is generally useful for 
amateur receiver applications since the choice of 
high, low, bandpass, or notch outputs may be 
switched. It should be noted, however, that the 
highpass, lowpass, and bandpass outputs have gain 
with respect to the input. A resistive attenuator 
(minimum 1 megohm) coupled through a 0.1 pF 
capacitor to each of these outputs, is required to ad- 
just the levels for unity gain. 

An alternate, fixed-frequency notch filter, using 
only three op amps, is shown in fig. 5. Other than re- 
duction of components, this circuit has no inherent 
advantage, but lends itself to triple op amp ICs. 
Not easily adaptable to tuning, this circuit is useful 
for discrete frequency notching. 

general considerations 
Reasonable care must be taken when laying out 

any circuit that uses multiple outputs and feedback 
loops. The LM324 is particularly well suited to mini- 
mizing stray coupling, since the output terminal of 
each op amp is located at the four corners of the DIP 
IC. Stray coupling between the input and output of 
the separate op amps must be avoided to prevent in- 
stability or performance degradation. This is particu- 
larly important in the notch filter circuits where stray 
coupling may limit the attainable notch depth. 

If you wish to use one of the suggested devices 
other than the LM324, for a filter, I recommend that 
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f ig. 5. A fixed frequency notch circuit can be formed by 
using three sections of an LM324. This arrangement does 
not lend itself wel l  t o  adjustable notch frequencies. The 
center frequency for this circuit is 3 kHz.  

you consult the manufacturer's specifications re- 
garding supply voltages. For single-supply voltage 
types, the biasing requirements can be uniquely 

0 Hi-PASS 0 BANO-PASS ,, 
4-1 Our 33OpF OUT 

/OM 

fig. 6. A basic fixed frequency active filter that uses the 
compatible CA3401E. MC3301P. and LM3900N. The center 
frequency is 1 kHz. The 1 megohm resistor i n  the non- 
inverting lead is used t o  l imi t  the input current. 

different. As an example, fig. 6 shows a fixed fre- 
quency filter using the CA3401E, MC3301P, or 
LM3900. These pin-compatible devices employ an 
internal "current mirror" transistor for the single 
polarity supply. Compared with the previous circuits, 
you can see that these devices require a different 
biasing arrangement, including high-value series 
resistors for the non-inverting inputs to limit bias 
current to between 10 and 100 PA. 

references 
1. Ken Hollady, KGHCP, "Tunable Audio Filter for Weak-signal Communi- 
cat~ons," ham radio, November, 1975, page 28. 
2. M. A. Chapman, KGSDZ, "Audio Filters for Improving SSB and CW Re- 
ception," ham rad~o, November, 1976, page 18. 
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high voltage fuses in not directly grounded. The ground 

linear amplifiers path goes through both the grid and 
plate meters. If capacitor C2 shorts 

The addition of two short pieces of 
wire to many linear amplifiers will pro- 
tect expensive components from 
damage in case of an arc-over or 
short in the high voltage circuit. Most 
high-voltage power supplies are 
fused in the primary circuit only, and 
a failure in the amplifier can destroy 
the rectifier string, grid, and plate 
current meters long before the 
primary fuse can open. 

The partial circuit shown in fig. 1 is 
a typical grounded-grid amplifier with 
the plate meter in the negative lead of 
the power supply. Note that the 
negative side of the power supply is 

out, the short circuit current will go 
through both meters and, if the filter 
capacitor, C1, is large, this current 
can have an instantaneous peak of 
hundreds of amperes. Such a failure 
will surely destroy the meters and will 
very likely destroy the rectifier string. 
The meter coils will be vaporized and, 
if the meters are sealed, the glass 
faceplates may blow out. 

The solution is to add high voltage 
fuses F1 and F2. Each fuse consists 
of a short piece of no. 40 AWG 
(0.08mm) copper wire, This wire has 
a fusing current of 1.75 amperes, 
high enough that it should never 

AMPLIFIER I POWER SUPPLY 

fig. 1. High-voltage fuse circuit for linear amplifier power supplies. Care should be exer- 
cised during the installation of the two fuses, F1 and F2. F1 is in the actual high voltage 
path. 

open up  under normal circum- 
stances, but low enough that it will 
blow in a hurry should a short or arc- 
over occur. Low voltage glass fuses 
must not be substituted in this appli- 
cation; they will explode when the in- 
ternal element vaporizes. They'll also 
take longer to open up fully as the va- 
porized element will sustain an arc 
until the glass breaks and allows it to 
dissipate. This delay, while probably 
no more than a few milliseconds, 
may be long enough to damage the 
meters. 

If resistors R 1  and R2 are not pre- 
sent, they should also be added. 
Their purpose is to keep the negative 
lead of the power supply from going 
to a high negative potential with 
respect to ground should either of the 
meters or F2 open. They have no ef- 
fect on normal circuit operation since 
they are in parallel with the meters, 
whose resistance is a fraction of 
an ohm. 

In my homebrew 4-1000A linear, 
these fuse wires have blown twice 
due to arc-overs in the amplifier. On 
both occasions, they prevented 
damage to  the power supply and 
meters, responding fast enough that 
the primary fuses did not blow at all. 
In seven years of heavy use, they 
have never failed during normal 
operation. I call that cheap insurance. 

John Becker, K9MM 
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SCR AND RELAY 

N E 5 6 7  
TONE DECODER 

'CALL BUTTON' 

MPFIOZ 

TONE OUT 
TO MIC 

fig. 2. Schematic diagram of the source integratedmcircuit 
follower connecting the NE567 decoder 
and the transmitter. The tone is available, ~ ~ c i l l a t o r  
for the transmitter, when the CALL button Many keyer circuits have appeared 
is pushed. i n  amateur rad io  publ icat ions 

(W7BBX, ham radio, April, 1976; 

dual-f unction 
integrated circuit 

The article "private-call system for 
vhf frn," ham radio, September, 
1977, required a separate tone oscil- 
lator be used by the initiating station. 
In reality, the NE567 tone decoder is 
actually already oscillating at the re- 
quired frequency. Fig. 2 shows a 
method of using this IC for both origi- 
nating the tone, and decoding it upon 
reception. 

Cal Sondgeroth, W9ZTK 

WA5KPG, QST, January, 1976). 
Most use transistors for the oscillator 
or clock. When using ICs for the 
keyer, why not go all the way? A 
keyed IC oscillator is shown in fig. 3. 
The clock will start when the key is 
closed and can be held until the dot, 
dash, or space is completed. The 
trick is to use a 74L04. If you use a 
regular TTL IC, you will get micro- 
second pulses, instead of milli- 
second. Diodes CR1 and CR2 pre- 
vent the first pulse from being dif- 
ferent than the next; the 250pF 

OR CIRCUIT 

INPUTS FROM 
KEY CIRCUITS 
AND HOLD 3 U2A CLOCK LATCH ON 

4 3 h  KEYER 

fig. 3. Schematic diagram of the keyer oscillator. U1 is an SN7400, while U2 is an SN74L04. 
The diodes on the input of U2A form an OR gate that controls the oscillator. These inputs 
can be used to keep the oscillator running, providing the self-completing feature. The 
time constant, as determined by C1 and R1, is 4 mS; this is the width of the clock pulse. 
The values for C2, R2, and R3 give a pulse repetition time of 50 to 95 mS, which equates to 
approximately 12 to 24 words per minute. For higher speeds, C2 and R2 can be reduced. 

capacitor on the output is necessary 
to prevent noise spikes from falsely 
triggering the keyer circuits. 

J. T. Miller, WBGVZW 

wire-wou nd 
potentiometer repair 

Exact replacement units for those 
expensive wire-wound pots are often 
difficult to find. This factor makes 
repair of the defective control at- 
tractive. 

The winding is repaired by bridging 
the opening with a small strip of thin- 

METAL STRIP -' /-- OPEN WINDING 

fig. 4. The open winding of a wire-wound 
potentiometer can be repaired by inserting 
a small metal strip between the winding 
and the outer insulation. 

sheet metal as shown in fig. 4. One 
possible material is the metal from a 
tin can. Cut the strip slightly shorter 
than the element width, and wider 
than the break in the winding. Curve 
the metal strip to conform with the 
shape of the resistance element. 

With power off, remove the rear 
cover to expose the wire resistance 
element. The opening in the winding 
is often evident by discoloration from 
overheating. Otherwise, it may be 
located by activating the equipment 
and adjusting the control knob to the 
setting where abnormal noise or 
other faulty performance occurs. The 
defect is now located directly under 
the movable wiper contact. Near the 
break, gently pry the resistance ele- 
ment away from the outer insulation 
using a thin screwdriver or knife 
point. This will permit starting the 
bridging strip into the opening. Now, 
press the strip behind the resistance 
element so that it does not interfere 
with free operation of the slider, or 
cover replacement. 

Gene Brizendine, W4ATE 
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How time flies . . . it doesn't seem possible that it has been ten years since I put the final touches on the 
first issue of ham radio and sent it off to the printer. If you recall that very first issue, you'll remember that 
the cover featured a five-band ssb exciter designed by K1UKX. I t  was an all vacuum-tube layout, but ten 
years ago few hams were thinking in terms of solid-state station equipment, and the K1 UKX exciter was as 
up to date as anything then in print. 

To commemorate our tenth anniversary we're featuring a fully-synthesized high-frequency transceiver 
that reflects the current state of the art. A comparison of these two rigs graphically demonstrates the 
tremendous technological advances that have been made in the past few years. In 1968 there were a few 
rf small-signal transistors on the market, but practically none for rf power, and low-cost MOSFETs and in- 
tegrated circuits were still a few years away. Less than half the active amateurs were still using a-m, but it 
was far from being a thing of the past, and the boom in portable vhf-fm equipment and repeaters was still 
far in the future. How things have changed! 

You can still hear a few a-m stations on 75 and 160 (and a few on the vhf bands), but nearly everybody 
is now on sideband. In 1968 transceivers were starting to become popular but separate receivers and trans- 
mitters were still in widespread use. There were a few pioneers operating converted commercial f m  gear 
on two meters but there were, perhaps, only a dozen repeaters in the entire country! Today there are hun- 
dreds of two-meter repeaters and the vhf wastelands of the late 1960s are crowded with signals. 

Amateur radio in 1968 was attracting so few new members it was barely holding its own - in recent 
months it has shown more growth than ever in its history. Some oldtimers complain about the interference 
that comes with a larger amateur population, but only through larger numbers can we hope to attract the 
attention of manufacturers who will build equipment that incorporates the latest technological advances. 
Economics being what they are, you can't have one without the other - manufacturers aren't going to 
spend money developing state-of-art equipment for a dwindling number of consumers. 

As amateur radio has changed during the past decade, so has ham radio. Although we weren't always 
the first to present the latest advancement in amateur radio state of the art, more often than not you read 
about it first in the pages of ham radio. As you read through this special 10th anniversary issue, you'll no- 
tice that we have reprinted a few articles from past issues which have long-term amateur interest. Those 
issues are long out of print, but since we receive so many requests for these particular articles, we thought 
it would be appropriate to reprint them for the benefit of readers who don't have a complete library of back 
Issues. 

Amateur radio, by its nature, is a very diversified hobby. Each ham follows his own special interests 
whether it's home construction, vhf-fm, RTTY, moonbounce, slow-scan television, or any of a multitude 
of others. If you don't see a technical or construction article that covers your particular plane of interest, 
it's because no one has taken the time to write it. If you have some ideas for station accessories or other 
amateur equipment that you think others would be interested in, I'd like to hear about it; even if you don't 
have the time to develop the project yourself, perhaps I can plant the idea with an author who will bring it 
to  fruition. 

To paraphrase the closing paragraph of my editorial in the first edition of ham radio, we will not stand on 
our laurels, nor will we stand still. We will always be looking for ways to improve because amateur radio is 
a dynamic hobby, always on the move. As the equipment, techniques, and challenges of amateur radio 
change, so will we. We'll constantly try to make ham radio more useful to you as well as more interesting 
and stimulating. We will never become complacent - we will always try to make ham radio better. I t  has 
always been our goal to keep our readers informed of advances in electronic technology, and we will con- 
tinue to do so in the future, but we will also make a bigger effort to present more simple projects that you 
can duplicate in your home workshop. Viewed from here, that's a bigger challenge for the decade ahead 
than it was for the decade past. 

Jim Fisk, WIHR 
editor-in-chief 
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general-coverage 
high-frequency transceiver 

with digital readout 

Design of a 
ssblCW transceiver with 
exceptional performance 

which features 
synthesized 

frequency control 
from 1.5 to 30 MHz 

i The high-performance ssb/CW transceiver de- 
scribed in this article is unusual in that it provides 
coverage of the entire high-frequency spectrum from 
1.5 to 30 MHz. Although the present amateur bands 
represent only about 12 per cent of this spectrum 
space, amateur activities such as MARS require addi- 
tional frequency coverage. In addition, it's uncertain 
whether the amateur bands in the 1980s will be the 
same as they are now, or whether they will be ex- 
panded or reduced. Regardless of the outcome of 
the World Administrative Radio Conference of 1979, 
this transceiver will provide exceptional performance 
on any of the high-frequency amateur bands - both 
now and in the future. 

In addition to its unusually wide frequency cover- 
age, this transceiver includes features which are not 
available in commercial amateur equipment such as 
the built-in antenna tuner and ac power supply, nicad 
battery pack, and charger. The transceiver is com- 
pletely portable and is equivalent to the latest military 

By Ulrich L. Rohde, DJ2LR, 52 Hillcrest Drive, 
Upper Saddle River, New Jersey 07458 
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table 1. Operating specifications for the general-coverage high-frequency transceiver. 

Frequency range 1.5 to 30 MHz transmitter 
Frequency accuracy 100 Hz 
Operating modes CW and ssb 

receiver 

Sensitivity 
Image suppression 
I-f feedthrough 
Intermodulation distortion 

I-f bandwidths 
I-f shape factor 
First I-f 
Second i-f 
AGC operation 

AGC characteristics 

0.3 pV for 10 dB S + N/N 
greater than 80 dB 
greater than 80 dB 
2nd order: better than 65 dB (in- 
dependent of level) 
3rd order: better than 60 dB (2 
times 0 dBm input level) 
500 Hz and 2.3 kHz 
1 :2 (CW); 1:1.7 (ssbl 
41 MHz 
9 MHz 
Response: 2 milliseconds 
Attack time: 0.75 second 
Hold time: 100 ms decay 
Threshold: 0.2 pV 
Less than 6 dB audio change for rf 
inputs 0.2 pV to 1 volt 

manpack designs such as the Hughes Aircraft 
PRC104, Tadiran PRC174, or AEG-Telefunken 
S6861. A complete list of specifications is shown in 
table 1; a block diagram of the transceiver is shown 
in fig. 1. 

general description 
In the receive mode the signal from the antenna is 

fed into the receiver through the antenna tuner, di- 

Output power 20 watts 
3rd order IMD - 33 dB with respect to PEP output 
Harmonic radiation - 65 dB 
Non-harmonic spurious - 70 dB 
Other features RF speech processing and ALC 

Built-in antenna tuner matches 12 
to 200 ohms at all phase angles 
Split frequency operation, any 
separation 
Built-in power supply and nicad 
battery pack 

digital synthesizer 

Increments 1 kHz (100 Hz resolution with 
VCXO) 

Switching speed 6 milliseconds 
Synthesizer control thumbwheel switch or optical shaft 

encoder 
Memory for independent transmitlreceive 

frequencies 

rectional coupler, and filters to the PIN diode attenu- 
ator. There are a total of seven towpass filters and 
three highpass filters - the correct filter is selected 
by digital logic which is controlled by the frequency 
synthesizer. From the PIN diode attenuator the input 
signal passes through a 32-MHz lowpass filter to a 
high-level SRA3H double-balanced mixer ( + 17 dBm 
local oscillator drive). The 41 -MHz output signal from 
the mixer is amplified 10 dB in a push-pull amplifier 

3 UlGh' PASS 
FILTERS OPTIONAL 

fig. 1. Block diagram of the high-frequency transceiver. The unit  features a frequency synthesizer w i t h  memory. and built-in 
power supply and antenna tuner. Complete specifications are listed in  table I .  
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fig. 3. Photograph of the ALC board showing the directional 
coupler (lower right! and the poten?iome?er zdjustments. 

which uses two CP643 power fets. The push-pull am- 
plifier provides an ideal wideband termination for the 
double-balanced mixer and compensates for losses 
through the following 41-MHz crystal filter; the crys- 
tal filter has a 3.5 kHz bandwidth with a shape factor 
of 1 :2 (6 to 60 dB). The very low noise cascode am- 
plifier following the crystal filter provides low noise 
and proper filter termination. 

The amplified 41-MHz signal is down converted to 
9 MHz with an SRAl double-balanced mixer. An  at- 

tenuator between the cascode amplifier and mixer is 
adjusted for as little gain as necessary to maintain 
good overload performance. The output of the dou- 
ble-balanced mixer drives one of three crystal filters 
through a diplexer. The 9-MHz i-f amplifier has 60 dB 
gain and drives an active double-balanced mixer for 
CWIssb operation. 

The agc is provided by an audio age generator, 
The audio power stage produces 2 watts of output 
power. For CW operation an active audio filter is 
available for greater selectivity and improved signal- 
to-noise ratio. 

Transmitting mode. In the transmitting mode a dy- 
namic microphone with 200 ohms impedance is re- 
quired to drive the dynamic speech compressor. The 
compressor provides constant output level into the 
double-balanced mixer which produces the double- 
sideband signal. This signal is amplified by a 2N918 
stage before being converted into ssb by one of two 
crystal filters. A dc offset is used to produce the CW 
carrier signal. 

At the output of the 9-MHz crystal filter the ssb 
signal is up converted to 41 MHz in the SRAl double- 
balanced mixer and amplified in a two-stage amplifi- 
er. The 41-MHz signal is fed through a crystal filter, 
and by proper selection of the ALC attackldecay 
time rf speech processing is accomplished; the har- 

FROM 

2 W / 2 0 W  

fig. 2. Schematic diagram of the ALC board which includes the directional coupler. In the tune position the rf power amplifier 
provides a constant two watts output for antenna tuning. 
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monics and spurious sidebands generated by the 
processing are kept under control by the 41-MHz 
crystal filter. 

Following the 32-MHz lowpass filter the transmit 
signal is amplified to 20 milliwatts to drive the push- 
pull 20-watt rf power amplifier. The synthesizer auto- 
matically selects the proper lowpass filter (one out of 
seven) and the rf power is fed through the directional 
coupler and antenna tuning unit to the antenna. 

CW operation. In CW operation the I-kHz signal 
which is required as a reference for the synthesizer 
(derived from the 9-MHz temperature-compensated 
crystal oscillator [TCXOI) is converted into a 1 kHz 
sine wave and fed into the audio amplifier as a side- 
tone. A dc voltage is used to offset the double- 
balanced mixer to generate the 9-MHz carrier (de- fig. 5. Rf input board showing the double-balanced mixer to 

rived f rom the 9-MHz TCXO) which is passed the right and the lowpass filter for the synthesizer signal 

through the 9-MHz crystal CW filter. The rest of the 
along the top edge of the board. 

CW signal processing is identical to that used for 
single sideband. been previously describedl,* and will provide a good 

circuit description 
match to a 6-meter (20 foot) whip at 1.25 MHz. The 
tapped inductors in the tuner are built with ferrite ~ o t  . . 

The quasi-continuous antenna tuning unit has cores with an air gap; the tuning capacitors are sub- 

fig. 4. Schematic of the rf board with the input highpass-lowpass filter, PIN diode attenuator, and high-level transmit-receive 
mixer. The SL611 and 2N5109 at top center amplify the transmit signal. 
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miniature mica units which are switch selected from resistor, 100-ohm adjustable resistor, and the 0.22 pH 
the front panel (knobs labelled L and C in the photo- inductor are for frequency compensation. 
graph of the transceiver). A t  the input of the antenna As was mentioned in the general description of the 
tuner is a 4 : l  transformer which uses two 50-ohm transceiver, the bank of seven lowpass filters is ad- 
coaxial cables wound on a 2.5cm ( 1  inch) ferrite dressed by the frequency synthesizer; the proper fil- 
toroid (TC9 material from Indiana General). ter is selected by miniature relays packaged in TO5 

A schematic of the ALC board is shown in fig. 2. cans made by Teledyne (winding information for the 
This board also includes the directional coupler and lowpass filters is available upon request from ham 
speech processor level adjustments. A photograph radio). 
of the completed board is shown in fig. 3. Several A set of optional highpass input filters is recom- 
new principles are used in this circuit; the voltages mended to improve the second-order intermodula- 
generated by forward arid reflected power are com- tion distortion products (e.g., 8 MHz + 6 MHz = 14 
bined and used for two purposes: MHz, 8 MHz-  6 MHz - 2  MHz). One highpass filter 

has a cutoff frequency of 7 MHz while the other has a 

1. Forvvard power peaks generate the ALC action. 
cutoff at 10 MHz. When listening to the amateur 20- 

The first 741 IC in the circuit acts as a threshold am- 
meter band at night, the combination of 8 MHz+6  

plifier while the second 741 is connected as a Miller 
MHz is totally suppressed by the second highpass fil- 

integrator with fast attack and slow decay time. This 
ter; when listening to the 7-MHz band the combina- 

is an ideal circuit for rf speech processing (clipping 
tion of 3.5 MHz +3.5 MHz is suppressed by the first 

with a duration of a few milliseconds). 
highpass filter. 

At frequencies below 7 MHz no additional high- 
pass filter is required because the receiver input is 

2. This circuit also detects reflected power and pro- provided with a 1.5 MHz highpass filter which is in 
tects the power amplifier stage at full output while the circuit at all times and eliminates problems with 
generating a constant output power of 2 watts in the 
tune position for optimum adjustment of the antenna 

f12V 

tuning unit. The series combination of the 120-ohm CW 

$? IN-OUT 

TELEDYNE 
7320-12 

BOTTOM VIEW 

fig. 6. 41-MHz i-f and crystal-filter board. The overall gain of this stage is approximately 2 dB in the receive mode. The 9-MHz 
crystal filters are selected by miniature Teledyne relays which are housed in TO5 cans. 
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fig. 8. Schematic of the 9-MHz i-f and agc board. At  the top are the t w o  SL612 i -f  amplifier stages, followed by the SL640 product 
detector, 741 audio preamp, and LM380 audio power amplifier. The circuit on the bottom generates the agc; see text for agc op- 
eration. 

strong broadcast stations (this filter can be retuned in fig. 4; a photograph of the input section circuit 
to  1.6 MHz if local conditions require it). board is shown in fig. 5. 1 have previously described 

many of the performance filters in this circuit (see 
receiver input references 3 and 4). Following 1.51 1.6-MHz highpass 

A schematic of the receiver input section is shown filter the received signal passes through a three PIN 
diode attenuator which has almost constant input 

fig. 7. 41-MHz i -f  and crystal-filter board. The 41-MHz crys- 
tal  filter, and the t w o  9-MHz sideband filters, were specially 
made for the author by Toyocom in Japan. The 9-MHz CW 

and output impedance. The agc voltage derived from 
the audio agc generator feeds the dc amplifier for the 
PIN diode attenuator. The 100k resistor permits ad- 
justment of the agc level which should be set for a 3 
to 5 pV input signal. The available agc range 
is 60 dB. 

The 32-MHz lowpass filter and the high-level 
double-balanced mixer following the attenuator are 
used in both the receive and transmit modes. In the 
transmit mode the 41-MHz input signal from the 
crystal filter is converted to the desired operating fre- 
quency in the high-level double-balanced mixer. The 
series combination of the 47-ohm resistor and the 
6.8-pF capacitor provides adequate termination for 
the mixer in the transmit mode to keep the third- 
order IMD products below the distortion level of the 
output rf amplifier; the 32-MHz lowpass filter elimi- 

fi lter is the latest design f rom KVG in West Germany. nates all unwanted harmonics. 
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fig. 10. Photograph of the 50-MHz VCXO. mode the signal from the 41-MHz crystal filter passes 
through a 1 :4 step-up transformer which provides 

In the receive mode the push-pull fet amplifier pro- the necessary termination for the filter. The fet cas- 
vides the necessary wideband termination for the code circuit is a very low noise, unconditionally 
mixer and amplifies the received signal by about stable amplifier which feeds the S R A I  double- 
10 dB. In the transmit mode this circuit is bypassed balanced mixer. The +7  dBm oscillator injection re- 
by switching diodes. quired by the mixer is provided by the TCXO. 

fig. 9. Schematic of thevoltage-controlled crystal oscillator or VCXO. This circuit provides outputs in 100 Hz incre- 
ments from 50.000 to 50.009 MHz, is stable and trouble free. 

18 march 1978 



fig. 11. Schematic of the 41 to 71 M H z  frequency synthesizer used in the general-coverage ssb/CW transceiver. Three VCOs are 
required: 41-50 M H z ,  50-60 M H z ,  and 70-71 M H z .  Input is either from thumbwheel switches or an optical shaft encoder. 
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fig. 12. Photograph of the 41 to 71 MHz frequency synthe- 
sizer. 

In the transmit mode the 9-MHz signal is filtered 
through one of three crystal filters, converted to 41 
MHz by the SRA1 double-balanced mixer, amplified 
by the SL611 and 2N918, and passed on to the 41- 
MHz crystal filter. The 9-MHz crystal filters are 
selected by an arrangement of two miniature relays. 

The 41-MHz crystal filter, and the two 9-MHz ssb 
filters, were made especially for me by Toyocom in 
Japan; the 9-MHz CW filter is the latest design from 
KVG in West Germany. 

9-MHz i-f 
The circuit of the main i-f/agc board is shown in 

fig. 8; a photograph of the unit is shown in fig. 9, In 
the receive mode the 9-MHz i-f input signal from the 
crystal filters is amplified by two Plessey SL612 i-f 
amplifier ICs and detected in the SL640 active pro- 
duct detector. The bfo signal is derived from the fre- 
quency synthesizer. At the output of the product de- 
tector the audio signal is amplified by the 741 opera- 
tional amplifier and LM380 audio power amplifier. 
The audio signal from the product detector is also fed 
through the agc section (lower part of the schema- 
tic), amplified, and split into two channels. The 
2N2907 at the output of the upper 741 amplifier is an 
audio detector; the following 2N2222 is a dc amplifier 
which charges the 1 pF capacitor. 

The audio at the output of the lower 741 amplifier 

SHAFT TACH 7-SECOND 
REGULATOR VOLTAGE TRANSLATOR DISPLAY TIMER 

KEY 

2 1 2 2 2 2  
TIMER OUT TO-  

FRONT PANEL SWITCH 

T/R CONTROL FOR 
CW OPERATION 

CARRIER 
8ALANCE 

_f--~~i5. 6v 

S 

.SET AT ZERO, 
AT TURN-ON 

CMOS INPUT PROTECTON CIRCUITS 

20 march 1978 



is also detected and provides a negative voltage 
through the 2N4416 fet. The combination of the 0.1 
pF capacitor and the 6.8 megohm resistor determines 
the agc hold time, while the 100k resistor in the drain 
circuit of the 2N4416, and the 1 pF capacitor, set the 
decay time. The 3N169 source follower provides the 
agc for the two SL612 i-f amplifiers and the PIN 
diode attenuator. (For more information on the oper- 
ation of the various stages, see reference 5,) 

In the transmit mode the audio from the micro- 
phone is fed into the SL622 which acts as a dynamic 
speech compressor and drives the SL640 double-bal- 
anced mixer IC. The 2N918 amplifier provides the 
necessary rf signal level for the up-conversion follow- 
in4 the 9-MHz crvstal filters. 

crystal oscillator 
Fig. 10 shows the schematic of the voltage-con- 

trolled crystal oscillator (VCXO) used in the trans- 
ceiver; a photograph of the unit is shown in fig. 11. 
While analyzing frequency synthesis circuits for the 
transceiver, it was determined that it was not feasible 
to build a single-loop 100-Hz synthesizer because of 

CMOS 

410 
910 

FILTER SELECT O U T P U T S  
TO LOWPASS FILTER BOARD 

fig. 13. Schematic of the main dc control board. Included 
are the automatic lowpass filter selection circuits, right; 
transmit-receive control for CW operation, left; a 12 Vdc 
regulator; and 7-second display timer (see text). 

fig. 14. Photograph of the 9-MHz i-f and agc board. The agc 
circuitry is to the right, the i-f amplifier to the left. 

the lack of loop gain. To do this would have required 
the use of very expensive diodes and coarse steering 
or presetting of the VCO to build a stable and low 
noise loop. Since this could not be done economi- 
cally, the last digit (100 Hz) is achieved by pulling a 
50-MHz crystal by the relatively small amount of 900 
Hz, in 100-Hz increments from 50.0009 MHz down to 
50.0000 MHz. The overall frequency stability of the 
transceiver is determined by this circuit, so the tem- 
perature coefficient of the 22 pF and 39 pF capacitors 
in the 2N918 oscillator circuit must be very carefully 
chosen. Since each crystal may require a different 
temperature coefficient capacitor for compensation, 
this is best determined by experiment. 

To properly adjust the ten potentiometers in the 
VCXO requires the use of a good frequency counter. 
First enter 9 in BCD code at the input and set the 
0.7 pH inductor and 100k potentiometer so the out- 
put is at 50.0009 MHz. Then enter 8 in BCD code and 
adjust the appropriate 100k pot for 50.0008 MHz. 
Continue in this fashion until all ten potentiometers 
have been set. If you run out of pulling range with 
the potentiometers, increase the size of the inductor 
and try again. Other than the adjustment procedure, 
which should give no problems if you use a counter, 
this oscillator is very simple and well behaved. 

frequency synthesizer 
The single-loop frequency synthesizer shown in  

fig. 12 covers the range from 41 to  71 MHz in 1 kHz 
increments; a photograph of the synthesizer board is 
shown in fig. 13. Three VCOs are used in this circuit, 
each covering 10 MHz. The output from the VCOs is 
fed into a high isolation amplifier and two indepen- 
dent drivers. One driver feeds the 2N5109 amplifier 
on the receiver board (fig. 4), while the other amplifi- 
er drives the SP8690B swallow counter which is used 
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fig. 16.20-watt rf power stage; the input is to the left, output 
to the right. 

with the 74LS20 and 74LS90 to form the 100/101 
synchronous counter. A more complete description 
of synthesizer operation, and the CD4046E phase 
detector, is contained in references 6 and 7. 

A schematic of the 9-MHz reference oscillator is 
not shown; the TCXO I used in the transceiver was 
manufactured by McCoy." The output of the TCXO 
feeds a divider chain which delivers the 1 kHz 
reference; the output of the TCXO is also used as the 
bfo. For CW reception a 9.001 MHz bfo signal is re- 
quired; this is provided by a separate crystal oscillator 
circuit. 

rf power amplifier 
The 20-watt rf power amplifier used in the trans- 

' V c C o y  par: number MC 153x2 :!70LAJ 9 MHz, manuiai:uied by M i C l i y .  

T3 Collector choke, 4 turns, 2 twisted pairs, no. 22 AWG (0.6rnrn) 
T I  1:7 transformer. 117 turns of no. 26 AWG (0.4mm) enameled enameled wire, 2-1/2 twists per cm (6 twists per inch), on In- 

on Indiana General F625-9-TC9 toroidal core. diana General F624-19-Q1 toroidal core. 
T2 2 : l  transformer balun. 8 turns, 2 twisted pairs, no. 31 AWG T4 1:4 transformer balun. Windings A and B: 5 turns, 2 twisted 

(0.22mrn) ernarneled wire; 5 turns, 2 twisted pairs, no. 31 pairs, no. 26 AWG (0.4rnrn) enameled wire; winding C: 8 
AWG (0.22rnm) emameled wire; all windings 5 twists per cm turns, 2 twisted pairs, no. 26 AWG (0.4mrn) enarnaled wire; all 
(12 twists per inch) on Indiana General F624-19-Q1 toroidal windings 3-112 twists per cm (9  twists per inch); wound on In- 
core. diana General F617-8-01 toroidal core. 

fig. 15. The 20-watt rf power amplifier in the high-frequency transceiver uses a BLY87A driver and push-pull BLY89As. The 741 op 
amp and 2N2102 provide constant dc bias; the IN4448 is a temperature sensing device and should be mounted near the final pow- 
er transistors. 
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ceiver is shown in fig. 14; a photograph of the as- 
sembly is shown in fig. 15. In this circuit the BLY87A 
driver transistor uses both voltage and transformer 
feedback to maintain flat gain and constant input im- 
pedance over the entire operating frequency range. 
Transistor 0 3  i n  the push-pull final amplifier has an 
input stabilizing network consisting of R9 and R10 in 
series, and R12 in parallel for the rf path (R7 and R8 
in series, R11 in parallel, make up the stabilizing net- 
work for transistor 02). The voltage for the push-pull 
transistors is supplied through transformer T3; trans- 
former T4 combines both phases and provides a 
single-ended 50-ohm output. 

To maintain constant dc bias over a wide tempera- 
ture range, a high-gain loop using a 741 operational 

Photograph of an optical shaft encoder and its slotted en- 
amplifier is used along with a high-current 2N2102 coding disc. The 180 slots are chemically etched in the disc. 
transistor. The 1 N4448 diode, which is the tempera- The disc is 1-5/8"(41mm) in diameter. 
ture sensing device, should be mounted very close to  
transistors 02 and Q3. synthesizer board (fig. 12). In addition to controlling 

lowpass filter selection, this board includes a 12-volt 
control functions regulator, transmit-receive control for CW operation, 

The main dc control board for the transceiver is and circuitry for the optical shaft encoder. 
shown in fig. 16. The information from the thumb- The optical shaft encoder generates two quadra- 
wheel switches on the front panel of the transceiver ture square waves or pulses which are a function of 
is fed in parallel to  both this board and the 41-71 MHz shaft rotation - the waveforms are generated by a 

fig. 17. Tuner control logic provides for a digital readout of zero when the synthesizer is tuned to 41 MHz. Outputs to the right, 
labelled T and R, are connected to the lower and middle tuner boards (figs. 18 and 19). 
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slotted disc which interrupts the light path between 
two LEDs and two photo-detectors. The output from 
the shaft encoder is used to control the frequency 
synthesizer; since the shaft encoder used in this 
transceiver has 180 slots, the synthesizer tunes 18 
kHz per complete dial revolution. For a more descrip- 
tive discussion of optical shaft encoders, see ref- 
erence 8. 

The two outputs from the shaft encoder are ap- 
plied to the inputs of two 2N2222 transistors. The 
outputs - labeled phase 1 141 and phase 2 (42) are 
used to feed the corresponding inputs labeled slew in 
d l  and slewin 42 in fig. 17. 

The dc control board also includes a seven-second 
d~splay timer so that whenever the frequency is 
changed and the dlsplay is not turned on, the LEDs 
\\ill tirii7 on for seven seconds to dispiay t i le final i re -  
quency. 

Since the thumbwheel switch and the LED display 
must show the digit zero when the synthesizer is set 
to 41 MHz, this is accomplished by the logic circuitry 

'The optical shaft encoder used In the transceiver was manufactured by Dr. 
Johannes Heldenhain GMBH in West Germany; it IS available from their 
Un~ted States sales representatlve. 

Internal construction of the optical shaft encoder. The 
LED light source is under the half-moon shaped shield on 
the left-hand side of the unit (right). 

shown in fig. 17. The outputs labeled R and T in fig. 
17 are connected to the lower and middle tuner 
boards (fig. 18 and 19, respectively). These two 
boards have the necessary memory and display logic 
for the Hewlett-Packard 5082-7300 LED dot displays. 

FROM U P 2 4  LOAD 

CD CU R S 
LOAD IN lA 

CD CU T . .ID 

vcc 

fig. 18. Middle tuner board with memories and decoding for the frequency synthesizer (100 Hz, 1 kHz, and 10 kHz digits). 
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Printed-circuit board 
board is similar. 

for the middle tuner; other tuner 

The inputs from the thumbwheel switches to the 
memory are labeled 1A through I D  for the 100 Hz 
digit, 2A to 2D for the 1 kHz digit, and on to 6A 
through 6D for the 10 MHz digit. 

summary 
This transceiver was built more than a year ago, 

and since then it has been taken on a number of 

2. Ulrcl i  L Rohde, "Die Anpassung von kurzen Stabantennen fuer KW- 
Sender," Fu,ikschau (Germany), Volurne 7, 1974, page 673. 
3. Ulr~ch L, Rohde, "Optimum Desigri for H~gh-Frequency Communications 
Receivers: ham r a d l o ,  October, 1976, page 10. 
4. Ulr~ch L .  Rohde, "E~ght Ways to Better Radio Receiver Design," E l e c ~  
t r o n i c s ,  February 20, 1975. page 87 
5. Ulrich L Rolide, "lkF Amplifier Des~gn," ham rad~o,  March, 1977, 
page 10. 
6 .  Ulrich L .  Rohde, "Aufbau und Anwendung digitaler Synthesizer," 
Fr~nkschai~ (Germany), Volume 9, 1973, page 975. 
7. Ulrich L. Rohde, "Modern Design of Frequency Synthesizers," ham 
r a d i o ,  July, 1976, page 10. 
8 Dennis D .  Rasmussen, WGMCG, "A Tuning Control for Digital F r e q ~ i e n ~  

cy Synthesizers," QST, June, 1974. page29. 

ham radio 

fig. 

FROM LOAD LOAD IN 4 4  
U231 R S CO CU T 40 

V+ ( 5 V )  TO PIN 16 OF ALL IC S EXCEPT DISPLAYS 
GROUND PIN 8 OF ALL IC s EXCEPT DISPLAYS 

19. Lower tuner board with memories and decoders for the frequency synthesizer (100 kHz, 1 MHz ,  and 10 M H z  digits) 
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a new approach to 

weak-signal communications 

A new technique 
for obtaining solid copy 

during poor 
signal-to-noise 

conditions 

For years, serious amateurs have been constantly 
improving their station capability. This is particularly 
true at vhf and uhf where noise figures have been 
honed to within a fraction of external noise, transmit- 
ter power and efficiency have been pushed to the 
limit, and antenna size now truly boggles the mind. 
We are now faced with the inevitable question of 
where does our next improvement come from, or are 
we at the end of the line for weak-signal work? This 
article will examine some of these questions and con- 
sider a possible approach which has not been previ- 
ously applied to amateur work. 

after the rf stage 
In  attempting to  improve weak-signal capability 

the portion of the amateur station which has proba- 
bly seen the least improvement, and possibly been 
the least understood, is that which follows the rf 
stages of the receiver. Let's start there. 

Assume you are trying to copy a weak signal and 
can't quite hack it. What do you do? The most com- 

"If receiver bandwidth were the only fi lter~ng in the act, this would be per- 
fectly true. The human ear provides considerable additional filtering, how- 
ever, so the effective bandwidth is substantially narrower than that of the 
receiver alone. When you further narrow receiver bandwidth, you are trying 
to pick up an improvement you largely already have. 

mon idea is to narrow the selectivity to reduce the 
amount of noise coming through with the signal. 
This is perfectly valid and if you reduce the band- 
width by a factor of ten, you might expect to pick up 
10 dB in signal to noise. Unfortunately, this is not the 
case - the improvement is considerably less." There 
is some improvement, nevertheless, so the next 
question is how far can you go with this approach? Is 
there some limit, or can you continue to  narrow 
bandwidth indefinitely and get as much weak-signal 
improvement as you desire? 

bandwidth limits 
There appear to be three possible limits when you 

narrow bandwidth to extreme values. The first is a 
practical limit that is set by the available state of the 
art (the matter of equipment stability and accuracy). 
I t  would be folly to design an i-f filter with a band- 
width of 2 Hz if the rest of the receiver (and the trans- 
mitter) couldn't set and maintain frequencies within 
that bandwidth! 

The second limitation is built into the particular 
propagation mode you are using. In effect, propaga- 
tion variations "modulate" the signal; in some cases 
propagation can cause a signal to have greater band- 
width than the narrow filter you are using. High-fre- 
quency signals are usually narrower than 2 Hz, but 
tropo scatter may easily be wider, and aurora is 
sometimes many hundreds of Hz wide. 

The third limitation involves keying speed. If you 
narrow your filter far enough, you must also reduce 
keying speeds so that all the signal components will 
pass through the filter bandwidth. (Yes, CW has a 
frequency spectrum just like the newer, fancier 
models!) A good rule-of-thumb is that the keying 
speed in words per minute should be equal to the 
filter bandwidth in Hz. This also gives the best signal- 
to-noise ratio. If you were to narrow the filter any 
more (to cut out more noise) you would also begin to 
cut out signal components. If you increase band- 

By Walter F. Bain, W4LTU, Route 2, Box 286, 
Lovettsville, Virginia 22080 
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width, you let in more noise for the same amount of ORIGINAL 

s i~na l .  LETTER - 
Therefore, if you want to go down to bandwidths 

of 1 or 2 Hz to pick up the signal-to-noise improve- 
ment, you must go to some pretty slow keying 
speeds. This should not be considered a genuine 
limitation, however, for amateurs who want a con- 
tact badly enough will go to outlandish lengths; a 
typical vhf meteor scatter contact may average only 
a few words per hour! 

These, then, are the limitations to improving 
signal-to-noise ratios by bandwidth narrowing tech- 
niques. Since there is not a sizeable improvement 
available before these limitations show up, where do 
we go from here? 

a closer look 
First, are we attacking the right problem? Let's 

closely examine just what happens when the signal- 
to-noise ratio is not adequate. Assume that band- 
width and keying rate have been optimized; the de- 
tected waveform (without noise) would look much 
like that of fig. 1A where the characters are fully 
rounded by the filter. For ease in handling let's 
square-up this detected wave to  get back to a 
square-wave corresponding to the original keying 
waveform, fig. 16. For the discussion that follows, it 
is essential that the signal be in binary form, corre- 
sponding either to key-up or to key-down. 

I am also going to dispense with the idea that the 
signal is made up of dots and dashes. Instead, I will 
define it in terms of the shortest element it contains, 
which is called a bit." A dot happens to be one bit, a 
dash is made up of three bits. The space between the 
dot and dash is also one bit although it happens to be 
a key-up bit. Normal spacing between letters is three 
bits (key-up). This may be somewhat different from 
the way you usually look at International Morse, but 
it allows each element to be treated separately. 

Now let's get back to the effects of not having 
adequate signal to noise. As the signal-to-noise ratio 
is decreased, some of the bits are in error; that is, 
they are reversed from what they should be, indicat- 
ing key-up when they should indicate key-down, or 
vice versa (see fig. 2). Note that the bits can't come 

'This shortest element IS bas~c because ~t sets the bandwidth of the optl- 
mum filter. 

ERROR IN-  
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fig. 2. Effect of a single error on the Morse letter V; error in 
various positions. 

out with in-between values if the squaring-up was 
done correctly - only key-up or key-down. 

Where, and how often do these errors appear 
when the signal-to-noise ratio gets too low? The er- 
rors are statistical in nature so we can state only the 
probability of error, or what per cent of a large sam- 

fig. 1. Detected waveform of the Morse letter V. optimized bandwidth (A). At (B) is the same waveform after being squared up. 
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ple of bits will be in error. This probability of error 
(Bit-Error Rate or BER) increases as the signal-to- 
noise ratio decreases, and it is possible to draw 
curves of BER vs signal-to-noise ratio as shown in 
fig. 3. Is this an actual measure of our weak-signal 
limitation rather than just signal to noise? Not quite; 
there's one more thing to be considered. 

Assume the BER is 1 in 100 (a group of 100 re- 
ceived bits is likely to contain 1 bit error). This sounds 
pretty good, but remember that 100 bits make up 
about 8 letters or characters in International Morse. 

SIGNAL TO NOISE /dB/ 

fig. 3. Bit error rate (BER) vs signal-to-noise ratio, 
fading signal. 

fig. 4. Received Morse letter wi th a single error. 

tion: "How can we improve CER for the same signal- 
to-noise ratio?" 

Fig. 4 shows a Morse character which has been 
mangled by a single error. Amateurs have always 
been skillful at salvaging and improvising, so let's see 
what can be done with this rather badly damaged 
character. Let's first eliminate any characters which 
it could not have been. 

1. It can't be the letter Z because it differs from the 
garbled letter in bits 4, 6, and 8 (the character has 
only one error, and it can't be in three places at 
once). 

2. I t  can't be the letter X either, as X differs at bits 
4,8, and 10. 

3. Neither can it be a mangled 0 because of differ- 
ences at bits 4, 6, 8, and 10. It would require four 
errors to change an 0 into the character of fig. 4. 

4. I t  can't be any of the shorter letters such as U, 
R ,D ,W,G,K ,V ,F ,L ,B ,M,H ,A ,N ,S , I ,T ,o r  
E, as the 3-bit spaces on either side of the letter 
accurately define its length. It can't be any of the 
longer letters, J, Y, or Q for the same reason. (The 
effect of errors on the spaces will be discussed 
later.) 

Even though the letter was mangled, there was 
enough left of it that we were able to eliminate 24 let- 
ters which it could not have been! The only two re- 

- 
PREVIOUS 1 LETTER 

Therefore, this one bad bit, wherever it may fall, is 
likely to foul up one whole character out of 8. This 
u 

means that the Character-Error Rate (CER) is 1 in 8, 
which is not so good! Now we have arrived at a basic 
measure of weak-signal performance: the signal-to- 
noise ratio determines the BER, and the BER in turn 

* !  

sets the CER. It is the CER that actually limits our 
ability to communicate. nnnn 
a new approach 

Now that we have struggled through optimum 
bandwidth, bits, BER, and CER, are we any closer to DD 
a solution to the original question of how to further 
imp-rove weak-signal capability? Perhaps. Instead of 
the perpetual struggle to improve signal-to-noise 
ratio, we now have a new handle on the problem and 
8 

fig. 5. Received 7-bit Morse character with a single error 
can wrestle with CER instead. Let's ask a new ques- (top), compared with 7-bit letters it could be. 
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maining letters are P or C; it could be a P with an er- 
ror at bit 2, or a C with an error at bit 4. 

What did this exercise accomplish? Instead of the 
letter being a total loss, enough has been recovered 
to narrow the choice down to one of only two letters. 
This is an improvement from about 4 per cent to 50 
per cent. 

a possible solution 
This looks promising, even if we only partially 

recover copy which would otherwise be lost. And 
nothing has been done to improve the signal-to-noise 
ratio! But was this just a fluke? Is it possible to pull 
this off with other letters? Let's try another example 
and see. 

Assume you receive the character shown in fig. 5. 
The error rate is such that the average is one error per 
character. The 3-bit spaces are intact so this is a -/-bit 
character; shown below it are the 7-bit characters it 
might be: 

1. I t  can't be a U which differs in three sep- 
arate bits. 

2. It can't be an M either; this differs in two bits, 
too much to be caused by a single error. 

3. H doesn't fill the bill - it differs in two spots. 

4. D and R differ in only one position from our uni- 
dentified character and this can result from the 
single error. 

So once again it has been possible to take a mangled 
Morse character and narrow it down to only two pos- 
sibilities; in this case it is either a D or an R.  

Do all International Morse characters have this 
capability? Let's check out a character like H. Fig. 6 
shows that an error in just one bit will not only garble 
the character, but will actually transform it into some 
other character which then appears flawless. This is 
particularly insidious, as there is no way to determine 
by simple examination that an error is present, much 
less correct it. (The occurrence of errors is statistical, 
so although an error may be probable, it is not guar- 
anteed!) The letter H is so bad in this respect that a 
single error almost anywhere transforms it into an- 
other character(s1 which appears valid (an error on 
bits 3 or 5 makes it look like two perfect letters, El 
or IE). 

fig. 6. One effect of a single error on the Morse letter H. 

ERROR HERE 

t 

UNKNOWN 
CHARACTER 

fig. 7. Possible ambiguity resulting from a single error when 
the Morse characters differ in only 2 bits. 

Therefore, it appears that not all Morse characters 
can be narrowed down to a few possibilities after suf- 
fering an error. Is there some way of measuring or 
evaluating the ability of a character to do this? If you 
look at fig. 5 and fig. 6 you see that the "good" 
characters had a fair number of bits which differed 
from the bits in the corresponding positions in the 
other characters. The "bad" characters such as H 
have the fewest number of corresponding bits which 
are different. This is logical, for if a large number of 
bits differ, then a single error in any position cannot 
overcome the overall difference. If only a few bits dif- 
fer, then an error is more likely to cause a change 
that cannot be resolved. I t  is this difference which al- 
lows us to narrow down the number of possibilities 
as to what the character actually was before the er- 
ror. The greater the number of differing bits, the 
more distinctive the character is. 

Just how much difference is necessary to survive 
the effect of a single error? Since a single error can 
reduce the difference by only a single bit, you might 
think that one additional bit-difference would suffice 
to identify the character. Unfortunately, the one er- 
ror could just have easily hit the other character on 
the other difference bit to yield the same mangled 
character - you would never know the difference. 
Perhaps an example would clarify this. The charac- 
ters A and N differ in two bits, 2 and 4. If you receive 
an unknown character as shown in the center of fig. 
7 you have no way of knowing whether it is an A with 
an error in the second bit, or an N with an error in the 
fourth bit. Therefore it is actually necessary for the 
Morse character to have differences in at least three 
bits to be sure of correcting a single error. 

This provides the basis for a method of measuring 
the ability of a Morse character to resist an error. It 
must differ from other characters in at least three 
corresponding bits. Let's go through the Morse al- 
phabet and pick out the error-resisting characters. 
We must compare each character only with those of 
equal length, since it has been assumed for now that 
character spacing is error-free. 
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END OF I START OF 
i d s 7  NEXT 

CHA-CTER 1 f \ A  1 t CHARACTER 

I 2 I 3 I 4 I 

1. The three-unit spacers appear intact; this defines character I t  might be a P w i th  four errors, or an  0 w i t h  1 error. The chances 
length and makes i t  easier to  decvpher the garbled message of 4 errors oer character are much less tha2 1 error per charactec, 
2. Uniess there is more tnan one error ~n the f ~ r s t  character, thls so ~t must be an 0 .  
can only be a K or a G.  Since K is not  used in ERMA it  must be a G. 4. The third letter could be  an L or a V w i t h  t w o  errors, bu t  since 
3. The second letter is a perfect Z, but  Z is not an  ERMA character. neither of these is an ERMA character, this can only be a W. 

fig. 8. Short message showing the value of the Error Reducing Morse Alphabet (ERMA). The signal-to-noise ratio is so poor the 
copy averages 1 bit error per character. The correct copy is GOW. 

It turns out that there is a unique alphabet of 
eleven Morse characters which are immune to a 
single bit-error. This Error Reducing Morse Alphabet 
(ERMA) is as follows: 

E T S M R G W P O J J "  

Does ERMA really work? Let's try a simple ex- 
ample and see. Assume the copy shown in fig. 8 
has been received badly garbled but we know it con- 
sists only of ERMA letters. The signal-to-noise ratio 
is so poor we are averaging one bit-error per charac- 
ter - "no-copy" if the conventional alphabet were 
being used. 

By using ERMA it has been possible to recover 
copy that would otherwise have been lost. How is it 
possible to do this at such a poor signal-to-noise 
ratio? The ERMA letters have a greater redundancy 
than other Morse letters, so they convey character 
identification in more than one way. If part of the 
character is mangled, the remaining part is still suffi- 
cient to identify the character. The net result is that 
you can now tolerate a much lower signal-to-noise 
ratio and poorer bit-error rate but still maintain a use- 
able character error rate; and CER is the basic meas- 
ure of communications ability. 

How many dB can be picked up this way? This is 
not a fair question because you cannot directly 
equate CER and signal-to-noise ratio. Rephrase the 
question: "For the same CER, what is the difference 

- 
'J ( -  - - a )  IS a perfectly good Morse character, although it's not used 
In Engllsh. 

in signal-to-noise needed with ERMA and the signai- 
to-noise needed with a conventional alphabet?" For 
a CER of about 1 in 8, ERMA can tolerate a BER 
close to 10-1. A conventional alphabet would re- 
qtiire a BER near 10 ?. Checking back ro rhe curve 
of fig. 3, this corresponds to an advantage of about 
12 dB. 

errors in character spacing 
Now, what about that matter of the spacing be- 

tween characters? I have been putting this off so far 
by always assuming that the error falls only within 
the characters and never within the space separating 
them. We should be so lucky! An error which falls in 
the center of a standard 3-bit space would neatly link 
two characters, making it impossible to sort out. 
Two characters would be lost by just one error! 

This problem is greatly relieved, however, by the 
simple expedient of using an even number of bits be- 
tween characters rather than the more traditional 
odd number of three bits. Four bits for spaces is 
probably the optimum value. Two bits would run a 
greater risk of linking errors, and six bits is probably 
more than necessary. 

The use of an even number gives a significant ad- 
vantage by a rather subtle means. The bit stream for 
each character is in effect slipped in phase relative to 
the previous character. This is best shown in fig. 9 
where a series of Hs and Ss are drawn, first with 3-bit 
spacing and then with 4-bit spacing. Note that with 
the Qbit spacing the phase slip causes the bits of one 
character to occur in even-number positions and 

ODD ODD ODD ODD 

3 B l  T SPACING 

BIT NUMBER 1 2 3 4 5 6 7 8 9 10 I1 I2 I 3  14 15 16 17 I8 19 20 21 22 23 24 25 26 27 28 29 3 0  31 32 33 34 35 

OD0 EVEN ODD EVEN 

4 B IT  SPACING 

fig. 9. Comparison of 3- and 4-bit spacing, showing the odd-even "phase slip" that occurs between characters when 4- 
bit spacing is used. 
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those of the next character to fill odd-number posi- 
tions, etc. This is a big help in sorting out characters 
during heavy error conditions. On the other hand, 
the 3-bit spacing makes this imposs~ble. 

Let's now give ERMA a real baptism of fire by let- 
ting the errors fall where they may. Fig. 10 shows a 
set of ERMA letters, 132 bits in total length. To simu- 
late a BER of 1 in 11, a total of 12 errors have been in- 
serted at randomly determined positions. Character 
spacing is 4-bits throughout. (Before you tackle this 
you may want to look through the appendix which 
gives some hints on spotting errors.) 

using ERMA 

Q 

0(fFE81NG1---l-! BITS . _  L--l 
0 

f ig. 11. Dif fer ing bi ts fo r  the  ERMA let ters P a n d  0. 

If your call is W6PO you might have a chance, but if 
you have a combination like W4LTU you would be 

Having struggled along this far, you are entitled to out of luck. 
ask an obvious question; "How in the name of There is nothing sacred about any alphabet, in- 
Samuel F. B. Morse are we supposed to actually cluding ERMA; it's just a set of symbols that stand 
communicate using this alphabet of only 11 letters?" for something else. Let's treat the ERMA alphabet as 

BITNUMBER I - --- -- - - - - - -  - -- ---- - -  .--- --- - - -  I 
b i ts  
1-1 1 
8-18 

No problem - clean 4-bit spacers w ~ t h  a T in between. 
The second spacer is only 2 bits long so has an error. It's 
possible that b i t  16 is in error, but then the letter would 
be an I (not  ERMA) or another T with an additional error 
(2  total). More likely there is a single error in b ~ t  19 and 
the letter is S. 
This is badly garbled; there is obviously more than one 
letter and several errors. To sort i t  out start at bit 21 and 
work carefully several bits at a time. 
Bits 21 to  23 could be a T, but it's followed by a 2-bit 
spacer. Perhaps bits 26 and 27 are errors (to give 4-bit 
spacing) but in that case bit 28 must also be an error if 
the next character starts there; requires 3 errors to justify 
the letter T which is unlikely. If bit 25 is an error, the let- 
ter is M and no other assumptions are required. (Note 
that the letter is not likely to be the letter G as the follow- 
ing bits are "out of phase," indicating a new letter has 
started.) 
The spacer following is only 2 bits, indicating an error. If 
bits 21 to  27 are the letter M, then the error must be at bit 
30 for a 4-bit spacer. 
This is a perfect H but is not used in ERMA. It could be 
an M with 2 errors, or an R with 1 error. Following the 
rule of assuming the least number of errors, i t  must 
be an R. 
There's obviously a problem here because of the 2-bit 
spacer in the middle. If it's assumed there are two 
characters with a 4-bit space, however, there are even 
more inconsistencies; any efforts to extend the spacer to 
4 bits results in 2-bit dashes or an 8-bit spacer, both im- 
possible. This is the result of the out-of-phase effect 
which indicates there are not two characters, but one. 
Therefore, the 2-bit gap is not a mangled 4-bit spacer but 
a 2-bit gap within a single character. This makes it easy; 
bit 45 is in error and the character is G .  

52-68 Perfect spacers and a perfect L, but L isn't used in ER- 
M A  so there is an error. The simple solution is that there 
is a single error in bit 63 and the correct letter is W 

65-83 This may look alright at first glance, but note that the last 
dash is 4 bits long and the following spacer is 5 bits, both 
impossible. If a 4-bit spacer is assumed by correcting bit 
83, some impossibilities are generated in the following 
character. Therefore, i t  is corrected by assuming bit 79 is 
an error; this gives a 5-bit dash at the end of the letter, 
but neatly breaks down to a 3-bit and a 1-bit if bit 78 is 
also an error. The character is a P with errors at both bit 
78 and bit 79. 

80-98 No errors here; it's a perfect ERMA letter 0 .  Assume no 
errors if there is no evidence of them 

95-114 This might be two  letters, but  if it's corrected to  
something like RT there is only a 3-bit spacer between 
the letters. There is no way to  insert a 4-bit spacer 
without causing other problems. This indicates that all 
the bits in this group are in phase and it must be a single 
character. There is a single error at bit 107 and the 
letter is J. 

112-132 There are obvious problems here. Both spacers have on- 
ly 3 bits; also within the group is an 8-bit dash and a 2-bit 
dash. Remember that the previous character was a J, 
ending at bit 11 1. Therefore, the 4-bit spacer must ex- 
tend through bit 115, which must be an error. This leaves 
a 7-bit dash (bits 116 through 122). This might be an R 
with two errors, or an M with one error (these are the on- 
ly two ERMA possibilities). It is followed by a flawless 3- 
b i t  dash, however, which must be a part of the 
character. The 2-bit dash which follows must also be 
taken into account. This is resolved by working back 
from the start of the following character (not shown) to  
get a 4-bit spacer; this requires that bit 129 is in error. 
Then if i t  falls into place - it's the lengthy letter J with 
errors at bits 115, 119, and 129. 

fig. 10. A message sent w i t h  the ERMA characters, to ta l  length o f  132 bits. The bit-error rate is  1 i n  11 (error posi t ions randomly  
chosen). Four-bit character spacing is used throughout.  The analysis shows  that  ERMA provides solid copy  a t  a bi t -error ra te  
w h i c h  w o u l d  have given about  30 per cent copy w i t h  t he  convent ional  Morse alphabet. 
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just that, a set of symbols which can be used to spell 
out the normal alphabet. To do this simply arrange a 
5x6 matrix with two ERMA letters serving to define 
each letter in the normal alphabet." 

G W P O J J  
R \r------ A B C D E F  

For example, if you wanted to send the letter W, you 
would send the ERMA pair: TJ. This technique slows 
down the rate of communication, but remember that 
one of the assumptions made earlier was that you 
were willing to slow down if you could improve your 
weak-signal capability. 

There is yet another scheme for using the ERMA 
advantage that is even simpler. Still thinking in terms 
of symbols, why not use only two ERMA letters, one 
representing a dot and the other a dash? This 
reduces speed even further, but if that bothers you, 
send the ERMA letters at a faster rate; you still come 
out ahead. 

This last scheme leads to another point concerning 
ERMA. If you plan to use only two of the eleven let- 
ters, is there any best choice? You might assume the 
shortest characters are the best because they offer 
the least speed reduction. However, not all ERMA 
letters were created equal. In fig. 10, where ERMA 
was given its baptism of fire with noise, sharp-eyed 
readers may have noticed that certain ERMA letters 
were easier to salvage than others. A ponderous let- 
ter like J, for example, has enough redundancy that 
it can actually withstand two errors anywhere within 
the character and still be recognizable. On the other 
hand, the letter E survives only if its spacers are 
reasonably intact. 

What governs this degree of error resistance? 
Again, it is determined by the number of bits that are 
different from the corresponding spots in other let- 
ters. Earlier I showed that a difference in 3 bits is nec- 
essary to survive a single error. I t  turns out that a dif- 
ference in 5 bits gives full immunity to two errors. 
Fig. 11 shows this in comparing the letter P and the 
letter 0. Note that in five positions the bits are differ- 
ent in the two letters. This guarantees that no matter 
where the two errors strike you can still positively 
identify the letter. 

Extending this idea, a difference in 7 bits is needed 

M 
S 
T 
E 

'If you insist on hav~ng a full set of numbers available, you can use ten 
ERMA letters to form a three-d~mens~onal matrlx. 3 x 3 ~ 4 ,  to give you a full 
36 letters and numbers. 

G H I J K L  
M N O P Q R  
S T U V W X  
Y Z 1 2 3 4  

t M ~ n ~ m u m ,  depends on spacers and adjacent letters. For other ERMA let 
ters, values given are for the letter alone. 

DIFFERING 
2,'s t 

0 
1 -. -..-. . 

fig. 12. Differing bits for a simple repetition of dots (A) 
and dashes (B) .  

to correct three errors; a difference in 6 bits corrects 
two errors and in addition will detect a third error but 
not tell you where it is1 The fo!!owing tahu!atior! 
clearly shows the advantage of using the longer 
ERMA letters: 

number of number errors it 
letter different bits can withstand 

E.T.S 3t 1 
M,R 3 1 
G,W 4 1 
P,O 5 2 
J.J 6 2 

Why not simply use repeats? Well, if you are going 
to use two high-redundancy ERMA letters, such as P 
and 0, to stand for dots and dashes in sending a con- 
ventional alphabet, there is another obvious ques- 
tion. If you take the time to send the entire letter P 
when you want to convey a dot, then why not just 
use that same amount of time to send a string of 
dots? Wouldn't this simple repetition of what you ac- 
tually want to send be even better? Amateurs have 
been making good use of repeats for many years; 
isn't it just as good as this ERMA routine? 

Let's take a look at both methods and compare 
them. Remember that the ability of a Morse charac- 
ter to survive errors depends on the number of bits in 
which it differs from other characters. The more bits 
that are different, the more errors it can survive and 
still be read correctly; the ERMA letters P and 0 dif- 
fer in 5 bits so they can survive two errors and still be 
readable. 

Now let's try the method of simple repetition. Fig. 
12 shows a string of dots of the same total duration 
as the letter P or 0. Below the dots is a string of 
dashes; you must be able to  tell the difference even 
with errors present. Note that the string of dots and 
the string of dashes differ in only 3 bits, so can sur- 
vive only a single error. Thus the ERMA letters P and 
0 show a greater error immunity than simple repeti- 
tion of the same duration! This advantage also holds 
for other length Morse characters. The ERMA letters 
M and R can survive a single error, but a similar 
length of repeated dots and dashes cannot correct 
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any errors. For longer lengths, the advantage of 
ERMA is even greater. 

summary 
Let's try to quickly recap what I've covered in this 

article; those of you who have stuck with it this far 
deserve every possible break! 

1. Narrowing bandwidth helps, but there are 
limits. 

2. Errors appear in individual bits - Bit-Error Rate 
or BER. 

3. Each error can wreck an entire character - 
Character-Error Rate or CER. 

4. CER limits ability to communicate; attack it, not 
signal-to-noise ratio. 

5. Certain characters are more resistant to errors 
than others. 

6. Evaluate error resistance and select only the 
best letters - ERMA. 

7 .  Use ERMA t o  convey the conventional 
alphabet. 

8. ERMA is better than simple repetition. 

ERMA and similar techniques can allow amateurs 
to greatly improve weak-signal capability without the 
burden of staggering increases in hardware costs. 
These techniques can be either applied to existing 
bandwidths, or added to optimized bandwidths. As 
long as the detected signal is squared up to binary 
form, the method can be applied anywhere. Remem- 
ber those immortal words, "To err is human, to cor- 
rect is divine." 

appendix 
Following are some guidelines for correcting errors in ERMA 

copy. They are not all inclusive, but are designed to provide a start- 
ing point. 

1. If several possibilities exist, choose the one which assumes 
the least number of errors. 
2. A single error cannot change an ERMA letter into another 
ERMA letter. 
3. A single error cannot divide an ERMA letter into two ERMA 
letters. 
4. A single error can only distort an ERMA letter or change it into 
a non-ERMA letter. 

error indicators 
The following cannot exist in normal copy so are positive indica- 

tors that one or more errors are present, either within the given se- 
quence or in a directly adjacent bit. 

2-bit key-down 2-bit key-up 
4-bit key-down 3-bit key-up 
5-bit key-down 5-bit key-up 
6-bit key-down 6-bit key-up 
7-bit key-down 7-bit key-up 

ham radio 
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pi network design 

Pi networks 
are used extensively 

in amateur 
rf power amplifiers - 

here's the 
recipe for a pi 

Pi networks have been used extensively for years, 
primarily for coupling final amplifiers to antennas. 
Useful for impedance matching, pi networks can also 
be used with mobile antennas and at receiver inputs. 
Since the pi network is a lowpass filter, it can reduce 
TVI caused by high-frequency transmitters. Compo- 
nent values make all the difference in application so 
the ingredients should be selected with care. 

Fig. 1 shows the general circuit and component 
value equations for the pi network. The equations 
differ slightly from the usual methods but will pro- 
vide the desired match. Allowance of parallel 
capacitance at each end of the network will give 
direct results and accommodate strays or stray-plus- 
circuit capacitances. Values of C, or C, must be finite 
and depend on the application; stray capacitance is 
always present. 

The Q in the equations is a design parameter, not 
the component Q. It's value selection will determine 
higher frequency rejection, the resistive or real part 
of impedance presented to a source, as well as com- 
ponent values. 

Fig. 1 gives two choices in calculation, T (a tem- 
porary value) and R6.  T must be positive or at least 
zero for solution. Results giving a negative T require 
a change either in end resistance or 4, and possibly 
both; increasing an end resistance is preferable and 
ways will be shown later on how to handle that situa- 
tion. The value of R 6  is dependent on which end 
resistance is highest. I t  will be negative if R ,  is 
highest. 

Reactances X ,  and X d  must both be negative for a 
solution. If a positive value results, parallel end 

capacitance may have to be changed. In most cases 
a positive value comes from calculation error, so use 
care in handling terms. Some sources may present a 
parallel end inductance; this must be shunted with a 
fixed capacitor to cancel it at the operating frequen- 
cy. Handling this situation is discussed later. 

design example 
Suppose a pi network is required for a 40-meter 13 

pewer amplifier. The amplifier has a tube type final; 
the center frequency is chosen as 7.15 MHz with 
design Qof  5. Initially 

R,= 5000 ohms (this will be the source end) 
C, = 8 p F  (tube and socket stray capacitance) 
R ,  = 50 ohms (load end) 
C, = 3 pF (stray capacitance in connector) 
X,= -2782.43ohms 
X ,  = - 741 9.81 ohms 

Initial calculations result in R g =  4950 but T =  - 18.25 
x 106 so a solution cannot be done directly. The 
source end resistance is changed to 500 ohms but C, 
is kept the same. This gives 

R s  = 450 ohms 
R 4 =  650 ohms 
R6= - 1850 ohms 
X L =  139.655 L =3.1806@ 
X d =  - 127.181 Cd = 175.02 pF 
X,= - 56.6797 C,  = 392.72 pF 

The design Q change was not done since this has 
other effects which are shown later. An R ,  of 500 
ohms might be alright for a transistor final but it 
won't fit the tube circuit. Fortunately, there's an 
alternative. 

cascading and the 
virtual resistance 

Two networks can be cascaded so the load end of 
one network becomes the source end of the follow- 
ing network. The latter has been calculated so we 
can try for the first with 

R,' = 5000 ohms 
R,' = 500 ohms ( to  match the example given) 

By Leonard H. Anderson, 10048 Lanark  
Street, Sun Valley, California 91352 
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The same values of X, and X ,  can be used again, as- 
suming the same stray capacitance; i t  is always best 
to stay on the high side for strays. The new network 
with same frequency and design Q has values of 

Rj' = 4500 X,' = - 705.030 
R4' = 6500 L' =31.086ySi 
R6' = - 1 8 . 5 ~  103 Cd ' = 10.302 PF 
X L  ' = 1396.55 C,' =31.572pF 
Xdr = - 2160.65 

The manner of cascading is shown in fig. 2. The 
center resistance of fig. 2A is termed the virtual 
resistance. It's value is R,' = K O  but it does not ap- 
pear physically in the circuit; virtual resistance is a 
mathematical technique which allows cascading of 
networks and must be the same at each network's 
design frequency. 

Parallel capacitances at the midpoint can add. This 
also includes any assumed strays. Total C, for both 
networks is 217.59 pF; you could assume a stray of 3 
pF at this point since i t  is physically only one 
capacitor. Total network response calculations re- 
quire the sum of all capacitors in parallel, including 
strays. 

what happens in tuning? 
Most pi network designs have a fixed inductor or 

at least a fixed value per band. The two capacitors 
nearest the antenna are made variable to accommo- 
date impedance differences at the antenna. Each pi 
network design has different limits of equivalent 
parallel resistance that it will match. To find the 

NETWORK 

F - CENTER FREOUENCY R5 = R, - R, 

SEE TEXT IF T 
I S  NEGATIVE 

R6 = Rq - R, a 

- - - - - - - CHOOSE - - - - - - - 
R6 N E G I T I V E  R6 P O S I T I V E  

fig. 1. Pi network and its design equations. The equations 
are from reference 4. 

resistance limits with a fixed inductor, the inductance 
equation can be solved for Q 

This presents two unknowns: Q and R,. Minimum 
R, occurs when the square-root term reduces to  
zero. This also reduces the minimum Qequation to 

This brings up an interesting point when the induc- 
tor is held at a fixed value: matching to a lower load 
resistance will result in a lower Qthan originally plan- 
ned! Also, matching to a higher load resistance 
results in a higher 4. This case is found by letting 
R, = nR, so that 

where n is an arbitrary fraction giving practical R,, 
but must be less than unity. 

By now i t  is apparent that  min imum load 
resistance is the critical factor in pi network design. It 
can be found by solving the first Q equation's 
square-root term group to yield 

Taking the first network example (500 to  50 ohms) 
wi th a fixed X L  and solving for minimum load 
resistance: 

R,(min) = 39.0070 ohms 
Gi, = 3.85956 

Capacitor values are then found by recalculating 
everything except inductive reactance: 

As a shortcut, the minimum R, case will result in 
total end capacitive reactance equal to the induct i~e  
reactance. The high end resistance, letting n= 0.5,  
gives 

R,(high) = 250 ohms X d =  -87.3164 
Qhigh = 10.021 9 X , =  - 61.2418 
R5 = 250 Cd = 254.93 pF 
R4= 3534.44 C,= 363.47 pF 
R 6 =  - 1476.50 
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High resistance capacitor values seem wrong since 
they are higher than the original 50-ohm values. This 
is a result of keeping the inductor at a fixed value; 
each network will match the 500-ohm source at 7.15 
MHz. Also, and important for harmonic suppression, 
the Qwill change. 

what to do about 
load reactance 

No antenna is perfect so you can expect the reac- 
tance to change as well as the resistance. Capacitor 
C, will compensate for antenna parallel reactance. If 
the antenna (or transmission line) reactance is 
capacitive, C, is reduced; if it is inductive, C, is in- 
creased. For practical variable capacitor values, the 
change should be around 50 per cent of C,. 

In  this example the C, range will be about 78 to 590 
pF or 7.5:1, maximum to minimum. This is practical 

transmission line as well as design goal of the 
antenna. 

Tranmission line length is usually arbitrary. Vswr is 
a ratio of actual admittance magnitude to a desired 
value or target. Neglecting line losses and assuming 
arbitrary line lengths, the antenna admittance will ap- 
pear somewhere on a circle whose center is that of 
the chart with a radius determined by distance from 
center to antenna admittance. This is the vswr circle. 

If you don't have an RX noise bridge but do have a 
fairly accurate vswr indicator, there is a shortcut to 
finding the radius; use a compass or divider and draw 
it using the normalized R or G line numbers higher 
than 1.0 for the vswr radius. 

The matching area of the example is rather lop- 
sided. You could match any vswr up to 5: 1 by simply 
changing the transmission line length. This would 
move the matching area to wherever desired. The 

R E S I S T A N C E  

R; = R, 

Q 
fig. 2. Two pi networks in cascade are shown at (A). Combined pi networks are shown in (B) 

but we  have found a definite lack of matching ability 
for the low resistance case. Maximum allowable vswr 
for that condition will be only 1.28:1 and an addi- 
tional matching network may have to be added. 
Capacitor C, alone will take care of parallel reactance 
but both capacitors must be changed for parallel 
resistance and reactance other than 50 ohms. 

thinking in terms of admittance 
and the vswr circle 

Antenna impedance can be represented by series 
equivalents of R + jX or parallel equivalents G + jB in 
admittance form. The admittance form is a bit easier 
to think of since the pi network has a load-end shunt 
variable. 

The Smith chart is invaluable for seeing what hap- 
pens with a network when the load changes. Fig. 3 is 
a normalized Smith chart showing the admittance 
matching range of the first example (dotted line). 
Normalization merely means that all conductance 
and susceptance values have been divided by 0.02 
mho (50 ohms) since we are really concerned about 
the ratio of antenna admittance to a target value. 
Target admittance (or impedance) is usually the 

problem is that you have to measure the line end ad- 
mittance to find out which way to move. 

A better choice for a final amplifier network is to 
try for a symmetrical matching area on the chart. A 
2: l  vswr is a reasonable design goal. This fits many 
antennas and line lengths don't have to be juggled. 

new component with an old circuit 
A rule of thumb is that low Ro:Ra ratios yield lower 

possible Ra(mzn) values with a fixed inductor. A 
variable inductor could be used, of course, but this 
adds another tuning element and possible mechani- 
cal problems. A pi network for a vacuum tube usually 
needs two networks in cascade so a low Ro:R, ratio 
can be achieved by changing the virtual resistance, 
but there is another way. 

A 4:1 toroidal balun with broadband characteris- 
tics will reflect an equal ratio of both conductance 
and susceptance.ln addition to  transforming irn- 
pedance from 50 t o  200 ohms, a well-insulated trans- 
former is useful for draining off static charges during 
thunderstorms. 

The modified cascaded network using the balun is 
shown in fig. 4. The admittance matching area of 
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this circuit is shown by the solid outline in fig. 3 and 
is just short of meeting the 2:1 vswr goal. Calculation 
is done with a load resistance of 200 ohms since the 
modified network sees this through the balun. 

Target values at 7.15 MHz, design Q= 5, R ,  = 500, 
and the same stray capacitance as before are 

Holding the inductor fixed and calculating the 
minimum R, gives 

R,(min) = 103.743 (25.9357 at the line) 
Qmin = 2.65087 
Cd = 89.735 pF 
C, = 94.735 pF 

Since minimum R, is very close to a 2:1 vswr, n is 
set to 0.8 for an R,(high) of 400 ohms or 100 ohms 
on the other side of the balun. High resistance 
values are 

Calculation at equivalent line resistances of 30, 40, 
and 75 ohms shows that C, and Cd will be maximum 
at 25.9 ohms. The Cd minimum occurs at 100 ohms 
but C, minimum is close to the 50-ohm design target 
(it increases slightly going towards 100 ohms). 

fig. 3. Admittance matching range of the pi network dis- 
cussed the first example in the text (dashed lines). The solid 
lines show the modification of matching range available by 
using a balun. 

L - T I I i  T R n N s M i s s l o N  L I N E  

II 
/ I  1 1  

4 1  
BALUN 

fig. 4. Basic arrangement of 4:l  balun between the trans- 
mission line and the output of the pi network. 

Using a 50 per cent variation of C, to  compensate 
for variations in line susceptance requires a practical 
range of 55 to 342 pF, easily obtainable. Cd must 
cover 135 to 248 pF if used in a single network. The 
single network matching area is shown in fig. 3. 
Cascading networks allows a slight increase in area. 
If this is done, the virtual resistance must change in 
calculations but  another penalty occurs: three 
variables are required for tuning. 

Qand harmonic suppression 
Harmonic suppression varies with design 4, and 

the design Qvaries with tuning when a fixed inductor 
is used. As a general idea of Q change with tuning, 
the first example's voltage response is shown in fig. 
5. This set of curves must be considered on the basis 
that the data assumes both load and source 
resistances remain constant with frequency. In ac- 
tual fact, both load and source admittance is fre- 
quency sensitive. Sensitivity varies with the final 
amplifier circuit and antenna when used in  a 
transmitter. A general rule of thumb is that antenna 
admittance variation at harmonics will make little dif- 
ference in suppression. An exception might occur if 
the feedpoint of the antenna is at a voltage node at a 
harmonic. Effect is still slight. 

The major effect of the pi network at harmonics 
occurs at the source end. Regardless of circuit, the 
network appears as a single, slightly lossy capacitor 
to the amplifier. The impedance of the first example 
at 14.3 MHz (the second harmonic) is 1 .14 - j79 .5  
ohms looking into C, and assuming a perfect load. 
Impedance a t  21.45 MHz ( th i rd  harmonic)  is 
0.08-  j45.1 ohms under the same conditions. The 
amplifier must be able to work at the fundamental 
frequency yet be stable with a capacitive load at har- 
monics. 

Source impedance at harmonics is generally low 
and depends on the particular circuit. This is a 
separate analysis problem with many variations. The 
network still looks capacitive at harmonics. 

It is a good idea, regardless of the amplifier circuit, 
to use two sections in cascade. The source-end sec- 
tion can use a lower design Q but retain the virtual 
resistance for cascading. C,' is tuned just once, leav- 
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ing C, and C, variable for matching. This increases 
harmonic suppression capability without adding 
more variables. 

The normalized resistance and reactance of the 
first circuit example is graphed in fig. 6 and assumed 
to be looking into Co. Curves are for design Qs of 
3.86, 5, and 10. Other circuits will show a slight devi- 
ation but the general effect is the same. 

A general rule is that the resistance and reactance 
change slowly near band center for stability. Design 
QS lower than 5 are preferred. This is achievable by 
using the two-section configuration with a low-Q 
source end. Variations to the source due to tuning 
are reduced. 

Individual component Q should be high to avoid 
losses; component Q of 100 or greater is preferred. 
This is easy with capacitors but inductors should be 
toroids or airwound. A 0.3 dB loss is insignificant at 
the other end whether running 10 watts or a kilowatt, 
but that loss with a kilowatt means local heating of 
about 67 watts. 

receiver applications 
All that was said about transmitter applications ap- 

plies here. Many expensive receivers are mismatched 
- the so-called communications receivers with 3:1 
tuning bands show wide input impedance variations. 

An  RX noise bridge can be used to  check a 
receiver input. The noise source itself should be pad- 
ded to avoid overload and saturation, particularly 
with solid-state receivers, because overloading the 
front end can change the impedance reflected back 
to the antenna terminals. 

Old receivers with 300-ohm input options should 
have the pi network placed there. Variations will still 
be found so the impedance must be checked. 

An  advantage gained in the high-frequency bands 
is a reduction of interference from nearby CB rigs 
when the receiver is used at 15 meters and below. 
There is some advantage gained in attenuation below 

I- t 

2 5 10 20 30 
MHz M H z  MHz M H z  M H z  

fig. 5. Voltage response of a pi network vs Q. Center fre- 
quency is at 7.15 MHz. 

fig. 6. Normalized resistance and reactance vs Q around 
the design center frequency of the pi network (7.15 
MHz in this casel. 

the center frequency due to mismatch loss. The in- 
put impedance to a pi network is reactive on either 
side of the center frequency, actual loss will depend 
on the antenna. 

Mobile antennas in the high-frequency range can 
use the p i  network in  place of the common 
L-network. The same is true of short verticals. It is 
wise to use a wideband 4: l  balun with a bridge in 
measuring such antennas because of low resis- 
tances. Don't forget to divide the impedance by 4 (or 
multiply with admittances) when using the balun. 

lnterstage matching in any amplifier chain can also 
be done. Higher design Q can be used, but with cau- 
tion: the reactance variation is greater and may result 
in instability. There are a dozen other 3-component 
matching networks available which can be found in 
the references. About half of these will be better for 
interstage applications. 

Proper design and operation with any matching 
network depends on knowing the source and load 
characteristics. With amplifiers at either end, you 
should check to see what happens with reactive con- 
ditions out of band. 
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transmitter matching networks 

Complete data 
for building networks 

to match the 

output impedance 
of your transmitter 

to the 

input impedance 
of a linear 

power amplifier 

Most transmitters are designed for 50-ohm out- 
put loads and the use of 50-ohm coax cable has 
become the standard for antenna systems used by 
amateurs. As the typical transmitter these days has 
100 to 175 watts output, it is often used as an exciter 
to drive a linear amplifier to higher output power. 
These units normally are cathode-driven and are 
characterized by an input impedance that falls in the 

region of 20 to 200 ohms. Although in many cases 
the exciter can drive such an amplifier directly with 
satisfactory results, the use of a properly-terminated 
matching network can be beneficial in a variety of 
ways: I t  allows maximum energy transfer (most out- 
put), presents the best load to the exciter, minimizes 
harmonic radiation (TVI, etc.), and allows barefoot 
operation without retuning. 

Perhaps other advantages will come to mind. 
Some exciters have only a %-ohm output, and can- 
not be retuned for other impedances. 

input impedance 
The input impedance of linear amplifiers is rarely 

the same from one band to another. Some amplifiers 
are not operated at zero-bias and actually drive the 
grid through a passive resistor. These systems usual- 
ly present about the same impedance from one band 
to another, of course, but are rarely 50 ohms to 
start with. 

Formulas have been given to enable the calcula- 
tion of the input impedance of a grounded-grid, 
cathode-driven amplifier. However, such formulas 
are all but worthless since they do not take the fre- 
quency into consideration. Measurements taken at 
the input of such amplifiers usually show a rather im- 
pressive variation from 10 to 80 meters, indicating 
that a formula would be quite misleading. These 
variations are caused by the manner in which the rf is 
isolated from the filament transformer (and hence 
the house wiring). Two methods are used to ac- 

By lrvin M. Hoff, WGFFC (reprinted from the 
January, 1973, issue of ham radio) 
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complish this: filament chokes, such as bifilar-wound 
coils, or low-capacitance filament transformers. 

The best uniformity is normally obtained with the 
low-capacitance filament transformer, but such a 
transformer is not always available, and in any event 
would need to be mounted within a few inches of the 
tube base. This is not always convenient, so filament 
chokes are more commonly used. These chokes 
range from commercially-available units to home- 
made - the latter usually being two number-12 
double-enameled wires wound simultaneously 
around a round ferrite rod until 11 turns (you would 
count 22 with the two wires) are on the rod. With 
proper bypassing these chokes allow the 60-Hz fila- 
ment current to pass, but to not allow the high- 
frequency rf signal into the filament transformer. 

fig. 1. L-networks. The circuit in A is a step-down L-net- 
work; B shows a step-up L-network. 

Factors which seem to contribute to variations in 
input impedance from band to band include the 
voltage on the final amplifier, the type of tube or 
tubes being used, the frequency involved, and the 
type of rf chokes used. 

matching 
I once had a Johnson Pacemaker 90-watt ssb 

transmitter. This unit could tune as high as 300 ohms 
on the output. I did not think any type of matching 
network to my linear was needed, but one day, while 
operating on 10 meters, I got a bad rf burn on my 
mouth when I came too close to the microphone. 
This led to an investigation of the input impedance, 
and I found on that particular transmitter it was only 
15 ohms on 28 MHz; the Pacemaker could not handle 
this low impedance at all. A simple pi-network was 

and this is now standard practice for most commer- 
cial units. These usually have input networks in- 
corporated into the design, and are often adjustable 
if you wish to optimize them for a specific part of the 
band. They are usually switched automatically as you 
change the band selector. 

fig. 2. A typical pi-network. R i  is the input load, R L  the 
output load. 

Such networks are usually made up of pi networks 
although a few use the more simple L-network. The 
pi network is usually preferred as greater control and 
uniformity are possible from band-to-band since the 
Q can be predetermined for consistent performance 
over a wider variety of impedances. The L-network is 
more simple, but it is also somewhat more difficult to  
adjust for optimum swr. 

L-networks have been covered adequately in other 
texts,' so only an example will be shown here (see 
fig. 1). Although this is a very simple circuit, it has 
several minor disadvantages. 

For one thing, in the L-network Q cannot be con- 
trolled, and is usually very low. Also, if the network is 
used for all hf amateur bands, the capacitor often has 
to be switched from one end of the coil to  the other. 
Further, the L-network has very little exciter loading 
due to the low Q and it offers very little harmonic 
suppression. 

A typical pi network is shown in fig. 2. It offers 
predictable performance because the Q may be 
preselected. It also offers a good load for exciter 
stability, and can easily be used for all hf amateur 
bands. 

input impedance 
The input impedance of the network may be deter- 

mined by testing; use of formulas should be avoided 

- .  

used, and when incor~orated for other bands, I _L 1 "'"'2 _L 
found I not only increased the output power, but I 
could also then switch immediately from high power 
to barefoot, a distinct advantage over the previous 

fig. 3. A typical pi-network for transmitter matching. The 
system. switch selects the proper tap for the various bands; the 

Various articles have been written regarding the second switch section may be used to switch in parallel 
use of networks between the exciter and the linear, fixed values on the lower frequency bands. 
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If it does not go to zero, tap up or down on the induc- 
tor and try again (the tap on the coil should be tem- 
porary until properly selected). This same technique 
is used on each different band. 

using a swr bridge 
This is the least desirable of the various methods. 

I t  will usually work, but is the most time-consuming 
of all and can be misleading. If you think you have 
gotten it just right, switch to the exciter barefoot and 
see if the antenna presents approximately the same 
load, plate current, output power, etc. without re- 
turning the exciter. This will provide a check on your 
accuracy, and is, of course, the desired end result 
anyway - the ability to switch from antenna to amp- 
litier with similar results. 

network placement 
In commercial rf power amplifiers the matching 

network is usually quite near the tubes in the ampli- 
fier, and normally there is a separate network for 
each band. The appropriate network is switched in 
automatically with the band-selector knob. 

It is not at all necessary to have the networks in the 
same cabinet with the rest of the transmitter. You 
may find it considerably more convenient to install 
the network a few feet away from the amplifier 
where it can be changed quickly whenever you band- 
switch. This is the arrangement I have used success- 
fully for a number of years. I have a short piece of 
coax connecting the network to the input of the 
amplifier. The length of the coax is in no way critical, 
but once the network is adjusted, of course, the coax 
length should remain the same. 

A piece of paper was temporarily placed on the 
front panel of the enclosure, the correct settings for 
the various bands found, and the paper marked. 
Then a nicer looking paper was drawn up with mark- 
ings for those settings, typewritten with the band- 
markings, and attached to the front panel. This 
allows very rapid setting of the network whenever I 
bandswitch, yet only one coil and two variable capa- 
citors are used. 

Other methods may come to mind that will work 
adequately for your purpose. Trying to put the net- 
works into the amplifier usually makes additional 
problems with regard to space, synchronizing with 
the bandswitch, etc. Thus, the remote installation 
may appeal to some of you who do not have space in 
the amplifier or the technical capability of providing 
mechanical selection when the bandswitch is 
rotated. 

components 
Even with 100-watts output, there is only about 1.4 

rf amps flowing. Consequently, rather small in- 
ductors, such as B&W stock can be used successful- 
ly. B&W type 3018 comes in 4-inch (10cm) lengths, 8 
turns per inch (2.5cm); the full 4 inches ilOcm) is 9.4 
microhenries. B&W type 3014 is also 8 turns per inch 
(2.5cm), 3-inches (7.5cm) long, and 4.8 micro- 
henries. These should give you ideas, and a wide 
variety of similar ~nductances are available. 

Even with 100-watts output, the voltage across 50 
ohms is only about 70 rms. Almost any type of 
variable capacitor, including the common 365 pF 
broadcast type, will be more than adequate. You can 
easily find these for free from junker a-m radios of 
another era, and usually in gangs of two or three on 
the same shaft. 

You will probably want a bandswitch for the net- 
work. Any type of switch capable of handling small 
amounts of rf will be adequate, and the additional 
polelpoles may be used to switch in fixed values for 
the lower frequencies, if desired. Ceramic or steatite 
switches are recommended. 

F~xed capacitors should be rated for at least 150 or 
200 volts, and capable of handling rf currents. Mica 
transmitting types are excellent. Low-cost door-knob 
capacitors are also good and are usually capable of 
handling kilowatt outputs. 

Some commercial amplifiers use fixed capacitors 
and a slug-tuned variable inductor. Unless you have 
some means of determining the actual impedance to 
be matched, tuneup could be very time consuming, 
and fairly costly unless a large supply of capacitors 
suitable for rf is available. Also, many of the available 
slug-tuned inductors will not handle the amp or two 
of rf current without damage. 

summary 
Some method of matching the exciter's 50-ohm 

output impedance to the input of a linear amplifier 
should be offered. A good, simple but effective 
method is to build a single, variable pi-network and 
place it in a convenient place a few feet from the am- 
plifier. A rf wattmeter may be used for initial tuneup, 
and simple markings placed on the box containing 
the network so rapid band changes can be made. 
Tables are included for both pi networks and L-net- 
works. These were computer-derived and include 
values for 1.9 through 29.7 MHz. 
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introduction to 
operational amplifiers 

Operationai amplifiers 
have invaded 

amateur radio - 
here are the basic facts 

on their theory, 
selection, and application 

If you have been keeping up with the current elec- 
tronics literature, you've surely seen articles on the 
integrated circuit operational amplifier. Perhaps 
you've wondered just what it is and what it can do 
for you. The fact is, it can do just about anything you 
wish, and do it better than conventional circuits. 

Tube versions of the op amp have been around for 
a long time. They were originally used in analog com- 
puters to perform mathematical operations such as 
addition, subtraction, and averaging. The main 
objection to these circuits was their huge physical 
size. Recent advances in solid-state technology have 
produced op amps at very reasonable cost with ac- 
tive elements formed on a single chip of silicon. A 
complete amplifier now occupies less space than 
many of the discrete components used in the original 
vacuum-tube operational amplifiers. 

The IC op amp is so useful in amateur radio appli- 
cations that I've prepared this article to acquaint you 
with it. The first part of the article discusses some of 
the more popular circuits and gives the equations 
describing the relationship between input and out- 
put. Then comes a description of the op amp's gain 
characteristics. The last part of the article is devoted 

to some applications you'll find useful around your 
amateur station. 

1 typical circuit 
The input stage of the op amp is a high-impedance 

differential voltage amplifier. This is followed by 

VaTAGE W E R  
AMPLIFIERS AMPLIFIER 

fig. 1. Typical operational amplifier circuit, (A) ,  and block 
diagram of its three stages IB).  Many  arrangements of feed- 
back elements are possible. 

other voltage amplifiers. The output stage is a low- 
impedance power amplifier. 

Fig. 1 shows a typical circuit. Resistor Rffeeds the 
output to the negative input, which is sometimes 
called the summing junction. The negative input is 
isolated from the driving signal, Ei, by resistor Ri, 
which represents the circuit's input resistance. The 
negative input is 180 degrees out of phase with the 
output and is at ground potential. Under these condi- 
tions, no current flows into the amplifier, because 

By Donald W. Nelson, WB2EGZ, 9 Green 
Ridge Road, Voorhees, New Jersey 08043 
(reprinted from the November, 1969, issue of 
ham radio). 
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current in Rjand R, is equal and opposite, Ohm's law 
says that the output voltage, E,, is related to the in- 
put voltage, E,, in the same proportion as the values 
of R f a n d  R,. The negative sign in the equation of fig. 
1 means that the phase has shifted 180 degrees. 

definitive examples 
The following op amp circuits are ideal representa- 

tions. Nothing is perfect, of course, but I've used 
examples of a perfect amplifier to provide definitive 
examples. A perfect amplifier would have these 
characteristics: 

1. infinite open-loop gain. 

2. In f in i te  i n p u t  impedance and  zero o u t p u t  
impedance. 

3. Zero response time (the output changes sirnulta- 
neously w i th  changes in input). 

4. Zero offset. Wi th  no voltage between the input 
terminals, the output voltage will be zero. 

fig. 3. Other examples of op amp voltage amplifiers. A volt- 
age follower is shown in (A), current-to-voltage transducer, 
summing amplifier, and difference amplifier are shown in 
( 8 ) .  (Ct, and (Dl .  

The important things t o  remember about these 
characteristics, which are called summing junction 
restraints, are: 

1. No  current f lows at either positive or negative 
input. 

fig. 2. Three common op amp circuits. A n  open-loop circuit 
is shown in ( A ) ,  useful as a voltage comparator. The cir- 
cuits in ( 6 )  and (C l  are inverting and non-inverting am- 
plifiers. 

2. Both inputs are at the same potential. 

open-loop operation 
No  feedback is used in the circuit of f ig.  2A. The 

amplifier is running wide open. If the input is other 
than zero, the amplifier will be driven into saturation. 
An  op amp isn't often used in the open-loop mode 
because of pract ical  considerat ions. One use, 
however, is in a voltage comparator circuit. If t w o  ac 
voltages are applied t o  the input, the open-loop 
amplifier will fol low their potential difference. As  the 
voltage on the positive terminal changes from that on  
the negative terminal and vice versa, the amplifier 
will swing as far as its supply will allow. 

inverting and noninverting amplifiers 
Two  widely used arrangements of the op amp are 

illustrated in figs. 26 and 2C. In  the circuit of  f ig.  2B 
(which is the same as that of f ig.  I ) ,  the output 
signal is inverted wi th  respect t o  the input. If a 
square-wave, fo r  example, w i t h  pos i t ive-go ing 
pulses is applied to  the input, the output pulses wil l  
be negative. Gain will be proportional t o  Rf and Ri. 
The sign in the right-hand member of the transfer 
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transducer, adder, subtractor 

The Philbrick-Nexus USA4JT "grandpappy of op amps." 
Very few amplifiers can match i ts performance. However, 
this fine unit  has been retired to  the back shelf because of 
i ts large size, aging characteristics, and high power con- 
sumption. 

function (relationship of input to output) will be 
negative because of the 180-degree phase reversal. 

In the noninverting circuit of fig. 2C input and out- 
put are in phase, which accounts for the plus sign in 
the equation. 

voltage fol lower 
A variation of the noninverting amplifier, the 

voltage follower, is shown in fig. 3A. Note that the 
output is connected to  the negative input. The 
positive input is driven directly by the input signal, Ei. 
Output is equal to input: a unity-gain amplifier. This 
circuit is used for following voltage references. The 
limitations of the cathode follower (or emitter 
follower in transistor circuits) are minimized. 

fig. 4. Voltage waveform integration and differentiation 
may be performed by  IA) and IB). These circuits are used for 
precise filtering. 

The circuit of fig. 3B is a current-to-voltage 
transducer. It can be used to drive a meter, recorder, 
or other vo!tage-operated indicating instrument from 
limited current sources. 

Voltage inputs are added directly in the summing 

FREOUENCY 

100 

fig. 5. Gain-bandwidth characteristics of uncompensated 
amplifier. Instability occurs as gain attenuation exceeds 18 
dB/octave because of 180' phase lag. 

UNCOMPWSATED 

FREOUENCY 

fig. 6. Bode plot of compensated amplifier. Response is 
l imited so that 180' phase shif t  occurs before unity gain is 
reached. 

I 1  ! I ! 
I I .i.xg.& I n w i i F ; E n  , 

amplifier of fig. 3C. The op amp is shown here in one 
of the operations for which it was originally used. 
Each input may be weighted by using different 
resistor values. Input weighting is proportional to the 
gain of the particular input: El will have a weight of 2 
if RJ= 2k and Rl = 1k. If R2 = 500 ohms, E2 will have a 
weight of 4. 

The circuit of fig. 3D is sometimes called a bal- 
anced input amplifier or symmetrical subtractor (dif- 
ference amplifier). It's used when neither side of the 
signal being amplified is at ground potential, as 
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across a current-sensing resistor. Other inputs may 
be added where inputs to the negative terminal are 
additive, and those t o  the positive terminal are sub- 
tractive. 

integrator and differentiator 
By using a capacitor in the feedback loop (fig. 

-~\- . 

VCY 

fig. 7 .  Compensating by bypassing. As capacitor values in- 
crease, (A) .  amplifier open-loop response moves to the 
left, (B). 

fig. 8. Response limiting at amplifier output. Capacitive 
compensation, (A),  or the RC network in (B) are frequently 
used to supplement input compensation. 

4A), the op amp may be used to  integrate voltage 
waveforms. When the capacitor is in the input, fig. 
4B, the signal is differentiated. Both differentiator 
and integrator, as shown, are purely theoretical. 

practical limitations 
Most errors in  a practical operational amplifier wi th  

known characteristics can be calculated. If the 
amplifier is properly chosen for a particular applica- 
tion, these errors may be negligible or can be com- 
pensated. Wi th  an understanding of amplifier gain, 
frequency response, and phase shift, you'll be able to  
apply compensation methods to  tame the op amp of 
your choosing. 

RK CK 

NOTE RK, CK MAY NOT 
8E NECESSAQY IF CF 
CAN BE bDJUSTED CqSlLY 

fig. 9, Compensation for op amps with discrete compo- 
nents. Input loading, stray wiring capacitance, and output 
loading must be compensated. 

Several definitions of gain must be understood: 

1. Open-loop gain. This is the ratio of output-to- 
input voltage at any frequency. No  feedback is 
used. Typical open-loop gains are from 104 to  109 
in commercially available amplifiers. 

2. Closed-loop gain. When feedback is used, the 
ampl i f icat ion is called closed-loop ga in.  For 
reasons t o  be discussed, closed-loop gain is rarely 
less than unity. 

3. Loop gain. This is the difference between open 
and closed-loop gain. Usually, errors are minimiz- 
ed wi th  greater loop gain. 

Characteristics such as gain attenuation w i th  fre- 
quency (also called roll-off) and phase shift, which 
are common t o  all amplifiers, are especially important 
when considering operational amplifiers. As  men- 

PDJUST FOR ;j-imn.;; , 

fig. 10. Compensation for dc offset error in an inverting 
amplifier. Adjustable current offset compensation is shown 
in (A); drift-compensating resistor in (B). 
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Rf 
I 

ple. If the bypass capacitors ( f ig .  7A)  are increased 

fig. 11. Drift  com- 
pensation in a non- 
inverting amplifier. - o 

Input voltage swing 
is a limitation; R,  is El0 €0 

n o w  t h e  i n p u t  
0 0 

resistor. v 

tioned previously, phase shift through the amplifier 
must be less than 180 degrees when feedback is 
employed. Any additional phase shift must be com- 
pensated, or the circ~i:  will oscillate. 

In f i g .  5, gain-bandwidth characteristics are 
shown fo r  an uncompensated amplif ier (no t  
necessarily typical). The phase shift (lag) increases as 
the gain is affected by feedback. The amplifier 
becomes unstable when the roll-off exceeds 18 
dB1octave because of the 180-degree phase lag. In 
well-designed amplifiers, this limit occurs below 
unity gain. Even with compensation, the amplifier 
can't be controlled when 18 dB1octave is reached; 
therefore, operating below unity gain is usually im- 
practical. Some amplifiers may be difficult to  control 
at gains slightly above unity. 

compensation 
Amplif ier compensation wi l l  l imit  frequency 

response, but roll-off and phase shift will be con- 
trolled. A plot of a compensateed amplif ier's 
response is shown in f ig. 6 .  This type of presentation 
is called a Bode plot; it illustrates the limited gain roll- 
off (rate of closure with the unity-gain point in the 
frequency response of the amplifier). 

Most op amp data sheets give enough information 
to make a Bode plot. This will allow you to analyze 
the results of intended compensation. The Bode plot 
is the easiest way of showing the characteristics of 
compensation. 

The simplest way to stabilize an amplifier in which 
a large amount of feedback is used is to bypass some 
signal point in the circuit. IC op amps such as the 
RCA CA3047 and Fairchild pA702 have terminals 
specifically provided for this. Fig. 7 shows an exam- 

fig. 12. Increasing current output. If output current capa- 
bility is too low. a booster amplifier can be used to reduce 
output impedance. 

in value, the amplifier open-loop response will shift to 
the left ( f ig. 78) .  

As the Bode plot shows, the high-gain, high-fre- 
quency characteristics are very limited with this con- 
figuration. The simple addition of a series resistor 

I I 

1- 
I 
1 
1 1 MAINFRAME 

& R)WER SUPPLY GROUND 

6 SIGNAL GROUND 

/f7 CHASSIS GROUND Q 

NOTE CHASSIS GROUND 
MAY BE CONNECTED TO 
SUPPLY GROUND BY A 
CAPACITOR OR RESISTDR 

INCORRECT ROUTING 

1 

SIGNAL 

SUPPLY r-!--l-l 
0 

fig. 13. Correct routing (A), and incorrect routing (B), of load 
return in an op amp layout. Incorrect routing will cause an 
error in reference voltage. 

with the bypass capacitor will yield greater band- 
width. 

Output limiting is another popular form of com- 
pensation (f ig. 8).  Amplifiers such as the Fairchild 
pA709 have a special terminal just for this purpose 
(fig. 8A).  The technique of f ig .  86 is also useful. 
Output compensation is frequently used to supple- 
ment some form of input compensation such as that 
suggested in fig. 8A. While every compensation 
problem is unique, we may generalize and say that 
the compensations shown above are required by the 
peculiarities of integrated circuits. 
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Amplifiers using discrete components are inter- 
nally compensated to a degree. With discretes, the 
main compensation is for output loading, CL., stray 
wiring capacitance, and input loading, Ci. Compen- 
sation techniques are shown in fig. 9. This is by no 
means the last word in compensation; it's only in- 

INPUT R,  
+.-- -- 
GAIN = " 

R, 

FOR A GArN OF MO 
R' = l o o k  

R ,  = i k  

Rc = 9W CWMS 

Rf= OX 

r-----*-- -- 
E2 0 --- /I- 

C A 3 0 4 7  
Eo 

€3 - -0 

+lW - IPV E< (E, + E P +  E 3 )  

CURRENT OFFSET 
NETWORK 

- 1 2 v  

fig. 15. Typical adder. Offset compensation is similar for all 
computing circuits. 

fig. 14. Complete circuits for the basic inverting amplifier, 
(A), and non-inverting amplifier, (B). Gain of non-inverting 
ac circuit is approximately 10 and may be trimmed for pre- 
cise gain. 

tended to  help you when some published circuit 
won't work. 

offset error 
Among the imperfections of a practical op amp is 

the mismatch of components that prevents the 
amplifier from having exactly zero output with zero 
input. This may well be the most serious problem 
you'll encounter in dc operation of a high-gain ampli- 
fier. The basic compensation methods are shown in 
fig. 10. 

shown in fig. 10. The input impedance will be equal 
to the input resistor, R,, because the input is a virtual 
ground. The amount of drift may be considered a 
limitation of input. The simplest compensation for 
this is shown in fig. JOB, where a resistor is used in 
the positive input. 

Drift may be compensated similarly in a nonin- 
verting amplifier as shown in fig. 11. The difference 
here is that R ,  is now the input resistor. In this cir- 
cuit, the input voltage swing is a limitation. This is 
called "common-mode voltage swing" on the data 
sheet. 

Output impedance, being some value greater than 
zero, will introduce small circuit errors. It is desirable 
to keep Z,,, low. This may be done by using the 
greatest loop gain possible. A booster amplifier also 
reduces Z,,, although such an addition probably 
wouldn't be considered unless the output current 
capability is too small. The most common current 
booster is the pass transistor in a precision power 
supply as suggested in fig. 12. 

Beware of the limitation of output voltage swing, 
especially in IC amplifiers. This is a luxury that closely 
relates to the price of the op amp. The 30-volt p-p 
capability of RCA's CA3047A is high for an IC. 

One input error that's elusive - at least t o  me - is 
the common-mode error. Variously defined, this 
error arises from the effect of a change in one input 
on the signal fed to the other input. Common-mode 

input/output limitations - 
Input impedance and voltage swing generally may fig. 16. Adder-subtractor. Large values of feedback resis- 

be neglected in the conventional inverting amplifier tors will result in a gain greater than unity. 
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5. Common-mode voltage is important for nonin- 
verting and dual-input circuits. 

A noteworthy successor to the best tube op amps is the 
Fairchild A00-7. I t  features discrete components, built-in 
compensation, and chopper stabilization. 

error is smallest when the common-mode rejection 
ratio is high. This error is important when differential 
inputs are used, or when the amplifier is operated in 
the noninverting mode. * 

Always look for the least-expensive amplifier that 
will satisfy your requirements. Some suggestions to 
guide the newcomer are outlined below. 
1. High loop gain is desirable. Usually this implies 

the need for high open-loop gain. 

2. Sufficient output voltage swing and output cur- 
rent to the load must be considered. 

3. Offset voltage and drift must be checked for com- 
patibility with your circuit. 

4. Offset current is particularly important in circuits 
such as the current-to-voltage converter. 

"Slewing rate 1s another limitation of practical op amps. Briefly, it is the 
maximum rate of change of output voltage with tlme. I t  must be considered 
when pulses of fast rise time are employed or high frequency, high level 
sine wave signals must be processed. I t  also is a limitation to using opera- 
tional amplifiers at high frequencies. A thorough treatment of this 
parameter would be quite lengthy; however, a careful examination of the 
Bode plot w ~ l l  show slewing rate will change with compensatlon. Interested 
readers w ~ l l  f lnd a discussion related to an ~ntegrated-circult op amp 
(MC-1530) In the Motorola lritegrated Circuit Handbook, 1968 edition, 
p. 10-74. Editor 

6 .  Power-supply ripple, drift, and regulation are 
most important when the supply is used as a 
reference. However, all op amps work better with 
a high-quality supply. 

The best over-all performance in op amps is obtained 
from those using discrete components - in fact, 
tube types. The least expensive and most interesting 
to experimenters are the integrated-circuit op amps. 
Despite their low cost. performance is excellent 

CIRCUIT IS RESET TO 
ZERO AT TIME SWITCH 
CLOSES 

HIGH-FREOUENCY CUTOFF Fh = A 
2 ll R, C, 

LOW-FREQUENCY CUTOFF. FL = ---L 
2 7r Rf C, 

fig. 18. Integrator (A) ,  and differentiator circuit (6). Double 
amplifier symbol in (A)  denotes chopper stabilization re- 
quired because of offset error due to Ct. 

If you understand the parts of this article dealing 
with the ideal operational amplifier and the limita- 
tions of practical circuits, you're almost ready to 
warm up your soldering iron. First, however, I'd like 
to give a few precautions on layout and choice of 
components. 

capacitors and bypassing 

fig. 17. Weighted adder. The sum of the inputs is a function 
of the feedback resistor; and any reasonable combination 
of Rfand R, is permissible. 

Poor layout in an op amp circuit may cause its 
response to peak at the higher frequencies. Under 
certain conditions, oscillation will result. The prob- 
lem can exist even with a neat layout. In stubborn 
cases, peaking may be cured with a mica bypass 
capacitor (try 100 pF) directly at the noninverting in- 
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put. This is appropriate only for an inverting ampli- 
fier. The problem is rare when the amplifier is used in 
the noninverting mode. 

More frequently, oscillation results from improper 
bypassing in the power supplies. A 0.1-pF capacitor 

TRIGGER 

VC. 
.01 

fig. 20. Examples of the multivibrator. Circuit at (A1 is free- 
running. or astable; (BI is a bistable multivibrator, or flip- 
flop. Monostable, or one-shot, is shown at (C). 

f i g .  19.  T h e  W i e n  
bridge oscillator. The 
circuit is temperature '.L 
sensitive; stability is 2 n R c  

i m p r o v e d  b y  t h e  100 - 6 0 0 0  HI 

lamp, which operates 
0 

at low-current level. 

ing circuits, wi l l  call for Mylar or Polystyrene 
capacitors. 

resistors and diodes 
The giant called loop gain, which is restrained by 

an operational system, will create problems when 
noise and unwanted reactances exist. Therefore, cer- 
tain precautions must be observed with respect to 
other circuit components. 

Resistors must be chosen with care in systems 
where accuracy depends on the resistor. Wirewound 
resistors have low noise and excellent stability. 
However, they have the largest shunt capacitance 
and series inductance of all types. Also they're not 
usually available in values above one megohm, and 
they're expensive. 

Carbon composition resistors shouldn't be used 
where high stability is required, such as in the input 
and feedback circuits. Although they produce noise, 
these resistors are inexpensive and are satisfactory in 
less critical parts of the circuit. 

Metal film resistors have excellent characteristics 
and provide a good compromise between the wire- 
wound and composition types. Their upper range is 
ten megohms. Higher resistance values are available 
from Victoreen and Pyrofilm in the form of glass- 
enclosed, deposited-carbon construction. While 
there's little choice in precision resistors above ten 
megohms, you should be aware that some high- 

on each power-supply lead at the amplifier socket is L6-J SL 

good practice. Low-inductance, laminated ceramic 1 Sf OPENS 

capacitors are perfect for this. +m?_ 1-7 
Capacitors can be critical in some circuits where t 

low leakage is important. Dura-mica types are excel- I E  - 2 ~ k ~ f ~ I / ~ 2 ~  

lent for compensation purposes. High values and fig. 21. Staircase generator. Ramp output results if a dc 
higher precision, such as would be required for tim- signal is applied to pin 11 through a resistor. 
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f ig .  22. Phase-shift 
network for system 
stabilization. Lead 
and lag compensa- - 
tion are shown. 

resistance types are voltage sensitive. They're not 
precise at voltages other than their test voltage - 
usually 10 volts. Be careful not to get dirt or perspira- 
tion on these, as it may reduce their resistance. 

Clamping diodes are frequently used in op amp cir- 
cuits. Low-leakage, low-capacitance diodes such as 
the 1 N914 or 1 N457 types should be used. Never use 
germanium diodes unless the leakage allowances are 
high enough. 

triple grounds 
Three grounds should be used: signal ground, 

power-supply ground, and chassis ground. This 
triple grounding technique is essential to minimize 
voltage drops that would create system errors. A t  
some point, all grounds may be connected, but not 
necessarily. Consider each system with respect to 
the voltage drops that will develop. For example, 
with high output current (load current), the load 
return to power supply ground must be direct. The 
reference signal, using signal ground, must not be 
transmitted through the same wire. Fig. 13 illustrates 
some basic grounding techniques; however, the 
subtleties of the ground loop aren't always easily 
control led. A l i t t le experimentation w i th  the 
preceding concepts in mind could lead to a better 
solution. 

compendium of op amp circuits 
I've devoted the remainder of this article to a 

description of some of the more common applica- 
tions for the operational amplifier. These circuits are 
just a starting point. I'm sure that ham ingenuity will 
result in many more interesting variations. Who 

fig. 23. High input im- 
pedance amplifier for 
crystal transducer. 

knows? Perhaps someone will adapt one of these cir- 
cuits to a communications problem and revolutionize 
the industry. In any event, I hope these ideas will in- 
spire more experimentation. If you come up with a 
new use for the op amp, the market is wide open for 
your ideas. 

basic computer circuits 
While basic computing circuits may not be your 

idea of a construction project, such applications of 
the op amp serve to identify what follows. As a mat- 
ter of fact, with a little thought and planning, these 

fig. 24. Precision ac amplifier. Gain is 70 dB; input impe- 
dance is 200 megohms. 

circuits might be just the thing for a science fair 
presentation. 

To recap, the basic inverting and noninverting op 
amps are shown in fig. 14 with all the component 
values. You'll recall that the inverting amplifier shifts 
the phase of the input signal 180 degrees; that is, a 
positive-going input produces a negative-going out- 
put. The output signal will be in phase with the input 
in the noninverting amplifier. 

Typical compensation is shown in the circuits of 
fig. 14. The following circuits are simplified. Com- 
pensation and proper bypassing are essential, of 
course. The RCA CA3047 is inexpensive and alto- 
gether adequate for the applications shown. 

An adder is shown in fig. 15. The offset network is 
typical for all computing circuits. An alternate would 
be a voltage offset circuit, which is usually con- 
nected to the positive input. The currents from these 
three inputs are summed, and the negative of this 
sum appears at the output. Feedback at the negative 
input means that the input is a virtual ground, so the 
three inputs are effectively isolated, and no interac- 
tion exists among them. 

An adder-subtractor circuit is shown in fig. 16. 
Note the equation of the circuit: the output voltage 
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equals the sum of the noninverting inputs minus 
those on the inverting inputs. Thus, we have a sub- 
tracting circuit. By making the two resistors in the 
feedback circuit larger, greater-than-unity gain may 
be obtained. 

If we change resistor values, a weighted adder 
results, as shown in fig. 17. The feedback resistor 
value affects the sum of the inputs. The weight of 
the adder is proportional to input gain, which is 
determined by the feedback resistor. 

Other mathematical operations in computers are 
integration and differentiation. The former is used to 

fig. 25. Low-noise tape head amplifier. Matched transistor 
pair reduces noise and increases input impedance. 

find the area under a curve; the latter determines the 
slope of a curve at any point. In the integrator of fig. 
18A, an fet input amplifier should be used because of 
the error caused by bias current. Also the capacitor 
leakage must be very low - 1 nanoamp or prefer- 
ably, less. 

Gain response of the integrator is maximum at the 
low frequencies and decreases linearly with increas- 
ing frequency. Amateur application of such a circuit 
would be in a lowpass filter following a speech clip- 
per to attenuate harmonics. 

In the idealized differentiator, gain increases in- 
def ini tely w i t h  frequency. To eliminate high- 
frequency noise problems, gain limiting is provided 
by Ri in the circuit of fig. 188. This circuit is also 
useful for filter applications; frequency response is 
determined by the RC constants according to the 
equations shown. 

oscillators and waveform generators 
Of the many operational amplifier circuits used in 

computers, probably the most popular amateur 
adaptations are oscillators and their close relatives, 
the multivibrators. 

- i5v dU- st,, L- --- I~ 

l-l--sv 2.0 I 

fig. 26. Logarithmic amplifier. Circuit operates over a fre- 
quency range of six decades. 

If you need an oscillator with an unusually pure 
sine wave output, the Wien bridge1 circuit in fig. 19 
is a good candidate. It is inherently temperature 
dependent, however. In the circuit shown, stability is 
improved with a lamp operating at very low current. 

The multivibrator circuits in fig. 20 have appeared 
in various forms in many amateur publications. 
They're used in  electronic keyers, frequency 
counters, square-wave generators, and a host of 
other circuits where a controlled signal source is 
required. 

The circuit of fig. 20A is an astable, or free- 
running multivibrator. Its uses include a timing-pulse 

= 1 TIME CONSTANT - RC 
R ,  I l t R C  

fig. 27. Lossless ac meter circuits. A high-impedance dc 
meter is preferred for the millivoltmeter circuit, (A); a low- 
impedance meter should be used in the milliammeter cir- 
cuit, (B). 
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generator, or clock, in counters. Feedback to the 
- - 

I 1 T O+v 

positive input  is called "bootstrapping." This 
effectively increases circuit gain until i t approaches 
infinity. 

The bistable multivibrator ( f ig. 20B) has two stable 
states, each of which changes only when triggered 
by a pulse of opposite polarity. This circuit is used as 
a memory storage, counter, or shift register in com- 
puters. Its principles are often used in amateur cir- 
cuits with little or no modification. 

The monostable multivibrator, f ig .  20C, is also 
called a one-shot. I t  has one stable state, which can 
be changed by an external pulse, It will then return to 
its originai state after a time period determined by its 
RC constants. The one-shot is used for a time delay 
or to produce a pulse of specific width when trig- 
gered. 

kvv" 7 I / 4 )  
101 101 5 k  

r n F  

> 

I 

E, ovg = E, rms * 
SEE TEXT 

fig. 28. Ac-to-dc converter. Circuit has an input range from 
6 m V  to 6 volts rms at 10 to  1000 Hz.  Amplifier is a Burr- 
Brown IC. 

CLOSE SWITCH m 
0 BEGIN l7MlNG 

fig. 29. Timing control circuit. Minimum delay is determined 
by X I . C ,  maximum delay is infinite. 

transducer.3 A possible adaptation for amateur use 
would be a crystal microphone preamp. 

The amplifier in f ig. 24 has a gain of 70 dB and an 
input impedance of 100 megohms.3 Diodes are used 
to prevent latch-up. Because of the high-frequency 
characteristics (100 kHz) wi th the compensation 
shown, special attention should be given to layout 
and power-supply decoupling. 

The tape-head amplifiers of f ig. 25 uses a matched 
pair of 2N3726s to reduce noise and increase input 
impedance. Despite the fact that it uses no input 
resistor (purists may object to classifying this circuit 
with op amps), the circuit does suggest a technique 
for improving common-mode rejection and increas- 
ing the common-mode range for any op amp. 

A widely used instrument is the log amplifier (or 
log converter). It has the capability of compressing 
input voltage ranges of several decades into a useful 
linear range. Some uses for this circuit ( f ig. 26) are in 

An application where the integrator feedback 
filter measurements, leakage measurements, and as 

capacitor is allowed to charge is shown in fig. 21.2 
a computer power-function generator. The amplifier 

During a finite period, the input pulses will add 
shown uses a diode-transistor combination in the 

algebraically until the amplifier saturates. When the 
feedback circuit to  achieve the conversion function.4 

switch is closed, the output returns to zero. The cir- 
Both current and voltage offsets are required for op- 

cuit shown generates a staircase waveform; it can be 
eration over a 6-decade input range. With an input of 

used as a ramp generator if a dc signal is applied to 
0.13mV to IOOvolts, theoutputisfrom220to580 mV. 

pin 11 through a resistor. Successively opening and 
Fig. 27 shows two lossless ac meter circuits. The 

closing the switch would give a sawtooth output. millivoltmeter circuit, A, uses an op amp to compen- 
Systems frequently require phase compensation for 

sate for diode, resistor, and meter losses. The 
stability. Precise adjustment may be made with the 
technique shown in f ig. 22. Adjustable lag is ob- 
tained by changing the input bypass capacitor; lead 
adjustment is provided by varying the feedback 
resistor. Resistors RI and R2 may be necessary to 
stabilize the system. 

amplifiers 
In addition to the basic amplifier circuits previously 

shown, I've included some useful variations. 
The circuit of f ig. 23 is often used in dynamic 

instrumentation such as vibration measurements. It's 
a high input impedance amplifier using a crystal as a 

- 1 L ., - 0 - 

fig. 30. A power supply that provides up to 200 m A  between 
1 and 15 volts. Regulation is better than 0.01%! 
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/ OPERATIONAL 

I AMPLINER 

fig. 32. The op amp in a filter circuit. Filter in the feedback circuit yields an output with response 
characteristic of the filter element. 

response time, which is usually low, can be increased 
by increasing either the meter series resistor, R,, or 
the averaging capacitor, C. 

The current-sensitive counterpart of the 
millivoltmeter, shown in fig. 278, has zero drop 
across its terminals. Limiting diodes at the input 
should have very low leakage. No charging capacitor 
is necessary, because the current is averaged by the 
meter. Low-impedance dc meters are practical in this 
circuit, whereas the millivoltmeter performs more ef- 
ficiently with a high-impedance meter. 

In measurement and control circuits, it's frequent- 
ly necessary to convert ac to dc. The circuit of fig. 28 
using Burr-Brown amplifiers' consists of a full-wave 
rectifier and a filter. 

The time delay circuit in fig. 29 requires an ampli- 
fier with a high-impedance input such as that pro- 
vided by an fet. The Burr-Brown 3521H is such an 
amplifier. Of the many uses for this circuit in amateur 

INPUT 

9110 22v 

fig. 31. Voltage reference source. Regulation is 0.01 mV/V; 
temperature stability is *0.5% from -55'to 125OC. 

applications, an example would be to control timing 
of voltage turn-on in a power supply. Circuit re- 
sponse time would be limited by relay action. 

The Motorola MC1539 op amp is the center of 
precision in the circuit of fig. 305. This supply pro- 
vides up to 200 mA at any voltage between 1 and 15 
volts. Regulation is better than 0.01 %. The unusual 
reference supply consists of a constant-current diode 
(type 1 N5287) and a 50 kilohm potentiometer. 

The amplifier has a gain of 120,000, so it won't 
load the reference. Note that output compensation is 
between pins 5 and 6, and input compensation is be- 
tween pins 1 and 8. The circuit is protected against 
burnout from short circuits. 

voltage reference 
A more sophisticated reference supply uses its 

own op amp, a National Semiconductor LMlOl  (fig. 
31 1.6 The 1 N827 reference diode is temperature com- 
pensated. Regulation is 0.01 mV/V, and temperature 
stability is +- 0.05% from - 55OC to 125OC. Short- 
circuit protection for the reference is provided inter- 
nally. The LM101 needs only one compensating 
component, the 33-pF capacitor (the commercial 
version is the LM301A). If you'd like an alternate cir- 
cuit, see National Semiconductor LM343 op amp 
data sheet, k 65 V output! 

active filters 
A nice thing about active filters is that you don't 

need inductors to  achieve near-ideal mathematical 
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fig. 33. A Twin T filter 
for use in an op amp 
circuit. Bandpass is 
1000 Hz;  with input 
and feedback resis- - 
tors of 10k and 100 & 
the gain would be 10. 
T h e  p r o d u c t  C , R ,  
should be greater 
than twice CR. - 
response characteristics. Another good feature is 
high input impedance, which means that matching is 
not a consideration." While compensation for the 
operational amplifier is necessary, filter reactance 
trimming is not. Once you've caicuiated component 
values for a specific response, you're done. 

A circuit that's easy to understand is shown in f ig .  
32. A filter in the feedback circuit of a conventional 
inverting amplifier yields an output with the response 
characteristic of the filter. 

A possible filter is the Twin T shown in f ig. 33. A 
1000 Hz bandpass filter is in the basic circuit. If 
Ri= lOk and Rf=lOOk, the gain will be 10 at 1000 
kHz. The Twin T is one of the simplest (first order) 
filter elements; however, it has relatively low 4, so 
don't expect miracles from it. 

The circuit of f ig. 34 may be used with an active 
high pass, or low pass, or rejection-notch filter by in- 
serting the appropriate filter element. Reference 7 
provides more information for active filter designs. 

Another practical approach toward building an 
improved filter is to precede a conventional filter with 
an op amp follower (fig. 35). This circuit eliminates 
filter input loading problems. Although resistor R is 
chosen to equal the filter input impedance, the resis- 
tor is really used to match the input of the preceding 
stage. The input impedance of the op amp is 
arbitrary. 

A follower on the filter output would be useful if a 

'True for this circuit, but not for controlled source and negative ~mrnitance 
converter techniques. Editor 

I FlL TER EL EMEN T I 

fig. 34. Preceding a conventional filter with an op amp fol- 
lower to eliminate input loading. lnput impedance of ampli- 
fier is arbitrary, as explained in the text. Resistor R should 
equal the input impedance to the filter. 

varying load is used. The purist will argue that this 
isn't a true active filter. I'm willing to concede the 
point, but I hasten to add that it's a handy technique. 
I encourage the amateur to take it from here. 

a parting thought 
I've presented some basic data on one of the most 

interesting and challenging products of modern 
solid-state technology. The circuits shown are the 
most commonly used, but by no means do they 
cover the entire field of possible applications. 

If you wish to adapt these circuits to your needs, a 
good grasp of op amp theory is essential; the 
material listed in the references will supplement that 

fig. 35. Preceding a conventional filter with an op amp fol- 
lower to eliminate input loading. lnput impedance of am- 
plifier is arbitrary, as explained in the text. Resistor R should 
equal the input impedance of the filter. 

in the first part of this article. Some possible projects 
that come to mind are: 

1. An ultra-stable oscillator (for system synthesis). 

2. A precision filter for selective calling. 

3. A high-impedance meter for measurement of hf, 

or gfs 

4. A precision digital power supply. 

5. Science Fair computer projects. 

I'm sure you've thought of a few projects, too. 
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an IC op amp update 

Following the work 

of Nelson, 
Author Jung 

brings you up to date 
with state-of-the-art 

IC operational 

amp1 if iers 

The first operational amplifier article in this issue 
discussed the fundamentals of op amp design 
theory, some specs, and also earlier representative 
examples. Although there has been a great deal of 
new device activity since that article was originally 
published, take heart; it can all be sorted out. In this 
update article I'll discuss a number of different com- 
munication related applications for op amps, with at- 
tention directed to which device to choose for opti- 
mum performance, for a given application. The em- 
phasis will be on the simple and straightforward 
devices, their uses, and limitations. 

As a starting point, what is the standard in IC op 
amps? It  has to be said that for a general purpose 
device, it is the 741. General purpose has come to 
mean a unit which can be used with f 5V to f 18V 
(dual) or + 10V to +36V (single) supplies. In addi- 
tion, it has a small-signal bandwidth of 1 MHz, a slew 
rate of 0.5 VIpS, input bias currents of 100 nA or 
less, and an offset voltage of 2 mV, all of these specs 

+ 5 V  TO f / 5 V  IOUALI 

INPUTS OUTPUT 

GNO ISlNGLE) b-' 
V- - 5 V  TO -1BV (DUAL1 

fig. 1. Standard pinout diagram for 8-lead IC op amps. When 
shown in a schematic diagram, the power connections are 
always mandatory. though sometimes they may just be 
implied. The offset null connections are not 100 per cent uni- 
versal, and therefore the individual data sheets should be 
consulted. 

being typical. There are probably a hundred or more 
IC op amps which can meet this definition. However, 
I'll concentrate on the more common and readily 
available types (table 1). 

Fig. 1 shows what has now become the standard 
pinout for single IC op amps. You'll note that the pin 
numbers marked on the leads correspond to the 8- 
pin (round can or mini-dip) configuration. The 5 

By Walter Jung, 1946 Pleasantvil le Road, 
Forest Hill, Maryland 21050 
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pins, exclusive of the offset pins, are the absolute 
minimum required for op amp connections, and you 
cannot make a circuit work without all of them. 
Power pins (V  + and V - are always there, although 
in some drawings they may only be implied for sim- 
plicity. 

A 741 can be made to function in about 90 out of 
100 op amp circuits, so it's a handy device to have 
around. For basic experiments and study, it is easily 
the best device since it's essentially foolproof. You 
don't have to bother with compensation components 
either, because it is internally compensated. Other op 
amps (such as the 709,748, and 301A), use addition- 
al external compensation components. If you have 
some of these on hand, they also can be used in 
many of the following circuits (if the devices are 
compensated for unity gain as shown in fig. 2). Gen- 
erally though, other devices mentioned will all be in- 
ternally compensated, unless otherwise noted. 

Standard op amp power supply voltages are -+. 15 
volts, but this is not a very rigid requirement. If you 
have a balanced dc power supply providing between 
+ 5 and f 15 volts, it will suffice for most of the cir- 
cuits we'll discuss; you could also use a pair of 9 volt 
batteries. In general, you'll want to include a pair of 

table 1. C o m m o n  o p  amps a n d  their manufacturers. 

table 2. Standard p inout  single o p  a m p  devices. 

b ipolar fe t  

device 

741 (748) 
307 (301A) 
1456 
1436 
343 ( 344) 
759 
799 

remarks 

general purpose 
general purpose 
high slew rate 
high voltage 
high voltage 
high current 
single supply 

very high speed 
low noise 
h ~ g h  slew rate 
lligh slew rate 

device 

3140 
356 (357) 
TL081 (TL080) 
f LC71 
3160 (3130) 

remarks  

general purpose fet 
high performance fet 
general purpose fet 
!ow noise TLOt?l 
CMOS Output 

first 
generation 
fets 

good rf bypasses, such as 0.1 pF ceramic capacitors 
across the supply lines, preferably near the IC. Or, 
you may want to construct a simple dc supply, (2, 3, 
4) using IC regulators. For most IC op amp circuits, 
regulation is not at all critical and IC voltage regula- 
tors are more than adequate. 

With regard to fig. 1, the only other circuit detail 
not yet mentioned is the offset pot. The method 
shown is common to many units, such as the 741, 
but is not completely universal. If your circuit re- 
quires offset nulling, double check the data sheet to 

devices manufacturer 
be sure of the method. Often, the need for an offset 

~A709 ,  ~A740 ,  ~ A 7 4 1 ,  ~A759 ,  Fairchild Semiconductor 
adjustment can be eliminated by careful circuit 

pA791, ~A798 ,  ~ A 7 9 9  464 Ellis Street design. 
Mountain View, California 94040 The recent arrival of the fet input IC op amp, with 

I C L8007 lntersil 
10710 N. Tantau Avenue 
Cupertino, California 95014 

MC1456, MC1436, MC1741S, Motorola Semiconductor 
MC3403, MC1458, MC3471 Box 20924 

Phoenix, Arizona 85036 

LM301A. LM307, LM318, National Semiconductor 
LM324, LM348, LM349, 2900 Semiconductor Drive 
LF356, LF357, LM358 Santa Clara, California 95051 

RC4558, RC4136 Raytheon Semiconductor 
350 Ellis Street 
Mountain View, California 94040 

CA3140, CA3130, CA3160 RCA Solid State Division 
Route 202 

wide availability and low cost, is one of the happier 
developments in recent years. A number of bipolar 
and fet devices are listed in table 2. All ICs listed in 
this chart can be substituted in the pinout diagram 
shown (excluding offset null). In some cases a dual 
listing is shown; the second is the uncompensated 
version of the basic device. 

A fact which further serves to demonstrate the 
maturity of IC op amps is the preponderance of mul- 
tiple units, both duals and quads. A few of the more 
popular ones are listed in table 3. As can be seen, 
many of them are dual or quad versions of single op 
amps. There are no wholly universal types, but the 
1458 and 4558 are probably the most popular duals 

Sornerville, New Jersey 08876 (fig. 3A), likewise the 324 and 4136 are the most 

NE532, NE534, NE535. Signetics 
popular quads. In the quads, there are two generally 

NE536, NE5534 81 1 E. Arques Avenue accepted pinouts (fig. 3B) corresponding to the 324 
Sunnyvale, California 94086 and 4136. 

TL080 Series 
TL071 Series 
TL061 Series 

Texas Instruments 

Dallas, Texas 75222 

applications 
Having very briefly looked at popular standard ICs, 
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it's time to examine some specific op amp applica- 
tions. This treatment is somewhat unique, because it 
shows only a few device part numbers. It's intended 
that almost any device listed in tables 2 and 3 can be 
used in these circuits with the appropriate connec- 
tions. The circuit discussion, however, will empha- 
size which device is the best choice, and why. 

gain blocks 
Probably one of the most common uses of IC op 

amps is as a gain block, to raise signal levels or buffer 
a source. The basics of inverting and non-inverting 
gain stages are quite stra~ghtforward, but a lot can be 
said about tailoring a gain stage to specific uses, 
while getting around device limitations. 

In fig. 4A, an op amp inverter is connected for 
split supply use. Gain is simply R2lR1, while the in- 

I 

I+ 

OUTPUT I  OUTPUT 
(+I 0 8 

fig. 2. Some op amps are not internally compensated and 
may require external capacitors for compensation. The ex- 
amples shown here have been compensated for unity gain. 

put impedance is equal to R1. The practical problem 
with this circuit is that high gains tend to result in a 
low input impedance. This can be alleviated by fixing 
R1, and raising R2. If a fet input amplifier is used, R1 
and R2 can be made as large as convenient, many 
megohms being entirely practical. The practical limit 
is that at very high values of R2, stray capacitance 
will begin to limit bandwidth. 

A dc response is obtained with the input directly 
connected to R l .  A t  high gains (100 or more), offset 
at the output may be prohibitive, requiring offset 
nulling. For ac use, the blocking action of C1 causes 
the dc gain to be unity (for any ac gain) and thus off- 
set is not amplified. This is the preferred connection 
when only ac gain is required. Note that C1 and R1 
have a low-frequency rolloff which sets the lowest 
usable frequency. The high-frequency bandwidth 
can be controlled by either of two means. If gain is 
very high ( Z 40 dB), the amplifier's gain bandwidth 
will cause a rolloff at the op amp's unity-gain fre- 
quency divided by the stage gain. For example, a 
741's unity response occurs at 1 MHz, thereby limit- 
ing bandwidth to 10 kHz with 40 dB of gain. Wider 

diagrams for dual and quad 
op amps. The quad op amp "- 
can be in either of two dif- / 'ST NUMBER DENOTES 3 2 4  PIN NUMBERS 
ferent patterns' with the /ZIOENOTES EQUIVALENT 4/36 Pih' 

second set in parenthesis. NUMBERS 

bandwidth units, such as the 4558, will increase the 
total bandwidth. 

For working gains not limited by amplifier rolloff, 
the bandwidth can be set by a capacitor (C2) con- 
nected across R2. In the example shown, C2 sets the 
3 dB bandwidth to  5 kHz. A n  interesting basic 
characteristic of the inverter is that it can be used for 
gains less than unity, when R2 R1. This can be 
useful when it is required to reduce the gain of a 
stage to zero, or some low value less than unity. 
Compression agc or amplifiers make good use of this 
factor. 

A non-inverting gain block is shown in fig. 4B; the 

table3. Standard pinout dual and quad op amp devices. 

bipolar fet duals 
device remarks device remarks 

1458 dual 741 TL082 dual TL081 
358 low power, single supply TL072 low noise 

2904 low power, single supply TL062 low power 
532 low power, single supply 
798 low power, single supply, 

class AB output 
4558 "faster" 741, low noise 

bipolar quads fet quads 
device remarks device remarks 

324 low power, single supply, TL084 quad TL081 
class B op 

3403 low Power, single supply, TL074 low noise TL084 
class AB op 

4136 "faster" 741, low noise TL075 low noise, 4136 pinout 
(pnp input) TL064 low power 

348 (349) quad 741 (npn input) 3471 high speed 
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fig. 4. A standard op amp inverting gain block is shown in A. The gain of the IC is RZ/RI, with the input impedance being Rl's 

I 7 B illustrates value. For ac use, the low frequency rolloff occurs atfL= ----r , while the high frequency rolloff is I,=------- 
2aRILl 2.irR2C2 

a non-inverting configuration. In this case the gain is Rx. The low frequency rolloff will occur at two  frequencies, 
R 1 

1 . There will only be a single high frequency rolloff, f H =  --- I and f L,  = -------- ~ L I  = ---- 
2aRJC1 2aRIC2 2aRZCjr 

R I  

10 k 

OUTPUT 

R1 +R2 general gain of this stage is - - -. The intrinsic in- 
R 1 

put impedance is very high (assuming R3 is not con- 
nected), as it looks directly into the input to the 
amplifier. If the amplifier is a fet type, the bias current 
will be only a few picoamps, while in bipolar units it is 
typically on the order of 50-100 nA. The non- 
inverting stage is therefore inherently best when 
minimal loading of the source is required, such as 
timing capacitors or high impedance transducers. 

Gain can be manipulated by either R1 or R2, as 
convenient, with no effect on input impedance. The 
minimum gain of this circuit is unity, with R 1  open 
and R2 shorted. Breaking the dc path of R1, and in- 
serting C2 causes amplification of only the ac com- 
ponent. Input ac coupling is provided by C1, with R3 
as a bias return. R3 is shown as nominally 100k ohms 
but a fet amplifier can allow 10 megohms or more 
here, without compromise. 

The same bandwidth limitations apply to the non- 
inverting amplifier as the inverting amplifier. C3 can 
be used to  reduce bandwidth at a specific point. 
Note that in this circuit, C3 can reduce the gain to a 
minimum of unity. 

OUTPUT 

INPU 7 

0 

For both of these circuits, large-signal bandwidth 
is limited by the slew rate of the op amp used, and 
can be quite independent of the external com- 
ponents. If you require high output voltages (10 volts 
peak) at frequencies of more than 10 kHz, a high- 
slew rate op amp is in order. Most fet amplifiers have 
slew rates of 5 V / p S  or more, allowing full power to 
100 kHz or more. Reference 5 will provide some fur- 
ther insight into optimizing general purpose gain 
blocks. The absolute limit on voltage swing depends 
either on the op amp or its power supplies. Standard 
units can swing about k 10V with + 15 V supplies. 
High voltage devices, like the 1436 or 344, can swing 
i 20 V or more, with + 28 V supplies. For rated out- 
put, loading should be I k ohm or more. If lower im- 
pedances are used, they will not necessarily damage 
the device, but may result in reduced output due to 
current limiting. 

Since a great many op amp audio amplifiers use a 
single power supply, it is appropriate to configure the 
previous gain blocks for a single voltage. Fig. 5A 
shows the inverting mode. Again R1 and R2 set the 
gain, with C1 and C, providing input and output 
coupling. Assuming a zero dc level at the input and 

fig. 5. The inverting and non-inverting configurations can be connected for a single supply voltage. The voltage divider provides 
one half of the supply voltage as a reference to the op amp. In the case of the class-B output stages, the resistor can be added to 
reduce cross-over distortion. 
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fig. 6. The Fairchild 759 can be connected as a 1 or 2 watt 
monitor amplifier. For 1 watt operation, the supply must be 
r 9 volts with a 16 ohm speaker: far 2 watts. 115 volts with 
a 32 ohm speaker. The IC package must be connected to a 
heat dissipating device. 

output, C1 and C, must be polarized as shown. R3 

and R4 form a V +  divider, which biases the 
2 

amplifier output for the maximum signal swing. For 
most general-purpose op amps, this is all that is 
required. 

Some op amps have class-€3 output stages for 
reduced power drain. Examples are the 358 and 324 
units which have 0.7 and 1.5 mA quiescent drains, 
making them highly suited for battery or other power 
uses. However, the class-€3 output stage does gener- 
ate cross-over distortion, which may be objection- 
able. An  optional pull-down resistor (4.7k) can be 
used to  minimize this affect. I t  should be adjusted to 
suit the particular application. 

monitor amplifier 
Recently there have appeared on the market sever- 

al op amps which can furnish substantial output 
power, with the convenience and simplicity of gen- 
eral op amps. One of these is the Fairchild 759 illus- 
trated as a 1WI2W monitor amplifier circuit in fig. 6. 
The 759 has a peak output current of 350 mA, and a 
supply range similar to other op amps (36 volts). 
Thus, the power it can deliver to a given load is relat- 
ed to the impedance and supply voltages used. As 
shown here it can furnish 1 or 2 watts to a 16 or 32 
ohm speaker, w i th  supplies o f  k 9 or -t 15V, 
respectively. 

The device is furnished in a heatsink type package, 
which should be attached (but insulated) to a chassis 
or other heat radiator. This circuit is attractive 
because of its simplicity, and can be adapted to suit 
other gain requirements. Gain is 20 for the values 
shown, with the response rolled off by C1 at 15 kHz. 

A higher power "op amp with muscle" is the 791 
(Fairchild) which has a 1 A output. There are also 
several high voltage devices which can be used to 
drive external transistors providing many watts of 

output. Examples are the Signetics NE540 and 
NE541, the Motorola 1436, and the National 343 
and 344. 

push-pull driver 
An interesting technique which will produce 6 dB 

more voltage and power output, for a given supply 
voltage, is shown in fig. 7. This circuit is a push-pull 
driver, which effectively doubles the output voltage 
swing across a floating load. The circuit is quite cost 
effective when used with one of the dual op amps in 
table 3. Gain is adjusted by R1  or R2, and it may he 
adapted for single supply bias by lifting the grounded 

v+  end of R5 and applying a potential of -- to the in- 
2 

put of U2 and the bottom of R5. 

parallel driver 
A handy idea, when a single op amp just won't 

supply enough output power, is the parallel driven 
circuit shown in fig. 8. Here U1 and U2 are two op 
amps of a similar type, with their inputs driven in par- 
allel. The outputs are combined through low value 
resistors, with output current being approximately 
doubled. Additional similarly connected stages can 
also be used, such as 3 or 4 sections of a quad unit. 
The output resistors force the current to be shared 
equally between the op amp outputs. While their 
values are not critical, they should be at least 
50 ohms. 

Some single op amps have noteworthy power or 
voltage characteristics and are very attractive for use 
in this type of circuit. Examples are the Signetics 
5534 which has a 30 mA output stage, and high volt- 
age types such as the 1436, 343, or 344 which can 
swing up to 80 V p-p in this circuit. 

variable voltage reference 
The circuit in fig. 9 is useful for the generation of a 

INPUT PUSH-PULL 
R 3  OUTPUT 

4558 I K O 8 2  

fig. 7. If the load is floating, two op amps can be connected 
for push-pull operation. This method will provide 6 dB more 
voltage and current output, for a given supply voltage. 
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buffered and stable reference voltage source, while 
being readily adaptable to a wide range of output 
voltage and current requirements. This method takes 
advantage of the ability of a number of op amps to 
operate from a single supply voltage, with their in- 
puts at or at near ground potential. The basic refer- 
ence voltage is developed by the LM336, a stable, 2.5 
\I, monolithic zelner diode with a low (20 pprnI0C) 
temperature coefficient. Because of the low-dynamic 
impedance of this diode (less than 1 ohm), the 2.5 V 
is extremely stable when the diode is biased for a cur- 
rent of 1 mA. R4 applies some fraction of the 2.5 V to 
the op amp, which amplifies it by a factor of 4 to yield 
a + 2.5 to  10 V output. 

Output current rating is dependent upon op amp, 
of course, and will be about 10 mA for general pur- 
pose types. The 759 can supply up to 350 mA if 
desired, or other devices can be buffered by an npn 

b ADDIT!DNdL SECTIONS b 

R l  

fig. 8. Similar op amps can be connected in parallel, pro- 
viding additional output current. The outputs must be con- 
nected through low-value resistors. 

vA---- 

INPUT 0 = i o o  

RP 
-t 

emitter-follower stage. If greater output range is 
desired, the circuit can be operated from a higher 
supply voltage with R2 adjusted accordingly. R3 
should be selected to maintain about 1 mA of current 
in the LM336. 

OU TPU 7 
4- 

digitally-programmable voltage source 

100 I 
I 
I 

A buffered, digitally programmed voltage source is 
shown in fig. 10. This circuit is quite useful as a re- 
peatable, programmable lab source with a basic 
range of 0 to 2.55 V (10 mV per step), or 0 to 25.5 V 
(100 mV per step). The output is adjustable, in binary 
fashion, with an 8 bit TTL compatible input control. 

This circuit uses an MC1408 8-bit D /A converter, 
which provides 1.99 mA full scale. The current in 
turn is converted to a buffered voltage by U2. R3 
determines the basic voltage range, being 1280 ohms 
for a 2.55 V scale, or 12.8k for 25.5 V (the op amp 
used must be capable of handling these output volt- 
ages). A 741 or other general purpose op amp is ade- 
quate for a 2.55 V range, but a high-voltage single- 

OUTPUT 
ADJUST 

2 . 5 V  R 4  
LM336 /oh 

7 9 8  3 5 8  

7 9 9  3 4 0 3  

3140 

fig. 9. Combining a high-quality zener diode with an op amp 
will produce a variable voltage reference. In  this case, the 
op amp has a dc gain of 4, giving a voltage range of 2.5 to 10 
volts. 

supply type is more appropriate for the 25.5 V range. 
For this, the 759 is suggested. I t  can also be used for 
the lower scale, of course, and is attractive because 
of its high output current. 

Like the voltage-reference source, regulated cur- 
rent sources are also useful as basic circuit elements, 
especially for control and measurements applica- 
tions. Fig. 11A illustrates a simple current source, 
which uses only a reference diode and a single resis- 
tor to set the output current. The reference diode is 
driven in bootstrap fashion by the op amp, causing 
the reference voltage Vz to appear across R5. The 
regulated output current is I,, which may be any 
value less than I,, but must be substantially greater 
than the op amp's bias current. If a fet op amp is 
used, this circuit can be used from 1pA up to a level 
approaching I,. In this case, it is 10 PA. 

The current in the zener is set by R1 to  provide a 
minimum zener current (1 mA),  taking into consider- 
ation the supply voltage and RL. With R L = l  meg, 
the circuit has a compliance voltage of 10 volts. The 
weak point of this circuit is the fact that the zener 

R 2  1.25k 

15 W A  CONVERTER 

V-  

__O 
OUTPUT 

OTOCP.55V IZBOOUMS 74/ + 5 V  -15V 

0 TO +2.55V IP.8Ok 759 +P8V GND 

fig. 10. Instead of using a straight analog control, this cir- 
cuit uses a D/A converter to form a digitally-programmable 
voltage source. The binary coded, l T L  information will 
produce either of two voltage ranges, 0 to 2.55, or 0 to  25.5 
volts. Full scale calibration is achieved by trimming R3. 
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fig. 11. A simple current source combines a zener diode with 
an op amp in a bootstrap configuration (A ) .  For higher cur- 
rents, any of the three-terminal regulators can be used as 
constant-current sources ( B ) .  The current setting resistor 
is connected between the output and ground terminals of 
the device. 

current changes with supply voltage and RL. Al- 
though the LM336's low impedance mitigates this, it 
is still the ultimate limit to precision. For a higher per- 
formance version of this circuit, the zener can be 
replaced by a 2.5 V three-terminal voltage reference, 
such as the Analog Devices AD580 or the Motorola 
MC1403. Reference 6 includes a discussion of this 
type of circuit 

For currents higher than a few mA three-terminal 
references and regulators can be used very effective- 
ly, with the addition of only one resistor, to set the 
output current, as shown in fig. 118. This schematic 
is quite general as shown, and can use any of the 
three-terminal devices. The AD580 and MC1403 are 
usable up to 10 mA, while the LM317 can handle one 
ampere or more ( i t  must, however, have a minimum 
load current of 10 mA). 

low-voltage ohmmeter 
A circuit which employs several of the previously 

described principles, as a low-voltage ohmmeter, is 

Rx /x Rr 

10 OHM IOmA 2 5 0  OHM 

100 l m A  2 . 5 k  

I k IOOpA 2 5 k  

10 k 1OpA 2 5 0 1  

l o o k  2 . 5 M  

1 M 100nA 2 5 M  

fig. 12. This low-voltage ohmmeter combines a stable con- 
stant current source with a dc amplifier. In this diagram the 
ohmmeter will read 1000 ohms full scale. 

shown in fig. 12. Two desirable factors incorporated 
in this ohmmeter are a low applied voltage, (0.1 V), 
and an output which is linearly proportional to the 
unknown resistance. I t  can accurately measure resis- 
tances to below one ohm. 

The heart of the circuit is a current source, com- 
posed of U1, CR1, and R,. This circuit, with RY 
selected for the appropriate range, furnishes a con- 
stant current to the unknown, R,. For example, with 
the values shown, I, is 100 PA, and I k ohm R, will 
drop 0.1 V. The voltage dropped across R, is in- 
directly read from Ul 's  summing point by amplifier 
U2. This node, being of a much lower impedance, 
allows U2 to be a relatively high bias current device 
such as a 741. U1 is a fet input unit (356) giving best 
accuracy at high R, levels (low levels of I,). Alter- 
nately, a 3140 can be used with somewhat less preci- 

R l  R2 0 + 1 5 v  

- ..*,*" FULL SCALE 
1 k 2 7 4  

RL :; 
R 3  
ik OUTPUT 

T I I 

COMMON 

fig. 13. The supply-current monitor uses the voltage drop 
across a low-value resistor to indicate the current being 
drawn in the circuit. One side of the resistor and op amp are 
referenced to ground. The voltage difference across the re- 
sistor is amplified by the op amp, producing a 10-volt output 
that corresponds to one ampere of current. 

sion. U2 operates as a straight dc amplifier, with a 
gain of 10, scaling the 0 to  100 mV unknown voltage 
to 0 to  1 V at the output. Thus, a I k R, resistor can 
be read as 1.000 (k) on a DVM scale. The circuit can 
overrange at least 100 per cent, therefore, 2 volt 
scaled instruments can read up to 2k ohms full scale 
(or 200 mV at the input). The dynamic range of the 
circuit is over five decades. 

Since the maximum voltage handled by U2 is only 
100 mV, it should be offset nulled to eliminate zero 
error for best low-scale accuracy. This is done by 
shorting the input and adjusting for 0.000 V out of 
U2. For full-scale calibration, the individual range 
values of Ry should be trimmed for correct output, 
with a reference value for R,. 

If the circuit is t o  be used to  probe equipment, 
overvoltage/current protection is warranted. A 1 I16  
A fuse and clamp diodes CR2-CR3 protect the range 
resistors; with R5 protecting the op amp. The diodes 
used for CR2 and CR3 must be low leakage types, 
such as those specified in fig. 12. 
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&--A OUTPUT 

fig. 14. This square-wave generator (A )  can cover the range 
of 1 Hz to over 1 MHz by proper component selection. 
Symmetry of the output waveform is controlled by connec- 
ting diodes in series with RI (see text). The wide-range 
Wein bridge oscillator shown in B a t  right uses a diode array 
to provide amplitude control. 

Fig. 13 illustrates how the differencing input volt- 
age feature of the op amp can be used to monitor the 
current in a supply line. A sampling resistor R, is in- 
serted in the line to develop a voltage proportional to 
the supply current. This voltage is then amplified and 
referenced to the circuit common point by the op 
amp, which can be a 799 for medium to high currents 
( 2 IOpA), or a 3140 for very low currents. R3 is 
trimmed to calibrate the output, in this case, 10V = 1 
ampere. 

Techniques such as this, which functionally do 
nothing more than replace a series ammeter, will 
become more important as forms of automated con- 
trol pervade the amateur station. The output as 
shown, could be directly processed by an A ID  con- 
verter, for instance. 

op-amp signal sources 
The test bench can always use simple, inexpen- 

sive, and high performance signal sources. Fig. 14 il- 
lustrates two examples of oscillators which capitalize 
on some features displayed by modern IC op amps. 

A simple (and probably familar) op amp based 
astable multivibrator is shown in fig. 14A. This cir- 
cuit generates square waves over an extremely wide 
range, from well below 1 Hz to over 1 MHz (with suit- 
able values, of course). The RCA 3130 used, a + 5 to  
+ 15 V device, has a CMOS output stage. Thus, i t  
can drive either 5 V TTL or 10-15 V CMOS logic stages 
directly, since its output swings from rail to rail (V + 
to ground). Rise and fall times of the circuit are quite 
fast, on the order of 100 nS. Although shown here as 
a 100 Hz source, Rt and Ct can be readily scaled for 
different ranges. For control of symmetry, Rt can be 
replaced by two resistors in series with a reverse con- 
nected diode. If higher output swings are desired, 
other (uncompensated) op amps can be used. Ex- 
amples which are capable of high speed are the 
301A, 748, TL080, and 357 units. 

SUBSTRATE 

L -------- _1 
SUGGESTED VALUES 3.6k 

C I : C Z = C J  /.OH2 160h 500,f LEVEL 

'= / Mk Hz a 
2rRC 30 kHz 

The classic Wien bridge oscillator is often seen in 
the literature7 and is a true stalwart for the generation 
of low-distortion sine waves. The circuit of fig. 14B 
shows how the 3140 can be used in conjunction with 
diode array, providing amplitude control. 

Two problems which beset this type of oscillator 
are high distortion at high frequencies, (due t o  
limited slew rate in the amplifier) and amplitude 
"bounce." The 3140 has a high inherent slew rate of 
9 VIpS, which allows full output (20 V p-p) to over 
100 kHz. The use of a Zener diode clamp for ampli- 
tude control allows fast agc, without the bounce or 
overshoot of thermistors. A range of suggested 
values is given in this figure, and RCA's data sheet8 
for the 3140 discusses this circuit in further detail. 
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high-f requency 

hybrids and couplers 
for amateur 

applications 

Hybrid and coupler circuits 
borrowed from the 
microwave domain 

have many uses 
at the lower frequencies - 
here are some applications 

for amateur use 

Microwave  hybrids are extremely versatile 
devices. They have many applications not necessari- 
ly restricted to the microwave region. This article ex- 
plains how these circuits may be put to use at the 
higher amateur frequencies where communication 
may be enjoyed without the interference and noise 
created by thousands of commercial kilowatt trans- 
mitters. 

When hybrids are mentioned, many hams think of 
bifilar-wound coils on toroidal forms. However, the 
circuits described here may be constructed from co- 

axial line for vhf or uhf use. For the higher frequen- 
cies, they may be constructed using stripline, micro- 
strip, or waveguide techniques. Three devices are 
considered: 

1. The half hybrid (fig. 1). This is a degenerate form 
of a 4-port device that may be used as a power com- 
biner or divider. 

2. The branch directional coupler, fig. 2, which is a 
quadrature hybrid with some interesting applications 
for moonbounce work and ssb. 

1 70 OHM LINES 

fig. 1. The half hybrid, useful as an isolator between two  
power sources, Impedance a t  each port is 50 ohms. 

3. The coaxial rat race (fig. 3) .  Sometimes called a 
180' hybrid, this circuit may be used as part of a 
balanced modulator or to match or balance two 
equal loads (as in combining equal sections of an an- 1 tenna array). 

1 the half hybrid 

I This is the simplest of the devices described. It 
consists of a Y or T junction, two quarter-wavelength 
matching transformers, and a bridging resistor. 

By Henry S. Keen, W2CTK, (reprinted from 
the July, 1970, issue of ham radio) 
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If the half hybrid is fed at port 1 (fig. I ) ,  the signal 
will divide equally between ports 2 and 3. Because no 
phase difference exists at ports 2 and 3 when proper- 
ly terminated, no voltage appears across the resistor; 
therefore, no power is absorbed. If an imbalance ex- 
ists due to a mismatch, however, part of the signal 
will be absorbed by the resistor and part will be re- 
flected to the generator. If the generator impedance 
is 50 ohms, it will absorb the reflected portion. The 
isolation between output ports is independent of the 
match provided by the loads. 

If you look at the circuit quickly, the source of this 
isolation may seem vague; but if the circuit is re- 
drawn as in fig. 4, the path from port 2 to port 3 
resembles the familiar bridged-? network. In this cir- 
cuit, a signal at port 2 will be nulled at port 3. There- 
fore, the load impedance at each port is not a factor 
in the isolation between ports. 

The half hybrid may be used to provide isolation 
between two power sources, such as a pair of power 

fig. 2. The branch directional coupler. This device divides 
power between t w o  matched loads. 

between the signals at the two output ports, because 
one signal travels one-quarter wavelength farther 
than the other. This device can be used for sampling 
a portion of the signal for reference or comparison 
purposes. 

fig. 3. Coaxial rat race, or ring coupler. I t  can be used to 
balance similar sections of an antenna or as a balun. 

analysis 
To understand the design principles of the branch 

coupler, consider the case of the 3-dB version in  
which the input power is divided equally between the 
two load ports. 

In a perfectly matched coupler no signal exists at 
port 3, so this port can be short-circuited without af- 
fecting power distribution (fig. 5). This would make 
branches 1-3 and 3-4 shorted quarter-wavelength 
stubs, shunted across ports 1-4. Thus they may be 
removed, leaving only branches 1-2 and 2-4. 

If power is to divide equally between ports 2 and 4, 
port 4 must present a 50-ohm load at port 2. The 
characteristic impedance of branch 2-4 must there- 
fore be 50 ohms, thus establishing an impedance of 
25 ohms at port 2. To match this to a 50-ohm input, 
branch 1-2 must have a characteristic impedance of 
35 ohms, which can be obtained with two 70-ohm 
coaxial line sections in parallel. 

transistors. A fail-safe arrangement is thus obtained, When the network is "reassembled," branch 1-3 
whereby failure of either component will not affect will be the same as branch 2-4; while branch 3-4 wil l 
the load presented the unit. Power Output be the same as branch 1-2. For a genera, solution of 
will decrease by 6 dB because input power will be 
dissipated in the bridging resistor, but loading condi- 
tions presented to  the source will remain unchanged. 

In applications requiring high reliability during pro- 
longed unattended operation (as in fm repeaters), 
half hybrids as combining networks offer a passive 
means of ensuring uninterrupted service without re- 
sorting to complex switching mechanisms. 

branch coupler h-h 
The branch coupler is a 4-port device. It divides in- 

fig. 4. Equivalent circuit of the 
put power between two matched loads. The isolation half hybrid. Note the resem- 
between two input ports is a measure of the match blance to the bridged-T net- 
provided by the loads. A 90° phase difference exists work. 
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the design, the branch impedances will be: 

Power (4) 

Several applications of the branch coupler are of 
interest for amateur work. For example, a 3-dB coup- 
ler can be used as a phasing power divider to feed a 
circularly polarized antenna. Another use would be 
as a 90' phase shif ter for  phasing-type ssb 
generators. 

Let's first consider the power divider. if a signal fed 
to port 1 produces clockwise phase rotation, feeding 
port 3 will produce counter-clockwise rotation. If 
both ports are fed simultaneously, linear polarization 

fig. 5. The branch coupler. If port 3 is short-circuited, 
branches 1-3 and 3-4 may be removed. 

will result. A line stretcher in one of the inputs would 
permit adjustments to any desired phase angle. 

A received signal of the same polarization as that 
transmitted would appear at the same port from 
which it was transmitted. A signal of opposite phase 
rotation, such as a reflected signal, would appear at 
the other port. 

In microwave applications, isolation from 40 to 50 
dB has been obtained under ideal conditions. The 
thought occurs that this idea might be useful for 
moonbounce work; however, I have no information 
as to how much the circular polarization would be 
degraded. 

single sideband 
Single-sideband phasing techniques have been 

used in microwave receiver design to phase out the 
image signal. This method also offers a theoretical 
3-dB reduction in front-end noise. 

A block diagram of such a system is shown in fig. 
6.1 The second 3-dB hybrid operates as a combining 
network designed for the intermediate frequency. 

Balanced mixers could be used to cancel the noise 
contributed by the local oscillator. 

A t  lower frequencies, the branch coupler may be 
synthesized with appropriate values of L and C. An  
equivalent quarter-wavelength line may be construc- 
ted for any desired characteristic impedance (fig. 7). 
The absolute values of each reactance at the design 

SIGNAL SIGNAL 
wr 

' HV8R1D 

IMAGE 
W T  

MIXER 

fig. 6. The branch coupler used to phase out frontend 
images in ssb receiver applications. 

frequency should equal that of the line being synthe- 
sized. The capacitors in the final version, fig. 8, are 
identical in value. 

coaxial rat race 
The standard form of the 50-ohm rat race, or ring 

coupler, is shown in fig. 3. It consists of a closed 
loop of 70-ohm line with a circumference of three 1 12 
wavelengths. The four ports are located 114 wave- 
length apart, with first and fourth ports connected by 
a 314-wavelength line. 

A signal fed to  port 2 divides in two; each half 
travels around the loop in opposite directions. The 
path to port 4 is a half-wavelength longer than that to 
port 2, so the two signals arrive at their respective 

fig. 7 .  Synthesized quarter-wave- 
length line of impedance Z, .  XLI l  

I x c l =  Ix,/= Zo 

loads in phase opposition. Port 3, located midway 
between the two loads, will therefore receive no 
signal. The loads must be identical for this cancella- 
tion to occur. 

As a matter of interest, both loads can be re- 
moved, leaving only the loop with ports 1 and 3. Can- 
cellation will occur at the center frequency. This 
dual-path structure is known as a re-entrant filter. 

If the signal is fed to port 3, the two loads will be 
fed in phase. Any in-phase reflections of equal mag- 
nitude from ports 2 and 4 will arrive at port 1 out of 
phase and will therefore cancel. If the loads are un- 
equal, and the reflected signals differ in amplitude or 
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phase, or both, then cancellation will be incomplete, 
causing a signal to appear at port 1. In some applica- 
tions, a matched load may be placed at the odd port 
to absorb the imbalance. 

The rat race offers an excellent means of adjusting 
signal balance between similar sections of an anten- 
na array. A detector-indicator, such as a receiver 

fig. 8. Lumped-constant equiv- I +  44 
alent circuit of the  branch 
coupler. 

m I r\ 

with an S-meter connected at port 3, would show 
imbalance between array sections. Identical lengths 
of transmission line must be used between ports 2 
and 4 and their respective loads to avoid complica- 
tions due to phase differences. 

The rat race also functions well as a balun. When 
used for this application, the balanced load imped- 
ance is twice that of the coax input line, and port 3 is 
usually grounded. 

capacitively-coupled hybrid 
The capacitively-coupled hybrid shown in fig. 9 is 

another form of the 90' or quadrature hybrid. Coaxial 
line of any convenient characteristic impedance can 

(ELECTRICAL LENGTH1 
d 

, 
INPUT - 

LOAD NO 2 

fig. 9. Capacitively-coupled hybrid is another form of the 90' 
or quadrature hybrid. 

be used in its construction as long as the correct line 
length and proper coupling capacitances are used. 
The electrical length of the line elements is computed 
from: 

Coupling (dB) = - 20 loglo cos 8 

The reactance of the coupling capacitors is: 

Thus, for a 3 dB hybrid using common 50-ohm coax- 
ial cable, the lines would have an electrical length of 
4 5 O ,  and the coupling capacitors would each exhibit 
50 ohms reactance. 

50-ohm rat race 

If you don't happen to have any 70-ohm line 
handy, you can make a rat race with 50-ohm line, 
which is suitable for spot frequency or narrowband 
work. In this version (fig. 10) ports 1 through 4 are 
separated by 0.153 wavelength of 50-ohm line. The 

fig. 10. Coax rat race constructed with 50-ohm line. 

long side is 0.653 wavelength, taking into account 
the cable's velocity factor. 

A t  lower frequencies, the rat race is replaced by a 
center-tapped transformer. In the higher-frequency 
regions, where waveguide is used, a device known 
as the "magic Teer' performs the same function.2 

In all regions of the radio spectrum, hybrid devices 
exist in one form or another, which can contribute 
much to the versatility of equipment design. 
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direct methods 
for measuring 

antenna gain 

How to obtain 
meaningful vhf antenna 

gain data 
using simple equipment 

For the amateur interested in top station per- 
formance on any band, antenna refinement definitely 
produces the most rewarding return per unit of ef- 
fort and expense. 

Only in the antenna system, which includes the 
feedline and supporting structure as well as the 
radiator, can improvements increase performance for 
both transmitting and receiving. Unfortunately, 
however, the antenna system is usually the most 
neglected part of an amateur station. Performance 
tuning, if done at all, is usually limited to adjusting 
the driven element length, sliding the clamps on the 

T match, or adjusting the gamma capacitor for the 
lowest standing wave ratio. Except for using the swr 
bridge, antenna scope impedance bridge, or field- 
strength meter, most amateurs seem content to 
leave antenna tuning to the manufacturers. 

The manufacturers can't build antennas to meet 
all performance demands. Commercially built an- 
tennas are designed for "average" installation con- 
ditions. All too often these just don't exist in many 
amateur installations. Most amateurs are plagued by 
poor soil conductivity, height restrictions, nearby 
objects, and a host of other adverse conditions that 
affect antenna performance. These adverse effects 
can be reduced by tuning the antenna system once 
you have some dependable quantitative data as a 
baseline for optimization. 

The degree of improvement by tuning is limited 
with simple antennas. With the more elaborate 
arrays used above 14 MHz, it's possible to obtain 
performance increases up to  3 dB with small an- 
tennas. Improvements of 7 to 8 dB are possible with 
larger arrays. 

By Bruce Clark, KGJYO (reprinted from the 
July, 1969, issue of ham radio) 
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The following paragraphs present simple methods 
for measuring vhf antenna gain directly, with good 
accuracy. Once you know what your antenna is do- 
ing, you can make the right adjustments to optimize 
performance. A few examples are also given of some 
rather startling results obtained by amateurs who 
were introduced to these methods. 

direct measurements 
The average amateur can measure antenna gain 

with adequate precision using simple equipment. 
The measurement results are much more meaningful 
than, say, a measured standing-wave ratio of 1.02- 
to-I  on the transmission line. All this indicates is 
that the feedline is taking power. The antenna may or 
may not be radiating in the desired direction or with 
the desired efficiency. 

Of the many methods of measuring antenna gain, 
two are within the capability of the amateur. These 
are theattenuatorlreceiver method, and the matched- 
detector method.  Bo th  are comparison tests 
using a reference antenna and the antenna to be 
tested. Received signals provide the measurement 
data. 

These methods are more reliable and provide more 
repeatable data under varying site conditions than 
those using transmitted signallfield-strength meter 
or measured-pattern methods. 

attenuatorlreceiver method 
The attenuatorlreceiver method is block diagram- 

med in fig. 1. Basically, the system uses an accurate 
attenuator combined with the station receiving sys- 
tem. The signal-source output should be as low as 
possible and still provide a usable signal at the re- 
ceiver S-meter when the reference antenna is con- 

WAGKKK and WB6MGZ aim 18.6-dB 1296-MHz dish. 

REFERENCE 
SOURCE ANTENNA ANTENNA T E S T  dNTENNA 

/ UNMODULATED I 1 CALIBRATED COMMUNICATIONS 
5 0  - IOOmW -AT L E A S T  2 0 X  4 STEP / SiGNAL SOURCE / ATTENUATOR I WITH S - M E T E R  

fig. 1. Test equipment for the attenuatorlreceiver method. 
The source antenna should be as high as possible, in the 
clear, and at least 20 wavelengths from the antenna under 
test. 

nected. For most situations 100 m W  is adequate. 
The source should be stable and free of spurious 
outputs. 

procedure 
Set up the source antenna in the clear at least 20 

wavelengths from the test antenna. A nearby ama- 
teur's tower, flag pole, or TV mast is a good sup- 
port. Turn on the source, and adjust the attenuator 
for a reference level on the receiver (anywhere be- 
tween S-6 and S-9 will do). Record the number of dB 
used on the attenuator to obtain the reference value 
on the S meter. Switch to the test antenna, and peak 
the antenna for maximum signal. Adjust the attenua- 
tor for the same S-meter reading obtained with the 
reference antenna. Record the new attenuator read- 
ing. The difference between attenuator readings is 
the amount of gain (or loss) between the two an- 
tennas. 

Repeat the process several times, moving the re- 
ference antenna for an average level. Note that some 
variation is introduced by moving the reference an- 
tenna. This can be reduced by using a directional 
source antenna to reduce ground reflection contri- 
butions to the received signal (discussed later). In 
addition, the source antenna should be moved be- 
tween several different sites at varying distances. 
Several measurements should be made at each site. 
The resultant gain figure should be the average of at 
least six readings. 

Note also that feedline losses are included in these 
measurements. If known, they can be added to the 
measured antenna gain to get the actual gain of the 
antenna. Although less impressive, the measured 
figure is a more practical value, especially above 50 
MHz where feedline loss contributions are signif- 
icant. 

The attenuatorlreceiver method will give accura- 
cies on the order of + 1 dB. It's limited by the ac- 
curacy and resolution of the attenuators, but is 
probably the most applicable method for amateur 
work. 
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W6MMU's big horn for 432 - 11.7 dB. 

The matched detector method is very popular 
with the West-Coast vhf crew. I t  requires more 
sophisticated equipment, but gives greater resolu- 
tion and quicker readout. The absolute accuracy is 
still limited by the reference antenna performance 
due to reflections. The averaging procedure should 
be used here also if absolute gain figures are desired. 

Either a high ( 1  watt) or low (10 mW) source sig- 
nal, modulated with a 1-kHz audio tone is used 
(f ig. 2). The type of source determines the detector 
type. A crystal diode detector similar to a Telonic 
XD-series, or a home-built equivalent,' will give a 
square-law output at low input levels. This is ideal for 
the vswr meter readout. 

procedure 
The vswr meter is a 1-kHz, sharply tuned, gain- 

stable, low-noise audio amplifier driving an rms ac 
vtvm. The 1-kHz modulation is detected and ampli- 
fied. This signal drives the meter, which is calibrated 
directly in dB. By adjusting the vswr meter gain 
range (0-60 dB in 10-dB steps), a reference level can 
be obtained with the reference antenna. The test an- 
tenna is then connected to the detector, and the 
gain increase (or decrease) noted. 

Although the initial cost is high ($2001, the vswr 
meter is available in surplus outlets for approximately 
$40 to $60 for the earlier Hewlett-Packard HP-415 
series. Others by PRD and General Radio are also 
available.;! 

If the source power is too high, the crystal diode 
detector will be driven out of the non-linear, square- 
law portion of its curve. The resultant output will 
deviate, and the vswr meter reading will be high. 
This can be prevented by: 

1. Keeping the source power output very low. 

2. Inserting a calibrated attenuator (3  t o  6 dB) ahead 
of the detector mount ( f ig .  2). 
3. Using the vswr meter with a wider range detector 
called a bolometer (thermistor) mount. Although not 
as sensitive, the bolometer mount provides good re- 
sults when used with sources of 1 to 2 watts output. 

reference antennas 
No study of antenna gain measurement wou!d be 

complete without a word on reference antennas. 
Classically, the isotropic radiator is a point source 
that illuminates all points equally on the inside sur- 
face of a sphere. It is used as the reference antenna 
in nearly all theoretical work. However, it's not 
possible to produce such an antenna, so the matched 
112-wave dipole is often used as a reference an- 
tenna. 

The dipole has a disadvantage. Because of its 
broad pattern, it's extremely sensitive to ground 
effects and to near-field reflections from the signal 
source. These reflections add or detract from the de- 
sired free-space signal and produce an output that 
varies from the ideal (average) value. 

NBS standard reference antenna 
Absolute accuracy of measurements depends on 

the accuracy of the reference dipole, so it is im- 

REFERENCE 
SOURCE ANTENNA ANTENNA TEST ANTENNA 

I -  2 WATT SIGNAL 1 SOURCE 1 1 !:J: 1 MOWLATED BY AT LEAST mh - FOR M~nHIM 
I kHz TONE 

DETECTOR 
( H E W E T T -  MCKAW n (HEWETT-MCKARD 

477 OR 415 SERIES OR 
EOUlVdLENTl EOUIVALENTI 

DETECTED R F  OUTPUT 
TC INDICAWR M W R  MOTOR1 

50 OHMS 

Rl * FOUR ZOO-OHM 5% 1/2  WATT mMPOSlTlON RESISTORS MOUNTED ON REAR OF BNC FITTING 

C R I  = l N 3 4 A .  I N Z I C .  I N 2 7 7 .  HPZBOO 

fig. 2. Setup for the matched detector method. A bolometer 
is used in (A).  An easily constructed diode detector sub- 
stitute for the bolometer is shown in (B). The 3-dB pad will 
improve the match between detector and antenna, espe- 
cially at uhf. 
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portant to average the reference dipole readings 
under different site conditions. Recently, highly ac- 
curate standard reference antennas have been de- 
signed and employed by the National Bureau of 
Standards (NBS) and some amateurs, among them 
W6VSV and W6HPH. Basically a simple directional 
array designed for low side-lobe content and high 
front-to-back ratio, the NBS standard antenna has 
a gain of 7.7 dB over a reference dipole, measured 
under laboratory conditions in an anechoic chamber 
(see fig. 3). 

The measurement repeatability is on the order of 
k 0 . 1  dB or better. The NBS standard antenna is 
used in a manner identical to that of the reference di- 
pole, but there is less variation due to reflections. 
Also, one must remember to add the 7.7 dB ref- K71CW's 30-element Yagi for 1296 MHz yielded - 2.5 dB! 
ereiice-antenna gain figure to those from the vswr 
meter with the test antenna in the line. For example, 

some matching deficiencies were discovered). 
if the test antenna measures 2.3 dB when the re- 

As for the repeatability of results from site-to- 
ference antenna measures 0 dB, the antenna gain 
is 10 dB. 

site, tests of the popular 6-foot boom Tilton Yagi at 
432 MHz resulted in consistent measurements yield- 

results ing 12 to 13 dB in contests from Missouri t o  Califor- 
nia. W50RH's twin bi-square beam measured 8.0 dB 

These techniques are regularly employed by top 
at three different sites using three different test 

vhf-uhf amateurs to obtain the most from homebrew 
methods. These examples are exceptions. Typically, 

and commercial arrays. In the past few years, an- 
however, results haven't varied more than _+2 dB 

tenna contests at hamfests have become popular 
when good equipment and normal care were used 

proving grounds where new winning combinations 
in making the measurements. 

have been discovered. A case in point is the re- 
awakened popularity of the Yagi antenna at 432 
MHz. It has resulted from careful optimization of 
several scaled-down designs that didn't work at all 
(or poorly at best). Another case is the 1 to 2 dB gain 
increase from adding directors to collinear arrays - 
a method now adopted by at least one manufacturer. 

The accuracy of the results is amazing. My own 
32-element, 432-MHz array measured 15 dB at the 
West-Coast Uhf Conference in Fresno and 16.2 dB 
at the Hughes Radio Club contest in Fullerton (after 

some surprises 
At  one contest several owners of supposedly 

high-gain commercial arrays really had their eyes 
opened. One 432-MHz Yagi, with a manufacturer's 
claim of "over 17 dB forward gain," measured nega- 
tive 2 dB off the front and + 6 dB off the back. Cut- 
ting the antenna in half got about + 8  dB forward 
gain. 

Another homebrew 13-element Yagi from a popu- 
lar vhf handbook measured + 1.9 dB gain over a 
dipole. (The owner had substituted a wooden boom 
for the original metal boom and hadn't reduced the 
element lengths to compensate. Trimming the ele- 
ments and matching the feed brought the gain up to 
12.3 dB - not a bad increase.) 

I t  should be obvious that antenna gain measure- 
ment is worthwhile for the amateur. From my ex- 
perience, it gets results we all desire: better reports 
and more consistent contacts. 

references 
1. Fred W. Brown, WGHPH, "The Matched Detector," VHF'er, June, 

fig. 3. Layout of the standard gain antenna used by National 1965. 
Bureau of Standards. When accurately built. this reference 2. Robert Ste~n,  W6NBI. "Us~ng the SWR Indicator," ham radio, January. 

antenna will provide 7.7 dB over an isotropic radiator 10.25 1977. page 66. 

dB. Element diameter is about 0.01X (318'' or lOmm at  3. Loren Parks, K7AAD, "The Reference Dipole," VHF'er, Apr~ l ,  1965. 
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graphical solution 
of impedance- 

matching problems 

Using simple geometry 

to design 
and analyze 
a variety of 

impedance-matching 
networks 

One of the most common problems in radio cir- 
cuits is matching one impedance to another. The 
problem might be that of matching a transmitter out- 
put stage to a resistive load, or the load may have a 
reactive component, as is usually the case when 
attempting to transfer power to an antenna. 

Many articles have been written covering the 
mathematics of this problem and also the application 
of the Smith chart.' Impedance-matching problems 
can be solved readily with sufficient accuracy for 
practical purposes with no more equipment than a 
straightedge, compass, and graph paper. The graph- 
ical method lends itself to multiple-component net- 
works involving complex impedances, without re- 
sorting to trigonometry or complex algebra. It allows 
a visual choice of constants and shows forbidden ap- 
proaches in choosing impedance paths. 

The method presented in this article will allow you 
to solve most impedance problems encountered in 

amateur work. The geometric principles are easy to 
follow, and you'll need to make only a few simple 
computations. Rules are given for constructing the 
diagrams. Typical examples and solutions are 
shown. The examples are presented without mathe- 
matical proof, however. For those who wish to pur- 
sue the classical approach, some excellent material 
will be found in references 2, 3, and 4. 

1 a starting point 

I 
First consider the familiar methods known as the 

"leaning ladder" diagram for determining the resul- 
tant of two resistors or reactances in parallel (fig. 1) .  

fig. 1. The3'leaning ladder" diagram for finding the resultant 
of two resistances or reactances in parallel. 

Two perpendicular lines with lengths proportional to 
the two resistors or reactances are erected with arbi- 
trary separation from a common baseline. Lines are 
then drawn from the top of each perpendicular to the 
base of the other. A third perpendicular is now drawn 
from the intersection of these lines to the baseline. 
The length of this new perpendicular is proportional 
to the combined resistance or reactance of the two 
parallel elements. 

What happens, however, when two reactances of 
opposite sign are to be evaluated? The same pro- 

By I .  L. McNally, WINCK,  and Henry S. 
Keen, W2CTK (reprinted from the December, 
1 969, issue of ham radio) 
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cedure is followed as before, except that the perpen- 
dicular lines representing the reactances will be locat- 
ed on opposite sides of the baseline (fig. 2). Again 
connect the end of each perpendicular to the base of 
the other, extending the lines until they intersect. 
The length of a perpendicular from this point of inter- 
section to the baseline represents the combined reac- 
tance of the two paralleled elements. The side of the 
baseline where the intersection takes place deter- 
mines whether the resultant, X R ,  is inductive or 
capacitive. 

Now suppose a reactance is to be paralleled with a 
resistance. How do you determine the impedance of 
such a combination? Semicircles are constructed 
upon rectangular coordinates, with diameters pro- 
portional to the paralleled resistance and reactance, 
intersecting at point A (fig. 3) .  A line, 0 -A,  from the 

fig. 2. Diagram for finding resultant impedance of two 
reactances of opposite sign. 

origin to the point of intersection, will be proportional 
to the impedance of the combination. The projec- 
tions of this point of intersection upon the resistive 
and reactive axes will then be proportional to the 
resistance, Rs, and reactance, X s ,  respectively, 
which make up the series equivalent of the parallel 
combination. 

Because an angle inscribed in a semicircle is 
always a right angle, it is easily shown that the point 
of intersection, A, lies on a straight line connecting 
the ends of the two diameters. This construction 
leads to a well-known diagram frequently used to 
solve L networks, (fig. 4 ) .  An L network is merely a 
transformation from a parallel resonant circuit, seen 
looking in at 21, to a series resonant circuit, seen 
looking in at 22. 

rules for construction 
By combining these diagrams, it's possible to solve 

a variety of matching-network problems. The geo- 
metry of fig. 5 is the basis of solving all problems us- 

fig. 3. Geometry for solving parallel-to-series transforma- 
tion. 

ing this method. General rules fo r  us ing the 
method are: 

1. Adding a series of reactances moves the imped- 
ance on a vertical line - up for inductive reactance 
and down for capacitive reactance. 

2. Adding a parallel reactance moves the impedance 
along a circle with its center on the horizontal axis. It 
rotates clockwise for capacitive reactance and coun- 
ter clockwise for inductive reactance. 

3. When choosing impedance paths, it is not permis- 
sible to use a path passing through the origin of coor- 
dinates. 

The method permits rapid comparison of different 
network designs without a knowledge of complex al- 
gebra, and a clear picture is given of what happens 
when parameters are modified. 

We'll begin with the pi network since this is one of 
the most-used circuits in amateur work. Other cir- 
cuits will then be described which will provide a foun- 
dation for solving most impedance-matching prob- 
lems. Some numerical examples will then be given to 
show step-by-step procedures. 

pi networks 
The pi network can be considered as two cascaded 

L networks, designed to transform both input and 
output impedances to a common internal transfer im- 

fig. 3. Geometry for solving parallel-to-series 
transformation. 

march 1978 83 



pedance, which must be lower than either terminal 
impedance. This internal transfer impedance deter- 
mines the network Q,  a fact that becomes apparent 
from a consideration of the design diagram (fig. 6) .  

To design a pi network, begin at the origin of a set 
of rectangular coordinates, and construct a semicir- 
cle above the horizontal axis, with diameter propor- 
tional to Z l .  ( Z I  is the greater of the two terminal im- 
pedances.) Similarly, from the origin corlstruct a sec- 
ond semicircle below the axis. Its diameter is propor- 
tional to 2 2 ,  the lesser of the two  terminal im- 
pedances. 

Because an infinite number of solutions exist to a 
pi-ne~work probiem when terminai impedances are 
specified, an assumption must be made for one of 
the three reactances. This is necessary to establish 
the internal transfer impedance. There are certain ad- 
vantages if the reactance of the output capacitor, 
C2, is made equal to the load resistance, 2 2 .  How- 
ever, network Q requirements frequently dictate a 
lower value as discussed later. 

fig. 5. Basic geometry for graphical solution of impedance 
problems. Series resistance is plotted along the horizontal 
axis and series reactance on the vertical axis, as at (A) .  
Parallel resistance and parallel reactance circles are con- 
structed as in (BI and (C )  respectively. 

The assumed reactance Xc2, of the output capaci- 
tor becomes the diameter of a third semicircle, be- 
ginning at the origin and constructed downward 
below the horizontal axis. The point of intersection 
between this and the 2 2  semicircle is point A.  From 
this point a vertical line is drawn to  intersect the 
original Z1 semicircle at point B. The length of the 
line segment, AB, represents the required reactance 
of X L .  

A straight line is now drawn from the extreme end 
of the Z1 diameter through point B, intersecting the 
vertical axis at point C. Line OC will then be propor- 
tional to X c l ,  the reactance of the required input 
capacitor. 

The intersection of inductive reactance line AB 
with the horizontal axis is point D. The significance 
of this point is that line segment OD represents the 
internal transfer impedance of the network. The Q of 

fig. 6. The pi network diagram. Circuit Q is determined by 
the internal transfer impedance. 

the network, when driven by a current generator 
such as a screen-grid tube or a transistor, will be 
equal to the inductive reactance, AB, divided by the 
internal transfer impedance, OD. The Q will also be 
equal to Z 1 / X c l  plus Z 2 / X c 2 ,  which can be proven 
identical. 

When driven by a resistive source, such as a 
triode, the network is loaded from both ends, and the 
effective Q may be cut in half. 

tee networks 
Although the T network is not as well known as 

the pi network, it is a very usefui circuit and is quickly 
solved graphically. With the T network, we may 
assume the internal transfer impedance as equal to or 
greater than the sum of the terminal impedances Z l  
and 2 2 ,  usually by a factor of two or more. The 
graphical design procedure, with reference to fig. 7 
is as follows: 

Construct a semicircle with horizontal diameter 
greater than the sum of the terminal impedances. 

fig. 7. Solving the T network. The internal transfer impe- 
dance is equal to or greater than 21 + 22 by a factor of two. 
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Mark off, from opposite ends of the diameter, line 
segments proportional to the two terminal imped- 
ances. From these two points erect perpendiculars to 
intersect the semicircle at points A and B respective- 
ly. Connect points A and B to the remote ends of the 
diameter, intersecting each other at C. A perpendic- 
ular, CD, t o  the diameter will be proportional to the 
reactance of the capacitor, C. The Q of this network, 
as driven by a current generator, wiii be equal to the 
diameter of the semicircle divided by the line seg- 
ment CD. The sum of X L I / z l  plus Xt2/Z2 will give 
an identical result. 

Although the derivation of this diagram may seem 
obscure, if perpendiculars are erected at the ends of 
the diameter, and the slant lines extended to inter- 
sect these perpendiculars, we will have the two 
super-imposed L-network diagrams. The line seg- 
ments of these end perpendiculars will each repre- 
sent a capacitive reactance corresponding to one of 
the two cascaded L networks making up the com- 
plete T network. The extended slant lines can then 
be seen to represent the leaning-ladder diagram, with 
line CD being the result of .both capacitive com- 
ponents in parallel. All construction exterior to the 
semicircle, therefore, will be redundant and can be 
omitted. 

If the semicircle is constructed so that its diameter 
is equal to the sum of the two terminal impedances, 
all reactances will be of the same magnitude, differ- 
ing only in sign, and will be equal to the geometric 
mean of the terminal impedances. The Q of such a 
network would be quite low, being equal to the sum 
of the two  terminal impedances divided by the 
square root of their product. 

fig. 8. Solution to problem I :  matching 3000 + jO ohms to 
600 + jO ohms with a pi network. Arrows indicate impe- 
dance path. 

When the pi network is designed so that 2 2  = X c z ,  
excursions of 2 2  will have minimum effect on 2 1 .  
Resonance will be maintained by retuning X L .  A net- 
work is possible whereby a two-to-one range of 2 2  
(assumed purely resistive) will, in turn, cause 2 1  to  
vary from the target impedance by less than five 
per cent. 

Similarly, design of the T networks so tha t  
Z I  = X L I  will permit Z I  variations of the same 
magnitude, with the network output still presenting a 
match t o  the load (w i th in  the  same l imi ts) .  
Resonance is maintained by retuning C1. 
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fig. 9. Solution to problem 2: matching 3000 + jO ohms to 50 + jO ohms with a pi network - a common problem in 
transferring tube output impedance to an antenna transmission line. Expanded scales for R2 = 50 ohms are 
shown at (A ) .  At ( B )  the curves are limited to R2 = 50 or 75 ohms and Q = 10. 
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fig. 10. Solution to  problem 3: matching an antenna load of 
8 0  j45 ohms to  50+ j0 ohms w i th  a p i  network. This has a 
three step impedance path: 2 ,  t o  PI t o  P2 t o  Zz. 

In either network the terminal impedance, Z l ,  is 
assumed the higher of the two. Although Z l  has 
been treated at the input end, either network is com- 
pletely reciprocal. 

examples using pi networks 

Problem I .  Match 3000+ jO ohms to 600 + jO ohms 
with a pi network. In this case, Q= 10. 

1. Draw a 600-ohm circle (1 1, fig. 8. 

- 
2 
.c 
2 

*" 

' 0  0.5 10 15 20 2 5  30 3 5  
R (ohms) 

Q 
2 + 1 5 n  

3 15/L 

fig. 12. Solution of series-to-parallel transformation. The 
resultant impedance is 2.5 ohms. 

2. Calculate point (x,y) and plot: 

3. Erect a vertical line from point P I  (x,y) to intersect 
the 600-ohm circle at point P2. This is XL to scale 
(425 ohms). 

fig. 11. Examples of correct impedance paths. Both show networks for matching typical power amplifier tube impedances t o  
various loads. Note that the impedance paths must not  pass through the origin of coordinates. 
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4. Draw circle (2). Its intercept on the vertical axis at 
302 ohms is Xcl. 

5. Draw circle (3). Its intercept on the vertical axis at 
130 ohms is Xcz. 

6. Solution: L1 = 425 ohms 
C1= 302 ohms 
C2= 130 ohms 

Problem 2. This is the same as problem 1, except 
Z2=50ohms (f ig. 9).  

1. Draw a 50-ohm circle (11, fig. 9A. 

2. Erect XL1 through X = 30 to intersect the %-ohm 
circle at point P2. This scales to  y + 25, or 
XLI = 325 ohms. 

3. Draw circle (2) through point P2. I t  will intersect 
the vertical axis at XCZ= 60 ohms. 

4. Solution: L1 = 325 ohms 
C1= 302 ohms 
C2=60 ohms 

Some pi-network curves for common tube load 
resistance are shown in fig. 9B. 

Problem 3. Match an antenna load of 80- j45 ohms 
to 50 ohms using a pi network (fig. 10). 

1. Construct a 50-ohm circle (1 ).  

2. Plot ZL = 80 - j45 ohms. 

3. Construct circle (2) through ZL. 

Z (ohms) 

fig. 13. Examples of 2-step impedance path from 75 ohms to 
50 ohms in an L network. 

- 
0 so ' ibo ' fb ' zw ' 2 r  W 350 

Z (ohms) 

m + lo  -j179 125-172 

0 - 
fig. 14. Matching a 50-ohm resistive load to a complex load. 
The impedance path is from Z, to P2 to PI .  

4. By inspection the maximum value of XL is about 
75 ohms. Select a value of 70 ohms and fit it ver- 
tically as PI ,  P2 between circles ( 1 ) and (2). 

5. Construct circle (3) through ZL. It will intersect 
the vertical axis at - 185 ohms (X2). 

6. Construct circle (4) through PI .  I t  will intersect 
the vertical axis at - 83 ohms (X3). 

= - 150.5 ohms 

This is a capacitive reactance added by moving 
from ZL to PI ,  along circle (2). 

choice of impedance paths 
Recall that the internal transfer impedance must be 

lower than either terminal impedance. The internal 
transfer impedance determines the Q of the pi net- 
work. From fig. 6, line segment OD determines this 
parameter. Therefore, from the rules of construction 
for graphical solution to these problems, i t  is not per- 
missible to choose an impedance path through the 
origin of coordinates. Examples of correct im- 
pedance paths are shown in f ig. 11; hence, these 
show transformation between typical tube output 
impedances and various load impedances. Note that 
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fig. 15. Another example of impedance paths in network de- 
sign. Three different 2-step paths are shown from 22 to Z I  
as well as the "forbidden" path through the origin. 

the paths do not pass through the origin. While a 
600-ohm terminal impedance is not too common in 
most rf circuits these days, the example does in- 
dicate the principles to be followed when designing 
these networks. 

solving series and L networks 

Problem 1. Given the series circuit of f ig. 12A, find 
the equivalent parallel circuit. 

1. Plot the impedance vector Z = 2 +j1.5. 

2. Construct circle (1 with its center on the horizon- 
tal axis, which passes through the origin and Z as 
shown. It will intersect the horizontal axis at 3.15 
ohms resistance. 

3. Construct circle (2) with its center on the vertical 
axis, which passes through the origin and Z. I t  will 
intersect the vertical axis at 4.15 ohms inductive 
reactance. The equivalent parallel circuit is shown 
in f ig. 12B. 

4. Solution. Scaling the Z vector gives an impedance 
of 2.5 ohms (3). 

Problem 2. In the network of f ig. 13, i t is desired to 
find XL, XC, and Cfor a frequency of 3.9 MHz. 

I .  Construct circles (1 )  and (2) through 50 ohms and 
75 ohms as shown. 

2. Construct line PI-P2, which is XL series and 
scales 35 ohms. 

3. Construct circle (3) through P I .  I t  will intersect 
the vertical axis at - 105 ohms. This is X c  parallel 
capacitive reactance obtained in  moving 
clockwise from 75 ohms along circle (2)  to PI,  
which is directly below P2, the 50-ohm point. 

4. Solution. 

106 C =  - = lo* = 386PF 
2afXc 2 a x 3 . 9 ~ 1 0 5  

XL = 35 ohms 

X c =  105 ohms 

Problem 3. Match 50 + jO ohm to ZL= 125-j72 
ohms, a complex load (fig. 14). 

1. Construct a 50-ohm circle (1 1. 

3. Construct circle (2) through ZL. 

4. Construct a vertical line from P2 to  P I .  This is the 
series XL and scales 77 ohms. 

5. Construct circle (3) through the origin and ZL. It 
will intersect the vertical axis at - 285 ohms (X2). 

fig. 15A. Impedance path through matching network con- 
sisting of series Land parallel C. 
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6. Construct circle (4) through the origin and P2. It 
will intersect the vertical axis at - 110 ohms (X3) .  

7.  When neither of the terminal points is on the 
horizontal axis, as in this case with ZL and P2, it is 
necessary to compute the value of reactance in- 
volved in moving from 22 to P2. 

XI = added reactance 

X2 = initial reactance 

X3 =final reactance 

= (- 285) (- 11 0) 
(- 285)-  (- 110) 

= - I79 capacitive 

8. Solution Ll  =j77 ohms, and C1 =jl70 ohms. 

In fig. 15 are examples of three different choices of 
impedance paths in going from 22 to Zl using three 
network combinations to  match a resistive 50-ohm 
load to a complex load of 10- j25 ohms. Again, the 
"forbidden" path is not to be used because it passes 
through the origin. 

summary 
We have shown examples of solving the most 

common impedance-matching problems using sim- 

fig. 158. Impedance path through matching network con- 
sisting of series and parallel L, respectively. 

fig. 15C. Impedance path through parallel and series L, 
respectively. 

ple geometric methods. The following notes are of- 
fered in adopting these methods for solving a wide 
variety of problems. 

1. The L-network is one of the most useful circuits 
known for matching nearly all direct-coupled tank 
systems. The examples show how to  match a high- 
resistance to a low-impedance reactive load. If the 
converse is desired, it is only necessary to  convert 
the reactive load t o  i ts equivalent parallel 
components. 

2. T networks are useful as harmonic attenuators in 
low-impedance transmission lines. These can be 
readily solved by treating them as two cascaded L 
sections and combining the capacitances. 

3. The pi network is used to match a wide range of 
load impedances with reasonable tank-circuit 0.  
Contrary to some popular notions, the pi network will 
not match a tube to any length of wire. The circuit is 
load-limited by the ratio of tube load and circuit Q if it 
is to perform as an efficient transformer.3 
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how touse the 
Smith Chart 

A discussion of 
the Smith chart 
with examples 

of its use in 
transmission-line 

problems 

Al though articles o n  the  Smi th  chart  have ap- 
peared in the amateur magazines from time to time, 
amateurs have made little use of this handy trans- 
mission-line calculator - probably because i t  has 
been difficult to  measure complex impedances with 
simple homebuilt equipment. However, this problem 
has been solved with the simple impedance bridge 
described by W2CTK - at least for the high-fre- 
quency range.1 With careful attention to lead dress 
and component layout this instrument should be 
usable on six and two meters as well. 

A quick glance at the Smith chart suggests a for- 
midable array of curved lines and circles that would 
cause the most hardened technician to go into fits of 
despair. On the other hand, if you spend a little time 
with the chart and look at each of its component 
parts, it's not really very complicated. Perhaps the 
one thing that scares many prospective users is its 
unfamiliar circular shape; it's not at all like the 
straight-line graphs you're accustomed to. However, 
when you understand the chart and have mastered 
its use you'll be able to solve complex impedance and 

transmission-line problems much easier and faster 
than ever before. 

layout of the chart 
The Smith chart is basically a circle which contains 

various circular scales. The horizontal line through 
the center marked resistance component is the only 
straight line on the chart and is called the "axis of 
reals" (see f ig .  1). Constant resistance circles are 
centered on the axis of reals, tangent t o  the rim of 
the chart at the infinite resistance point. All the 
points along a constant-resistance circle have the 
same resistive value as the point where it crosses the 
axis of reals. 

Superimposed over the resistance-circle pattern 
are portions of other circles tangent to the axis of 
reals at the infinite resistance point, but centered off 
the edge of the chart (f ig. 2). The large outer rim of 
the chart is calibrated in relative reactance and is 
called the "reactance axis." Any point along the 
same constant-reactance circle has the same reactive 
value as the point where it intersects the reactance 
axis on the rim of the chart. All points on the Smith 
chart above the axis of reals contain an inductive-re- 
active component and those below the axis of reals 
contain a capacitive-reactive component. Since the 
calibration points go from zero to infinity, any com- 
plex impedance can be plotted on the chart. 

The impedance coordinates on the Smith chart 
would be of little use without the accompanying per- 
ipheral scales (fig. 3). These scales relate to quan- 
tities which change with position along a transmis- 
sion line. Two scales are calibrated in terms of wave- 
length along the transmission line: one, in a clock- 
wise direction, is "wavelengths toward generator," 
and the other, counter-clockwise, is "wavelengths 
toward load." The entire length of the circumference ' 

of the chart represents one-half wavelength. 

By James R. Fisk, W1 HR, (reprinted from the , 

November, 1970, issue of ham radio) 
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normalized numbers 
Normalized values must be used when plotting 

impedances on the Smith chart." Normalized imped- 
ance is defined as the actual impedance divided by 
the characteristic impedance of the transmission line. 

Normalizing is done to make the chart applicable 
to transmission lines of any and all possible values of 
characteristic impedance. For example, a %-ohm 
coaxial transmission has a normalized value of 50150 
or 1. On this basis an impedance of 120 ohms would 
have a normalized value of 120/50=2.4 ohms. 
Similarly, z=0.8 ohms (the lower case indicates a 
normalized value) would correspond to a value of 0.8 
times the characteristic impedance of the line or 
0.8 x 50 = 40 ohms. 

What has been said about coaxial cable wi th 
regard to normalized impedance applies equally to 
waveguide, where a characteristic impedance of 400 
ohms at a specific frequency would be considered 
unity in normalized form. All other values would be 
related to  this value, so that a 560-ohm component 
would have the value 560/400= 1.4 ohms in nor- 
malized terminology, while z = 0.9 in normalized form 
would actually be 0.9 x 400 = 360 ohms. 

plotting values on the chart 
Any complex impedance, regardless of value, may 

be plotted on the Smith chart. For example, assume 
the load on a 50-ohm transmission line is 42.5- j31.5 
ohms. This is equal t o  0.85- j0.63 when normalized. 
To plot this point on the chart, locate 0.85 on the axis 
of reals and note the corresponding constant-resis- 
tance circle (fig. 4).  ~ e $ t  locate 0.63 on the peri- 
phery of the chart. The quantity ( - j )  indicates a ca- 
pacitive-reactive component so the value 0.63 is on 
the lower half of the chart. Note the constant-reac- 
tance circle representing - j0.63. The complex im- 
pedance 0.85 - j0.63 is at the intersection of the con- 
stant-resistance and constant-reactance circles. 

fig. 1. Smith chart resistance scales. 

Draw a line from the center of the chart through 
this point to the outer rim. With the point 1.0 on the 
axis of reals as the center, scribe a circle that inter- 
sects the impedance point. This circle is known as 
the "constant-gamma circle," and its radius is equal 
to the coefficient of reflection. The constant-gamma 
circle crosses the axis of reals at two points; the point 

fig. 2. Smith chart reactance scales. 

of intersection to the right of center is the standing 
wave ratio (2.0 in this case). 

If the voltage were measured at this point on the 
transmission line, it would be found to  be a maxi- 
mum. Conversely, the point of intersection one-quar- 
ter wavelength away on the left-hand axis of reals is a 
point of voltage minimum (this point is also equal 
mathematically to the reciprocal of the swr). 

The point at the intersection of the radial line and 
the angle of reflection coefficient scale represents 
the phase of the coefficient of reflection. This is the 
angle by which the reflected wave leads or lags the 
incident wave. When these two waves add in phase 
to give maximum voltage, the impedance is resistive 
and greater than the characteristic impedance of the 
line and the angle of the coefficient of reflection 
is zero. 

As you move away from the zero-phase-angle 
point in a clockwise direction toward the generator, 
the reflected voltage lags the incident voltage, and 
the phase angle is negative for the first quarter wave- 
length. The reactive component of the impedance in 
this region is negative or capacitive. 

A t  the quarter-wavelength (90') point the incident 
and reflected waves are out of phase and the angle of 
the coefficient of reflection is + 180°. As you con- 
tinue in a clockwise direction the two waves become 

*Since 50-ohm systems are standard for military and industrial use, 50-ohm 
Smith charts are available. On a 50-ohm Smith chart the center point has a 
value of 50 ohms. 
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fig. 3. Smith chart peripheral scales. 

increasingly more in  phase and between one-quarter 
and one-half wavelength from the voltage maximum 
the reactive component is inductive, the reflected 
wave leads the incident wave, and the reflection co- 
efficient has a positive angle. 

A number of parameters are uniquely related to 
one another as well as to the magnitude of reflec- 
tions from the load and are conveniently plotted as 
scales at the bottom of the Smith chart. These para- 
meters are vswr, coefficient of reflection, vswr in dB, 
reflection loss in dB, and attenuation in 1-dB steps. 

using the smith chart 
The general utility of the Smith chart is best illus- 

trated by showing examples of its more common 
uses. Use of the radially-scaled parameters will be 
shown in the same way. 

Example 1. Finding standing-wave ratio. A 75-ohm 
transmission line is terminated with a load impedance 
Z L  = 30- j90 ohms. What is the swr? (See fig. 5.) 

1. Normalize the load impedance by dividing by 75 

2. Locate this point on the chart. 

3. Construct a constant-gamma circle so its cir- 
cumference passes through this point. 

4. The swr is defined by the point where the con- 
stant-gamma circle crosses the axis of reals on the 
right-hand side. In this case swr = 6.4. 

5. The swr may also be determined with the radial 
nomograph. This is simply accomplished by marking 
a distance equal to the radius of the constant-gamma 

circle on the radial scale labeled "standing wave 
voltage ratio." The value of swr in dB may also be 
determined from this scale. 

Example 2. Finding the reflection coefficient ( P  and 
angle of the reflection coefficient (8)  for voltage and 
current. A 50-ohm transmission line is terminated 
with a load impedance 65-375 ohms. What is the re- 
flection coefficient and angle of reflection coeffi- 
cient? (See fig . 6!. 

1. Normalize the load impedance 

2. Locate this point on the chart and draw a line 
from the center of the chart through it to the outer 
scale. 

3. Construct a constant-gamma circle. 

4. The reflection coefficient may be calculated by 
measuring the radii of the constant-gamma circle and 
the Smith chart to its first periphery and by comput- 
ing their ratio. Smith-chart radius= 57/16 inch; con- 
stant-gamma radius = 32/ 16 inch. 

5. The coefficient of reflection may also be found 
on the radial nomograph. Simply mark the radius of 
the constant-gamma circle o n  the scale labeled 
"reflection coefficient of voltage." The constant- 
gamma radius intersects the radial scale at 0.56. The 
"reflection coefficient of power" may also be deter- 
mined from this same scale at 0.314. 

fig. 4. Plotting impedance coordinates on the Smith chart. 

94 march 1978 



6. The angle of the reflection coefficient is defined 
by the intersection of the radial line plotted in step 2 
and the "angle of reflection coefficient in degrees" 
scale on the rim of the chart. 

Exsinpie 3. Finding input impedance. A 50-ohm 
transmission line 20 feet long is terminated with 
Z L  = 50- j50 ohms. What is the input impedance at 
the sending end of the line at 14.1 MHz? (See fig. 7.) 

1. Normalize the load impedance 

2. Find the length of the transmission line in meters 
by multiplying by 0.3048." 

20 feet X ,3048 = 6.096 meters 

3. Find the electrical length of the transmission line 
at 14.1 MHz. First, determine the wavelength at 14.1 
MHz. Free-space wavelength is found by dividing the 
speed of light by frequency 

? x 108 meters per second = 21 ,276 A =  
14.1 x 106 cycles per second 

Calculate the electrical length of the transmission line 

0-  360' ( 6.096 ) = 102' = 0.28 wavelength 
21.276 m 

4. Plot the impedance coordinates from step 1 on 
the chart and draw a line from the center of the chart 
through this point to the outer scale. 

fig. 5. Using the Smith chart to find swr (example 1). 

fig. 6. Finding reflection coefficient with the Smith chart 
(example 2). 

5. Draw another line from the chart center to the 
outer scale at a point 0.28 wavelength clockwise 
(toward the generator) from the line drawn in step 3. 
Swing an arc from the center of the chart through zL  
to this line. The intersection is at z~ = 0.62 + j O .  7, the 
normalized input impedance. To find the actual im- 
pedance this value must be multiplied by the line's 
characteristic impedance 

Example 4. Calculating load admittance. The imped- 
ance of a load terminating a 50-ohm transmission line 
is 75+ j82 ohms. What is the admittance of the load? 
(See fig. 8.) 

1. Normalize the load impedance 

2. Plot this point and draw a line through the 
center to the outer scale on the opposite side of the 
chart. 

3. Swing an arc through zL to the line on the oppo- 
site side of the chart. The point of intersection 
denotes the normalized admittance 

4. Calculate the actual admittance by multiplying 
the characteristic admittance of the system times the 
normalized admittance. The characteristic admit- 
tance ( Y o )  is equal to the reciprocal of the character- 

"Although all the computations may be made in feet (or ~nchesl the metric 
equivalents are easier to work with. To convert from inches to centimeters, 
multiply by 2.54. 
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istic impedance 

Therefore, the admittance is 

Y L  = 0.02 (0.305 -jO. 33) 

= ,0061 - ,0066 mho 

Example 5. Determining the effect of a characteris- 
tic impedance change. A 50-ohm transmission line, 
0.15 wavelength long, is terminated with 100-j0 
ohms. The 50-ohm ii:le is fed from a 72-ohm line. 
What is the vswr in the72-ohm line? !See fig. 9 . )  

fig. 8. Calculating load admittance (example 41. 

is 50(0.68 -j0.48) = 34 - j24 ohms. Normalize this 
value to the 72-ohm line 

5. Plot this point on the chart (fig. 9B) and draw a 
circle through zA to the "axis of reals." The vswr in 
the 72-ohm line is 2.5: l .  The vswr can also be found 
with the radial nomograph as outlined in example 1. 

fig. 7 .  Using the Smith chart to find input impedance (ex- 
ample 3). 

1. Normalize the load impedance 

z ,  = (1 00 - j0)/50 = 2 -jO 

2. Determine the input impedance at the point 
where the two transmission lines are connected, 0.15 
wavelength from the load. Plot the normalized load 
impedance on the chart and draw a line from the cen- 
ter of the chart through this point. Note that the line 
crosses the "wavelengths toward generator" scale at 
the 0.25 wavelength mark (fig. 9A). 

3. Move 0.15 wavelength in a clockwise direction 
along the "wavelengths toward generator" scale to 
the 0.40 wavelength mark. Draw a line from this 
mark through the center of the chart. Swing an arc 
through z ~ .  The intersection of the arc and the radial 
line denote the input impedance to the 50-ohm trans- 
mission line 0.15 wavelength from the load 

z ~  = 0.68 - j O .  48 

4. Find the impedance at point X (fig. 9C) and nor- 
malize to the 72-ohm line. The impedance at point X 

In the upper vhf region ordinary capacitors and 
inductors cannot be relied upon to act as pure reac- 
tances, and sections of transmission line are often 
used in their place since any input reactance may be 
obtained with the proper length of open- or short-cir- 
cuited line. 

fig. 10. Using a transmission line as a circuit element (ex- 
ample 6). 
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1. Normalize the desired reactance 

2. Since the line is short-circuited, 

L I N E  B 

2,: 72 OHMS 

L I N E  A 

2,; 50 OHMS 

fig. 9. Determining the effect of a characteristic impedance 
change (example 5). 

Example 6. Transmission lines as circuit elements. I t  
is desired to obtain + j100 ohms reactance with a 50- 
ohm short-circuited transmission line as the circuit 
element. What length is required? (See fig. 10.) 

Z L  = O + j O ,  and z~ = O ohms. 

3. Plot these two points on the chart and draw 
lines from the center of the chart through each of 
them. On the "wavelengths toward generator" scale 
there is a distance of 0.176 wavelength between the 
two lines. Therefore, a transmission line 0.176 wave- 
length long is required for a reactance of +j100. ( A t  
144 MHz, +j100 represents an inductance of 
0.11 pH.) 

Example 7. Finding matching stub length and loca- 
tion. A 50-ohm transmission line is terminated with a 
load impedance of 32 + j20 ohms. A matching stub is 
to be used to provide a match to the line. Both the 
length of the stub (1,) and its distance from the load 
( I d )  are variable; find l,and ld. (See fig. 11.) 

1. Normalize the load impedance 

z~ = (32 + j20)/50 = 0.64 + j0.4 

2. Locate this point on the chart and draw a line 
through it and the chart center, extending the line 
through the peripheral scales in the negative, or bot- 
tom, portion at O.336h(B= - 62') 

3. Construct a constant-gamma circle through zL ,  
on through the admittance point yL,  and intersecting 
the unity conductance circle ( G  = 1 )  at point A. 

4. Draw a line from the chart center through point 
A to the outer scale at 0.348h(or 8 =  - 71'). ld,  the 
distance from the load to stub, is the distance from 
0.336 to  0.348. 

ld  = (0.348 - 0.336) = 0.012h 

8 = 71 O - 62' = 9' (4.5 electrical degrees) 

5. To find the length of the stub, determine the 
amount of susceptance necessary to match out the 
load. The required susceptance is the difference be- 
tween the susceptance at point A and the suscep- 
tance at the center of the chart. The susceptance at 
point A is - j0.67. The required stub susceptance is 

B = + j0.67 

6. Determine the equivalent stub reactance by tak- 
ing the reciprocal of the susceptance (as described in 
example 4). 

X =  - j l . 4 9  

7 .  Locate the reactance - jl.49 on the rim of the 
chart (point B). Determine the distance between the 
short-circuit point and the required reactance (point 

march 1978 a 97 



B) along the "wavelengths toward generator" scale. 
l,= 0.344X. ( 8  = 248O, 124 electrical degrees). 

For practical reasons it may not be possible t o  
place a shunt stub only 4.5Ofrom the load. It may be 
necessary to increase the distance ID to the next 
point where G = I (not R = I), represented by point 
C, fig. 11A. in this case iD wouid be measured, 
clockwise from 0.336 through 0.50 to 0.151. Using 
the reflection coefficient scale, from 8 =  - 62' to 
180" plus 180" to + 71 ", which totals 22793, or 113.5 
electrical degrees. This represents 0.316~. This wili 
require a + jX  stub, length shown as I ,  (C), of the 
same numerical reactance value as before. 

All the examples shown so far have assumed no 
attenuation in the transmission line. Since all lines 
have some loss, this must be considered to find the 
actual case. However, at many amateur frequencies 
loss is low enough to be neglected. Nevertheless, at 
144 MHz and above, line loss should be considered 
when using the Smith chart. 

Attenuation along a uniform transmission line 
causes the impedance point to spiral inward toward 
the center of the chart when moving toward the gen- 
erator; when moving toward the load the impedance 
point spirals outward toward the rim of the chart. 
The rate at which the spiral approaches the center (or 
the rim) depends upon the attenuation as well as the 
starting point. lmpedance points near the rim are af- 
fected more per dB of attenuation than points near 
the center. 

The attenuation effect is easily determined with 
the scale at the bottom of the Smith chart labeled 
"transmission loss, I -dB steps." Since the intial 
point on this scale must apply to any point on the 
chart, it is laid out without numerical calibration. The 
opposite attenuation effects of moving toward the 
load as opposed to moving toward the generator are 
indicated by arrows on the scale which show the pro- 
per direction to move the corrected impedance point. 
Thus, to determine the effect of 2-dB attenuation, 
simply mark off two I -dB intervals in the proper di- 
rection along the scale from the initial starting point 
before reading the actual impedance coordinates. 

Example 8. lmpedance transformation through a 
lossy line. A 50-ohm transmission line 24 centimeters 
long is terminated with 10-j10 ohms. What is the in- 
put impedance to the line at 250 MHz if the attenua- 
tion of the line is 2 dB? (See fig. 12.) 

1. Normalize the load impedance 
fig. 11. Finding matching stub length and location (ex- 
ample 7). 
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2. Find the electrical length of the line at 250 MHz. 

The electrical length of the line is 

3. Plot the impedance from step 1 on the chart 
and draw a line from the center of the chart through 
this point to the outer scale. 

4. Draw another line from the chart center to the 
outer scale at a point 0.2 wavelength clock-wise 
(toward the generator) from the line passing through 
zL .  Swing an arc through z L  to this line. The intersec- 
tion point denotes z ,  = 0.71 + j1.52 ohms. This is the 
normalized solution for the lossless case. The rf 
energy from the generator is attenuated 2.0 dB on 
reaching zL,  and the voltage reflection coefficient is @ 
lower than the lossless case. Since the voltage reflec- /\ POSITION OF FIRST 
tion coefficent varies directly with the power ratio of I VOLTAGE M ~ N ~ M U M  

Zo  = 5 0  OHMS one-way line attenuation, the reflection coefficient is 
I 
I SWR - 2 5  
I 

reduced to I 

antilog ' O  (dB) = 0 631 
10 

5. The reflection coefficient (P,) for the lossless 
case is 0.68 (found on the scale at the bottom of the 
chart). The actual coefficient of reflection may be 
calculated by multiplying the lossless coefficient of 
reflection by the power ratio from step 4. 

6. Swing an arc equal to the ratio PI = 0.429 so it 
intersects the line drawn through z,; the radius of this 

fig. 12. Impedance transformation through a lossy trans- 
mission line (exarnple8). 

0 
fig. 13. Using the Smith chart to find load impedance from 
vswr and position of the first voltage minimum on a slotted 
line (example 41. 

arc can be found  on  the " voltage ref lect ion 
coefficient" scale on the bottom of the chart. The 
normalized impedance fo r  the lossy case is 
1.08 + j l .  05. The actual input impedance is 

slotted lines 
A t  frequencies above 300 MHz conventional im- 

pedance-measuring instruments give way to the slot- 
ted line. A slotted line is essentially a section of trans- 
mission line with a small opening so you can use a 
probe to measure the voltage along the line. Vswr is 
easy to determine with the slotted line since it's the 
ratio of the maximum voltage along the line to the 
minimum. With the known vswr and position of the 
first voltage minimum, the impedance of the load can 
be quickly found with the Smith chart. 

Example 9. Calculate the load impedance from the 
vswr and position of the first voltage minimum. A 50- 
ohm transmission line has a vswr of 2.5; the first 
voltage minimum is 0.1 wavelength from the load. 
What is the impedance of the load? (See fig. 13.) 

1. Draw a radial line from the center of the chart 
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fig. 14. Use of the expanded Smith chart. Impedance points in A are too close together; expanded chart in B is 
easier to work with. 

through the 0.1 wavelength mark on the "wave- 
lengths toward load" scale. 

2. Find the 2.5 point on the axis of reals and draw a 
constant-gamma circuit through this point to inter- 
sect with the 0. I-wavelength line. 

3. Read the coordinates of this intersection to ob- 
tain the normalized impedance of the load 

ZL = 0.56 -j0. 57 

Z L  = 50(0.56 - j0.57) = 28 - j28.5 ohms 

held a uniform distance away from the line for all 
measurements, and must not be so close that i t  dis- 
turbs the electric field around the conductors. 

expanded smith charts 
The more closely an antenna is matched to a trans- 

mission line, the closer the impedance points are to 
the center of the Smith chart. In a well-designed 
system the impedance points may be so close to the 
center of the chart that it's difficult to work with 
them. When this happens it's best to use an expand- 
ed Smith chart. Two versions are commonly avail- 

If you use twin-lead or open-wire feedline this tech- 
able: one with a maximum swr of 1.59, the other with 

nique could be used to determine the impedance of 
a maximum swr of 1.12. 

your antenna. However, the voltage probe must be 
The use of the expanded Smith chart is shown in 

The Smith chart rubber stamp is 10cm (4 in) in diameter 

fig. 14. In fig. 14A the impedance plot of a well- 
matched 10-meter beam over the low end of the 
phone band falls very close to the center of the chart. 
When these same impedance points are plotted on 
the expanded Smith chart in fig. 14B they are much 
easier to read and work with. 

where to buy them 
Smith charts can usually be purchased at college 

bookstores in small quantities, or in larger quantities 
from Analog lnstruments Company or General 
"Smith charts from Analog Instruments come in packages of 100 sheets, 
$4.75 the package. For standard charts order 82-BSPR; expanded charts 
(maximum swr=  1.591, order 82-SPR; highly expanded (max imum 
swr= 1.12), order 82-ASPR. Analog Instruments Company, Post Office 
Box 808, New Providence, New Jersey 07974. 

Smith charts from General Radio are available in pads of 50 sheets. $2.00 
per pad. For standard charts, normallzed coordinates, order 5301-7560; 50- 
ohm coordinates, order 5301-7569; normalized, expanded coordinates, 
order 5301-7561. General Radio, West Concord, Massachusetts 01781. 
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Radio." If you buy directly from the manufacturer, 
there's a minimum order quantity, so it .might be a 
good idea to get your radio club to sponsor the pur- 
chase. 

Another solution is the Smith-chart rubber stamp 
shown in the photo. This stamp is 10 cm (about 4 
inches) in diameter and presents an adequately de- 
tailed grid structure for most engineering problems. 
The rubber surface of these stamps is cast from 
metal dies, and is dimensionally compensated for 
rocker-mount ellipticity and shrinkage. The capacity 
is well over a million impressions so you should never 
be able to  wear it out. The stamps are available in 
standard (vswr = oo) or expanded form (vswr = 1.59 

fig. 15. Smith chart calculator provides rapid answers to 
complex impedance problems. 

or 1.12) from the Analog Instruments Company. 
Cost is $14.75 each. 

If you don't need a permanent record of your 
Smith chart calculations, the calculator shown in fig. 
15 provides rapid answers to complex impedance 
problems. This calculator is constructed from two 
laminated plastic discs and a radial arm pivoted at the 
center with a sliding cursor. This calculator, which is 
9-112 inches (24 cm) in diameter, is priced at $9.95 
and is available from the Ham Radio's Cornmunica- 
tions Bookstore, Greenville, New Hampshire 03048. 

references 
1. Henry S. Keen, WZCTK. "A Simple Bridge for Antenna Measurements," 
ham radio, September, 1970, page 34. 
2. Philip H. Smith, "Transmission Line Calculator," Electronics, January, 
1939, pages 29-31; and "An Improved Transmission Line Calculator," Elec- 
tronics, January, 1944, pages 130-133 and 318-325. 
3. Philip H. Smith, Electronic Ap~licarions o f  the Smith Chart i n  Wave- 
guide, Circuitand ComponentAnalysis, McGraw-Hill, New York, 1969. 
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numerical smith chart 

How to use 
the hand-held 

programmable calculator 

to execute 
Smith-chart problems 

In th is  day o f  handheld programmable calculators, 
the graphical solution of transmission-line problems 
with the Smith chart seems unnecessarily cumber- 
some. Presented here is a derivation of the formulas 
upon which the Smith chart is based along with a 
program I have written for the HP-25 programmable 
calculator which numerically does Smith Chart trans- 
mission-line calculations. 

The derivation and program are presented in such 
a way that it is possible to go directly to the program 
(page 6) and the explanation of its use. 

formula derivation 
Suppose you have a lossless transmission line of 

characteristic 2, (ohms), of electrical length 0 (in 
degrees), at frequency f (in Hz), terminated with the 
complex impedance R+jX (ohms) at the far end 
(fig. 1). You wish to determine the impedance Zi of 
this line as seen from the near (input) end. 

A constant voltage source of frequency f is con- 
nected to the input and time is allowed for the sys- 
tem to relax into a steady state. The voltage of the 
source is now the sum of two distinct and measur- 
able voltages: incident (outgoing) and reflected. 

"To generalize Ohm's law to ac circuits it's necessary to write voltages and 
current in the complex form aeJwt rather than in the more familiar form 
assinat. 

I Suppose at the input end the outgoiiig voltage at 
time t (seconds) is 

referenced to the bottom conductor." Let t, be the 
time required for this voltage to reach the far end. 
Then the outgoing voltage which appears across the 
termination at time t is exactly V,(t - tJ, the out- 
going voltage that appeared at the input terminals to 
seconds in the past ( f ig. 2)! 

Let the reflected voltage appearing at the termina- 
tion at time t be V,(t). Then the reflected voltage ap- 
pearing at the near end is VT(t - t,). 

In effect there are two generators: one at the input 
end generating an outgoing voltage of value V,(t), 
and a generator at the far end simultaneously genera- 
ting a reflected voltage of value VT(t). 

fig. 1. Lossless transmission line with characteristic impe- 
dance 2,. electrical length 8, and terminated with R + J X .  
Formulas are given in the text for calculating the input im- 
pedance of the line 2,. 

Let's first examine what is happening at the far 
end. A t  the termination the outgoing current, togeth- 
er with the reflected current, must total the current 
through the termination. 

The minus sign before the second term corrects for 
the fact that reflected current is moving right t o  left 
rather than left to right (this is essentially why the 
standard reflectometer circuit can separate incident 

By C. R. MacCluer, W8MQW, 1105 Orchard, 
Lansing, Michigan 48912 
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voltage from reflected voltage). Dividing through by The quantities Volt) and V,(t - to) differ possibly in 
V,(t - t,) and setting amplitude and phase, but not in frequency, so their - , -, 

quotient is constant! Therefore 
V R  (t)  P =  (the complex coefficient 

V0ft - to) of reflection) V &- t J  V& - 2t0) - 1 . = -_ 

we obtain 

Solving for P 

P = R + j X - Z ,  = r+jx-1-  (3) But 
R + j X + Z o  r + j x + 1  V,(t - 2t0)/ V,(t) = e -90  

Therefore 
Hence 

p = -  1 - 2  = z - I  (4) Vr(tt ta) = p e - j z ~  
l + z  z f l  VO(t) 

where 
Combining equations 7 and 9 yields the Smith chart 

z  = = T + j x  (normalized termination) formula for lossless lines: 
z o  

Meanwhile, back at the input end of the transmis- 1 + ~e - 9 0  
1  - Pe-jz0 (10) 

sion line, the source voltage V is the sum of the out- 
going and reflected voltages where 

The current I drawn from the source is the total of 
the outgoing and reflected currents 

I =  Vo(t) - VTft - t J  ( 6 )  
Z o Z o lines with loss 

(The minus sign is used for reverse current, as Let's now assume that the transmission line is 
before.) Therefore, the impedance Z, is found by 
dividing equations 5 and 6. V,(t) = ae . I (w~+ 4) and so 

Vr(t - 2to) = 
j[wft - 2tJ + $1 

- = , -j2wto 

rTrft) ae j(t + 4) 

But 

lossy, say A dB per degree of length. Power PI intro- 
V , ( I - ~ ~ , -  - v,(ti duced at one end of the line will be attenuated to 
VOl- -4n-y v power P2 at the other end where 

R + j X  
P 

- A8=  1 0  log 2 
PI 

(11) 

I I Dividing through by 10 and exponentiating yields 

fig. 2. If a constant voltage source, V(t),  at frequency f is 
connected at the input, and t ,  is the time required fo: the Thus outgoing voltage will be decreased (attenuated) 
voltage to reach the far end, then the outgoing voltage 
which appears across the termination at time t is exactly 

by a factor of a:=IO-A*/20 at the termination and 

volt- to), the outgoing voltage that appeared at the input reflected voltage has also decreased by the factor a 
", , - - 

terminals to seconds in the past. at the near end (fig. 3) .  
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table 1. Example of HP-25 Smith chart calculations to find the complex impedance at the generator (input) end of a transmis- 
sion line, reflection coefficient, and vswr, given the complex impedance of the termination. 

f 0 
(MHz) v (deg) 
3.6 0.66 169.62 
7.1 0.66 393.57 
3.8 0.66 526.61 
14.2 0.66 787.14 
14.2 0.66 787.14 
- - 90 
- - 90 

Z o  
(ohms) 

50 
50 
73 
50 
50 
50 
50 

e vswr 
0.226 1.58:1 
0.227 1.59:l 
0.187 1.46:l 
0.620 4.27:l 
0.620 4.27:l 
0.304 1.87:1 
0.304 1.87:l 

With these losses in mind let's again derive the 2. Store load resistance R L  i n  Register 0 
Smith chart forrnuias. in  our calculations at the ter- (RL  ST0 0). 
mination replace Vo(t - to) with aVo(t - to). In the cal- 3. Store load reactance j X L  in  Register 1 
culations at the input end replace V,(t-td with 
aV,(t - t J .  The result will be the Smith chart formu- 

( X L  ST0 1). 

las for transmission lines with loss 4. Calculate line length 19 in degrees using the 
fol lowing formula, and store i n  Register 2 

360Lf = 0.3659 g ueet) 
where 984v v 

'60Lf = 1.204 9 (meters) 
299v v 

where L is the length of the line in feet or meters, f is 
the frequency in MHz, and v is the transmission line's 

In practice suppose a transmission line has length L velocitVfactor. 
( feet) and a loss of d dB per 100 feet. Since 
A9 = Ld/100, the attenuation factor 5. Store transmission line impedance Zo in Register 

a2= 10-AO/lo= 10-  Ld/I000 113) 3 (2, ST0 3). 

6. Press RIS key to run program. 
HP-25 program 7. Calculator displays real part Ri of the input im- 

Suppose you have a lossless transmission line of pedance (reactive partjXiis in they register). 
characteristic impedance Zo (ohms) of electrical 
length 9 (degrees) at the frequency f (MHz) termi- 

8. Press x z y  key to display reactive part jX i  of the 
input impedance. 

nated in a complex impedance RL + jXI.  (ohms). You 
wish to compute the impedance zi of this line as seen 9. Coefficient of reflection P is available in Reg- 
from the input end (fig. 1). The HP-25 program in ister 5. 
fig. 4 can be used to calculate Zi. To use this pro- 
gram, follow the following steps: 

1. Key in program. 

10. Manually calculate vswr from 

a ~ i t - l o i -  v,ni 
v,ni-- A a  g/t-6) Several sample runs are shown in table 1. 

It is a commonly held misconception that transmis- 
sion lines transform symmetrically; many amateurs 

R t j X  believe that if a transmission line terminated with Z1 
yields 22 at the input (generator) end of the line, the 
same line terminated with 22 will yield 21 at the gen- 
erator. Except for lines which are one-quarter wave- 

fig. 3. When a transmission line is lossy, the outgoing volt- 
age is attenuated by the factor a= lO-A@120 at the termina- length long (9= 90 degrees), or multiples thereof, this 

tion, and reflected voltage is also decreased by the factor is not true. For example, a shorted 45O (XI81 length 
a at the input end. line of characteristic impedance Zo has impedance 
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Z= jZ, tan 4 5 O =  jZ,, yet this same line, when termi- HP-25 Program Form 
nat-ed bylZ,, is equivalent to a shorted quarter-wave- 
length line and hence has infinite impedance. 

The special case of the quarter-wavelength trans- 
mission line is illustrated in lines 6 and 7 of table 1. 
Here a 50-ohm transmission-line termination of 
75- j30 ohms is transformed to 28.74+ j11.49; the 
same line terminated with 28.74+ j11.49 yield 75 - j30 
at the generator end. 

To use the HP-25 program in fig. 1 to  calculate the 
impedance of the termination Z L  given the imped- 
ance Z, at the generator, store the real part R, in 
register 0 (R ,  S T 0  0, Step 2), and the reactive part 
jX ,  in register 1 (X, S T 0  1, Step 3). In Step 4 store 
- 0 in Register 2 ( - 0 S T 0  2). 

program modification for lines with loss 

Suppose that the transmission line is lossy. Modify 
the previous HP-25 program by inserting an R IS  be- 
tween Steps 34 and 35, renumber succeeding steps, 
and at Step 28 replace the GTO 43 with GTO 44. To 
use the modified program, Steps 1 through 5 are the 
same as before. 

6 .  Compute the factor a z =  10-Ld/1000 where d is 
the loss of the line in dB per 100 feet. Store the 
result in Register 6 ( a 2  ST0 6). 

7. Press the R/S key; the routine will stop at Step 
35 at the inserted RIS.  

8. Recall the factor a 2  from Register 6 and press X. 

9. Press R I S  key. 

10. Calculator displays the resistive part of Zi (reac- 
tive part of Z, is contained in they register). 

11. Compute the swr at the input as before. 

To compute the swr at the termination, calculate 

and proceed as before with P replaced by P '. 
To use this program "backwards" ( to find the ter- 

mination impedance ZL given the input impedance 
Z,),  store Z, in Steps 2 and 3, store - 0 in Step 4,  and 
in Step 6 store I / & =  10Ld/1000. The swr calculated 
at Step 11 will now be the swr at the termination. To 
calculate the swr at the input end of the line, the 
value P '  found in Register 5 must be replaced by 
P = P ' a 2  before proceeding as in Step 11. 

As an example, consider the amateur who uses his 
75-meter dipole for two-meter fm. Assuming 120 feet 
(36.6~1) of RG-58lU coaxial cable (v= 0.66, d = 5 . 7  
dB loss/100 feet at 144 MHz), what is the swr at the 

"Copies are available from ham radio upon receipt of a self-addressed, 
stamped envelope. 

r , , , e > - y ~ ~ i ~ ~ ~ - ~ " e ~ ~ ~ ~ f n f ~ ~  ~~ra~~t~o~maiiii (complex 2 ,  siven 7L) 

S w ~ t i h  fu P H G M  mode, prerr CI: 1-L- then key 'n the program. LOSSLESS LTL" L~.L 

Y Z T  ~ M U E H T S  

I 1 I 

fig. 4. HP-25 program for calculating the impedance as seen 
at the input end of a lossless transmission line while ter- 
minated in a complex impedance. 

input end of the line? (The antenna feedpoint im- 
pedance is assumed to be 2000 - j800 ohms. 

0=0.3659 2 =0.3659 120*144 =9579 
v 0.66 

az = 10- L ~ / I O O O =  0.207 

Zi=52.83- j21.35ohms 

swr= 1.49:1 

Because of high line loss, the swr at the input end of 
the line is only 1.5:1, even with the outrageous 
mismatch at the antenna! In contrast, consider the 
same case with a lossless transmission line: 

Zi=2.99- j64.16 

swr = 44:1 

The two HP-25 programs presented here are inval- 
uable time savers when it comes to making transmis- 
sion line calculations. I have also written a facile pro- 
gram for the HP-67 programmable calculator which 
includes all the above features." 

ham radio 
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10 GHz Gunnplexers 
Dear HR: 

I was very happy to see the article 
on 10 GHz in April, 1977, ham radio. 
This band has been of interest to me 
for more than 20 years. In 1955, 1 
built a system using reflex klystrons 
and obtained good results. Two years 
ago, I built a system similar to the one 
described and have obtained results 
much the same as discussed in the 
article. 

In the new system, two Microwave 
Associates 86656D transceivers are 
used. As can be seen in the photo- 
graph, the horns are homemade. In 
the enclosure, the microphone ampli- 
fier is on the left, an inexpensive fm 
broadcast receiver is on the right, and 
the voltage regulator is at the rear. 
These transceivers do not have a 
varactor diode; the Gunn diode bias 
voltage controls all f requency 
changes, both modulation and basic 
frequency. This system seems to  
work quite well. 

I 've experienced the same fre- 
quency stability problems described, 

even with very good voltage regula- 
t ion. Temperature variations are 
mostly to blame. 

So far I have not developed any 
form of afc system. The crystal con- 
trol method looks like it would keep 
the Gunn transmitter close to a given 
frequency but it also appears quite 
complicated. I like the idea of using 
the afc or discriminator output t o  
control the voltage regulator. It ap- 
pears to be quite simple yet, will pro- 
vide a perfect lock. 

Allen C. Webb, W5RLG 
Richardson, Texas 

receiver recovery 
in the SB102 
Dear HR: 

The ham notebook article (March, 
1977) by W2CNQ, regarding exces- 
sive recovery delay in the C W  mode 
of Heathkit's SB102, is not unique as 
the same problem occurs in other 
Heath transceivers. The root of the 
problem may well lie in the fact that 
all SBlOO series, HWIOOs, and 
HWlOls are not the same, some hav- 
ing been modified, while others are 
later models. 

Opening up the screen voltage sup- 
ply line to cut off pentodes and tet- 
rodes is not without its problems, es- 
pecially since small amounts of cur- 
rent can flow from plate to screen. 
There's an additional problem if other 
tubes are connected to the same 
screen line. This was originally de- 
scribed in the article by Peterson and 
Williams (QST,  January, 1969) which 
points out that the screen voltage 
from 6146s (with continuous plate 
voltage) had been observed to rise as 
much as 20 volts when the screen 
supply was opened. 

Accordingly, the placement of very 

high back resistance silicon diodes in 
the screen circuit of the 6146s and 
6CL6 driver, will in most cases pre- 
vent the screen voltage, at V2, from 
rising during the receive condition ( in 
the CW mode). 

Changing tubes will help in many 
instances, but the root of the problem 
wi l l  remain if i t  is due to  small 
amounts of current circulating back 
th rough the  supposedly "open" 
screen circuit. 

W, H. Fishback, WIJE 
Chatham, Massachusetts 

regulated power 
supplies 
Dear HR: 

I must congratulate K5VKO on 
his article concerning the design of 
regulated power supplies. I feel that 
this type of article is needed by most 
amateurs. 

I would like to point out that in the 
design example, with an average in- 
put voltage to the regulator of 13.5 
Vdc, and a current drain of 1 ampere, 
the regulator must  dissipate 8.5 
watts, with an output voltage of 5 
volts. However, the LM309K wil l  
only dissipate 3.5 watts, without a 
heatsink at an ambient temperature 
of 25' centigrade. Therefore, poten- 
tial buildersldesigners should con- 
sider power dissipation in the reg- 
ulator, PDISS= ( V I S -  VOLT;) (ILOAD). 
Allowable power dissipation values 
vs ambient temperature curves are 
readily available in most data books, 
along with recommended heatsink 
types. 

Wayne Whitman, W9HFR 
Oconomowoc, Wisconsin 

mospower fet 
Dear HR: 

As pointed out by Johnson in the 
RCA Review (March, 1973) and in  
the United States Patent 3,174,462, 
all types of fet devices have a diffu- 
sion mode of operation which ideally 
provides a device transconductance 
- per-unit-current of approximately 
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39000 micromhos of transconduct- 
ance per milliampere of drain cur- 
rent. The junction fet can provide 
this transconductance over as much 
as five orders of magnitude variation 
in drain current. Over this range, i t  
behaves essentially like a bipolar 
transistor. 

Transconductance efficiency, the 
percentage of transconductance per 
unit current which the user can ob- 
tain from a practical device in his 
circuit, is of major importance to  
amateurs since it controls both the 
efficiency of the device as a low noise 
(front end) amplifier, and also the 
power handling ability of mospower 
devices. In the low noise application, 
maximum eff ic iency is required, 
while in power applications, quite 
low values of efficiency may be de- 
sirable. 

All solid-state amplifiers are vol- 
tage-gain limited, not current-gain 
limited. For this reason, the output 
supply voltage which may be used 
with an rf amplifier can be expressed 
in terms of a simple equation: 

where Vdd is the drain supply vol- 
tage, x is the (decimal) value of 
transconductance efficiency, and A 
is a small number, typically near 
unity, but almost never over ten. 
(This equation may easily be con- 
firmed from data sheets on power 
electron tubes as well as transistors 
of all kinds.) 

If freedom from oscillation and 
spurious transients is necessary, 
overall stage voltage gain for any 
solid-state rf amplifier must be limited 
to approximately ten. (To  prevent 
TVI, for example.) Use of voltages 
higher than indicated by the equa- 
tion lead to a variety of problems, ex- 
cess phase shift, improper bandpass 
responses, excessive dissipation, or 
birdies. 

The field-effect transistor, and par- 
ticularly the mospower unit, may 
lead to a breakthrough in the applica- 
tion of semiconductors to rf power 
amplifiers, possibly breaking the 

present practical limit of 50 watts 
per device for bipolar devices in the 
common-base configuration. The fet 
uses an insulated-gate structure simi- 
lar to that described in the patent for 
diode fet devices, with corresponding 
power and frequency response char- 
acteristics. I t  looks like a bipolar tran- 

I 

sistor but forms a channel against the 
insulated gate. Since the device is 
forward biased, it behaves as a bi- 
polar transistor so is limited by the 
high value of x, near unity, which is 
typical of bipolar devices. 

Keats A. Pullen, W3QOM 
Kingsville, Maryland 
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i 4 tebook 

remote-switching 
circuit 

put high, and all other outputs low. 
Unless power is interru~ted, addi- 

A reliable and inexpensive circuit tional pulses on the same input have 
for remote frequency control of a vhf no effect; the circuit remains in a 
transceiver can be made from three stable state until another input is 

"" 

" +15V To 1 IOk 1 10. 1 10. ( I O U  
INPUTS 

OUTPUTS A 
l 

fig. 1. Remote switching circuit employing CMOS NAND gates. 

NAND gate ICs. The circuit could also 
be used for other applications requir- 
ing remote selection of one of a 
number of mutually exclusive func- 
tions. The use of CMOS gates permits 
operation from an automobile electri- 
cal system or other 12-volt source, 
providing a high degree of noise 
immunity, and freedom from rf inter- 
ference. Suitable ICs are the RCA 
CD4011A and 4012A, or the cor- 
responding Motorola MC4011 CP and 
14012CP. 

The circuit shown in fig. 1 consists 
of four flip-flops, each made up of 
one 4-input and one 2-input NA ND 
gate. Momentarily grounding any in- 
put will drive the corresponding out- 

momentarily grounded. The outputs 
may be used to drive other logic 
devices directly, but an external buff- 
er will be needed if the current ap- 
proaches the safe limit of 10 mA. 

Pat Shreve, W8GRG 

a TTL and CMOS 
logic probe 

The circuit  shown in  f ig. 2 is 
designed to indicate the logic states 
in TTL and CMOS circuits. In addition, 
it wi l l  indicate the presence of 
positive- and negative-going pulses, 
substituting for a high-speed trig- 
gered oscilloscope. In the schematic, 

0 1  is used as a high-impedance buff- 
er preceding one of the NAND gates. 
CR1 acts as the buffer before a sec- 
ond gate. With a logic 0 input, the A 
section of the 401 1 will turn LED2 off, 
and the B and C sections will turn 
LED1 on. A logic 1 on the input 
reverses the levels causing LED2 to 
be on and LED1 to  be off. 

A 555-type timer IC acts as a one- 
shot multivibrator, triggered by either 
positive- or negative-going pulses. 
With S1 open, LED3 will come on for 
approximately 200 ms regardless of 
the input pulse width. After the input 
pulse, with S1 closed, LED3 will re- 
main permanently on. 

In normal operation, a logic 0 input 
will cause both LED1 and LED3 to 
light, with LED3 remaining on for 
only 200 ms. For a logic 1 input, only 
LED2 will light. With S1 closed, the 
c i rcui t  w i l l  indicate whether a 

tab le  1. LED displays f o r  d i f fe ren t  i r  
conditions. 

input LED1 LED2 LED3 S1 c los~  

logig 0 on off on200 rns no 
logic 1 off on off no 
positive- 
going pulse on off on yes 
negative- 
going pulse off on on ves 

negative- or positive-going pulse has 
occurred. If positive-going, LED1 and 
LED3 will remain on; LED2 and LED3 
will remain on after a negative-going 
pulse has occurred. The input and 
correct displays are summarized in 
table 1. 

Howard M. Berlin, W3HB 
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fig. 2. Schematic diagram of the l T L  and CMOS logic probe. Since a CMOS gate is used in the probe, the supply voltage can be 
between 5 and 15 volts. The 555 timer will produce a 200 ms pulse after being triggered. 

voltage adapter for 
MSIILSI circuits 

For experimenting with integrated 
circuits, it is necessary to  have a 
bench power supply with at least two 
voltage levels. W i t h  the scheme 
shown in fig. 3, it is possible to sup- 
ply +12, -12, and +5 volts from a 
single regulated 24-volt source for 
use with many LSI circuits. The +12V 
and -12V supplies can be adjusted 
either in the same direction by vary- 
ing the 24V source, or in opposite 
directions by adjusting the poten- 
tiometer. 

Resistor R1 is used to decrease the 
power dissipated in  the LM309K 
voltage regulator. A 2.2 ohm value is 

voltage to the LM309K must always (5x4.5cn-1) pc board, and the two  
be greater than 7 volts for a good TO-3 cases are mounted on a com- 
regulation). All the small components mercial heatsink. 
are mounted on a 2 x 1-314-inch J. A. Piat, FZES 

correct, but it is possible to change it fig. 3. Schematic of the voltage adapter for LSIIMSI circuits. 
depending upon the current neces- Value of resistor R1 is discussed in the text. Printed-circuit for 
sary on the +5 volt line (the input this simple circuit is shown in fig. 2. 

(P IN  2 )  

AND 
( C A S E S )  

( B A S E )  

( P I N  I1 

2 N 3 0 5 5  ( E M I T T E R 1  
AND - 12V 

L- 1 J 

fig. 4. Full-size printed-circuit board layout and component placement diagram for the MSllLSl voltage adapter. 
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:on 
Jim 

look 

If you look at technological advances w ~ t h  the eye of a h~stor~an, you'll see per~odlc peaks in new tech- 
nology, followed by nulls where everything seems to come to a standstill. This phenomenon is most no- 
ticeable in the semiconductor industry during the past few years, but if you look back to the 19th century, 
you'll see the same thing happened then, with George Stephenson's steam-powered locomotives and Eli 
Whi:neyls cotton gin early in the century, and later with the development of mass production techniques, 
the electric telegraph, and Marconi's wireless. Every few years, it seems, a major breakthrough in tech- 
nology occurs which produces an avalanche of new products on the market place. If you analyze it care- 
fully, in most cases you'll find that the "major breakthrough" didn't happen all at once as it first appears, 
but was the culmination of years of research by many different workers in many diverse fields. 

In many ways the cyclic rise and fall of technological achievement is an extension of the well-known 
domino theory - the apparent lulls in activity occur when the dominoes are being lined up; the break- 
through comes when the last domino is set in place and the whole line is knocked down, one domino after 
the other. It takes but one missing or misplaced domino to prevent the whole line from going down. 

In the field of gallium-arsenide field-effect transistors (GaAs fets or "gas" fets, for short), the last of the 
dominoes has been set in place, and in the near future there will be devices on the market which will pro- 
vide noise figures of less than 1 dB at 4000 MHz, and power outputs of 6 watts or more at 10 GHz. At a 
conference last summer at Cornell University, researchers from Bell Labs reported on a GaAs fet amplifier 
which yielded 10 dB gain at 4 GHz with a noise figure of 0.7 dB; at 6 GHz the noise figure increased to 1.25 
dB and gain dropped to 9 dB. A t  the same conference, scientists from Rockwell International were talking 
about a device which gave a 2.2 dB noise figure at 10 GHz with 8.5 dB gain. These devices and similar 
ones from other manufacturers will be available on the commercial market this year, but be prepared to 
pay a pretty healthy price for the privilege of building a circuit around them. As manufacturing processes 
are improved and yields go up, however, I expect device cost will drop within the amateur price range. If 
you can't wait, in this issue JHI BRY describes a high-performance GaAs fet preamp for 432 MHz that has 
a noise figure below 1 dB. 

At Texas Instruments the accent is on power GaAs fets with claimed power output of 4.2 watts at 10 
GHz; and RCA has announced 140 m W  output at 22 GHz. The most impressive of the power GaAs fets, 
however, is a device from Fujitsu which provides 10 watts output at 4000 MHz. In theory 14 or 15 watts 
should be possible at 4 GHz with GaAs fet devices, and 6-7 watts at 10 GHz, but there are still a number of 
problems to be solved, so this capability may be five years in the future. 

Some of the same technology that has produced high-performance microwave GaAs fets is also being 
used in other areas. A t  the International Solid State Conference in February, an engineer from Hewlett- 
Packard described a monolithic 4-GHz integrated amplifier which provides 28 dB gain from dc to 2000 
MHz (gain is 7 dB from dc to 4 GHz). The three-stage amplifier is built on a single GaAs chip and uses re- 
verse biased Schottky diodes as capacitors and MESFETs as resistors. A t  the same conference, Bell Labs 
reported on a uhf operational amplif~er which has a unity gain frequency in excess of 1000 MHz. Silicon 
NPN transistors are used in the design, which provides 20 dB gain at 300 MHz; the operational frequency 
range is 10-500 MHz. 

While GaAs fets threaten to displace bipolars above 3000 MHz, silicon MOSFETs are quietly moving in on 
microwave bipolars from the lower end of the frequency spectrum. Attention has been focused recently 
on advances in VMOS devices for vhf and uhf applications. Since the first commercial VMOS device was 
announced by Siliconix two years ago (ham radio, September, 1976), a number of semiconductor manu- 
facturers have gotten on the VMOS bandwagon including Intersil, Motorola, and Westinghouse. One firm 
has reportedly obtained 10 watts at 1000 MHz and more than 5 watts at 1500 MHz with a VMOS transistor. 
One of the big advantages of VMOS is its negative temperature coefficient which eliminates thermal run- 
away and secondary breakdown. This means that emitter resistors, temperature sensing diodes, and other 
protection circuitry required for bipolars can be eliminated, resulting in a substantial cost savings. VMOS 
also offers better linearity with third-order IMD typically 3 to 5 dB better than bipolar power amplifiers. 

As I said earlier, technological breakthroughs seem to come in spurts. During the past year or so there 
have been some remarkable achievements in the world of digital electronics, but it has been pretty quiet on 
the analog front. With the latest rf devices just now emerging from the laboratory, how long will we have 
to wait before all the dominoes are gathered for the next breakthrough? 

Jim Fisk, WIHR 
editor-in-chief 
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advanced electronic keyer 

By defining 
keying intervals 

the author has developed 
a practical keyer 

that permits 
maximum time for 

character keying - 
enabling you to send 

letter-perfect code. 

About thirty years ago, the bug was the most pop- 
ular keying device, being widely used by hams all 
over the world. Only a small minority were using a 
new device, the electronic keyer, which had just 
begun to appear on CW bands, to produce fast and 
perfect machine keying. In the late 1940s, W6OWP 
described in QST1 a new and simple principle for the 
electronic keyer. In Europe, this keyer was modified 
and popularized on the amateur bands by OZ7BO. 

The W6OWP electronic keyer was simple, yet re- 
liable. It did not use any clock-pulse generator, with 
the timing of dots, dashes and spaces performed by 
RC circuits, two triode vacuum tubes, and two re- 
lays. The dot, dash, and space time ratio was practi- 
cally constant over the whole speed range. The most 
important features, though, were the self completing 
dots and dashes (including the following space), in- 
stant response when the paddle was closed, and suf- 
ficient time to release the paddle when the character 
generation was to be stopped. 

electronic keyer requirements 
Are there new requirements for the electronic 

keyer today? The optimum timing of characters, 
(dots, dashes, and spaces) over the entire speed 

By Pavel Horvath, OK31A. Institute of Physics, 
Slovak Academy of Sciences, 899 30 Bratislava, 
Czechoslovakia 
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range, and simple but reliable control of the keyer 
with the paddles are, of course, still expected. This 
can be easily understood by examining the timing of 
characters as shown in fig. 1. The time durations of 
the dash, dot, space within a character, space be- 
tween characters, and space between words are de- 
fined as 3, 1, 1, 3, and 7 elementary time intervals. 
This timing of characters seems to be optimal for 
fast speeds. A different timing could be required at 
very low speeds; this problem, however, is not dis- 
cussed here. Even though the keyer must accept 
imperfect keying, the output characters should be 
generated without errors. 

Control of the keyer wi th  the paddles is very im- 
portant. T w o  types of paddles are generally used; the 
single paddle for standard keying and the dual paddle 

fig. 1. Timing of characters and spaces. 

for squeeze or iambic keying. The single paddle, 
when released, slips into the neutral position and can 
be closed for a dot  or for a dash. The dual paddle can 
be closed simultaneously for a dot and for a dash. 
Keying w i th  a dual paddle is somewhat different than 
that wi th  a single one. 

Using the single paddle, there are two distinct 
groups of characters. First, those characters having 
an alternate sequence of dots and dashes (C  for 
example) are generated by alternatively closing the 

Front view showing the construc- 
tion and placement of the printed 
circuit boards, power supply, 
speaker. and other components. 

DASH PADDLE 

0 0 T  PADDLE 

KEYER OUT 

fig. 2. Permitted time intervals for closing the paddles to 
generate the character C. 

paddle for a dash and then a dot. The first dash starts 
at the instant t a r t 0 ,  when the paddle is closed. No  
delay time should occur. By using do t  and dash 
memories, the paddle can be moved t o  the dot side 
after the first dash begins. Fig. 2 shows the per- 
mitted time intervals for closing the paddle t o  gener- 
ate the character C without errors. 

The second group of characters are those which 
have a series of dots or dashes. Fig. 3 shows the key- 
ing required for the character = (BT). The paddle is 
first closed to  generate a dash at the instant t,=t@, 
but yet, must be released and moved t o  the dot  side 
before t4 .  During the interval t ,  t o  t l o ,  the paddle 
must be repositioned to  form the last dash. For ex- 
ample, the paddle could be closed during t ,  t o  t lo  
and released during t d  to  t14.  

A somewhat different situation arises if you use 
dual paddles for iambic keying. The output wi th  both 
paddles closed is called an iambic sequence. Fig. 4 
shows the keying for CQ. You start by  closing the 
dash paddle, followed by closing the do t  paddle. The 
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D A S H  PADDLE 

DOT PADDLE 

KEYER OUT 

t o  t 4  te t ~ o  114 

fig. 3. Permitted time intervals for closing and releasing 
paddles to generate the character = (BT). 

dot paddle can be closed any time during the t e  to  1 ,  

interval. Both paddles are held until you recognize 
the last dot in the character C. Then you release both 
paddles. The sequence for releasing the paddles is 
not important, but both must be released during 
t lo  to  t12. If the keyer also completes the spaces be- 
tween characters, you can re-close the dash paddle 
anytime during the t12 to t 1 4  interva!. After the see 
ond dash in the Q has started ( t I 8 ) ,  you must close 
the paddle for a dot during t18 to tZ2, keeping both 
paddles closed to produce the character in the iambic 
mode. If both paddles are released anytime during 
t2,  t o  t2,, the Q will be completed. When both pad- 
dles are released, the iambic sequence must stop 
after one bit (dash or dot) is completed. No second 
bit should be generated. 

The permitted time intervals previously discussed 
are the maximum intervals in which the paddles can 
be closed or released, allowing the characters to be 

generated without errors. Any shorter time intervals 
make the keying worse. A summation of the pre- 
vious points produces a list of features which an 
electronic keyer should incorporate: 

1. Keying by both single and dual paddles. 

2. Maximum possible permitted time intervals to 
make the keying easy. 

3. A t  the beginning of the message, the character 
should start the instant the paddle is closed. 

4. Optimum timing of dots, dashes, and spaces, 
throughout the entire speed range. 

5. Stable clock generator, without clock pulse 
variations after triggering. 

DASH P I D O L E  

DOT PAOOLE 

K t Y E R  OUT 

fig. 4. Keying of the word CQ in the iambic mode. 

I began my design with the circuit described by 
WB2DFA.2 In my version, I use very similar timing 
circuits, modified for a triggered clock and complete 
timing of spaces. M y  efforts were concentrated on 
improving the control of the keyer with paddles, 
making keying easy and convenient. 

A block diagram of this keyer, with the significant 
signal names, is shown in fig. 5. 

KEYING 
PADDLE orsn  1 - 

001  

C L O C K  G ~ N  

GENERATOR 

0 
= ,- 
= - - 

- - 
-- A S C O  = 

ENLBIE TIMING 
O E C O O F R  

i 

? 
. 010 CIOCK 

T I M I N G  

L ! 
1 1 ENABlt DOT TIMING 

IN BUFFER 
DOT REGISTER 
P 

SHIFT 001  REG 

fig. 5 .  Block diagram of the advanced electronic keyer showing the most significant signals. 
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Clock generator. As shown in f ig. 6, the schematic 
diagram, the clock pulses are generated by transis- 
tors T4, T5, and the associated logic. In the initial 
state, the clock generator is off since GEN TRlG is 
low 10). The signal GEN TRlG is the logical sum of 
DASH TRIG, DOT TRIG, SQZ TRIG, MESSAGE START, 
and A=B=C*D. Because of the low from GEN TRIG, T4 
is turned on by the current flowing through D3 and 
subsequently T5 is also turned on. A t  the instant the 
paddle is closed, GEN TRlG goes high, enabling the 
clock generator. Simultaneously, a short, negative 
pulse is formed by the gates connected to 04. This 
negative pulse turns off T4 and starts the generation 
of clock pulses. This circuit philosophy allows the 
generator to start in synchronization with the paddle. 
The clock pulses (GEN) are perfectly formed, the first 
pulse being the same as the following ones. The 
clock frequency is continuously variable and cor- 
responds to speeds of 10 to 50 words per minute. 

either paddle. Now, if a dash is t o  be sent, for ex- 
ample, the paddle is pressed, causing the clock gen- 
erator to be activated, and the DASH signal to be 
generated. This signal, DASH, is the actual eventual 
output from the keyer. And, in addition to  being the 
output, it is used to reset the binary counter for the 
duration of the signal. When DASH resets the coun- 
ter, through the RO(1) and RO(2) inputs, the B=C*D 
and A=B*C=D are high, thus feeding the clock pulses 
to the binary counter. But, the pulses will not be 
counted until the completion of the dash since the 
resets override the normal clock input. 

When the dash is completed, the CLOCK and DLD 
CLOCK pulses will then be counted. The gates con- 
nected to the B and D outputs of the binary counter 
will give an ENABLE TIMING pulse at the completion 
of the first or third timing interval; if there is a dot or 
dash waiting in the buffers, it will be generated after 
the first interval and the process will start again. If a 

Rear panel view showing con- 
nectors for the ac line, 12-volt 
battery, paddles, manual key, 
external speaker, message mem- 
ory, keyer output, S1 and S2, and 
speaker volume control. 

The toggle and delay circuits divide the GEN signal by 
two, producing CLOCK and DLD CLOCK signals, with 
a delay of about 200 nS. 
Space generation t im ing circuits. The circuitry in 
this portion of the keyer is used to provide a con- 
stant-width space following each element of a char- 
acter, whether a dot or a dash. This self-completing 
space corresponds to the length of one dot. In addi- 
tion, the timing of the space between characters and 
words can also be made self-completing, corre- 
sponding to 3 and 7 elementary-time intervals. 

In the initial state (completion of a space), the four 
outputs of the binary counter are all high, causing 
the ENABLE TIMING line to also be high. When this 
line is high, the circuits for generating a dot or dash 
are not inhibited, and can be activated by pressing 

dot or dash is not waiting, another ENABLE TIMING 
pulse will occur after the third timing interval (charac- 
ter space). If a character is still not in the input buff- 
ers, the word space will be generated (seven time in- 
tervals) by the gates connected to the B, C, and D 
outputs of the counter. A t  the completion of the 
word space, the A*B*C=D line will go low, stopping 
the pulse generator. If a character had been keyed in 
as the beginning of a new word, however, the pulse 
generator will not stop. Thus, if you are keying prop- 
erly, the clock generator runs without interruption 
through the whole message. 
Buf fers and registers. The input buffers (or dot 
and dash memories) are used to store the code ele- 
ments as they are put into the keyer. The dash and 
dot memories are actually 2-bit shift registers set up 
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as FIFO registers, composed of D-type flip-flops. REG shifts the dot register, turning the output dis- 
During keying, the dots and dashes are not only tributor back to the dash buffers. The same pro- 
stored, but are also simuitaneously shifted into the cedure is followed until the character C is shifted out 
timing circuits Therefore, it is possible to buffer of the buffers, 
characters in which the sum of the dots and dashes is 
greater than four. 
Dash and dot distributors. The input and otltput 
dashldot distributors remember which kind of a bit, 
dash or dot, was stored first. The input distributor 
stores the dots and dashes in a sequence depending 
on the first bit keyed in: the output distributor cor- 
rectly loads the content of the buffers Into the t im~ng 
circuits. 

The character C, if stored in the buffers, is pro- 
cessed to the keyer output in the following manner. 
The output dashldot distributor, being enabled for a 
dash, allows the DASH TRlG signal to pass through 
the gates into the dash timing circuit, triggering the 
first dash. When the dash and the following single 
width space are completed, the signal SHIFT DASH 
REG shifts the dash register and clocks the output 
distributor t o  the dot memory, thus enabling the 
DOT TRIG signal through the gates into the dot timing 
circuit, triggering the dot. When the dot and the sin- 
gle width space are completed, the signal SHIFT DOT 

Dash and dot timing. The timing of a dash will 
start if the DASH TRlG or SQZ TRlG signal is low, the 
output dash~dot  ciistributor enabled for a dash, and 
the signal ENABLE DASH TIMING high. The pulses, 
DLD CLOCK, transfer the high level on the D input to 
the output of the flip-flop, causing DASH TIMING to 
go high. .With this signa! high, a four-state binary 
counter receives the DLD CLOCK pulses. The counter 
states are then decoded into the signal DASH, which 
is three elementary-time intervals long. While the 
DASH is executed, the DOT circuit is disabled. 

Dash shift and dot shift. The signals SHIFT DASH 
REG and SHIFT DOT REG, shown in fig. 7, are short 
pulses positioned at the end of the single width space 
following the dash or the dot. By having these pulses 
at the end of the space, you have the maximum 
amount of time in which to key in another dot 
or dash. 

The block diagram in fig. 5 illustrates how these 
signals are formed. The signal CLOCK is delayed 200 

fig. 6. Schematic diagram of the advanced electronic keyer. 
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DOT PAOOLt t--t-t 1 

DASH TRIG 

DOT TRIG I 1 I 1 1 /  1 ,  

GtN TRlG 

GfN 

OLD CLOCK 

D A S H  TIMING 

D A S H  8 
DASH @ 

oar a 
D I S H  OR 001 

fig. 7. Timing diagrams for the signals shown in figs. 5and 6. 

nS, producing DLD CLOCK. Also, CLOCK is used to 
drive the A section of the binary counter. After the 
DASH and DOT signals are formed, they're shifted 
into another D-type flip-flop, which is clocked by 
DLD CLOCK. The dash or dot therefore initiates the 
shift register signal, while the DLD CLOCK stops it, 
200 nS later. 

Squeeze. During the initial phase of keying, the 
buffers, dash and dot registers, and input and output 
dash-dot distributors are involved. When both pad- 
dles are squeezed, SQZ TRlG goes low, clearing both 
buffer registers, enabling the clock generator, and 
executing the iambic sequence. When both paddles 
are released, RESET SQZ resets the squeeze circuit 
forcing SQZ TRlG to go high at the end of the first 
completed single-width space. 

Monitor. The keyer contains an internal side-tone 
oscillator, which consists of a multivibrator, an inte- 
grating amplifier, and internal speaker. The multi- 
vibrator generates a I-kHz rectangular waveform, 
which is integrated in the amplifier. The triangularly 
shaped sidetone drives an internal 8-ohm permanent 
magnet speaker. 

Message memory. Provisions have been made to 
connect the kever to an external random-access 

memory. Four signals are available on a rear panel 
connector for operation of the memory. During the 
"message write operation" the MEMORY CLOCK and 
DASH or DOT are used for synchronous storing of 
the message. The MEMORY CLOCK automatically 
starts when the paddle is activated and continues to  
run during the manual keying. When the manual 
keying stops, the MEMORY CLOCK runs for seven 
clock pulses after message generation ceases. 
MEMORY CLOCK can be enabled to  run through the 
remaining addresses by taking MESSAGE START low. 
During the "message read operation" MESSAGE rep- 
resents the memory content previously stored and is 
transmitted through the OR gate to  the keyer output. 

construction 
The electronic keyer is built in a 7 x 10 x 21 cm 

(2 3/4 x 4 x 8 1/4 inch) steel cabinet. The overall 
view is shown in the photographs. The ICs are 
mounted on a universal printed-circuit board with 
wire wrap used for the circuit connections. The parts 
list is shown in table 1. 

concluding thoughts 
This advanced electronic keyer could seem to 

some readers to be rather complicated. However, 
even an inexperienced homebrewer can expect per- 
fect performance by exercising reasonable care dur- 
ing construction. Additionally, there are no special 
circuit adjustments necessary. 

table 1. Semiconductors used in the electronic keyer 

integrated circuits transistors 

7400 9 each KC507 Silicon, 0.3 W T I ,  T4 - T7 
7404 6each KF508 Silicon, 0.8 W T2, T8 
7410 2each KF517 Silicon, 0.8 W T3 
7420 1 each 
7430 3 each 
7474 8each Diodes 
7493 1 each KA221 Silicon, Switching D l  - D4 

Only inexpensive TTL ICs were used in this project. 
The more experienced builder could change some 
circuit components or integrated circuits to ones 
more available in the United States. Or he could use 
NOR gates, monostable multivibrators, or MSI shift 
registers to minimize the number of parts and energy 
consumption. This should not be in contradiction 
with the aim of this article, however, which is to pro- 
vide optimum keyer control and timing. 
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AMSAT-OSCAR D 

The AMSAT-OSCAR D  pacec craft 
is scheduled for launch 

sometime this month - 
here are the complete 
operating parameters 

for this new 
amateur satellite 

AMSAT-OSCAR D, the next spacecraft in the OSCAR 
series, is a Phase II spacecraft which was built over 
the past two years by radio amateurs in the United 
States, Canada, Japan, and West Germany and is 
the first spacecraft in which AMSAT, Project OSCAR, 
and the ARRL have joined together to build flight 
hardware. The spacecraft makes extensive use of 
parts left over from the OSCAR 7 and Phase Il l pro- 
grams, and was built primarily because the Phase Ill 
spacecraft will not be available until 1979. By stretch- 
ing its resources almost to the limit, AMSAT has been 
able to work on both the Phase Ill spacecraft (with 
lots of publicity) and OSCAR D (with little publicity). 

The new spacecraft carries transponders for two 
modes of operation. There is a conventional 145.9 
MHz to 29.4 MHz Mode A transponder, and a new 
145.9 MHz input, 435.1 MHz output, Mode J trans- 
ponder - a similar frequency combination was used 
on the short-lived OSCAR IV spacecraft in 1966. In 
addition, six channels of telemetry are provided to 
monitor the onboard status of the satellite. 

mission objectives 
The principal objective of AMSAT-OSCAR D is its 

use as an educational tool in schools. Other objec- 

By Perry Klein, WBPK, and Joe  Kasser, 
G 3 Z C Z ,  A M S A T ,  Post O f f i c e  B o x  27, 
Washington, D.C. 20044. 
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tives include the continuation of communications de- 
monstrations by means of stations in the amateur- 
satellite service, of the feasibility of using satellites 
with small amateur terminals for emergency commu- 
nications, communications between medical centers 
and isolated areas, aeronautical, maritime, and land- 
mobile communications, direct satellite-to-home 
voice "broadcasting" to simple amateur receivers, 
and other similar applications. Further objectives are 
to demonstrate special operating techniques that en- 
hance the usefulness of low orbits for these satellite 
applications, and to test the suitability of a new com- 
munications transponder frequency combination 
(Mode J) for small terminal users. 

AMSAT-OSCAR D will permit the continuation of 
the education program, which began with OSCARs 5, 
6, and 7, over the next several years, the anticipated 
lifetime of the satellite. OSCAR satellites have begun 
to play an important role in a new approach to 
science education. Used as remote laboratory tools, 
these satellites represent a pioneering utilization of 
an active space system in the classroom. Using inex- 
pensive ground terminals for OSCAR satellites in 
schools, students can gain firsthand experience in 
space science. This type of direct, active involve- 
ment has relevance to  the study of communications, 
astronomy, engineering, physics, mathematics, and 
meteorology. The low-cost OSCAR ground terminal 
puts an active satellite system at the disposal of the 
instructor and student. 

spacecraft description 
OSCAR D is a communications satellite in the 

Phase II (low-orbit) series which is designed to oper- 
ate with small stations in the amateur-satellite service 
on a non-commercial basis. The spacecraft contains 
two communications transponders and command 
and telemetry systems; i t  is solar powered, weighs 27 
kg (60 pounds), and is a 38 cm (15-inch) rectangular 
solid 33 cm (13 inches) high. Its anticipated useful 
operating lifetime is three years. 

Two types of communications transponders are 
aboard the spacecraft. Normally, only one trans- 
ponder will be operated at a time because of space- 
craft battery constraints. 

Two-to-ten meter transponder. The Mode A 
transponder is a two-to-ten meter unit similar to the 
one used on OSCAR 7 (input frequency passband 
145.85-145.95 MHz, and output frequency passband 
between 29.40 and 29.50 MHz). A 250 m W  telemetry 
beacon provides telemetry data in Morse code at a 
frequency of 29.402 MHz. Approximately - 95 dBm 

is required at the transponder input terminals for an 
output of one watt. This corresponds to  an effective 
radiated power from the ground of 80 watts for a dis- 
tance to the satellite of 1930 km (1200 miles) and a 
polarization mismatch of 3 dB. The transponder 
translation frequency (input frequency minus output 
frequency) is 116.458 MHz. Thus, the relationship 
between the uplink If,) and downlink (fd) is 

fd= f u  - 11 6.458 f Doppler 

where both fd and f, are in MHz. 
An uplink signal at 145.900 MHz, for example, will 

produce a down-link signal from the transponder on 
29.442 MHz+ Doppler. As in the two-to-ten meter 
transponders in OSCAR 6 and 7, the passband is not 
inverted, and upper-sideband uplink signals become 
upper-sideband downlink signals. Output power is 1 
to 2 watts. 

Note that the downlink frequency will be slightly 
different (8  kHz) from that of the equivalent OSCAR 7 
Mode A transponder which has an equivalent fre- 
quency relationship of 

fd = fu - 11 6.450 -t Doppler 

AMSAT OSCAR D spacecraft to be launched in March, 1978, 
by NASA. When it is in orbit it will be designated AMSAT 

OSCAR 8. 

april 1978 77 



Two meter-to-70cm transponder. The Mode J 
transponder, constructed by members of the Japan 
AMSAT Association in Tokyo, uses a two-meter in- 
put, 70 centimeter output combination which has not 
yet been flown in the AMSAT Phase II series. This 
transponder operates with an input frequency pass- 
band of 145.30-146.W MHz, and an ourput frequen- 
cy passband of 435.10-435.20 MHz. Power output is 

JAlCBL of Japan AMSAT Association (JAMSAT) building 
parts of the Mode J transponder. 

about 1-2 watts PEP, and the output passband is in- 
ve:e;ted, i e . ,  upper-sideband uplink s ig~a ls  become 
lower-sideband downlink signals. The transponder 
translation frequency (input frequency plus output 
frequency) is 581.1 MHz* Doppler. Uplink sensitivity 
for one-watt output is - 105 dBm, corresponding to 
an effective radiated power from the ground of 8 
watts for a distance to the satellite of 1930 km (1200 
miles).* Note the greatly improved sensitivity of this 
mode, and keep your power down. A 100-milliwatt 
beacon carries telemetry at a frequency of 435.095 
MHz. The relationship between the uplink (f,) and 
downlink (fd) is 

fd= 581.1 - fu * Doppler 

where both fdand f,are in MHz. 

antenna system 
Both the Mode A and Mode J transponders use 

the same receiving antenna, a canted turnstile com- 
prised of four 48 cm (19-inch) lengths of 12.5 mm 
(1 12-inch) carpenter's rule fed by a hybrid and mat- 
ching network so as to develop circular polarization. 

"Sensitivity may decrease by a factor of ten (10 dB) under different condl- 
tions of battery voltage and satellite operating temperature, so that as much 
as80 warts may be requ~red at certain times. 

One port of the hybrid feeds the Mode A receiver; 
left-hand circular polarization is required by users in 
the Northern Hemisphere and right-hand circular 
polar~zat~on IS requ~red In the Southern Hemlsphere. 
A second port of the hybrid is connected to the 
Mode J receiver; right-hand circular polarization is 
requ~red In the Northern Hemlsphere, and left-nand 
circular polarization in the Southern Hemisphere. 
The antenna gain should approach 5 dB in the - 2  
direction (ie., toward the bottom of the satellite). 

The Mode P? ten-meter down!ink antenna is a lin- 
early-polarized dipole which is oriented perpendicular 
to the stabilization magnets in the spacecraft as in 
OSCAR 6 (but unlike OSCAR 7, which has the ten- 
meter antenna parallel to the axis of the magnets). 

The 435-MHz Mode J downlink antenna is a simple 
monopole, linearly polarized, and located on the top 
of the spacecraft. Note that its location may result in 
some radiation shielding at high Southern Hemi- 
sphere latitudes. 

telecommand system 
A five-function telecommand system of a new 

design is carried on OSCAR D. The system is based 
on the best features of the OSCAR 6 and 7 telecom- 
mand systems, and is designed to be virtually im- 
mune to noise and interference. The command func- 
tions are: 

Mode A Select (Two-to-ten meter transponder 
ON) 

Mode J Select (2 meter to 70 cm transponder 
ON) 

Mode D Select (recharge mode; bo th  tran- 
sponders OFF) 

Ten-meter Antenna Deployment 
Ten-meter Antenna Reset 

telemetry system 
OSCAR D contains a six-channel Morse code tele- 

metry system similar to the units flown in OSCARs 6 
and 7. Telemetry is sent at 20 words per minute as 
three-digit numbers; A1 emission is used in keying 
the Mode A or Mode J telemetry beacons, depend- 
ing upon which transponder is in use. The six tele- 
metry parameters are: 

Channel 1. Total Solar Array Current - 
I T =  7.15 (101-N) ma. 

Channel 2. Battery Charge-Discharge Current - 
IBat = 57 (N-50) ma. 

Channel 3. Battery Voltage - 
V B  = 0 .1  N + 8.25 Volts 
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Channel 4. Baseplate Temperature - 
Tbb"95 8 -  1.48 N(OC) 

Channel 5. Battery Temperature - 
TRat = 9 5 . 8  - 1.48 N (OC) 

Channel 6. R F  Power Output, Mode J - 
PIT = 23N mz'llz'watts 

Note that, unlike OSCAR 6 and 7 telemetry, OSCAR D 
has only one parameter per line (OSCARs 6 and 7 had 
4). As a result, a complete telemetry frame is sent in 
approximately 20 seconds. 

power supply 
The spacecraft contains solar panels on its four 

sides (along the + X, - X, + Y, and - Y axes), and 
on the top (the + Z axis). No panels are contained on 
the bot tom ( - 2  axis) since this is where the 
spacecraft is attached to the launch vehicle. The 
solar cells, combined with a 12-cell, six-ampere-hour 
rechargeable nickel-cadmium battery should be ade- 
quate to power the spacecraft with a positive power 
budget in Mode A for several years, even considering 
solar cell degradation in the radiation environment. 
The power drain in Mode J, however, is somewhat 
larger, so the Mode J transponder probably cannot 
be operated continuously. 

A battery charge regulator is also contained which 

- D O W N L I N K  PASSBAND - 

converts from the 28-30 volt solar array voltage to 
the 14-16 volts required by the battery. I t  also tapers 
the charge rate so the battery trickle-charges as the 
battery approaches full charge (as indicated by the 
battery voltage). 

stabilization system 
Four permanent magnets located inside the 

spacecraft and aligned along the Z axis provide 
stabilization, as in OSCARs 6 and 7. The polarity of 
the magnets is such that the top ( + Z  axis) of the 
spacecraft always points toward the magnetic north 
pole of the earth. Hysteresis permalloy damping rods 
mounted behind the + X, - X, + Y, and - Y solar 
panels are designed to  reduce the spin of the 
spacecraft about the Z axis; they function in a man- 
ner similar to a shorted transformer turn as it cuts the 
lines of flux of the earth's magnetic field. The per- 
malloy rods are left over from OSCAR 7, which suc- 
cessfully used the same type of stabilization system. 

launch interface and orbit 
The OSCAR D spacecraft is being launched from 

the NASA Western Test Range as a secondary 
payload with the NASA Landsat-C earth resources 
technology satellite and the NASA PIX (Plasma In- 
teraction Experiment). The spacecraft will be ejected 
from the second stage of the two-stage Thor-Delta 
2910 launch vehicle 5120.6 seconds after lift-off, at 
an approximate position of 78 degrees N. latitude 
and 15 degrees W.  longitude. Programmed orbital 
parameters are: 

Apogee 928 km (577 statute miles) 
Perigee 884 km (549 statute miles) 

I I Period 103 minutes . ,(,OX + 
1. Guard bands to  avoid interference to beacons. These frequen- 
cies are available for emergency and bulletin stations. 
2. RTTY and slow-scan television are placed at the edge of the CW 
and ssb passbands. This conforms to their high-frequency use 
where RTTY is present within the CW space, and SSTV is transmit- 
ted in the ssb sub-band. 
3. Mixed-mode area is recommended for crystal-controlled sta- 
tions, DXpedition stations, or anyone wishing to work both CW 
and ssb stations. 

fig. 1. Basic satellite band plan proposed by G3ZCZ and 
adopted by the AMSAT Board of Directors in October, 1977. 
This band plan allocates a percentage of the available radio 
frequency spectrum as seen on the downlink to different 
modes of communication. The relative amount of spectrum 
for each mode is thus the same for any transponder in any 
satellite. Band plan frequencies for AMSAT OSCARs 7 and 8 

are shown in fig. 2. 

Inclination 99.0 degrees 
Time of Descending Node 9:30 A M  
(launch window from 1754-1824 UTC) 

The orbit is planned to be sun-synchronous with 
passes repeating at the same time each day on a one- 
day cycle (as opposed to the two-day cycle of 
OSCARs 6 and 7). 

spacecraft initialization 
AMSAT-OSCAR D will automatically be powered 

up upon ejection from the Thor-Delta launch vehicle 
over northern Greenland at which time it will assume 
the next available number in the OSCAR series. It is 
designed to initialize itself in Mode J (two-meter-to- 
70-cm transponder ON). The two-to-ten meter 
(Mode A)  transponder will be initialized OFF and 
should be kept off until the spacecraft is nearly com- 
pletely stabilized, which may require as much as a 
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- DOWNLINK PASSBAND 

MODE A I 2 9  4 1 2 9 4 3 5  i 2 9 4 6 5  1 29 5 MHz 

I I I I 
MODE B 1 145 925  1 1 4 5 9 4  I 145 9 6  1 145 975 MHz 

MODE J 1 4 3 5  1 / 4 3 5  135 I 4 3 5 1 6 5  1 435  2 MHz 

I I I I 

fig. 2. Satellite band plan for AMSAT OSCAR 7 and 8. As 
shown in fig. I ,  this plan is based on percentages of the 
downlink passband, and applies to both inverting and non- 
inverting transponders. In Modes A and J the guard chan- 
nels are 5 kHz wide; the guard channels in Mode B are 2.5 
kHz wide. 

week. Because of the non-rigidity of the deployable 
ten-meter dipole antenna, this antenna must no t  be 
deployed until the spacecraft spin rate is less than 1 
rpm; otherwise, the antenna may be severely dam- 
aged or may not deploy properly. OSCAR D's ten- 
meter antenna is comprised of tubular extendable 
members which are slowly unreeled from the space- 
craft by small motors. The deployment process takes 
approximately 15 seconds and is non-reversible (;.en, 
the antenna elements cannot be retracted once they 
are deployed). During the time when the antenna is 
being deployed, the telemetry beacon switches from 
its normal Morse code format to a series of keying 
pulses, the rate of which is a function of the tip-to-tip 
length of the ten-meter dipole; the rate-of-change of 
the telemetry pulses will be carefully tape-recorded 
during deployment of the antenna to permit analysis 
later to verify success. 

telecommand verification 
OSCAR D's telecommand and telemetry systems 

have been designed to provide two means to verify 
whether the spacecraft is accepting commands. 
First, when the telecommand system has been en- 
abled and is ready to accept a command, the Morse 
code telemetry will be interrupted and an unmodulat- 
ed carrier will be heard on the beacon frequency. The 
beacon will revert back to Morse code telemetry 
when the telecommand system is no longer enabled. 

The second method of telecommand verification is 
to use the "Ten-meter Antenna Deployment" com- 
mand. This will cause a series of keying pulses to be 
heard on the telemetry beacon in place of the Morse 

fect operations decisions is channel 3 (battery volt- 
age). In Mode A the spacecraft should maintain a 
positive power budget so there should not be a net 
discharge of the battery over an orbit average. Mode 
J operation, however, requires somewhat more 
power, which may result in a net discharge of the 
battery, especially under conditions of high trans- 
ponder loading; therefore it will be rlecessary for tele- 
metry and telecommand stations to keep a close 
watch on the battery voltage so that action can be 
taken as necessary to command the spacecraft into 
Mode D (the recharge mode) before the battery dis- 
charges too far. Three cutoff levels are specified 
below: 

Red Level A (1.2 volts/cell) Channel 3 = 61 counts 
Red Level B (1 . I  volts/cell) Channel 3 = 50 counts 
Red Level C (1 .O volts/cell) Channel 3 = 38 counts 

Red Level A should be used during the first year or so 
of the spacecraft's life as the cutoff point below 
which telecommand stations should command the 
satellite into Mode D for recharging. Later in the 
spacecraft's life, as the battery discharge characteris- 
tic curve changes, Red Level B should be used; Red 
Level C should be used if there is evidence of battery 
deterioration or if it is desired to recondition the 
battery. 

Channel 1 (solar array current) provides an indica- 
tion of whether the spacecraft is in the sun or eclipse 
(it should read in the nineties in counts when in 
eclipse). Fluctuation in channel 1 telemetry is the 
best indicator of the rate of spin of the spacecraft, 
along with observations of fading, particularly of the 
435-MHz Mode J downlink signal from the quarter- 
wave 435-MHz monopole antenna. 

Channel 2 (battery charge-discharge current) gives 
information on whether the battery is charging or dis- 
charging. A reading larger than 50 counts indicates 
that the battery is charging, while a reading of less 
than 50 counts means the battery is discharging. 
There is a two-second integration time associated 
with the current telemetered on this channel. The 
total power drain of the spacecraft can be deter- 
mined by observing channel 2 while the spacecraft is 
in darkness (as indicated by channel 1, which should 
read in the 90s in darkness). 

code telemetry if the command has been accepted. Channels 4 and 5 (baseplate temperature and bat- 
The "Ten-meter Antenna Reset" command should tery temperature) should generally track within a few 
be sent soon afterward to restore the beacon to the degrees (except perhaps in the first day or so after 
Morse code telemetry mode. launch when the spacecraft has not yet stabilized at 

telemetry interpretation 
thermal equilibrium). Experience from OSCARs 6 and 
7 indicate that the battery can overcharge and over- 

The most important telemetry channel that will af- heat during periods of the year when the spacecraft 



sees the most sunlight. If this is the case, channel 5 uted to the construction of the spacecraft, but a few 
may exceed channel 4 in temperature by 10 degrees calls can be listed. 
celsius or more, and action should be taken to reduce 
this overheating. This can be accomplished by keep- 
ing the spacecraft in Mode J to consume any extra 
charge current from the battery. 

Channel 6 is a measure of the Mode J transponder 
435-MHz rf power output. Associated with the tele- 
metered readings is an integration time of 2.5 
seconds, so that it is average power rather than peak 
power that is telemetered. There is no telemetry of 
the Mode A transponder. The Mode A transponder 
power consumption (largely determined by power 
amplifier current) can be measured by observing 
channel 2 telemetry as noted above. 

operating schedule 
Since the prime mission of the AMSAT-OSCAR D 

spacecraft is to use the Mode A transponder for the 
ARRL OSCAR educational program in schools, the 
spacecraft may be left in Mode A during weekdays 
(Monday through Fridays, United States time), and 
put in Mode J on weekends. Note that all communi- 
cations should conform to the G3ZCZ band plan 
shown in figs. 1 and 2. Additionally, if not an exces- 
sive burden on the telecommand stations, evening 
orbits in the Western Hemisphere (morning orbits in 
the Eastern Hemisphere) can be switched to Mode J, 
battery permitting. In any case, all operation in Mode 
J will require careful monitoring of the battery charge 
level (as indicated from channel 3 telemetry). The 
power budget may not support the Mode J trans- 
ponder for continuous fulltime operation in this mode 
over an entire weekend. In any event, details of the 
operational modes of the spacecraft will be an- 
nounced by AMSAT in the Newsletter, with late up- 
dates on the AMSAT Nets. 

OSCAR D will operate in a 900 km (560 statute mile) 
orbit, i e . ,  at just over half the altitude of the orbit of 
OSCAR 7. Thus, communication ranges will be differ- 
ent. The usable time on an overhead pass will be 
about 18 minutes instead of the 22 minutes provided 
by OSCAR 7, and the horizon range will be 3220 km 
(2000 miles) instead of the 3940 km (2450 miles) of 
OSCAR 7. This means that transatlantic communica- 
tions will still be possible, but not as often as with 
OSCAR 7. 

Keeping track of this satellite is going to be much 
simpler than for OSCAR 7. It will come into range at 
approximately the same time each day; the overhead 
descending node pass is planned for 9:30 A M  
local time. 

credits 
It is impossible to single out all those who contrib- 

JAMSAT - M o d e  J T ransponder :  J A I A N G ,  
JAICBL, JGICDM, JAIVDV, JAIJHF, 
JRISWB 

AMSAT - Mode A Transponder: WA4DGU, 
W3PK 

Morse Code Telemetry System: W5CAY, WA4DGU 

Telecommand System: W3GEY, WA3LND, 
WA3ZCE, W3HUC, W31T0, 
K1 RT /WAl  JZC 

Antenna and Antenna Deployment Module: 
W3GEY, W3HUC, W31T0, K IRT ,  
WA3LN D 

Power System: DJ4ZC, JAITUR, JFIDMQ, K1 RT, 
W3HQ 

Structure and Module Containers: K6GSJ and Pro- 
ject OSCAR, K1 J X / W A l J L D ,  K1 RT, 
W A 4 D G U ,  V E 3 D P B ,  W 3 H S 0 ,  
WBBGIM,  H e n r y  S m i t h ,  D a v i d  
Vanderbeke, W3ZKI 

Cables and Wiring: Marie Marr, W3TMZ 

Engineering Drafting: WB4GIB 

To others who contributed or assisted, our thanks 
and the thanks of thousands of radio amateurs, 
school children, and educators. Let's use the satellite 
wisely so that it will further help the educational pro- 
gram until the Phase ill satellites are flying high. 
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very low-noise - 

GaAs FET Preamp 
for 432 MHz 

Construction details 
for a uhf GaAs fet preamp 

that will provide 
a 0.7 dB noise figure 

with 18 dB gain 
at 432 MHz 

Every amateur who is active on the uhf bands is 
looking for ways to  improve his system performance. 
One of these ways is to use a receiver preamplifier 
with lower noise figure and higher gain; some excel- 
lent preamplifier circuits have been published in ham 
radio. The low-noise uhf preamplifier described by 
W l  JR in the'March, 1975, issue is perhaps the best 
known of these circuits,' and is widely used by EME 
operators and others who are interested in long 
distance, weak-signal uhf communications. 

This article describes a low-noise, state-of-the-art 
preamplifier for  432 MHz which uses an NEC 
NE24406 (2SK85) GaAs fet. This preamp is capable 
of a 50°K (0.7 dB) noise figure at 423 MHz, so it can 
improve the performance of your uhf receiving sys- 
tem by about 100°K, as compared with a conven- 
tional bipolar transistor. 

By Shigeru Sando, J H I B R Y ,  8-17-204 
Sakonyama Asahi-ku, Yokohama 241, Japan. 
Mr. Sando is a microwave semiconductor 
development engineer at the Semiconductor 
Division of the Nippon Electric Company. 



field-effect transistors 
The history of the fet is older than most people 

realize. In fact, it's one of the oldest three-terminal 
solid-state devices. Dr. Shockley first proposed the 
fet in 1952, but because of a variety of technological 
and fabrication difficulties, fets did not become prac- 
tical until the early 1960s. 

Basically, there are three different types of fets. 
The junction fet or jfet is the simplest of the three 
types and became commercially available about the 
same time as the first bipolar microwave transistors. 

fig. 1. Smith chart plot of the NE24406 impedance character- 
istics at 432 MHz. FFOpT is the optimum source impedance 
for noise figure at 423 MHz. 

Advances in fabrication techniques and requirements 
for lower power fostered the development of the 
metal-oxide-semiconductor fet or mosfet. Both the 
jfet and mosfet are widely used in applications which 
require high input impedances, such as in the input 
stages of test instruments. The same fabrication 
processes developed for mosfets are also useful in 
the manufacture of integrated circuits. 

In the microwave region the bipolar transistor has 
reigned supreme for a number of years - it wasn't 
threatened by either the jfet or the mosfet. However, 
a third type of fet has changed that. This new fet, 
which uses a Schottky barrier at the gate electrode, 
is called the metal-semiconductor fet or mesfet. 

10 TO 50 
0 vo 

OHMS 

fig. 2. Recommended GaAs fet bias circuit uses a series re- 
sistor in the gate circuit to protect the device from tran- 
sients. 

tages over silicon at microwave frequencies. The in- 
trinsic characteristics of GaAs result in shorter transit 
times and lower resistance, thereby providing higher 
gain, lower noise figures, and extremely high cut-off 
frequencies - all important characteristics for micro- 
wave transistors. 

Gallium arsenide has been under development for 
several years, and practical microwave GaAs fets are 
now available off the shelf. Recently I had an oppor- 
tunity to experiment with the NEC NE24406 (2SK85) 
GaAs fet. Although there have been many published 
reports which describe the performance of the 
NE24406 in amplifiers up to X band (about 12 GHz), 
there have been no published data on their use below 
500 MHz. This article describes the first experimental 
results of the NE24406 GaAs fet on the amateur 70 
cm band. 

noise figure 
Obviously a transistor with a low noise figure is re- 

quired in a low noise preamplifier, but that's not the 

Mesfets use Gallium Arsenide (GaAs) as the semi- Layout of the low-noise 432-MHz preamplifier. The input is 

conductor material and are usually referred to as to the left, output to the right. The GaAs fet is installed in 
the center shield partition. Capacitors C1 and C3 are sup- 

GaAs fets (pronounced gas fets). ported by their own leads; C2 (left compartment) and C4 
Gallium arsenide has high electron mobility (5 to 7 (riaht com~artment)  are mounted in the side walls of the - 

times as high as silicon), and offers significant advan- chassis 
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only requirement. Also to be considered are the ef- 
fects of the next stage's noise figure and the re- 
quirements for a low-loss matching circuit, low feed- 
back, and good stability. 

The overall noise figure of 3 receiving system is 
given by the following formula 

Where 

NFT = Total overall noise factor 

= Noise factor of the firs: sage 

NF2 = Noise factor of the second 
stage 

GI = Available power gain of the 
first stage 

Note that the noise factors and power gains must be 
in ratios, not in dB. For example, consider that you 
have a preamplifier with a 1.0 dB noise figure 
(NF1 = 1.259) and 10 dB power gain ( G I  = 10);  the 
no i se  f i g u r e  o f  t h e  s e c o n d  s tage  is  5 d B  
(NF2 = 3,162) .  The calculated overall noise factor 
NFT is 1.475 (or a noise figure of 1.688 dB). 

Note that the system noise figure has increased 
about 17 per cent as compared to the preamplifier's 
noise figure. For best results, it's recommended that 
you use a lower noise second stage with a higher 
gain preamp. 

One question that often arises is, "Can the noise 
figure of the preamplifier be as low as the noise figure 
of the transistor itself?" No, it cannot, even on the 

C 1  3 p F  p i s t o n  t r i m m e r  ( J o h a n s o n  7274 o r  7 2 8 4 )  

C2, C 3  1 0  p F  p i s t o n  t r i m m e r  ( J o h a n s o n  5 2 0 2 )  

C 4  15 p F  p i s t o n  t r i m m e r  ( J o h a n s o n  5402) 

L 1 ,  L2 1 t u r n  n o .  20 ( 0 . 8 m m ) .  1 1 4"  ( 6 m m )  ID ( s e e  fig. 5) 

J 1 ,  J2 SMA t y p e  c o a x i a l  c o n n e c t o r s  

Q1 N E C  N E 2 4 4 0 6  G a A s  f e t  

fig. 4. Schematic diagram of the low-noise preamp for 432 
MHz which provides a 0.7 dB noise figure and 18 dB gain. 
Lowest noise figure occurs at drain current flow of 10 m A  
(see fig. 7). 

NPN TRANSISTOR FEEDBACK ZENER DIODE SELF BIAS 
FEEDBACK FEEDBACK 

OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER BIAS CIRCUIT 
BIAS CIRCUIT FOR THE CONDITIONS VDS=3.0V lDS=lOrnA 

fig. 3. Several circuits that may be used to provide bias in fet 
circuits. Note that all circuits must be bypassed a? rf. 

assumption that there are no matching or circuit 
losses. One way to describe the optimum noise 
figure of a transistor is noise measure which is ex- 
pressed as 

NF-  I 
M + I =  (2)  

I I -  - 
G 

where 

NF= Noise figure of the transistor 

G = Associated gain of the transistor 

The value of M + I shows the ideal total system noise 
figure, and indicates the same result where an infinite 
number of transistors with the same characteristics 
are used in cascade. 

Assume you have a transistor wh ich  has a 
specified noise figure of 1.2 dB ( N F =  1.318) and 14 
dB gain (G=25.12).  From eq. 2 
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CHASSIS 

SHIELD LI , L2 

fig. 5. Layout of the low-noise GaAs fet preamp for 432 MHz. 
The enclosure is made from brass sheet, 0.028"- 0.048" 
(0.7- 1.2mm) thick. 

The importance of affording adequate protection 
against transients and change in IDss cannot be over 
emphasized. As every designer who uses GaAs fets 
will eventually discover, transients are the leading 
"fet killer." The most likely burn-out mode is a short 
from gate to drain or from gate to source which is 
caused by high field or high current transients. The 
highest field in common-source operation is between 
the drain and gate, and should never exceed 10 volts. 

The best way of applying bias is t o  use a battery 
through a series resistor to the gate, as shown in fig. 
2. Although t w o  power supplies are normally 
required, a source resistor may be used to  develop 
the necessary reverse bias, but it may reduce both 
gain and noise figure. Several bias circuits are shown 
in fig. 3.2 It should be mentioned that all bias circuits 
must be bypassed to rf; a series gate resistor from 
1000 ohms to 10k will protect the gate from high- 
frequency transients. 

For best performance a low-loss input matching 
circuit is very important; low-loss components 
should be used in the simplest possible low (2 circuit. 
As can be seen in the Smith chart plot of the 
NE24406's S-parameters, ISI1/ and ISI21 are very 
large; the optimum source impedance for noise 
figure, rFOPT, is also very high. Fortunately, the 
optimum source impedances for gain and noise 
figure are not greatly different. Therefore, the input 
matching circuit can consist of a series capacitance 
or inductance. Since the series reactance must be 
carefully selected, the capacitor has the advantage of 
being easily tuned. 

Theoretically the preamplifier will work fine with 
only a series capacitance in the input circuit, but the 
NE24406 can provide 12 dB gain in the 4-GHz band, 
so there's a possibility of oscillation outside the 
430-MHz band. The parallel resonant circuit, L1-C2, 
in fig. 4 suppresses these oscillations. L1 is also used 

This shows the minimum value of amplifier noise to supply bias to the gate of the G ~ A ~  fet. -rhe reso- 
available from a transistor with a 1.2 dB noise figure 

nant impedance of LI-C~ is very high, and input 
and 14 dB gain (assuming no matching or connector is actually provided only by ~ 1 .  
losses). As was shown in eq. 2, the noise figure of a tran- 

circuit description sistor amplifier depends greatly on the-available gain 
of the device being used. Since a gain increment of 

The GaAs fet has several disadvantages which 4.0 to 4.5 dB ~ 0 . 8 )  can be anticipated at 432 
make it somewhat more difficult to use than the MHz for the NE24-406 when the output is matched, 
bipolar transistor. For one thing, as shown in the 
Smith chart plot of fig. 1, the impedances are very A W? ~3 

high. This also indicates that the GaAs fet is a high Q 
device and not easy to  match to low impedances 
such as 50 ohms. Also to be considered is the bias 
circuit. Once an operating point has been established 

A for the GaAs fet, a bias circuit must be chosen which 
will provide stable operation over the required fig. 6. Recommended drain voltage supply circuit for the 
temperature and frequency range. NE24406 GaAs fet preamplifier. 
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Although no particular care is required when 
mounting the GaAs fet, the source leads should be 
separated and soldered directly to the holes in the 
shield plate. Also, when soldering the drain and gate 
leads to the input and output coils, take care not to 
pull on them too strongly. 

Any type of coaxial connector may be used at the 
input and output, but for best noise performance it's 
important that the connector have good uhf charac- 
teristics. The losses of BNC connectors will degrade 
the noise figure. I used type SMA connectors. Type 
N or TNC comectors could also be used, bur SMA 
types are much smaller and therefore more suitable 

DRAIN CURRENT(mAI 

fig. 7 .  Preamp noise figure and power gain as a function of 
drain current. Note that lowest noise figure occurs at 
I ,=lOmA. 

improper output matching will degrade noise figure. 
Since the output impedance of the GaAs fet is 
extremely high, I installed a simple parallel resonant 
circuit at the output (L2, C2, C3), and matched to the 
50-ohm output with the capacitive portion of the net- 
work. Both the input and output circuits have rela- 
tively high Q, so stable operatin is obtained over a 
narrow bandwidth. 

construction 

Basic construction of the low-noise 432-MHz 
preamplifier is shown in fig. 5. The enclosure is made 
from no. 18 to  no. 22 (0.028-0.048 inch or 0.7-1.2mm 
thick) brass sheet. Do not omit the center shield - 
it's absolutely necessary to obtain stable operation. 

fig. 8. Passband response of the low-noise 432-MHz preamp; 
gain is 3 dB down at approximately 414 and 456 MHz. 

fig. 9. Return loss (vswr) of the GaAs fet preamp 

for a miniature low-noise preamplifier such as 
this one. 

operation and test 
After construction is completed, inspect each part 

to make sure you haven't made any wiring errors. 
The components in  the bias circuit should be 
checked and double checked. When you are satisfied 
that the circuit is correctly built, the bias and drain 
supply voltages should be applied to the GaAs fet in 
the following manner: 

1. Voltage is initially applied to the gate circuit 
with a 3-volt battery (see fig. 4). This reverse 
biases the gate and prevents current flow in the 
drain circuit, which may reach the magnitude of 
Z D s s  There is no problem in allowing current flow 
up to ZDss, but the intention here is to suppress 
any transient phenomenon due to this current 
(there are examples where ZDss reaches 100 mA). 

2. Next apply the drain voltage, but make sure 
that the voltage between drain and source, VDs, 
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does nor exceed 3 volts. When the drain voltage 
approaches 2.7 volts, the drain current should be 
set to 10 mA by adjusting the 10k pot in the bias 
circuit. 

With the completion of these two steps, amplifier 
bias is established. A recommended drain bias circuit 
is shown in f ig .  6 .  

Note that when a reverse bias is applied to the gate 
and drain, and current flows with only a slight appli- 
cation of drain voltage, either the gate circuit is open 
or a breakdown has occurred in the GaAs fet. 

After completing the bias adjustments, adjust the 
input tuned circuit to resonance with a grid dipper. 
Apply a weak signal in the 430-MHz band and tune 
C1, C3, and C4 for maximum gain. When the preamp 
is adjusted for maximum gain, the noise figure will 
deteriorate slightly, but not seriously. 

performance 
The performance of the GaAs fet preamplifier is 

shown in the graphs of f igs. 7, 8, and 9. The plot of 
noise figure vs drain current ( f ig. 7) shows that 
lowest noise figure occurs at ID= 10 m A .  The band- 
pass characteristic of the preamp is shown in f ig .  8; 
when the preamplifier is peaked up to 432 MHz, gain 
is 3 dB down at approximately 414 and 456 MHz. In 
most applications no external bandpass filter should 
be required. Fig. 9 shows the vswr at the input and 
output of the preamplifier. The third-order IMD pro- 
ducts are shown in f ig .  10; 1 dB compression occurs 
at about 0 dBm - the third-order intercept point is at 
a very respectable +20 dBm (100 mW).  

When this preamplifier is adjusted for maximum 

. . 
-120 -100 - 8 0  - 6 0  - 4 0  - 2 0  0 + 2 0  + 4 0  

INPUT POWER ldBrni 

fig. 10. Input-output characteristics of the GaAs fet preamp. 
Third-order intercept point is at 120 dBm (100 mW); 1 dB 
compression is at approximately 0 dBm (1 mW). 

AiL 0 7 6 1 5  AIL TYPE 7 5  

NOISE 

DEVICE 
AVANTEK 

UNDER TEST 

SIGNAL 
GENERATOR 

H P 8 6 2 O  
POWER 
METER 

H P 4 3 2 A  

fig. 11. Block diagram of the noise-figure measurement set- 
up used by JHlBRY when evaluating preamplifier per- 
formance. 

gain, the measured noise figure is about 0.75 dB. If 
an automatic noise figure meter is available, the input 
and output circuits can be adjusted for best noise 
figure - my measurements indicate that a noise 
figure improvement of about 0.1 dB is possible. 

When making noise-figure measurements, I use an 
AIL noise-figure meter with a solid-state noise source 
( f ig .  11 ).  Gaseous-discharge noise sources are also 
available for this frequency range, but they should 
never be used with fragile GaAs fet circuits which are 
susceptible to damage from surge transients. 

summary 
This GaAs fet preamplifier should bring you right 

up to the state-of-the-art in noise figure at 432 MHz. 
The NE24406 GaAs fets are available in the United 
States from California Eastern Laboratories* or one 
of their sales representatives. 

I would like to express my deep appreciation to Aki 
Munezuka, JAIVDV, for providing me with detail 
information on 432-MHz EME and kindling the fire of 
uhf ssb, and to Carl Peterson, KGVJN, who gave me 
an opportunity to publish this article. I also wish to 
thank the Nippon Electric Company for the use of 
test equipment and devices necessary to design this 
preamplifier. Special thanks go to Haruo Yoneda, 
JAIANG, for all his helpful suggestions. 

'Cal~forn~a Eastern Laboratories, Inc., One Edwards Court. Post Office Box 
915, Burlingame, California 94010; telephone (415) 342-7744. The NE24406 
1s pr~ced at $190.00 in small quantities. After this artlcle was wrltten, NEC 
announced the basic GaAs fet in a smaller package at a lower price; thls 
device 1s designated the NE24483 and is pr~ced at $120.00. 
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simple paddle 
for electronic 

keyers 

Construction details 
for the 

Ambidextrous Paddle 
for Electronic Keyers 

or APEK 

The need may arise for the serious CW operator to 
take a battery operated electronic keyer on a mobile 
trip or to environments where a heavy fixed station 
dual-lever paddle simply has to stay home. I have im- 
provised several keying devices in the past which 
provide comfortable keying of the mobile or portable 

rig under the varied conditions typical of such excur- 
sions. These devices were, however, all of the single 
lever variety that either had to be wedged, clamped, 
or clipped on to  something, and moreover, had an 
extra lead going to the keyer - a nuisance at the 
best of times. 

The keying paddle described here is essentially a 
dual-lever device which has proved to be so versatile 
that most of the problems typical of portable or 
mobile operation could be surmounted. As a matter 
of fact since inventing this Ambidextrous Paddle for 
Electronic Keyers, which 1 call APEK, the heavy dual- 
lever paddle at the fixed station has hardly been used 
at all. 

The APEK is basically a three-contact jack plug 
with a few bits and pieces added, the total cost of 
which is hardly worth mentioning. Should a particu- 
lar keyer, however, not be fitted with a jack type pad- 
dle socket, such a socket will have to  be mounted on 
the front panel in a convenient position and connect- 
ed in parallel with the existing socket. Since the 

By Vidi la Grange, ZSGAL, 3 Elgar Street, 
Vanderbijlpark, 1900 Republic of South Africa 
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APEK plugs directly into the keyer, it can be rotated 
to have the dot lever at the right or left - a real ambi- 
dexter! As a matter of fact, it can be rotated into any 
convenient angle depending on the orientation of the 
keyer, which, during mobile or portable work can be 
just about anything imaginable. 

F L A T  WASHER SPRiNG B R A S S  

I-- P O S l T i O N  O F  H O L E  ( S E E  T E X T 1  

Cl I P A D D L E  HANDLE 

fig. 1. Construction of the Ambidextrous Paddle for Elec- 
tronic Keyers or APEK. The paddle is built completely from 
junk-box parts, as described in the text. 

The keyer shown in the photograph was built into 
a box which fits snugly into the car's door box. The 
APEK sticks out vertically so you can reach it without 
effort. Another attractive feature is the fact that the 

positions. This step can be simplified by temporarily 
assembling the plug. Mark off, on the underside of 
each strip, the positions of the screw heads fitted to  
the shell. 

Disassemble the plug, clean and tin the positions 
marked off on the strips. Form a small blob of solder 
at these points and file them lightly t o  give a flat con- 
tact surface. Solder the two pieces of hookup wire, 
already connected to the screws on the shell, to  the 
inner and outer lugs of the jack. Leave these wires 
long enough to survive the twist they will get when 
putting the jack together. 

Shape two pieces of old PC board according to 
taste or as shown in fig. 1 to  form the paddle 
handles. Fix them to the brass strips with a small 
amount of epoxy. Finally, one or two wraps of elec- 
tric tape cut to the correct width should be wound 
onto the jack shell. This will provide the necessary 
damping of the otherwise too springy brass strips. 

final adjustment 
Contact spacing and spring tension can be adjust- 

ed by means of long nosed pliers. If you find that the 
spring tension is too high, a small hole drilled through 
the spring at the position indicated should do the 
trick. Then determine by experiment which side of 
the APEK activates dots or dashes and mark i t  for 
your convenience. 

ham radio 

APEK is compatible with dual-lever keying devices. 
Squeeze keying features, if provided, don't have to 
be sacrificed when using the APEK, a feature impos- 
sible to achieve with single-lever keying devices. 

construction / I  
Obtain a standard three-connector jack plug and 

remove the shell. Cut off the ground connection 
close to the jack body. Drill and countersink two op- 
posing holes in the plug shell about 8 mm (5/6 inch) 
from the unthreaded end. The holes should be suited 
to take two 2.3 mm by 4 mm (3156 x 5/32 inch) coun- 
tersink machine screws. 

Take two small solder lugs and connect about 
60 mm (2-114 inch) of thin flexible hook-up wire to 
each. Fit one of these lugs to each screw on the in- 
side of the shell and secure with a nut. Find a suitable 
flat washer which will f it over the threaded part of the 
jack body and having an outside diameter slightly 
larger than that of the shell. 

Prepare two strips of spring brass approximately 
0.5 mm (1 164 inch) thick, 5 mm (3116 inch) wide and 
40 mm (1-112 inches) long. De-burr the edges and 
bend them into the shape shown in fig. 1. Solder 
these strips to the rim of the flat washer in opposing 
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spectrum analyzer 
tracking generator 

What is a tracking generator? When used with a 
spectrum analyzer it generates a CW signal corres- 
ponding to the frequency at which the spectrum an- 
alyzer is tuned. It's useful for looking at filter re- 
sponse. Filter blowby and undesired responses can 
be readily observed. 

The generator described here was built for use 
with the spectrum analyzer described in reference 1. 
A tracking generator identical to this one is now be- 
ing used with a Hewlett-Packard 85541141. The 
tracking generator can be used with almost any 
spectrum analyzer that provides first-local oscillator 
output and has a first i-f of 200 i 20 MHz. 

Because of the tracking generator's oscillator in- 
stability, narrow-bandwidth measurements can't be 
made, such as the bandpass response of crystal fil- 
ters. Nevertheless, it's useful for measuring re- 
sponses at other frequencies (parasitic resonances) 
often found in crystal filters. 

circuit description 
The schematic is shown in fig. 2. 0 1  and 02 pro- 

vide some gain and isolation between the 200-MHz 
oscillator, 03, and the first i-f amplifier of the spec- 
trum analyzer. R1  provides fine tuning and should be 
located for easy access by the operator. MX1 mixes 
the 200-MHz output with the signal from the first 
local oscillator to provide the 100-kHz to 100-MHz 
tracking signal. An optional 130-MHz lowpass filter 
is shown. The lowpass filter attenuates the 400-500 
MHz component generated by the mixer in the track- 
ing generator. 

The tracking generator is built in a box made from 
1116-inch thick (1.5mm) copper-clad board. The 
same board is used as separators between stages. 
Paper-thin copper, available from hobby shops, is 
wrapped over the surface where the cover for the 
200-MHz oscillator attaches. The other stages do not 
have shield covers. A blank compartment is available 
for the optional 130-MHz lowpass filter. Fig. 1 shows 
the layout. 

The oscillator is built on a separate piece of 
copper-clad board, 718 x 1-1 12 inch (22x38mm) and 

BNC OUTPUT 

i W E  DIMENSIONS 

ARE IN MILLIMETERS 
AND f I N C H E S 1  

fig. 1. Circuit-board layout. Shielding is important for the 
200-MHz oscillator compartment (see text). 

By Wayne Ryder, WGURH, 115 Hedge Road, 
Menlo Park, California 94025 
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is held in place with double sticky-back tape. Two 
ferrite beads are strung on the ground wire that con- 
nects the oscillator ground to the compartment 
ground to minimize ground-loop currents, which 
can cause radiation from the oscillator. The mixer 
can be a standard mixer or the home-made mixer 
described in reference 1 .  

Dimensions shown inside are inside dimensions. 
The assembly is 1 inch (25.5mml high. The 114 inch 
(6.5mm) overhang at each end is for mounting. 

operation 
The spectrum analyzer vfo output is connected to 

the tracking generator input of the spectrum an- 
alyzer. 

1. Set spectrum-analyzer bandwidth to 250 or 
300 kHz and scan width to 100 MHz. 

2. Set R1 to the center of its range. 

3. Adjust C1 so that the baseline on the spectrum 
analyzer shifts up. 

4. Move L2 away from L1 until the baseline starts 
to move down. 

5. Install the shield on the 200-MHz oscillator and 
adjust R 1  so that the baseline is as high as possi- 
ble, consistent with a flat response. As the track- 
ing generator is being used, the 200-MHz oscillator 
will drift, and some readjustment of R1 will be re- 
quired. 

design considerations 
One of the more challenging problems here is pre- 

venting the 200-MHz oscillator from radiating into 
the first i-f. If this happens, the baseline on the 
spectrum analyzer will shift up without a signal input. 
The signal from the oscillator will leak through MX1 
backward through buffers in the tracking genera- 
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fig. 3. Suggestion for a tracking generator for measuring narrowband signals. Oscillators within the spectrum analyzer are used. 
A highly stable signal is provided. 

tor, backward through any buffer in the vco and will phase-locked vco, or if the vco is stabilized in some 
follow the path of the vco to the first mixer in the other way; you might consider a different form of 
spectrum analyzer and ieak through the f~rs t  mixer tracking generator for measuring narrow bandwidth. 
into the first i-f. This is not surprising, since the out- This method uses the local oscillators within the 
put from the oscillator is about 0.5 volt and the spectrum analyzer and provides a more stable track- 
spectrum analyzer sensitivity is only a few micro- ing-generator signal. The block diagram (fig. 3) 
volts. Also, the 200-MHz oscillator can radiate direct- assumes that the last i-f is 10.7 MHz. 
ly into the spectrum analyzer if both are not care- 
fully shielded. reference 

The tracking generator described here was mount- 
1.  Wayne F. Ryder. WGURH, "High-Performance Spectrum Analyzer," 

ed on the outside back of the spectrum analyzer to ham r a d i o ,  June. 1977. pages 16-30. 
minimize coupling. If your spectrum analyzer has a ham radio 

zip-cord feedlines 
Many years ago I watched as someone set up a rig 

in the desert. The power plant was set out, the rig 
was set up, and the antenna was strung out between 
two convenient cactus p!ants !cactus attair! a re- 
spectable height here). The thing that caught my eye 
was the feedline. I t  consisted of a long length of gar- 
den variety zip cord. My funny look at it gained a 
quick assurance that lamp cord was a perfectly good 
feedline. 

Everything seemed to work just fine and the opera- 
tors had no trouble working out on the band of the 
day, which was 75-meter phone. In those days it was 
common to run 100 to 200 watts input with high 
level a-m. 

After a recent move I decided to put up a 75-meter 
antenna at home and use the most economical feed- 
line. In the process of getting on the air, intermediate 
forms of antennas were used. That means some wire 
of about the resonant length was thrown up on the 
roof, and the near end was run into the rig. It was 
somewhat of a disappointment to discover that the 
intermediate antenna worked better than the well 
elevated final installation. A little checking showed 
that when the feedline itself was loaded up, it worked 
better than the antenna it was supposed to be feed- 
ing. In short, it appeared that something was not 
quite right. 

A little further investigation revealed some rather 
interesting facts. RG-8/U, RG-58/U, and lamp cord 

were tested at 4 and 21 MHz. The rig was tuned up 
into a terminating type of wattmeter and the feedline 
under test was inserted between the rig and the 
meter. Power out with 6O cm (24 inches? of feedline 
vs power out with 9 to 18 meters (30 to 60 feet) of 
feedline was measured and the results were 
tabulated. 

RG-58lU coax showed a 58 per cent loss at 21 
MHz; it showed almost no attenuation at 4 MHz. RG- 
8 l U  gave about 12 per cent loss at 21 MHz. 

Zip cord looked like it was best suited for use on 
the other end of a lamp or soldering iron. If you really 
want to know, it showed about a 60 per cent loss at 4 
MHz. There was no need to measure it at 21 MHz! 

About 20 meters (65 feet) of coax was used in the 
tests, and only 9 meters (30 feet) of zip cord (the rest 
of the zip cord was still attached to the antenna). Ob- 
viously, more lamp cord would have shown more 
loss. These tests were not conducted under labora- 
tory conditions, but the variables were held to a rea- 
sonable level so that it was possible to reach a rea- 
sonable conclusion. 

In any case, the zip cord came down and the RG- 
58lU went up. A crosstown telephone call got 
K70XS on the air, again. Bill indicated that my 3-5 
watt rig was back up to its normal signal strength at 
his location. He was almost as glad as I was that my 
antenna problems were finally resolved. 

Evert Fruitman, W7RXV 
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constant-current 
battery charger 

for portable 
operation 

Tired of pulling out 
your nicads for charging? 

Here's a neat method 
for keeping your batteries 

fully charged 
at all times 

in any location 

The use of  portable battery-operated equipment re- 
quires fully charged batteries to obtain maximum 
usefulness of the equipment. For handheld transceiv- 
ers, keeping the batteriesfully charged would normal- 
ly require frequent overnight charging. If the hand- 
held is operated in a mobile environment it must be 
removed often from the car to the battery charger. 
However, it's possible to charge the equipment's 
batteries while in use, thus always assuring a full 
charge and maximum lifetime from the batteries be- 
tween charges. 

A charging system has been developed that per- 
mits constant-current charging from an automobile 
electrical system to a 10-cell nicad battery pack, 
which is commonly found in handheld and similar 
portable transceivers. Since a 12-volt nicad battery is 
not easily charged from an automobile 12-volt sys- 
tem, a special circuit was designed to furnish a 
charging current to the nicads. 

nicad charging syaems 
The most obvious method of charging a nicad bat- 

tery is shown in fig. 1A. A source potential, V1, de- 
livers current into a battery pack whose potential is 
V2. Resistor R limits the charging current to a safe 
and maximum value. The charging current, I ,  is 
defined by 

I =  V I-  V2-0.6 , V l  > V2 
R 

This simple circuit works only if V l  is greater than 
V2, which may not be true in all instances. For exam- 
ple, if a nicad battery has a discharge potential of 10 
volts, a 12-volt source can be used as a charging 
source. However, as the nicad battery becomes 
charged, its potential will increase to 13.5 volts, in 
which case the charging current would actually stop 
flowing during the charge cycle. In an automobile en- 
vironment, source potential V I  is not constant but 
may vary from 11 to 14 volts depending on the condi- 
tion of the automobile battery and engine rpm. Al- 
though the worst-case maximum voltage condition 
can be assumed, and the maximum charge current 

By Gene Hinkle, K5PA, I10 Engineering, 9503 
Gambels Quail, Austin, Texas 78758 



defined and limited, this simple circuit will not charge 
a nicad battery with a constant current all the time. 

If a large value of V l  is available, the circuit in fig. 
1B works well. Since VI is much larger than V2,  the 
battery potential, the change in V2 versus charge 
time has little effect on the charging current. A lamp 
is used to decrease the voltage to the nicad at a 
specified current. This circuit is representative of 
many chargers on the market today. Its disadvantage 
is that the charging current is not exact and VI must 
be much greater than V2,  which is not the case in an 
automobile system. 

Fig. 2 shows an excellent method of obtaining a 
constant-current from a common three-terminal volt- 
age regulator. The three-terminal voltage regulator 
would normally have its common terminal grounded 
and would deliver a constant voltage between the 
output and common terminal. However, if the com- 
mon line is not grounded, but left floating, and a 
fixed resistance is connected from the output to the 
common terminal, the regulator will try to furnish a 
fixed voltage across the resistance. The current 
through the resistor is given by Ohm's law: 

where IOU,  is current through resistor R ;  V is the 
voltage regulated by the device. 

Once the circuit is completed between the three-ter- 
minal regulator's common and power return (ground 
connection), current will flow through this connec- 
tion, even if a resistance or voltage exists in the path 
to ground. The only requirement is that the input 
voltage must be equal to or greater than the full 
charge battery potential plus 5 volts (for a 5-volt reg- 
ulator) plus 2 volts (overhead voltage). Thus, for a 
13-volt full-charge nicad potential and a 5-volt-type 
voltage regulator, the input voltage to the current 
regulator circuit must be greater than 20 volts. 

In the circuit shown, a transformer and rectifier 
were used to provide 30 volts dc. A 50 mA, 6-volt 
lamp was used in series with the regulator to indicate 
when the 50 m A  charge current was flowing; it also 
dropped the power-supply voltage to 24 volts dc. m; yT5i-L 
fig. 1. Simple charg- 
ing systems for ni- I T v l  v 2  
cads. In A a resistor 
is used to limit the 
current source; the ,= VI-vz-0.6 V I  . v 2  

current is not con- n 

stant and is non- V I  > v 2  

l i n e a r .  S k e t c h  B a 
VI  > I8 VOLTS 

0 
shows a lamp current-limited source. Voltage V I  must be 
much larger than V2 for good regulation. This is a very pop- 
ular charging method. 

FRONT VIEW . 
DC + -  

fig. 2. An excellent constant-current regulator using a popu- 
lar 3-terminal voltage-regulator IC. Current source is deter- 
mined by R1. For a 7805 IC, V is 5 volts. Thus for R 50 ohms, 
I - 50 mA constant current. 

The use of three-terminal regulators is an excellent 
technique for defining a constant current level. The 
current level is easily adjusted by changing resistor 
R I  in the output circuit. The current is essentially 
constant regardless of the discharge state of the 
nicad battery. 

voltage-doubler circuit 
To use a constant-current source as described it's 

necessary to provide an input source voltage of at 
least 20 volts. In an automobile situation, a 20-volt 
source is not available, so the circuit of fig. 3 was 
designed. This circuit uses a NE-555 universal timer 
IC and two power transistors in a voltage doubling 
circuit. The output voltage is roughly twice the input 
voltage, minus any diode voltage drops. Thus, a 10- 
volt source will be converted to 19 volts and a 13-volt 
source to 25 volts. This doubled voltage is then used 
to drive a source current into a three-terminal current 
regulator. 

The operation of the voltage doubler is as follows, 
referring to fig. 3. 

The NE-555 is used in the common astable multivi- 
brator configuration. The oscillation frequency is de- 
termined by R l ,  R 2 ,  and C l  and is equal to 

F= 1.44 

( R l  + 2R2) C l  

To have a near 50 per cent duty cycle the ratio of R 1  
to R2 should be around 1 to 4 as shown. 

The 555 astable oscillator drives a pair of comple- 
mentary transistors. High-current power transistors 
were used to switch the large charge and discharge 
currents. Transistor 01 charges capacitor C2 to the 
input voltage during the first part of the astable cy- 
cle. During the second half of the cycle, transistor 02 
puts the fully charged capacitor C2 in series with the 
supply voltage. Typical values for C2 are 

where F was defined earlier and ZOuT is the constant 



output current required. A diode and capacitor (C3) 
filter the pulsating dc to a value nearly equal to two 
times the supply vo!tage. The value of C3 should 
equal C2. 

Transistors Q1 and 02 are plastic-cased power 
tra!lsis?c)r~ Power trar!sis?nrs are u s 4  because nf 
the high peak currents during the charge and dis- 
charge cycle of C2. Although MJE 2955 and MJE 
3055 types are shown, most common power transis- 
tors wi!! work. The transistors are not heat sinked be- 
cause both are operated in the saturated mode, thus 
power dissipation is held to a minimum. The diodes 
are 1-amp silicon types and may also be substituted 
with similar devices. 

The current regulator operates as the one previ- 
ously described. It may be attached to a heat sink, 
but is not mandatory. If the regulator's input terminal 
voltage is 25 volts, and the output terminal is at 17 
volts, only 400 m W  of heat must be dissipated in the 
worst case. The oscillation frequency of the voltage- 
doubling circuit can be increased, but transistor 
switching becomes less efficient with the increased 
switching speed. A too-low frequency requires larger 
values of capacitance for C2 and C3. A good com- 
promise is to make the frequency between 1 and 
10 kHz. 

In the circuit shown the switching frequency was 
set to 1.4 kHz. Since ten 500 mA-hr nicads were be- 
ing charged, the chaiginy current i i o r r r i  was set to 
50 mA.  For an input voltage range of 10-15 volts, the 
charging current was a constant 50 mA. 

practical approach 
To make these charging schemes work in a mobile 

charging system, charging current may be delivered 

RJ ;5 
lour 

f ig.  3. Voltage-doubler circuit suitable for developing 
enough voltage from an auto battery to run the current reg- 
ulator. Power transistors may be substituted for those 
shown. 
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fig. 4. Use of the constant-current charging source requires 
only the connection of the antenna lead to the radio in a 
mobile or base station. The current source may be located 
inside your power amplifier or within an ac-operated charg- 
er. For 2 meters, the rf choke, RFC, is ten turns no. 26 AWG 
(0.3mm) copper wire on a 1-megohm 112-watt composition 
resistor. 

to the portable unit through the antenna coaxial 
cable. This approach makes it easy to connect the 
handheld or other equipment to the charging source 
as well as to the antenna. 

It's quite common to use small power amplifiers in 
a mobile system. This creates a convenient location 
for the current source circuits. Fig. 4 shows a typical 
mobile setup. The current source is located inside the 
amplifier housing. A small rf choke isolates the in- 
coming and outgoing rf energy from the current- 
source circuits. A small capacitor in series with the 
antenna confines any charging potential to the inside 
of the automobile. The coax connecting the hand- 
held to the amplifier or antenna carries the charging 
current to the batteries through an isolating rf choke. 
A dc blocking capacitor should be used in series with 
the rf circuitry. Most transceivers employ such a 
capacitor; check your schematic. The charging cur- 
rent source should be connected across the battery 
at all times. 

advantages 
By charging the nicads through the coax line, the 

batteries can be maintained at full charge at all times. 
By using the a-c operated charger and the auto- 

mobile charger system, the nicads can be charged at 
any location. The current source could be switched 
to a lower trickle charge if desired. A 3-position 
switch could be used for this purpose and for turning 
off the regulator, 

ham radio 
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how to modify 
linear amplifiers for 

full break-in operation 
W i t h  the  int roduct ion o f  the Ten-Tec Triton /V,  
which provides full break-in operation on CW, I 
needed a companion linear amplifier which also had 
this very desirable operating feature. A t  the present 
time, however, there is only one commercially pro- 
duced amplifier on the market which meets this re- 
quirement - and it's priced at almost $3000. The 
purpose of this article is to outline the theory and 
give some typical circuits which can be used to  modi- 
fy any power amplifier to provide full break-in capa- 
bility. The circuitry is for use with grounded-grid 
triode linear amplifiers; class B or AB is assumed. 

While class C might seem to be a better choice for 
a CW power amplifier, there are several reasons to 
maintain linear operation. First, and most important, 
since class C operation is not linear, the CW wave- 
form supplied by the exciter will be distorted and the 
resulting output wave may produce serious key clicks 
and other unwanted spurious signals. 

For the modification described here the grid of the 
amplifier tube must be at chassis ground, with a posi- 
tive voltage applied as cutoff bias to the cathode. 
The classical biasing scheme, with the cathode at 

fig. 1. In the classical bias circuit, A, the cathode is ground- 
ed and a negative bias is applied to  the grid; in the 
grounded-grid circuit a positive bias is applied t o  the 
cathode, 0 .  In  these circuits Vg is the bias supply, Vp is the 
plate supply, Rg is the grid meter shunt, and Rp is the plate 
meter shunt. 

ground, fig. l A ,  is rearranged to piace the grid at 
both rf and dc ground, fig. 1B. The operating or cut- 
off bias is in the form of a positive voltage which is 
applied to the cathode; the high-voltage B + plate 
supply is above ground by this potential. 

When the amplifier is used for break-in operation, 
it is essential that the tube be biased to cutoff - with 
no plate current flowing - so the tube doesn't gen- 
erate noise which would mask weak received signals. 

cutoff bias 
Of the several types of tubes commonly used for 

linear amplifier service, there are two basic types: 
those with hot cathodes and those with indirectly 
heated cathodes (see f ig. 2). For the purposes of this 
discussion the main difference is that the bias on a 
hot cathode is applied through the center tap of the 
filament transformer (f ig. 2A); bias for indirectly 
heated tubes is fed directly to the cathode through 
an rf choke (f ig. 2B) .  

Figs. 3 and 4 show two common ways to bias rf 
power amplifiers to cutoff. The circuit in f ig .  3 (from 
the ARRL Handbook), uses a 10k resistor in series 
with the cathode circuit to  develop self bias. It is the 
least acceptable method, however, because it re- 
quires a certain amount of plate current flow to pro- 
vide the bias. Therefore, the tube is not completely 
cut off. 

Another cutoff bias circuit is shown in fig. 4. It 
uses a + 150 volt bias supply which cuts off all plate 
current and powers the T /R relay, K1. Actually, for 
B + supplies up to about 3500 volts, 75 volts of bias 
is enough to cut off a pair of 3-500Zs - 75-volt re- 
lays, however, are hard to find. 

Fig. 5 shows a circuit which uses an rf-sensing 
transistor switch to remove the cutoff bias from the 
amplifier. Under standby conditions Q2 is an open 
circuit and 50 volts cutoff bias is applied to the cath- 
ode. When the drive signal is applied, 02 turns on 

By Dick Frey, K4XU. Chief Engineer, Ten-Tec, 
Inc., Sevierville, Tennessee 37862 
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fig. 3. Typical linear amplifier bias and control using self bias developed across the 10k resistor in the 6- line. Relay K1 is 
shown in the operating position with the amplifier on. 

and the operating bias becomes the sum of the zener 
voltage, V,, 02's collector-emitter saturation volt- 
age, VCE(SAT), and the voltage drop across the grid 
meter shunt, Rg. VCE(SAT) for the specified 2N5321 
resistor is 0.8 volt at 500 mA. 

When selecting 02, two critexia must be met: a 
low VCE(sAT) because this adds to the operating bias, 
and a maximum collector-voltage rating that is great- 
er than the applied voltage bias voltage. The Darling- 
ton configuration is used because transistors which 
meet the two voltage requirements seldom have the 
necessary current gain for this circuit. The power re- 
quirement for 02 is quite low because the voltage im- 
pressed across it is low when it carries the grid cur- 
rent. A power dissipation rating of 10 watts is more 
than adequate. The resistance of the grid meter 
shunt resistor, Rg, should be as low as possible; usu- 
ally 0.5 ohm is sufficient with a grid current meter 
which has a 7 mA movement. 

The basic bias circuit of fig. 5, modified to accom- 
modate the directly heated cathodes of two 3-500Zs, 
has been used successfully in a Heath SB-220. Note 
that the zener diode no longer has to pass the full 
plate current so it is permissible to use a less expen- 
sive 20-watt zener diode. An added feature of this 
circuit is that if any of the devices which supply oper- 
ating bias fail open, cutoff bias will be applied to the 
tube - this prevents any damage that might other- 
wise occur. 

The 1 N4004 diode shown in the negative high-volt- 
age line is a clamp which prevents the 6 -  from 
going negative with respect to the chassis in case of 
bias supply failure. 

When the linear amplifier is in the standby condi- 
tion virtually no current is drawn from the bias sup- 
ply. When Q2 turns on, resistor R1 limits the current 
flow. This current will show as grid current, so it's a 
good idea to keep R1  as large as possible. When test- 
ing this circuit I found it was useful to provide a 
means for turning on Q2 without applying rf drive 
power; S1 is a test button which does this. 

In normal operation, the linear appears to be run- 
ning class C because plate current is drawn only 

when an rf drive signal is present. The amplifier is not 
operating class C, of course, but since quiescent 
plate current is no longer being drawn under no-sig- 
nal conditions, the average power dissipated by the 
tube due to quiescent bias (200 to 600 watts in a typi- 
cal class AB amplifier) is greatly reduced; this in- 
creases tube life, improves reliability, and results in a 
cooler ham shack. 

receiver switching 
When the power amplifier can be operated without 

using relays to switch the bias, one step remains: re- 
ceiver antenna switching. Electronic T/R switches 
have been available for years, but have never been 
widely accepted because, when the transmitter is 
tuned to resonance, the tank circuit acts as a "suck 
out" filter which reduces received signal strength. 
The electronic TIR switch was not the culprit - its 
placement in the system caused the problem. The 
solution is to place the electronic TIR switch at a 
high impedance point in the system. If you want to 
eliminate noisy relays which are slow and prone to 
failure and go to full break-in operation, the antenna 

(2 FILAMENT 
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fig. 2. Grounded-grid biasing arrangements for hot cathode 
tubes, A, and indirectly-heated cathodes, B. Typical hot- 
cathode tubes are the 3-5002.3-10002. and 3CX1000; the 8877 
and 8874 series of power amplifier tubes have indirectly- 
heated cathodes. 



ANTENNA 

0 B +  

RF 
INPUT 

1 5 0  V IP 

,-f 7 

T / R  2-7 
fig. 4. Linear bias and control using an external bias supply; this method provides better operation than the arrange 
rnent of fig. 3. Relay K1 is shown in the operating position with ?he amplifier biased to cutoff. 

must be connected to the transmitter at all times. 
Thus, to find a high impedance point to connect an 
electronic TIR switch, the plate tank of the amplifier 
is a good choice. 

Coupling to the plate tank is not without its prob- 
lems, however. First of all, it's dangerous because of 
the high voltage that is present. Secondly, since 
there is a large amount of rf voltage present, the 
coupling capacitor C1 (fig. 61, must be small both to 
reduce its effect on the amplifier tuning and to assure 
that the TIR switch is not overdriven. This presents a 
problem because the optimum value of C1 for receiv- 

coaxial cable with the center conductor overlapping 
the braid for approximately 12 mm (112 inch). Two 
25 mm (1 inch) square tabs, spaced 1 cm (318 inch), 
will also work if the mechanical layout of the amplifi- 
er will permit placement of this arrangement. Be sure 
that this capacitor is placed directly across the plate 
tuning capacitor after the plate blocking capacitor. 
This compromise results in a slight loss of gain on 
receive, but most transceivers have more than 
enough front-end gain to make up for the loss. 

construction 
ing purposes, about 5 pF, is too much capacitance Since most modern kilowatt linears use some sort 
when used at the kilowatt level on transmit. There- of input tuning, the placement of S1 in fig. 6 is not 
fore, a compromise is made on the side of safety and too difficult. The switch wafer can usually be added 
reliability. to an existing switch shaft, or the shaft can be ex- 

The capacitor specified is made from RG-8lU tended to provide room for the wafer. When pur- 

KIA K I B  ANTENNA 
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fig. 5. Cutoff bias circuit for a linear amplifier which uses an rf sensing transistor switch. The zener voltage, V,, pro- 
vides the proper operating bias and was part of the original amplifier circuit. Cutoff bias circuit operation is described 
in the text. 
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chasing the wafer switch for S1, be sure to note 
whether the amplifier uses 30,45, or 60 degree index- 
ing between switch positions. 

The location of 0 1  and its associated circuitry is 
not too critical except that it must be reasonably 
close to both C1 and S1 to minimize losses. It should 
be shielded if it is located inside the plate tank enclo- 
sure and all dc leads must be shielded. Since the dc 
current drawn is very small, the + 18 volts can be ob- 
tained with a voltage doubler from the amplifier fila- 
ment supply, or from a Zener regulated drop from the 
positive bias supply. The switched coils form broadly 
resonant tuned circuits with the existing circuit ca- 
pacitance, so some adjustment of the given values 
may be necessary. 

Triton IV modifications 
There are also modifications to the Triton IV which 

will improve performance when using a linear amplifi- 
er. First is a simple change to eliminate the delay of 
the control relay while using ssb. As built at the fac- 
tory, the time constant capacitor, C3 in fig. 7 and 
page 3-34 of the manual, is tied directly to ground on 
the circuit board. By lifting the ground end of C3 and 
taking it to  the unused center pin on the board, a 
wire can be run to the mode switch, S I E  (CW1 and 
CW2 positions), which will activate the delay only 
when using CW. S1 E is part of the rear wafer, closest 
to the chassis. 

The second modification involves removal of the 
control relay, K1. This should be done only if the am- 
plifier uses a positive voltage to key its control and 

A N T E N N A  rn 

6.0 p H  0 8 0  

BANDSWITCH 

01 

RECEIVER 
ANTENNA 

fig. 6. Electronic T/R switch for the receive antenna. The 
station antenna is connected to the linear at all times. Capa- 
citor C1 is less than 1 pF and consists of 12 m m  (112 inch) of 
RG-8IU coaxial cable (see text). 

C W I  Fl<B:? 
. . . 
S I E  

O N  MODE S W  

fig. 7. Modification of the Triton IV to remove the control 
relay and to eliminate unwanted delay times during CW 
break-in operation. 

changeover relay. The reason for doing this is to elim- 
inate the turn-on delay which is caused by using one 
relay to activate another. Relay K1 has no function in 
the operation of the Triton by itself. When the key is 
closed, it takes about 25 milliseconds for this relay to 
close, and perhaps another 23 ms for the amplifier 
relay to pick up, before the output of the Triton is 
amplified. This causes key clicks on the first dot. The 
transistor used for Q4 depends on the voltage used 
on the amplifier control relay and the relay current. 
With K1 removed, there is plenty of room for the 
added components on the board. 

Some Triton users have complained of an ac hum 
in the receiver when using a linear amplifier - espec- 
ially in the narrow CW-1 position. This is caused by 
ac ripple (or raw ac) on the relay control line. When 
attached to the Triton T/R relay's normally-open 
jack, unshielded wires going to K1 pass underneath 
the CW filter which picks up the hum. The solution is 
simple: reroute the wiring between K1 and T/R nor- 
mally-open jacks on top of the chassis. This change 
has been incorporated in late production Tritons. 

conclusion 
What has been presented here are notes and basic 

technical information needed to modify an existing rf 
power amplifier for full break-in operation with a 
Triton IV; the circuits can also be adapted to other 
transceivers. Ten-Tec in no way assumes responsibil- 
ity for the use or misuse of this information, nor for 
any damage to other manufacturer's equipment re- 
sulting from implementation of these circuits. 

ham radio 
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how to design 
matching networks 

Six basic 
impedance matching 

networks 
and how to 

design them 
for your own 
applications 

Common L, T, and pi networks work well for im- 
pedance matching but they lack the selectivity re- 
quired for amplifiers or frequency-multiplier chains. 
Adding a component to the network and rearranging 
allows it to  be selective on both sides of band center. 
Presented here are six simple matching circuits and 
their design equations that allow adjustment of de- 
sign Q for selectivity and different source or load 
impedances. 

Fig. 1 shows the basic network with its source and 
load interfaces. The assumption is that Riis less than 
Ro.  Simply reverse the input, output, and the net- 
work if R ,  is less than Ri. Both source and load are 
assumed to have shunt capacitances; this is usually 
true and will include stray capacitance as well. 

The value of Q is the design Q of the network and 
determines selectivity. I t  is not component Q which 
should be at least five times design Q. Selectivity 
around band center is treated the same as a tuned 
circuit with a certain Q. Each of the six networks has 

I 
different attenuation far from center; examples of 
this are shown later. 

The constants listed in fig. 1 reduce the size (and 
complexity) of the network equations, and will be 
used with all six networks. I t  must be emphasized 
that all capacitive reactances must  calculate 
negative, inductive reactances positive. Any excep- 

NETWORK ~--ql-~l 
R; LESS  T H A N  R,, 

CONSTANTS 

X ,  = - I /  ( 2 , F C ; I  Y o =  - l / r 2 m F C O I  

F r C E N T E R  FREQUENCY 

R; X ,  N i  -------- 
R , Z +  x , z  

R ,  = X ; N  

I fig. 1. The basic matching network. Constants shown here 
will be used in calculating the values for the six different 
networks discussed in this article. 

I tion to this rule with a network indicates that particu- 
lar network cannot be used. 

1 different sources and loads 
Fig. 1 shows a parallel capacitive reactance across 

the input and output terminals. Sometimes the end 
impedances are given (or measured) in series form. 
This may be converted to parallel form either by 
impedance-to-admittance plus inversion of resulting 
conductance and susceptance. Any of the calcula- 
tors with rectangularlpolar conversion can handle 
this easily. The following conversion formula can be 

By Leonard H. Anderson, 10048 Lanark  
Street, Sun Valley, California 91352 



used ~f those functions are not available on your = PO - Rx 'SEt  j F  NEMTuY"l R ~ = ~ C T  
calculator: 

where R ,  = Serzes reszstance 
X ,  = Serzes reactance 
Rp = Parallel resistunce 
X p  = Parallel reactance 

Note that the sign of the reactance is preserved in 
conversion. 

A n  inductive reactance is a special problem. Com- 
pensation of this is done by capacitive shunting so 
that the total reactance at  the band center becomes 
capacitive. Some of the networks will have shunt 
inductors at the ends. This condition allows the 
physical inductor to  be the parallel difference wi th  
stray capacitance (always present) forming Ci or 
C,. If the end reactance changes rapidly around the 
band center, it is better t o  add a physical capacitor 
and use calculated inductance directly. In any case, 
end reactances must be capacitive. 

handling data from 
the spec sheet 

---iC--- L f  - 0 
INPUT Cc O U i P U T  

N E T W O R K  3 

INPUT OUTPUT 

NETWORK 4 

fig. 3. Networks 3 and 4 

then un-normalized. SI1 is the input impedance while 
S22 is the output impedance; both are complex num- 
bers. Knowledge of Smith chart interpretation is 

Transistor data is invariably given in admittance or required. 1 

S-parameters. Admittance is already in parallel form Data in admittance or S-parameter fo rm is invari- 

so the conductance and susceptance values are ably frequency sensitive. They also represent the 

taken directly and inverted to  yield end resistance average data of a production run so individual de- 

and X ,  or X ,  (watch the sign of susceptance, i t  is vices can vary. Under such conditions i t  is well t o  

positive when capacitive). keep the design Q relatively low. There may be an 

S-parameters are a bit different and are found on advantage to  swamping the end w i th  a parallel re- 

Smith chart representations. These are normalized sistance (small carbon composition resistor) t o  re- 

to  50 ohms or 0.02 mho and can be taken directly, duce sensitivity of values. This has t w o  cautions: 
power loss and about 2 pF extra capacitance w i th  

T, = R o  - R x  ( S E E  T E X T  I F  N E G A T I V E 1  R 4 =  7/R;-j; 

X c  = R 4  - 0 ,  N 
I N P U T  dcv~-O O U T P U T  

Ro Rx X o  

c d ?  

x * = - -  
R 4  X ~ +  R O R X  

b X ,  = R , Q  

NETWORK I 

Xc = - ( R 4  + R ,  NJ  

I N P U T  OUTPUT 4cv R o  R" Xo 
x,,= - 

R 4 X o  - Rx OO 

Xe  = R o  / o  

NETWORK 2 

fig. 2. Networks 1 and 2. 

each resistor. 

examples 
Numerical examples all assume matching a 50- 

ohm line to  the input of a Motorola MC1590 ampli- 
fier IC (single-ended) at 7.15 MHz w i th  a design Q of 
20. Stray capacitance of 3 pF is assumed at each 
end; the MC1590 is insensitive wi th  a parallel, single- 
ended impedance of 5k and 5 pF. The line is assumed 
perfect. Fig. 1 constants are then: 
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An HP-25 calculator was used for these and follow- would need a different set of equations plus rneas- 
ing calculations. urement of mutual coupling. Networks 3 and 4 must 

networks 1 and 2 
These are shown in fig. 2. Variable T I  is a test 

value and is also used for Networks 3 and 4. If T I  
results in a negative, none of the first four networks 
can be used with the  given constants. Design (2and1 
or end resistances can be changed to make it posi- 
tive. The negative situation only comes about with 
low R,:Ri ratios. 

For the first four, 7': = 4950 S O  R ,  = 497 483. 
Values of Network 1 are then: 

also have separate inductors. 
Test variable T 2  cannot be negative. If T2 is nega- 

tive design Q or end resistances, and possibly input 
capacitance, may have to be changed. Example con- 
ditions fit alright so we get: 

R~ = 22.061 7 109 
T2=827.815 lo9 R 4 =  64.3356 106 
X,= -274.782 Cc=81.01 pF 
X, = 227 822 L,=5.071 pH 

Xf = 28 7208 Zy= 0 639 pH 

Non-prime inductor values were correct in this ex- 
ample. Note that C ,  is the same as for Network 4. 

network 6 
Fig. 5 shows this to be the tuned circuit often 

Note that all reactance signs are correct. Values for 
found in receiver front ends. The test variable is T 3  

Network 2 are: 
and there is only one set of solutions. Our example 

Reactance signs are correct here, too. 

networks 3 and 4 
Test variable T I  and R q  apply here. Both inductors 

of both networks have two possible solutions. The 
reactance sign rule still applies so both X ,  and X j  
must be positive or both XI, OT X j  must be positive. 
Do not mix X,' and X f  or vice-versa; use either all 
non-prime or all prime values. Network 3 will have: 

Non-prime values obey the rules as do Network 4 
values: 

The inductors in Network 4 came out very close to 
the same value. This happened with this particular 
example, but is not true of other conditions. 

network 5 
This one is shown in fig. 4. I t  must be noted that 

the two inductors have zero coupling and must be 
physically separate. The schematic may appear to be 
a conventional tapped-inductor circuit but such 

condition results in: 

The inductor is the same value as in Network 2. 

wideband response 
Fig. 6 shows the frequency response over a two- 

decade range for the examples given. Voltage re- 
sponse has been calculated with constant end resis- 
tances. As such, it will be the same in either direc- 
tion. Frequency is normalized to 7.15 MHz. 

The joker in the deck is Network 3. The extra peak 
on the high side of resonance will vary in frequency 
and relative amplitude depending on the design Q 
and end impedances. A saving grace is that Network 
3 has the best low-frequency attenuation. All net- 
works will vary in other applications, primarily with 
different design Q; the general shape of the response 
curve, however, will still be the same. 

Choice of a network depends on the application. A 
frequency-multiplier chain should consider Networks 
2, 5, or 6 because of their better low-frequency 
attenuation. The last stage could use Networks 1, 4, 
or 5 in the output to reduce unwanted harmonics. An 
amplifier chain such as an i-f strip could alternate 
Networks 5 and 6 between stages for best skirt 
attenuation. * 

'There are better ways; this would only be for miniature construction or 

mult~ple stages w ~ t h  degenerat~on of gain. 
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table 1. Design Q determination with fixed-value capacitors 

Network 3, F ~ x e d  C, Q3= 
R,R, - X,IXc + R,N) 

-- - - 

XX""J 

R,R,IX, + Xc i  t X,X,R, 
Networks 4 and 5, F ~ x e d  C, Q45= - - -- 

XLX"X, 

impedances presented 
to the source 

The impedance presented to the source can be 
easily ~alculated.2~3 Networks 1 through 4 have varia- 
tions far from band center that might cause stability 
problems. Network 1 is inductive from the band cen- 
ter to about 20.75 MHz from the example. Parallel 
resistance climbs abruptly to about a megohm while 
parallel reactance changes swiftly to capacitive re- 
actance. Network 2 has a similar, less abrupt change 
at about 9.76 MHz. Network 3 is also similar with the 
changeover coinciding with the voltage response 
peak at about 24.3 MHz. 

Network 4 becomes inductive below 4.9 MHz and 
capacitive above 28 MHz, resistance peaking to 4 
megohms at that frequency. Networks 5 and 6 were 
much less susceptible to changes, and showed only 
slight variations at passband edges. All components 
were assumed losstess so a practical circuit would 
exhibit much less variation due to finite com- 
ponent Q. 

The swamping-resistor method with transistor col- 
lectors works well from 6 meters and down with 
f ,  of 150 MHz or greater. This increases a normally 
low-collector conductance but does have some 
power loss. A swamping resistor can also be used at 
the load since load changes reflect to the source. A 

7' = R ;  R5 - R,,X;' ( S E E  T E X T  I F  N E G A T I V E J  

L e  
0 

1 - 1  
0 Xc = I X ;  /R511R,,0, + R4 1  +or/ 

INPUT OUTPUT 

NETWORK 5 

fig. 4. Network 5 .  

rule of thumb is to add 2 pF for every resistor, using 
only carbon cornposition types. 

Mismatch loss will add out-of-band attenuation 
when used with receiver front ends. An exception is 
where the input impedance of the network matches 
the antenna impedance out of band. This is rare, but 
it happens. A similar condition occurs with different 
equipment connected wi th coax cable: the line 
length may cause a match out of band. 

non-standard component values 
A cure for non-standard component values is to 

change design Q slightly to accommodate at least 
one standard, fixed value. The other two compon- 

T 3  = R ,  R5 - Rex% ( S E E  T E X T  I F  N E G A T I V E )  

INPUT OUTPUT X c =  - l X o / R 5 J l R 4 +  R o O o l  

X d  = 
R o R i  X o  X ,  

R 4 X 8  - R o  R ,  X o  

X. = RO / 0  

NETWORK 6 

fig. 5.  Network 6. 

ents can be trimmable. Table 1 is a tabulation of 
design Q for Networks 1 through 5 based on one 
specified reactance. 

Our example for Network 2 gives a Cd value of 
36.74 pF. A 39 pF mica is a standard value with a 
reactance of - 570.755 ohms at 7.15 MHz. This Xd 
value is used and gives a design Qof 20.5074. The X, 
of Network 2 is unaffected by Q but X, changes to 
243.814 ohms or 5.427 FH. 

Network 6 is a bit difficult to  solve for Q but it can 
be done by programming an HP-25 or similar calcula- 
tor to solve either X, or Xd with manual Q input. An  
approximation that works in some cases is: 

& = (R, + R J / X ,  

The Network 6 example had C, at 88.71 pF. A fixed 
82 pF capacitor will have -271.456 ohms so the 
approximate Q is 18.6034. Recalculating wi th Q 
gives: 

X, = - 272.564 C, = 81.67pF (close!) 
Xd=-37.0998 Cd=599 .99pF 
X, = 268.768 L,= 5.983 p H  

C, is within 0.4 per cent of desired value so i t  
should work well. 



Usual tolerances of fixed components are only 5 Antenna networks used in receivers should have a 
per cent. This will have little effect on matching dc path to ground such as in Network 5. This avoids 
when the other two components are trimmable. static build-up during electrical storms and potential 
Lower design Q will show less sensitivity to toler- arcing. 

applications and variations 
Some situations cannot be met with given end 

resistances. This can sometimes be cured by using 

0.1 1.0 I C 

NORMALIZED FREQUENCY 

fig. 6. Frequency response of the six networks with the 
band center normalized to 7.15 MHz. 

a broadband toroidai transformer.9 Impedance 
changes of up to 16:1 are possible. Remember that 
parallel reactance is also changed by the same ratio 
in this application. 

Good bypassing in active-device applications can- 
not be over-emphasized. A poor bypass and decoup- 
ling not only cause trouble between stages but also 
become networks. Resonance of bypass capacitors 
with lead length is common at higher frequencies; 
one cure is t o  double up several lower-capacitance 
bypasses. Short lead lengths and a large ground 
plane should always be used. 

An  interesting application is the replacement of 
the preselector tuning used in 1960-era receivers 
such as the Heath SB-300 series. These all have one 
band per bandswitch position so the front end can 
be stagger-tuned over the desired portion of the 
band. Fixed capacitors replace the variable and Net- 
works 5 or 6 can be used at the antenna input. The 
Heath design has enough room to add a couple of 
bandswitch wafers to allow selection of other match- 
ing networks for other antennas such as a long- 
wire. The variable capacitor can be retained, in- 
sulated, and used as part of a Wien-bridge audio 
notch filter. 

other networks 
End impedance frequency sensitivity may require 

simpler networks. A n  excellent treatment of L- 
networks is found in the first reference along with 
DroDer use of the Smith chart. Tabulated values are 
available4.5 and theoretical aspects can be found in 
texts.6 

Application of transistor amplifiers and matching 
is well covered in reference 7. Access to a computer 
that speaks FORTRAN can use the program of refer- 
ence 8 to calculate other networks and also deter- 
mine amplifier stability. 
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"I DID clean up my desk . . . two years ago, just before I 
picked up that call from Russia." 
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overtone crystal oscillators 
without inductors 

A discussion of 
overtone crystal 

oscillator circuits 

which don't 
require inductors 

Unt i l  recently, all o f  t he  circuits for overtone crys- 
tal oscillators I've seen have included tuned LC cir- 
cuits. It seemed necessary to have an LC resonator, 
tuned to the desired overtone frequency, to be sure 
the oscillator would operate at the proper overtone 
frequency and prevent operation at the crystal's 
fundamental frequency or some undesired overtone. 
I t  would be nice if the LC tuned circuit could be 
eliminated, of course, because it would simplify 
bandswitching of the crystal oscillator. 

International Crystal has introduced a crystal os- 
cillator circuit called the OF- I .  Although the OF-I  
circuit has no inductor, and thus no LC tuned circuit, 
it can be used with crystals operating in the third- 

+ 12v 0 - 

2 47k  

damental-mode crystals. Drive, Dallas, Texas 75248 

overtone mode. I found this quite interesting and 
did some relevant experimenting to satisfy rr;y curio- 
sity. My efforts are documented here for others who 
may share this interest. 

the circuit 
International Crystal supplies two different kits of 

the OF-1 type. The OF-1 LO uses crystals operating 
in the fundamental mode from 2 to  22 MHZ; fig. I is 
a schematic of the circuit. The OF-1 HI uses crystals 

I 
c l  I 

C 3  3 0 p F  C2 

1 2 v 0  - 

i a' <: 

-- 

L 
7, 

C 

7; 

fig. 1. lnternational Crystal OF-, LO oscillator circuit for fun- 

4 7 k  

I CI A 

I 2 21 -- 
cz 

-- 

7 

fig. 2. International Crystal OF-1 H I  oscillator circuit for 
third-overtone crystals; note that no inductors are required. 

operating in the third-overtone mode from 18 to 60 
MHz; f ig. 2 is a schematic of the OF-l HI. Notice 
that in the latter circuit capacitor C3 has been omit- 
ted; in the overtone mode, the crystal operates near 
series resonance. 

I breadboarded and tested both of these circuits 
using a 2N4996 transistor. The crystal I used in all 
of my tests was a 28.3 MHz third-overtone type orig- 
inally purchased for use in lnternational Crystal's 
older OX oscillator circuit (which has an inductor). 
Using this crystal, the circuit of f ig. 1 had an output 
frequency at the crystal's fundamental, or about 
9.43 MHz. The circuit in f ig. 2 produced the third- 
overtone frequency of 28.3 MHz when the smaller 
values shown for C1 and C2 were used; using the lar- 
ger values for C1 and C2 given in f ig. 2 produced 
oscillation a t  the fundamental frequency of 9.43 MHz. 

WA5SNZ* 7716 La Verdura 



fig. 3. Third-overtone crystal oscillator which uses a 74S00 Schottky TTL gate; no inductors are required 

l T L  version 
To obtain increased output amplitude I developed 

the circuit shown in fig. 3. The 74S00 quad NAND 
gate acts as both oscillator and output buffer. One of 
the gates in the IC is unused. A 74S00 is required be- 
cause of the relatively high frequency; I don't believe 
the 7400, 74LS00, or 74H00 will work as well, if at 
all, at 28.3 MHz. 

All wiring should be as short as possible, and the 
circuit should be shielded. The peak-to-peak output 
amplitude swings from about 0.4 to 3.5 volts, which 
are acceptable TTL levels. If the capacitor which 
couples the first two gates together (30 pF in fig. 3) 

is too large (1000 pF), the circuit's output frequency 
will drop down to the crystal's fundamental. Some 
experimentation with the value of this capacitor may 
be required for different crystals. 

conclusion 
The simplicity of these overtone crystal oscillators 

could make them desirable in many applications. I 
have not had the opportunity to investigate them to  
the degree I would like; therefore, I would welcome 
comments from interested readers on this type of 
overtone oscillator circuit. 

ham radio 

simple method for making printed-circuit boards 
I have developed a method of making printed- 

circuit boards that, while not professional in appear- 
ance, work well and beat the mess that results from 
using wire-wrap sockets and soldering them in place. 

I use paint (enamel) in a K&E Leroy pen, inserted 
in a hole of a test probe. When using paint, do not 
use the insert for the pen, which is used to prevent 
the ink from running through. The paint is not 
thinned but just as it comes from the can; the result 
is a slow writing.paint pen. I have found that a no. 2 
or no. 3 Leroy pen is just about right. Cleaning is easy 
with pipe cleaners and paint thinner. I use an inking 
pen with paint for the long straight lines, and a small 
brush for the large areas. 

To make a PC board, place the copper board under 
the layout, secure it so it won't slip, then use a sharp 
instrument such as a scribe and punch a prick hole 
through each place where there is a dot, or where 
there will be a hole. This gives the spacing you'll 
need to draw (free hand) the circuit on the board. 
After you have completed the hole punching (not 

through the board), remove the layout. Note that this 
does not destroy your layout. Now you can fill your 
pen and draw the circuit on the copper board. 

I recommend you practice with simple circuits 
before you jump into a complex layout. After the 
paint has dried naturally or in an oven heated to 150 
to 160 degrees, check to see that your layout is as 
you want it. If two lines are touching, the scribe will 
allow you to make a fine line between them. 

I have tried two types of etching solutions: ferric 
chloride and an etch solution from Vector Elec- 
tronics. The paint stood up well in both. First I tried 
two types of paint, Sears acrylic enamel, and Ace 
Hardware quick-drying black enamel. There was no 
apparent difference. 

Drilling the board can be done before painting the 
circuit or after etching. The little prick marks show 
you exactly where the hole belongs. Removing the 
paint after etching is done with trichloroethane or 
other solvent that will not contaminate the board. 

Robert H. Kernen, W4MTD 
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repeater interference: 
SOm e corrective I out transmission if the incoming signal is appreciably 

off frequency. While this is usually done to avoid 
excessive distortion, it is a powerful antiinterference act ions I method. In its simplest form, It may be a Schmidt 

1 Suggestions for I allowable frequency error, with the trigger inter- 

trigger on the dc voltage at the discriminator, set to 
the value corresponding t o  the selected value of 

rupting the COP.. Some filtering, on the order of a 

repeater associations tenth-second time constant, is needed. 

to minimize I signal characteristic measures 
Other anti-interference measures based on the 

the ever-increasing I 
characteristics of interfering signals include: 

1. a-m rejection 

interference problem 2. Wideband f m  rejection 
3. Non-voice modulation rejection 

Our local repeater, WR4ADC, operating on the 
146.34/146.94 pair, has been experiencing in- 
terference on both the input and output frequencies. 
This article covers the technical corrective actions 
which have been considered for this interference. 
Some of these are now being used or are being in- 
stalled for future use. 

input channel anti-interference 
measures - lockout 

Since repeaters operate on a fixed-frequency plan, 
one method of avoiding unnecessary call-up is to use 
a repeater lockout signal on transmissions not in- 
tended for repeaters. Technically, as in fig. 1, this 
would be simple. An NE-555 subaudible oscillator 
producing a small deviation would be required at the 
non-using transmitters. The repeater input receiver 
would need a tone detector and a relay contact in 
series with the carrier-operated relay (COR) to block 
operation when the tone is received. 

While technically simple, this method of input in- 
terference prevention requires cooperation by the in- 
terfering stations. Lacking this, it is completely inef- 
fective. It does seem to be a useful approach and 
could be adopted as a national standard. If done, the 
standard should include designation of the lockout 
tone frequency and of the deviation it produces. 

While the lockout tone is not currently a useful 
technique, there are several technical anti-inter- 
ference approaches available based on the character- 
istics of interfering signals. One of the most common 
of these is the frequency window, fig. 2, which locks 

The purpose of a-m rejection, fig. 3, is to prevent 
operation of the repeater COR by an a-rn carrier. In 
simple form this requires a pickoff from the receiver 
ahead of the limiters, feeding to an agc-controlled 
stage and an a-m detector. The lockout circuit would 
require presence of carrier in the fm section and in 
the a-m section, plus presence of a-m exceeding 
some percentage, say around 25 per cent. Some pro- 
tection against noise pulses or unmodulated pauses 
would probably be required, at least several seconds 
time constant of filtering. 

Rejection of wideband fm, fig. 4, would require a 
wideband receiver, and a form of detection of the 
out-of-band energy component. A simple form 
would be to compare audio levels of the narrow and 
wideband discriminator outputs: if they approach 
equality, the incoming signal would be wideband. 
Another wideband modulation detector would beat 
the limiter output against a local oscillator, followed 
by a highpass filter. The filter cutoff frequency would 
be set to the desired peak deviation. 

A lockout system based on the absence of voice 
modulation, fig. 5, would be a powerful anti-interfer- 
ence technique. In principle, this is relatively simple 
- just measure the ratio of peak-to-average power in 
the audio. The ratio varies from 3 dB for pure sine 
waves, to 13 dB for noise, and to about 16 dB for 
voice. Noise-operated squelch makes the distinction 
between the last two easy. 

However, in current f m  practice, the approach is 
not this simple, since most f m  transmitters use a 

By R. P. Haviland, W4M9, 2100 South Nova 
Road, Box 45, Daytona Beach, Florida 32019 



tant of about one-tenth second should be good and 
would provide appreciable protection against non- 
voice signals. 

limiter to keep the deviation high, and this reduces R E C E l  V E R  

wanted signal anti- 
interference measures 

the peak-to-average ratio. Because of this, a peak-to- 
average detector would have to  be set to a lower 

F I L T E R E D  ( D C )  

R F ,  I - F  
L I M I T E R S  

D I S C R I M I N A T O R  A U D I O  T R A N S M I T T E R  

T H R E S H O L D  
T R I G G E R  

LOCKOUT 

ratio. About 6 dB, or 2: 1 in voltage, with a time cons- 

fig. 2. Elements of the frequency window, which locks out 
*I' of the above anti-interference measures are transmission if the incoming signal is appreciably off fre- 

based on some characteristic of the unwanted signal. quency. 
The other family of input frequency measures is 

AC 

based on characteristics of wanted signal. The two 
cordance with the announcement instructions would 

standard forms of this, fig. 6, are the subaudible 
turn the repeater on. However, malicious intent 

tone, or private line, required continuously for ac- 
would seem to be proven if interference continues. 

cess; and whistle-on, a single tone or a Touch-Tone 
signal giving access. Access may be for a definite 
time period or until the COR is dropped for a time 
period. Various other forms have been used, includ- 
ing carrier-formed Morse and two-band inter- 
rogation. 

R E P E A T E R  

T R A N S M I T T E R  
R E C E I V E R  T R A N S M I T T E R  

L O C K O U T  

G E N E R A T O R  

L O C K O U l  

D E T E C T O R  

fig. 1. Elements of the repeater lockout system. 

Most of these methods have the disadvantage of 
requiring additions to the using transmitter. This is 
not a severe problem for closed repeaters, where the 
number of users is small, but represents a serious 
drawback for open repeaters, especially those on the 
common frequencies or close to holiday areas or 
heavily traveled routes. 

One method of partially overcoming this objection 
is to operate the repeater with carrier access only 
during no interference periods, and to switch to one 
of the other access methods when interference is ex- 
perienced. This switch could be coupled with voice 
announcement on the identifier, giving instructions 
as to access method. A Touch-Tone access is proba- 
bly best since such pads are common and since the 
signal should never be used in normal communica- 
tion, except for signaling. 

It would seem that this method would give good 
protection against incidental interference. Willful in- 
terference is another matter, since operation in ac- 

output channel anti-interference 
measures - channel guards 

Repeaters also cause interference, and some tech- 
nique of guarding against the interference they cause 
may be desirable. Probably the best method of doing 
this is t o  guard the output channel, fig. 7, holding re- 
peater operation in abeyance if the channel signal ex- 
ceeds some predetermined value. To  account for 
emergency operation, this guard could be combined 
with a timer identification announcement, giving in- 
structions on the procedure to override the lockout. 

The setting of the guard receiver would need to be 
based on a value of "signal to be protected," and a 
margin, or "protection ratio." These are common 
concepts in other radio services, but they have not 
been used in amateur operations. As a result, there 
are no accepted values for these quantities. 

The closest other service is the Mobile Service, 
which includes land mobile. Since this was the 
source of many 2-meter repeater concepts and 
equipment, it should provide good guidance. 

R E C E I V E R  

LOCKOUT 

A N D  A - M  
T R I G G E R  

D E T E C T O R  T R I G G E R  

T R A N S M I T T E R  R  F  
L I M I T E R -  

D I S C R I M I N A T O R  
A U D I O  

4 C A R R I E R  
A N D  A U D I O  

T R I G G E R  I 

I I I 
>? W 

1 A G C  L E V E L  I 

fig. 3. Principle of a-m lockout, which prevents operation of 
the repeater COR by an a-m carrier. 
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R E C E I  VE R It is easy to see the effect of this protection level if 

I 
T R A N S M I T T E R  

the values are translated to power and distance rela- 
tionships. For average terrain, the effective radiated 

1- I I - 
transmitter power to  just reach the 10 fiV/m signal, 

fig. 4. Principle of wideband f m  lockout, which would re- 
quire a wideband receiver and a form of detecting the out- 
of-band energy cornpofien:. 

The International Consultative Committee (CCIR) 
data which relates to this matter is in their Report 
358. This report states that, not considering the ef- 
fects of natural or man-made noise, the median sig- 
nal levels to be protected for an average grade of mo- 
bile service are: 

band signal 
(MHz) (dB above 1 pV/m) 

30-50 8 
50- 100 14 

100-200 20 
400-470 28 

The report also states that the protection ratio, based 
on degradation from 20 dB S I N  to 14 dB S/l ,  should 
be 8 dB for f m  with fm interference, or 7 dB for fm 
with a-m interference. The report lists other ratios, 
but it has not been necessary to consider these, since 
the 2-meter National plan is based on narrow- 
band fm. 

The 1971 Special Joint Meeting of the CClR gives 
the following noise values: 

typical urban noise, 150 MHz, +35dB (KTB) 
typical rural noise, 150 MHz, + 3  dB (KTB) 
maximum cosmic noise, 150 MHz, + 8  dB (KTB) 

These figures are based on omnidirectional 
antennas. 

Many repeaters are located in urban areas and will 
see full urban noise levels; others are remotely locat- 
ed and will see less noise. Assume that the cosmic 
value, 8 dB, represents typical noise. Then the value 
of signal to be protected becomes 20 + 8 or 28 dB 
above 1 pVIm - about 25 p V I m  (This signal would 
give 20 dB output signal/noise in the average mobile 
installation and in a typical location.) The allowable 
value of interference that would give protection for 
this signal is 28-8, or 20 dB above 1 pV/m - just 10 
pV/m. (Presence of the interference would reduce 
the 20 dB S IN  to 14 dB SII.)  

as a function of distance from the repeater, is ap- 
proximately: 

distance 
k m  (miles) 

10 6.2 
15 9.3 
20 12.4 
30 18.6 
50 31.0 

100 62.1 

transmitter antenna height 
100 f t  (30m) 30 f t  (9m) 10 f t  (3m) 

or more or less 
transmitter transmitter transmitter 
power (W) power IW) power (W) 

0.02 0.3 3.0 
0.5 3.0 31 .O 
1 .O 6.0 60.0 
8.0 50.0 500.0 

100.0 500.0 5000.0 
3000.0 8000.0 - 

The ERP is the product of the transmitter output and 
the antenna gain multiplied by 2.5 (to include the ef- 
fect of ground reflection). 

Stated another way, the 10-microvolt signal would 
be produced by a typical mobile at about 8 miles 
(13km) distance, by a typical base station at about 18 
miles (29km), or by a DX station about 90 miles 
(144km) away and beaming toward the repeater. The 
signal would be the same as that of another typical 
repeater if it were some 50 miles (80km) away. 

These values indicate that output channel guard- 
ing to the 10 pV level would not eliminate all interfer- 
ence. However, it would prevent interference to sim- 
plex operation within reasonable distances, to the 
point that any resulting interference would hardly be 
considered harmful. Accordingly it would appear 
that repeater associations wishing to minimize inter- 
ference problems should consider this approach. 

Construction of an automatic protection system 
should not be difficult. The output-channel monitor- 
receiver antenna could be mounted on the repeater 
tower at a height of 30 feet (9m). (This level is used 
because the height gain is zero.) Assuming use of a 

R E C E I V E R  T R A N S M I T T E R  

L O C K O U T  

C O M P A R A T O R  

Y A U D I O  
A V E R A G E  

D E T E C T O R  

fig. 5.  The non-voice lockout principle. Comparator meas- 
ures peak-to-average power ratio in the audio, which varies 
from 3 dB for pure sine waves to about 16 dB for voice. 
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TRANSMITTER 
TRANSMITTER 

A GENERATOR 

fig. 6. Elements of the tone-access system, which is based 
on characteristics of the wanted, rather than the interfer- 
ing, signal. 

dipole, its captive area is 0.54 m2 (free space), or 1.35 
m2 over average ground. A signal of 10 pVIm + 10 dB 
above 1V corresponds to a flux level of - 136 dB 
WIm2, so the antenna captures about - 133 dB rela- 
tive to 1 watt. Assuming 3 dB line loss, this becomes 
- 136 dBW at the receiver input, or about 0.2 
microvolt. 

Setting the squelch to operate at this signal level 
would allow use of the squelch circuit to produce the 
protect control signal. Suitable timers and desensi- 
tize circuits would have to be included. A five-minute 
delay after detection of the channel-occupied signal 
might be used. A voice announcement could be in- 
cluded to the effect that the output channel is occu- 
pied. Emergency over-ride instructions could also be 
included. 

Probably the most important HF method of inter- 
ference control is to QSY. This is not really practical 
in repeater operation. However, there is a partial step 
which seems possible, fig. 8, and one which would 
make QSY for the station on the repeater output 
channel easier. This is to shift the repeater output 
frequency by a small amount; 5 kHz would seem to 
be suitable. 

RECE l VE 
ANTENNA 

t 
TRANSMIT 
ANTENNA 

t 
7 

TRANSMITTER GUARD 

fig. 7. The output-frequency guard receiver principle, in 
which repeater operation is locked out if the channel signal 
exceeds some predetermined value. 

A limited number of tests with this method indi- 
cate that the effect on normal repeater operation 
would be negligible - a small increase in distortion 
and a small decrease in range. With no other action, 
the effect on the other station on the channel would 
also be small. However, if the other station would 
also QSY by the same amount, but in the opposite 
direction, he would escape the interference com- 
pletely. A t  the same time his operation would be af- 
fected only by a small amount. For the repeater users 
and the other stations involved, nearly full operation 
could be restored by retuning. 

The signal for this scheme can be generated by the 
circuitry used for transmit lockout. (If desired, the 
channel-occupied receiver could be widened out a bit 
to  give better detection of these slightly offset 
signals. 

RECE l VE 
ANTENNA 

TRANSMIT 
ANTENNA 

TRANSMITTER 

RECEIVER 

A F 
CONTROL 1 ( 

PROTECTION 

I I CIRCUITS I 

fig. 8. Principle of channel-occupied QSY method, which 
would make it  worthwhile for the station on the repeater 
output to change frequency slightly. 

I t  may be noted that this offset method is used in 
vhf television to reduce co-channel interference and 
to allow closer station spacings. I t  is a powerful anti- 
interference technique. 

A number of other anti-interference measures 
have been considered with respect to WR4ADC in- 
terference problems. The other technical ones con- 
sidered did not seem attractive and so are not report- 
ed. There were several operational ones of value, and 
these have been discussed along with the technical 
solutions above. 

With increasing numbers of amateurs on the air, 
and especially with the continued expansion of re- 
peater operation, interference is going to  increase. It 
seems to be time for the repeater associations to 
consider the steps that should be taken to minimize 
those interference problems. This should include rec- 
ommendation of standard techniques and of protec- 
tion ratios. 

ham radio 
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large enough to permit routine testing by substitution 
too costly - especially in a shop with a limited 
budget. Again, there "has to be a better way!" 

Three times within the past six months people and 
situations have forced the issue of testing transmit- 
ting tubes, so perhaps it is time that we covered that 
point in this column. But before we answer the ques- 
tion posed originally, let's recap a little about elemen- 
tary tacuuni tubes. 

A vacuum tube consists of an electron emitter 

Joe Carr, K4IPV 
testing power tubes 
Several months ago a reader of this column wrote 
me asking the question, "How do you test rf power 
tubes?" Not long afterward a close friend of mine, 
about to build a linear amplifier for 80 through 10 
meters, bought a box full of used 4x150 power tet- 
rodes at a hamfest. After building the amplifier he 
found that none of the tubes were good and that he 
would have been better off using another type of 
tube from his collection that was known to be good. 
He naturally wanted to  know if there was a better 
way available to amateurs than testing by trying. 

In my work, medical electronic servicing, we repair 
electrosurgical generators, which are rf power oscil- 
lators that produce up to several hundred watts in 
the 500-2500-kHz range. Some old but still perfectly 
good electrosurgical generators use the type UXCV- 
11 power triodes in a push-pull pair. These tubes cost 
about $120 each ($240 per pair!) unless you are clever 
enough to know about United Electronics in Newark, 
New Jersey. The cost makes stocking a number 

can be either an incandescent filament, or an indi- 
rectly heated metal cylinder that has a heated fila- 
ment at its center. The plate surrounds the cathode 
but is insulated from it. The various grids are placed 
in the space between the cathode and the plate. 

The plate will have an electrical potential that is 
positive with respect to the cathode. Grid no. 1, the 
control grid, is given a negative potential w i th  
respect to the cathode so it can control the flow of 
electrons between cathode and plate. The second 
grid is called the screen grid or accelerator grid and is 
given a positive potential with respect to the cath- 
ode. The third grid, that nearest the plate (G3), is 
called the suppressor grid and may be either biased 
negative with respect t o  the cathode or (more com- 
monly) tied directly to the cathode either internally or 
externally, as shown in fig. 1. 

Variations in the grid voltage will produce varia- 
tions in the plate current, which by Ohm's law, 
become variations in the voltage drop across the load 
resistor, RL. 

Several vacuum tube parameters are of interest 
when trying to ascertain overall quality. These are: 
amplification factor (mu or p), plate resistance (Rp 
from the spec sheet or data book), and the transcon- 
ductance (gm). 

The amplification factor is defined as the change in 
output voltage caused by a given change in grid no. 1 
(input) voltage. In fact, the amplification factor of 
any amplifying device can be given by: 

amplification = (1) 
Ein 

But for vacuum tubes specifically we can use the 
notation: 

where: 

AEb is the change in plate voltage 
AE, is the change in plate current 

Final project built by the author for testing high-power The transconductance rating relates a change in  
vacuum tubes. plate current ( I p )  for a small change in grid voltage, 
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with the plate voltage held constant. In other words: 

where: 

Alp  is the change in plate current 
expressed in amperes 

AE,is the small change in grid bias 
voltage expressed in volts 

gm is the transconductance 
expressed in mhos 

This relationship will lead us to a method for testing 
tubes easily and quickly. 

tube tester configurations 
Fig. 2 shows the basic circuit for a short-circuit 

tester. This will give only limited information but is 
useful when screening a large number of hamfest 
specials. Why perform a more time-consuming test 
on a tube that has a high resistance short between 
the filament and cathode, for example? 

The tester circuit is nothing more than a series of 
several continuity testers arranged to ascertai; the 
existence of any resistance paths between adjacent 
elements. Each continuity tester consists of a low- 
current filament transformer ( i e . ,  rated at less than 1 
ampere) and a compatible lamp. I was tempted to 
specify the use of light emitting diodes instead of 
lamps but was quickly persuaded to use lamps be- 
cause the LEDs made the device too sensitive. This 
problem causes apparent shorts, when all we are 
reading is electrons flowing from the heated filament 
to the electrode on half cycles when the ac is posi- 
tive-going. 

It is best to test for shorts after allowing the tube to 
warm up for a few minutes. Some shorts do not be- 

PLATE CURRENT v rfL 
FILAMENT 

fig. 1. Fundamental vacuum-tube circuit. 

come apparent until after the tube has reached oper- 
ating temperature. This is also the reason why the 
use of a n  ohmmeter is no t  recommended in  
this case. 

The simplest tester circuit that gives us a qualita- 
tive insight into the worth of any given tube is the 
emission tester of fig. 3 .  This circuit tests the tube 
for the emission of electrons from the cathode. No- 
tice that the tube is connected in a diode configura- 

LOW AC 
VOLTAGE 

LOW AC 
VOLTAGE 

LOW AC 
VOLTAGE 

fig. 2. Short-circuit tester. 

tion in which all elements except the cathode and 
filaments are connected to the plate. 

The tube in a circuit such as fig. 3 acts very much 
like the classic diode. The emission current is defined 
as the saturation current of the tube. If the plate volt- 
age is increased from near zero, we find that the 
plate current will also increase in a nearly linear man- 
ner (except at very low plate potentials). But once a 
certain critical plate voltage is reached, we find that 
the plate will attract all the electrons that the cathode 
produces. Any further increase in plate voltage will 
produce very little, if any, increase in plate current. 
The current level at which this occurs is the satura- 
tion or emission current. * 

The emission-type tube tester checks for this cur- 
rent, and if the current is low, it will indicate "reject." 
Some tubes cannot be tested at the actual saturation 
current either because it is inconvenient to do so, or 
because the current is too high and may damage the 
tube. These tubes are tested at a specific plate po- 
tential, at which a given current is expected. If the 
tube will not produce at least a certain predetermined 
percentage of that current (usually 80 to  90 per cent), 
then it is rejected. The emission tester can spot a 
grossly bad tube, but there are certain problems with 

"An Interesting variation of the emission tester, which does not require htgh 
voltage but uses a low-voltage bias source, is described in reference 1 
editor. 
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fig. 3.  Circuit for simple emission-type tube tester. 

this type. Note that most drug-store tube testers are 
emission types. 

Defects that will prevent the tube from operating 
normally will not always show up on a simple emis- 
sion tester, so some better means is necessary. The 
type of tester preferred by most professional servic- 
ers is the mutual conductance or transconductance 
tester. Examples of this type of circuit are given in 
fig. 4. The circuit shown in fig. 4A is a static trans- 
conductance tester using the grid-shift method, also 
called grid-level shift. 

Switch S1 iis in position 1 at the beginning of the 
test, making grid voltage E, equal to E2 alone. Both 
E l  and E2 are adjusted to produce a convenient 
(safe!) plate current. It is usually wiser to begin with 
the plate voltage ( E l )  at some level well within the 
range that can be tolerated by the particular tube be- 
ing tested, and have the grid voltage at some value in 
excess of cutoff for that tube. This may be unneces- 
sary much of the time but could save you some grief 
often enough to  make it a good standard practice. 
You may then adjust the grid voltage downward until 
the plate current is at a convenient level. When this 
adjustment is completed, make a note of the values 
of Eb, I p  and E,. 

To perform the test, place switch S1 in position 2. 
This operation makes grid voltage E, equal to 
(E2 + E3). The plate voltage is then measured and the 
supply readjusted if a change has been noted. The 
plate voltage at this point must be equal to the plate 
voltage that existed initially. 

Now read the plate current, and find the difference 
between this reading and the initial reading. Plug the 
difference current into the formula: 

gm = 3 
1.5  

where: 

This answer is given in mhos, but most vacuum 
tube spec sheets list the transconductance in micro- 
mhos. 1 mho= I-mill ion pmhos, so multiply the 
answer by 106. 

A dynam~c transconductance tube tester is shown 
in fig. 46.  This circuit is the basis for most commer- 
cial tube testers. A low voltage ac transformer is con- 
nected In series with the grla b~as  power supply, so 
that the transformer secondary voltage forms the 
"delta-E,." Actual transconductance is measured on 
the plate ac milliammeter, which is calibrated in units 
of conductance. 

Fig. 5 and the photo show a test jig i built to test 
power tubes at work. It will serve equally well for 
amateurs. The circuit is the simple grid-shift method 
for finding the transconductance of the tube being 
tested. Note that it is not a real tube tester construc- 
tion project because it lacks power supplies. Almost 
all amateurs can jury-rig adequate power supplies to 
make this test or can borrow bench supplies. Note 
also that it is not strictly necessary to use the full op- 
erating voltage of the tube to obtain meaningful 
results. 

Please, be very careful when using this jig; high 
voltages will be exposed! If there is any doubt, place 
the tube socket subassembly inside an insulated or 
grounded metal enclosure. I may seem to harp on 
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fig. 4. Static transconductance tester, A, and dynam- 
ic transconductance tester, B. 
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safety an awful lot, but it is so very important. Recall 
the note on one of my past articles which pointed out 
that an editor almost canned himself while working 
on a 4000-volt final amplifier power supply. 

The test jig is built in two main parts, a main as- 
sembly and a tube-socket subassembly. A multicon- 
ductor cable connects the two parts of the jig. This 
design was selected so that the same mainframe can 
be used to accommodate a larger number of different 
tube types. 

Jacks J1-J8 are heavy duty banana-jack binding 
posts, while J9/P1 are a mating pair of multipin con- 
nectors such as the circular MS or AN series. I used a 
high-voltage power supply that delivered 500 Vdc, 
but if greater potentials are needed (I doubt that they 
will) it would be wise to change J1-J4 to high-voltage 
chassis connectors. 

Meter M I  is an appropriate high-voltage meter, al- 
though in my case a voltmeter was made from a suit- 
able multiplier resistor (a pot and a fixed resistor) and 
an available 0-%-PA meter movement. Meter M2 is a 
dc voltmeter with a range suitable for the range of 
grid voltages expected. 

Resistors R1-R3 were selected so that varying R2 
produced approximately 1 volt of grid voltage 
change. R1 is used to allow precision trimming of 
that change. In my case, EE was 25 Vdc, but if your 
voltage is different, use the normal voltage divider 
equation to find appropriate resistor values. 

Resistor R4 is made approximately equal to the 
plate resistance of the tube being tested, which in 
this case was about 3000 ohms. 

I used an external plate current milliammeter 

I 

lMlLLlAMMETERl  

J 7  

ADJUSTABLE 

J B  

MAIN ASSEMBLY 

fig. 5. Schematic for a practical static (grid-shift) 
transconductance tube tester. 

table 1. Transconductance measurements of type UXCV-11 
tubes made by the author on the test jig shown in fig. 5. 

bad hE, 9m 
tubes (volts) (amps) (micromhos) 

1 1 0.0013 1300 
2 1 0.0015 1 500 
3 1 0.0014 1400 

good 
tubes 

1 1 0.0045 4500 
2 1 0.0039 3900 
3 1 0.0043 4300 

because there was a digital multimeter available that 
would measure current very accurately. 

Table 1 lists the values of transconductance ac- 
tually measured for both known good and known 
bad tubes. The UXCV-11 has a mu of 14 and a plate 
resistance of 3220 ohms. The spec sheet does not 
give the transconductance, but we  may compute 
it from: 

gm = 0.00435 mhos 

(Note that all the bad tubes had grossly lowered gm 
readings.) 

This tester is not "scientifically" designed but is in- 
tended to allow amateurs to test power tubes on an 
occasional basis. Its saving grace is that it can be 
built inexpensively! Note that I defined "bad tube" 
by saving from my own work those tubes that had 
been found to produce customer complaints similar 
to, "It seems to work, but has low output." These 
observations were confirmed by an rf ammeter in 
series with my 500-ohm (not %-ohm; these were 
medical rf generators) dummy load. The real value of 
this tester is that it will allow you to test hamfest 
specials or perform preventive maintenance on your 
equipment. Of course, if you have an rf power meter 
or rf ammeter in your feedline, then a low-power out- 
put coupled with seemingly normal drive will point 
the finger t o  the final amplifier tubes. But  the 
thought of that poor guy building an entire linear 
amplifier around a whole box full of bad tubes seems 
to justify doing a little testing - at five minutes per 
tube, how could he have gone wrong? 

references 
1. Neil Johnson, WZOLU, "Testing High-Power Tubes," ham radio (The 
Ham Notebook), March. 1972, page 64. 
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microcomputer interfacing: 
interfacing a 50-bit DAC 
A Digital-to-Analog Converter or DAC is an elec- 
tronic device that converts digital signals into analog 
signals. A typical converter consists of an arrange- 
ment of "weighted" resistors, each controlled by a 
single bit of input data, that develops varying output 
analog voltages or currents in accordance with the 
digital input code.' Yell cnl~ld use a DAC to provide a 
small analog error signal from a microcomputer used 
in a feedback circuit, to convert a sequence of bytes 
in memory into analog-vs-time data and thus simu- 
late the output from an analog instrument such as a 
rotator control box for tracking OSCAR; to provide 
analog data for the two channels of an x-y recorder, 
or in general, to  operate any device that requires an 
analog voltage or current and is interfaced to a digital 
device, such as a microcomputer. 

For a general discussion of the principles of ana- 
logldigital conversion, you should read the excellent 

Reprinted w ~ t h  permission from Amer~can Laboratory, 
February, 1977, copyright International Scientific Com- 
municatlons, Inc , Fairfield, Connecticut, 1977 

By Peter R. Rony, Jonathan A. Titus, 
Christopher Titus, and David G. Larsen, 
WB4HYJ 

Analog Devices conversion handbook1 or the series 
of small pamphlets distributed by National Semicon- 
ductor Corporation.* Important terms and concepts 
associated with DACs include resolution, accuracy, 
scale error, gain error, offset error, linearity, differen- 
tial linearity, settling time, slew rate, overshoot and 
glitches, temperature coefficient, supply rejection, 
conversion rate, and output drive capability. A few of 
the terms have been summarized in table 1. 

To help understand how you'd interface a DAC to 
an 8-bit rnic:ocomputer, fig. 1 shows the connec- 
tions between an Analog Device AD7522 and an 
8080A-based microcomputer. An important feature 
of this specific DAC is the fact that it is double buff- 
ered: this means that there exist within the device 

The DAC Outboard circui t  board contains al l  the  c i rcui t ry 
shown i n  fig. 7. A copy  o f  the  board layout is available f r o m  
the authors. 

Mr.  Larsen, Department of Chemistry, and Dr. Rony, Department 
of Chemical Engineering are with the Virginia Polytechnic Institute 
and State University, Blacksburg, Virginia. Mr. Jonathan Titus, 
and Dr. Christopher Titus are with Tychon, Inc., Blacksburg, 
Virginia. 
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two independent 10-bit registers, the DAC register 
and the two-bit and eight-bit shift registers (f ig. 2).  

A DAC is an output device for a microcomputer, 
and thus data is strobed from the microcomputer 
data bus into the internal registers or latches, of the 
DAC. In f ig .  1, are shown the connections to the 
8-bit bidirectional data bus, D0 through D7, the 
8080A control signals OUT or MEMW, which are 
used with accumulator I10 or memory 11'0 data 
transfers,3 and the channel select outputs 003 
through 005 that are generated by a decoder tied to 
the microcomputer address bus.4 

Since the AD7522 is a 10-bit DAC, it is not possible 
to simultaneously load all ten bits from an 8-bit 
microcomputer. The sequence that actually occurs 
can be summarized as: 

1. The DAC input bits DB0 through DB7 are first 
strobed into the 8-bit shift registerllatch using a 
positive device select pulse applied at pin 24, (LBS 
or Low Byte Strobe). 

v~~ ' 0 0  DGND V R E F  AGND 

2 7  1  2 8  
t 

L D T R  

1 0  B I T  R F B I  
M U L T I P L Y I N G  R F B 2  

D / A  C O N V E R T E R  

LOUT2 

I I DAC R E G I S T E R  

L B S  

S R I  - 
S C 8  

D B 8  

fig. 2. Functional diagram of the AD7522 IC. This figure is 
courtesy of Analog Devices. 

The output current appears at lOUTl and IOUT2 
and is converted into a voltage with the aid of a 741 
operational amplifier. The two most significant bits 

2. The most significant two bits, DB8 and DB9, 
are loaded from the eight-bit microcomputer bus 

are then strobed into the 2-bit shift register via the 
using any two bits. Generally bits D0 and D l  are cho- 

use of a device select pulse applied at pin 25 (HBS 
sen since it makes data formatting easier. Thus, the 

or High Byte Strobe). 
ten bits are transferred as eight bits D0 to D7 and as 

3. Finally, a device select pulse applied at pin 22 two additional bits, D0 and D l .  
(LDAC or Load DAC) transfers the ten bits of in- A simple program that exercises the DAC over its 
put data, DB0 through DB9, into the second buff- full operating range is provided in table 2. The pro- 
er within the DAC chip, the DAC register. gram generates a slow linear ramp at the analog out- 

- 1 2  OR - 1 5 V  
l o o k  

AGND 

I  2  7 

- 5 V  f V R E F  ' 0 0  ' C C  
2 6  

0  < S R I  DGND 
6  

0 7  < I 2  
D B 7  I O U T I  t 

D A C  

0 2  0 8 2  R F B ,  

L B S  
2 2  

L D A C  AGND 

S C 8  L D T R  
2  I  

S P C  l O U T 2  

7 4 0 2  

- .Lp 
O U T  OR M E M W  

fig. 1. Schematic diagram of an interface circuit between an 8080A-based 
microcomputer and an Analog Devices AD7522 digital-to-analog converter. 



table 1, Impor tant  concepts and terms associated w i t h  digital-to-analog converters. 

Resolution The smallest standard increme:ital change in outpiit voltage of a DAC A converter with n input bits can resolve one part 
in 2". 

Accuracy Describes the worst case deviation of the DAC output voltage from a straight line drawn between zero and full scale; it in- 
cludes all errors. 

Settling time The elapsed tlme after a code transition for a DAC output to reach a final value wirhln specified limits. 

Conversion rate The speed at which a DAC can make repetitive data conversions. 

Nonlinearity Error contributed by a deviation of the DAC transfer function from a best straight line function. Normally expressed as a 
percentage of full scale range, 

Moriulith~c chip An ~nteqrated clrculi c h l ~  In wnlcn born active and passtve elements are s~muitaneouslv formed In a slngle srnal! silicnn 
wafer vla the use of diffusion aqd epltaxlal processes Metall~c stripes are evaporated onto the oxidlzed surface of the 
silicon to Interconnect the elements 

Multiplying DAC A d~gltal-to-analog converter in which the output analog slgnal IS the product of the number represented by the digital In- 
put code and the input analog reference voltage, whlch may vary from scale to zero, and In some cases, even to negatlve 
values 

table 2. M e m o r y  I 1 0  program that  generates a s l ow  linear ramp. Execution starts a t  H I  =003 and  LO =000. 

LO address 
by te  

START: 000 
00 1 
002 

instruct ion 
by te  

042 
004 
200 

mnemonic  

SHLD 
004 
200 

STA 
003 
200 

INX H 
CALL* 

277 
000 

JMP 
000 
003 

commen ts  

Strobe ten bits of digital data into the AD7522 DAC shift registers. The ten input data 
bits are contained in register pair H. The address select code for the LBS input is 
HI=200 and LO=004; the address select code for the HBS input is HI=100 and 
LO = 005. 
Strobe ten bits of digital data from the input buffer into the DAC register within the 
AD7522 DAC. The address select code for the LDAC input is HI =200 and LO =003. 

Increment register pair H 
Call 10 ms time delay routine, DELAY 
LO address byte of DELAY 
HI address byte o i  DELAY 
Unconditional jump to START, where the input of new data into the DAC occurs 
LO address byte of START 
HI address byte of START 

*On the 8080-based microcomp~~ter that we use in our courses, a 10 millisecond tlme delay subroutine is located in EPROM starting at HI =000 and LO =277. 
Such a routlne can be located anywhere In memory. 

put of the AD7522. This can be observed on a Vom, 
digital muitimeter, or oscilloscope. The ramp is sub- 
divided into 1024 small steps, each step being ap- 
proximately 5 mV in magnitude. The total time 
required to change from 0.0 volts to + 5.12 volts is 
10.24 seconds. The SHLD <B2> <B3> instruction 
outputs two data bytes in succession, from register 
pair H, into the input buffer registers of the DAC. The 
contents of register L are transferred into the 8-bit 
shift register, while the least significant two bits in 
register H go into the 2-bit shift register. Note that 

Other small monolithic and hybrid DAC systems 
are available from different manufacturers. The Ana- 
log Devices converter was chosen because of the on- 
the-chip latches and double buffering registers. The 
use of a reference potential is common to many DAC 
modules. Perhaps in the future it, too, will be includ- 
ed in the module. 

references 
1.  Analog-D~gital Convers~on Handbook, Analog Devices. Inc., Norwood, 
Massachusetts 02062. 
2. "Specifying AID and DIA Converters," AN-156, and "Data Acqu~sition 

the address is automatically incremented, and a System Interface to Computers," AN-159. National Semiconductor Cor- 
poration, Semiconductor Division, 2900 Semiconductor Drive, Santa Clara, 

second MEMW control pulse generated by the California 95051. 
8080A when the SHLD instruction is executed. The 3. Peter R. Rony, e ta / ,  "Microcomputer interfac~nq: Accumulator IIO vs 

STA <B2> <B3> instruction provides only a strobe memory IUO," hamrad~o, June, 1976, page 64. 
4. Introductory Experiments in Digital Electronics, 8080A Microcomputer 

pulse at  the LDAC input the DAC; data Programming, and 8080A Microcomputer Interfac~ng, Bugbook V, E a L 
transfer occurs between the accumulator and the Instruments, Inc., Derby, Connecticut. 1976. 
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let's reduce 
audio pollution 

in the vhf bands 

How's your 
audio quality 

over the repeater? 
Here are 

some ideas 
for improvements 

Much has been wri t ten about the control and 
power output of vhf fm equipment. But little has 
been written, that I can discover, about the input 
part - audio signal generation - particularly the 
how and why of obtaining audio quality throughout 
the entire chain of repeater operation. 

As a one-time audiophile I have paid close atten- 
tion, the past several months, to the audio quality of 
signals being retransmitted by amateur repeaters. It's 
been a pretty sad experience, but there's a glimmer 
of hope. I've also been hearing others comment- 
ing on the situation, and steps are being taken to 
remedy it. 

Other than from equipment electrical malfunc- 
tions, bad audio is caused mostly by close talking 
into the dynamic microphone that usually comes 
with the radio. A couple of years ago I wrote an arti- 

I cle on the subject of proximity effect for my club 
I 

paper. The article was subsequently published in 
ham radio.1 It pointed out that all conventional mov- ' 
ing-coil microphones (including speakers used as mi- 
crophones) accentuated rhe bass tones by a factor of 

1 3 to 4 dB at 200 Hz (fig. 1). Such response can easily 
cause the first audio amplifier stage to overload and 
feed this signal into the transmitter. 

I've heard many reasons why amateurs don't re- 
main at least 5 cm (2 inches) from their microphones, 
none of which are valid. Many old wives' tales have 
sprung up regarding the use of microphones. The 
most ridiculous is that foreign equipment manufac- 
turers have "set the audio stages of their radios for 
their countrymen." Sheer nonsense! It's usually not 
necessary to touch any internal controls in any radio, 
regardless of its origin, foreign or domestic. This 
statement is qualified by reminding you that, in most 
transceivers, audio is set using one audio frequency 
at a time from an audio oscillator, and that the radio 
and microphone are packaged in a carton as the 
equipment goes out the door. 

I talking across the microphone 
The next fallacious theory to be laid to rest is the 

"talk-across-the-microphone" nonsense. All micro- 

By Budd Meyer, K2PMA, 6505 Yellowstone 
Blvd., Forest Hills, New York 11375 
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phones are designed for speaking directly into the ac- 
tive element (fig. 2). The sound waves should im- 
pinge onto the element perpendicularly; the micro- 
phone element should be in the same plane as your 
mouth. The microphone element is designed to react 
to, or transduce, all frequencies pretty much equally. 

Unfortunately, microphone designers have a prob- 
lem in that the higher audio frequencies are more di- 
rective. The further from a straight line access to the 
microphone element, the greater will be the loss of 
the higher audio frequencies reaching the micro- 
phone element. Fig. 3 gives an idea of what happens 
when an audio signal (your voice) impinges indirectly 
onto the microphone element. Audio frequencies 
above about 800 Hz travel almost directly toward the 
element, whereas lower audio frequencies have 
much less directivity and much more power per unit 
bandwidth. 

So if you talk across the microphone, the bass 
voice frequencies can overload the audio chain in the 
radio; and the high frequencies, which are essential 
to intelligibility, are attenuated. I'd like to emphasize 
that the information above applies to all microphones 
whether crystal, dynamic, ceramic, or whatever. If 
you talk across the microphone, you're going to sac- 
rifice the higher audio frequencies. 

over-deviation 
Another situation that should be remedied is the 

idea that increasing the fm deviation will increase 
power output. More nonsense! The rf output of an 
fm transmitter is constant, and no amount of "dink- 
ing" with the deviation control will increase power 

fig. 1. Generalized response curve of the dynamic micro- 
phone. Note the accentuated bass tones a t  200 Hz 
(reference 1). 

- 
m 
D - l o - -  
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output. If you adjust the deviation control so that the 
radio is over-deviating, all you will do is increase 
distortion, since the transmitted signal bandwidth 
will be increased. 

Most amateur repeaters have some form of devia- 
tion limiting control to prevent their signals from 
spreading out. If your radio's deviation setting is 
above this predetermined limit, you'll probably exper- 
ience the phenomenon of "popping out the repeat- 
er." You won't gain anything but shrugs from other 
repeater users who know better. You may even get 
an admonishment to clean up your signs!. 

- 1 

P R O X I M I T Y  EFFECT 
OF VOICE AT 3 IN.  176mml  , -. DISTANCE 

some answers to the problem 

. . . M n 
w 
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How do you obtain good audio quality through the 
repeater? Much of the answer lies in the desire to  do 
so. A standard answer you'll get, as I have, when 
you mention to someone who is over-deviating that 
perhaps he might try backing away from the micro- 
phone, is "You're the first to complain." Don't let 
this answer put you off. Most amateurs will back 
away from the microphone if asked to do so. Of 
course, if you tell him he sounds better at that dis- 
tance from the microphone, and he realizes he's a 
half-meter (2 feet) away, he just might consider ad- 
justing his microphone gain control! 

simple tests 
Some time ago I came across a good buy in vol- 

ume unit (VU) meters for my stereo system. I pur- 
chased an additional meter and connected i t  t o  the 
output of my vhf transceiver, which uses an 8-ohm 
speaker. I now had a reference of sorts - the fact 
that it was qualitative rather than quantitative served 
my purpose. A t  a comfortable listening level, the VU 
meter indicated average and peak audio output. To 
get quantitative values, I connected a calibrated 

Test setup used by KPPMA to check VU meter readings audio-power meter to the output, which proved the 
with a calibrated audio power meter. validity of my VU-meter measurements. 
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Being aware that most amateurs don't have VU or 
audio-power meters, I connected a Simpson 260 
Vom to the speaker output. Lo and behold - the 
VU-meter and Simpson 260 Vom readings matched! 
Such instrumentation can be used to advise the fel- 

fig. 2. Most fm problems with poor audio can be remedied 
by speaking at least 5 cm (2 inches) from the microphone. 
Loud speech doesn't improve power output. 

low on the other end that he's over-deviating, and 
you can prove it by comparison. 

As a rough approximation, i suggest to the other 
fellow that he adjust his level to cause my VU meter, 
which has 300 ohms rather than the standard 600- 
ohm impedance, to average - 7 VU and peak at - 4 
VU. ( A  correction factor of 15.75 dB must be added 
to the reading.) This comes out to about 7.5 m W  
average and 15 m W  peak. These numbers are only 
guides; you can set your own standards based on 
your own equipment. 

Audio measurements are subjective, which means 
that all such measurements obtained by instrumenta- 
tion are subject to individual taste and hearing char- 
acteristics. I've listened to rigs set up by deviation 
meters and oscilloscopes and note that this method 
just doesn't accomplish the job. There are resolution 
problems with oscilloscopes and frequency problems 
with deviation meters. Personal habits and voice 
characteristics color the tests. Obviously an oscillo- 
scope presentation will show clipping; however, by 
the time the clipping is discernible the distortion will 
probably be very high. 

How can we obtain good audio? Probably 90 per 
cent of the distortion heard on repeaters can be elimi- 

nated if we all talked at least 5 cm (2 inches) away 
from the microphone. Also, accepting the fact that 
talking loudly does not equate to more output power 
w ~ i l  eltminate the other major culprit causing distor- 
tion, as noted previously. 

I've no recommendation for setting up  metered 
standards since an lnfln~te number of variables must 
be considered. And no matter what one could come 
up with, we stil\ must contend with the subjective as- 
pect of audio measurements. I've heard many ama- 
teurs with unbearable distortion access a repeater 
and ask for an audio check, only to be told that they 
sound good. The smartest thing to do  would be to 
listen to your favorite repeater for awhile and learn 
which people give accurate reports. If one fellow 
consistently improves the audio of others w i th  
honest reports, then he's your man. 

level setting 
Here are some ideas for setting the level of your 

radio. As an example of the typical imported f m  
transceiver, I've provided a couple of sketches show- 
ing where to find the deviation and microphone gain 
control (fig. 4).  

First, you must have someone listen to  your signal 
over a period of time, preferably on a simplex fre- 
quency, so that the repeater doesn't affect your 
audio. Start by practicing the technique of talking at 
least 5 cm (2 inches) from the microphone. Once you 
get the hang of it, this procedure will become second 

M I C R O P H O N E  

RESPONSE CURVE 
LESS T H A N  

measurement problems 

I S O U R C E  1 

fig. 3. Response patterns of dynamic microphones. Higher 
audio frequencies, which convey intelligence, are more di- 
rectional than the lower frequencies - a case supporting 
the theory for talking directly into the microphone rather 
than across it. 



nature. Chances are you won't have to touch the the microphone 
radio's innards. As a final attempt to clean up your signal, you can 

If you have to reduce the audio, locate the micro- always buy a new microphone. Perhaps yours is out 
phone gain control (not the deviation control), and of spec, or you dropped it once too often. The thing 
turn it in small increments until your listener agrees to look for here is not so much impedance match 

SHAPER 

MICROPHONE 

Q 
I N P U T  DEVIATION T O  OSCILLATOR 

CONTROL 
AND T R A N S M I T T E R  

MICROPHONE 
INPUT  

TO OSCILLATOR 
DEVIAT ION AND T R A N S M I T T E R  
CONTROL 

fig. 4. Generalized sketch of most fm vhf radios showing where to find the deviation control, A. and the microphone gain con- 
trol, B. 

that your audio is sufficient and clean - no rough 
edges. i don't beiieve that these tests can be done in 
committee fashion - stay with one man! 

Only rarely is it necessary to touch the deviation 
control. What procedure do you use if there's only 
one control in your radio? Not much, really. The situ- 
ation then becomes a tradeoff between microphone 
talking distance and level. Make every attempt to 
keep your audio clean. If your radio has only one 
control, not eating the microphone is bound to im- 
prove your signal quality. Some hand-held radios use 
the speaker as a microphone; not much can be 
done here. 

If your radio has a deviation control but no micro- 
phone gain control, it's easy to adjust the deviation 
control so that your signal isn't two barn doors wide. 
As I've mentioned previously some repeaters are de- 
viation limited, and if your fm signal swing is beyond 
the preset standard set by the repeater, the machine 
will pop out when you try to talk. 

Locate the deviation control, which is generally 
near the end of the speech amplifier and audio chain. 
Ask your friend to listen to your signal while you ad- 
just the deviation control for minimum swing with 
clean audio. Keep in mind that excessive deviation 
does not increase talk power or rf output. You can 
adjust the deviation control so that your signal will 
deliver all the talk power you can use without objec- 
tionable distortion. 

(since most dynamic microphones will work with 
nos t  transistorized amplifiers) but the microphone 
output level - somewhere in the vicinity of 10-50 mV 
across 2000 ohms. How do you ascertain this with- 
out meters? Buy it with return privileges. 

closing remarks 
Let us not forget that your transmitter is only one- 

third of the communications chain. Repeater opera- 
tors should also get into the loop. Someone in the 
group should listen to the average quality of the re- 
peater audio. Sad to say, many repeaters have all 
kinds of added exotic features, but repeated audio is 
poor because no one has taken the time to  check it. 

We have autopatch, beeps, timers, tone-encoded 
outputs, frequency checks, automatic signal reports, 
welcoming speeches, and the like, but bad audio in 
many cases. I earnestly believe that control stations 
should absolutely and positively comment on bad 
audio coming into the repeater. 

I hope this article will help improve a long-neglect- 
ed aspect of amateur radio. I've found most hams to 
be cooperative in helping to rid the airwaves of audio 
pollution. 

reference 
1. "Dynamic Microphones," ham r a d i o ,  (Circuits & Techniques), June, 
1976, page 49. 
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Let's say you have a n  Extra or Advanced-class license and are bored with working DX, handling traffic, 
or trying out ne\.w SST\! circuits. What next? \.A!hp not shift gears agd put ycUr station and expertise tc  
work helping out the Novice operators? 

The other day I was tuning across the 40-meter Novice band and heard a cool, crisp, CW signal sending 
CQ. The band was full of shortwave-broadcast signals, and the CQ signal wasn't very strong. But it sound- 
ed like a tape recording - slow, steady, and with good spacing between characters. I listened. Nothing 
much but foreign-broadcast QRM and a few weak CW stations working each other. Then, down in the 
noise, I heard a fellow calling and answering the CQ. He was a WB9, sending very slowly with many er- 
rors, pauses, and lots of stops and starts. The station calling CQ answered the WB9, slowly and patiently. 

What ensured was one of the more beautiful things that happen in amateur radio. The station calling 
CQ was an old timer, who decided to put his rig on the Novice 40-meter band. The Novice who answered 
his call, obviously brand new and unsure of himself, was glad to hear any station. I listened to the QSO. 
What happened renewed my faith in ham radio. The old timer was obviously ready to use his high-speed 
keyer - you could tell at the end of his transmission. But the old timer kept his cool and pounded away on 
his straight key, slow and steady. 

It all ended with the usual amenities. The Novice wanted another QSO, but above all, he wanted a QSL 
card to confirm the QSO. No problem. Addresses arid names were exchanged. Hopefully, both exchanged 
QSL cards and both followed up to build a lasting friendship. 

If you're an experienced ham operator and are interested in expanding your horizons, why not consider 
putting your rig on the Novice bands? The 40-meter Novice band is a good place to start. Many new hams 
obtain gear that is band limited, and most Novices start out on the low-frequency ham bands - 40 and 80 
meters. Equipment is easy to get working on these bands, as most old timers will realize. Whatever Novice 
band you choose, bear in mind the following facts. 

Most Novices have dipole antennas and rather unsophisticated transmit-receive facilities. Many use 
knife switches to transfer between receive and transmit. So if you decide to put your rig on the Novice 
bands, with all the new features, remember that the Novice is unaware of most modern developments. 
He's interested in receiving your transmission, simply and without flair. 

Patience is the watchword when working Novices. Patience requires a certain discipline that pays off in 
genuine self satisfaction when you've completed a good QSO. 

If you're an overseas amateur, your signal is more than welcome in the U.S. Novice bands. You'll find 
Novices that can handle Morse pretty well - they're almost ready for the next step - the exam for the 
General-class license. But don't overlook the vast majority of U.S. Novices. All would like a QSO with a 
DX station. Slow down from time-to-time and give the new fellows a chance. 

Some additional tips if you're an old timer and want to work Novices: If you call a Novice station and a 
reply is not immediately forthcoming, listen for at least two minutes. Perhaps it's his first QSO. The new 
amateur who puts his rig on the air for the first time is usually nervous, anxious, and maybe somewhat 
confused. If you can remember your first QSO, I'm sure you know the feeling (the first time I attempted to 
answer another station I forgot to turn on the B + supply to the transmitter, but that's another story). So 
if the Novice you call doesn't come back right away, tune around and wait. Chances are he'll answer after 
a few minutes. If not, call him again. He's probably overwhelmed that someone answered his call. 

It's a great feeling to be able to help a newcomer. All you need is a little patience and perseverance. If 
you do it right, you'll be surprised. You'll have a pile-up of Novices trying to work you - it's almost like 
being a rare DX. Try it, you'll like i t .  . . but be patient. 

J i m  Fisk, WIHR 
editor-in-chief 
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Windom antennas 

I 
grounded (Marconi) antenna. The next step was 
taken by V. D. and E. B. Landon, 8VN, who connect- 

Some facts and fiction ed the single feedwire to the junction of the antenna 
and counterpoise.3 In a later article by Howard M. 

about the Windom antenna, 
and how it measures up 

in terms of bandwidth 
and input impedance 

One of the simplest and most economical antennas 
suitable for multiband amateur use is the single-wire, 
off-center-fed antenna, often called the Windom 
antenna. 

Although this antenna in its present form was first 
described in the professional literature in 1929 by 
Everitt and Byrne,' and in the amateur literature by 
Loren Windom, W8GZ/W8ZG,2 very little new or 
original theoretical or design data has been published 
since that time. To the best of my knowledge, no in- 
formation on impedance or bandwidth measure- 
ments on the antenna has ever been published. 

In this article I will begin by giving the history of 
the antenna, then a theoretical discussion of the an- 
tenna and single-wire transmission line, followed by 
a method of adjusting the antenna, and finally, the 
results of measurements I have made on an actual 
antenna. 

history 
The single-wire feedline has been credited to Frank 

Conrad, 8XK, of Westinghouse who used it in the 
broadcast band to feed a quarter-wavelength 

Williams, 9BXQ, the counterpoise was stretched out 
and made a part of the antenna with the feedpoint 
still off-center.4 Fig. 1 shows a summary of these 
early developments. 

In the middle 1920s Loren Windom operated 
8GZl8ZG in the Columbus, Ohio, area. Windom ran 
high power for that time (250 watts) and was consid- 
ered the technical bellwether of Columbus hams, as 
he was an active experimenter, working with anten- 
nas among other things. 

In July, 1926, the technical editor of QST, Robert 
S. Kruse, published an article which gave a roundup 
of various methods of feeding an antenna as they 
were understood at that time.5 A discussion by Win- 
dom on how to adjust the off-center-fed antenna 
was a part of that article; the procedure consisted of 
placing a light bulb in the center of the antenna (fig. 
2) and adjusting the feedpoint for maximum lamp 
brilliance (maximum current). This procedure was al- 
so published in the first three editions of the ARRL 
Radio Amateur's Handbook. 

John Byrne, then 8DKZ, became associated with 
Windom; 8GZ18ZG QSL cards, circa 1925, carried 
the names of both Windom and Byrne. Both were 
students at Ohio State University - Byrne in electri- 
cal engineering and Windom in law. 

It was customary in those days for senior engineer- 
ing students to do a thesis for graduation; Byrne and 
his thesis partner, E. F. Brooke, 8DEM, chose the 
single-wire transmission line as their topic. They car- 
ried out a considerable amount of research on the 

By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22070 
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subject under the guidance of their faculty advisor, 
W. L. Everitt, who was then Associate Professor of 
Electrical Engineering. Everitt will be remembered for 
his book, Communication Engineering, which was 
the standard college textbook on the subject in the 
1930s and early 1940s. 

Windom, although not formally associated with 
the project, assisted from time to time in rigging or 
making measurements on his lunch hour or after 
classes, so he was up-to-date on the progress of the 
work. In fact, he incorporated many of the more 
promising facets at his own station. 

Byrne's investigation was incomplete when he 
graduated in June, 1927; however, he returned as a 
graduate student for the 1927-28 academic year and 
continued work on the single-wire feeder as his Mas- 
ter's thesis with A.  B. Crawford as his partner. The 
work thus accomplished was published in the Pro- 
ceedings of the IRE in October, 1929, with Everitt 
and Byrne listed as authors.' I t  was standard practice 
then, as now, that when a student's research work is 
formally published, the faculty advisor is listed as 
senior author. 

The work of Everitt, Byrne and Brooke showed 
that the Windom procedure of 1926 was incorrect. 
Windom agreed in his 1929 article, and stated that 
his earlier method should not be used; he went on to 
describe the Everitt-Byrne method that I will explain 
later. Beginning with the seventh edition of the 
ARRL Handbook, the old, Windom graphs for the 
single-wire feeder were presented which give the 
length of the antenna as a solid line and the location 
of the tap as a dashed line for each amateur band. 
The Everitt-Byrne procedure has not been published 
in any of the ARRL handbooks or antenna manuals 
and is not widely known. 

CONRAD 8 X K  

ANTENNA 

I 

COUNTER POSE ( 

LANDON 8 V N  

ANTENNA 

i 

WILLIAMS 9 8 x 0  

fig. 1. Early development of the off-center fed antenna 
beginning with the single-wire feedline used on the broad- 
cast band by Frank Conrad, 8XK. to feed a quarter-wave- 
length vertical (left). Later the Landon brothers, 8VN. con- 
nected a single feedline to the junction of the antenna and 
counterpoise (center). Howard Williams, 9 6 x 0 ,  stretched 
out the counterpoise and made it part of the antenna with 
the feedpoint still off-center (right). 

Windom recognized the utility of the method to 
the amateur community and encouraged Byrne to  
write it up for QST. Byrne declined, suggesting that 
Windom write it up himself as Windom was familiar 
with the work. Windom's article was published in the 
September, 1929, issue of QST,2 a month before the 
Everitt-Byrne article. The delay in the Everitt-Byrne 

SMALL INCANDESCENT 
LIGHT BULB 

STRING 

TRANSMITTER 

fig. 2. Windom's 1926 procedure for adjusting the feedpoint 
of an antenna as described in QST. The feedline was moved 
along the antenna until the bulb glowed the brightest. Later 
experiments at Ohio State University showed this method 
to be in error. 

paper is ascribed to the more extensive editorial re- 
view required by the Proceedings of the IRE; Win- 
dom, to his credit, stated in an early paragraph that 
he had not done any of the work himself - that he 
was only reporting the work of others. The fact that 
Windom's article was published a month before the 
Everitt-Byrne paper did cause considerable conster- 
nation, however. 

Byrne, having completed his studies, turned the 
project over to John Ryder, W8DQZ. Ryder was later 
to become Professor of Electrical Engineering at 
Michigan State University and the author of numer- 
ous electronics textbooks (he is not the Rider of 
Rider's Manuals fame). When Byrne left Ohio State 
University, he went to work at Bell Telephone Labor- 
atories and gave up amateur radio. I cannot help but 
feel that amateur radio lost a valuable member by this 
decision. 

The first use of the name "Windom" appears to  be 
by the Wireless Institute of Australia which in 1930 
published an article which was substantially a reprint 
of Windom's QSTarticle. Shortly after World War II, 
the Radio Society of Great Britain ran an article, 
"Why Not a Windom?" It thus appears that the 
name Windom was imported into the United States 
from overseas. Rightly or wrongly, the name has 
stuck because it is much simpler than the more tech- 
nical term. "off-center-fed Hertz antenna." 



antenna theory 
One of the most important characteristics of an an- 

tenna, when trying to couple energy into it, is its in- 
put impedance which, of course, is composed of 
both resistance and reactance The resistance and 
reactance both depend on a large number of factors 

x,; -,z, core  X ,  : -JZ,,COT(IBO'-~I = i Z o  C O T 8  

xL . - X c  SINCE C O T I I B 0 ' -  e l  = -COT e 

.; f ig.  3. The reactance a t  any point 
along a half-wavelength antenna is 
zero. The situation is analogous to  the 

FEEDLINE parallel-tuned circuit of fig. 4. 

such as height above ground, diameter of the anten- 
na, nearby obstructions, and length of the antenna 
compared to a half-wavelength. While the input im- 
pedance can be calculated in the ideal case, the feed- 
point impedance of an actual antenna must usually 
be measured, especially under amateur conditions. 

Let's first talk about the antenna's reactance; to 
simplify things, we'll assume the antenna is exactly 
one-half-wavelength long or, as the old timers would 
say, "operating on its fundamental wave." 

As is well known, the reactance looking into the 
center of a half-wavelength antenna is zero. Not as 
well known is the fact that the reactance at any other 
point on a half-wave antenna is also zero. Consider 
f ig. 3 where the antenna feedpoint is off-center. 
Looking into the short end, we have a transmission 
line with the far end open-circuited; the reactance 
looking into an open-circuited transmission line is 
given by 

X C  = - jZO cot 8 

Where 

8 =  the electrical length of the transmission 
line in degrees 

Zo = the characteristic impedance of the 
line. 

If the antenna is exactly one-half-wavelength long, 
the length of the long end will be 180'- 0 and its re- 
actance will be 

X L  = - jZo cot (180'- 8) (2) 

From trigonometry it can be shown that 

cot (180'- 8) = - cot 8 (3) 

regardless of the value of 8. Combining eqs. 1, 2, 

and 3 gives 
X L =  -xc 

As the reactances are equal in magnitude but oppo- 
site in sign, the input reactance is zero. Since this is 
true regardless of the length of the line !value of 01, 
the reactance will be zero regardless of where the tap 
is located, provided only that the antenna is exactly a 
half-wavelength long. This sitaation is analogous to 
the parallel-tuned circuit shown in f ig. 4. At frequen- 
cies below resonance, the inductive reactance will be 
less than the capacitive reactance so the current in 
the inductive branch will be greater than the current 
in the capacitive branch. Similarly, at frequencies 
above resonance, the current in the capacitive 
branch will be greater. A t  resonance the two currents 
will be equal. This fact provides an excellent means 
of determining the resonant frequency of any anten- 
na that is an integral number of half-waves long, as 
discussed later. 

We will now discuss the resistive component of 
impedance. For a half-wavelength dipole, the resis- 
tive component at the center is usually considered to 
be 72 ohms. This is true when the antenna is in free 
space or at certain heights above ground. The input 
resistance of the antenna at any location along its 
length can be easily determined in terms of its input 
resistance at the center. When the antenna is very 
thin and not terminated (as in a rhombic antenna), 
the current distribution along the antenna is essen- 

fig. 4. The parallel-tuned cir- 
cuit analog of the off-center 
fed antenna. 

tially cosinusoidal, as shown in f ig .  5. The power ap- 
plied to the center of the antenna is 

Po = I ~ R ,  (5) 

Where 
Po = power applied to center of antenna 
I, = rms current at center 
Ro = radiation resistance at center 

The power given by eq. 5 must be equal to the power 
at any other point x along the antenna; therefore 

I ~ R ,  = I ~ R ,  ( 6 )  

Since the current distribution is assumed to be cosin- 
usoidal, I, = I. cos 8 where 8 is the distance along the 

12 may 1978 



antenna in electrical degrees from the center. Substi- what? There is no other conductor, so this leaves 
tuting eq. 6 ground. However, the capacitance of the single-feed 

wire to ground can be expected to vary over a fairly 
I ~ R ,  = (Io ros 8)2 R, 

wide range as the feedline leaves the station - rela- 
so that 

R, 
tively close to ground - and winds its way up to the 

R, = (7 )  antenna high in the air. And as the capacitance 
(cos 0)2 

From eq. 7 we see that theoretically the input resis- 
tance of a half-wavelength antenna goes from a 
nominal 72 ohms at the center to infinite ohms at the 
ends. In practice, the antenna current does not drop 
to zero at the ends, so the resistance does not be- 
come infinite; the resistance can become very high, 
however. If the characteristic impedance of the sin- 
gle-wire feeder is between 72 ohms and "very high," 
we should be able to find a point on the antenna that 
will match the feedline characteristic impedance. 

transmission line theory 
When discussing a transmission line of any type, 

probably the first question to be asked is what its 
characteristic impedance is (and how it is measured 
or calculated). With conventional two-conductor 
transmission lines, such as coaxial cable, one meth- 
od to determine the characteristic impedance is to 
measure the impedance seen looking into a length of 
the line with the far terminals both open- and short- 
circuited; the square root of the product of these two 
measurements is the characteristic impedance of the 

fig. 5. The current distribution along a half-wavelength an- 
tenna is essentially cosinusoidal as shown here. 

line. However, in the case of the single-wire line, 
what do you short-circuit it to? 

All right, you say, if you can't measure it, can you 
calculate it? The usual way to calculate the charac- 
teristic impedance of a transmission line is to calcu- 
late its inductance per unit length and the capaci- 
tance between the conductors per unit length; then 
divide the inductance by the capacitance and take 
the square root: 

It is not difficult to  calculate the inductance per 
unit length of a single-wire line, but the capacitance 
per unit length is another matter. The capacitance to 

table 1. Characteristic impedance of long wires. 

conductor characteristic impedance, 2, (ohms) 
diameter 3.5 7.0 14.0 28.0 56 
rnrn inches AWG MHz MHz MHz MHz MHz 

12.5 0.500 - 560 518 475 435 393 
6.5 0.250 -- 600 560 518 475 435 
3.30.128 n o . 8  641 600 559 516 474 
2 .60 .102  no.10 654 613 572 530 490 
2.1 0.080 no.12 669 628 586 545 503 
1.6 0.064 no.14 684 643 600 560 517 

varies, so does the characteristic impedance of the 
line. Hence, the calculation approach is not practical. 

This can be seen more graphically by taking a 
slightly different approach. Consider fig. 6 which 
shows the single-wire feeder and its ground image; 
this converts the single-wire transmission line into a 
balanced line. This might be used to calculate the 
characteristic impedance of the line, but half the dis- 
tance between the actual line and its image is in the 
ground whose dielectric constant and other electrical 
parameters are not accurately known. This makes it 
difficult, if not impossible, to accurately calculate the 
characteristic impedance. 

Using the representation of fig. 6 does point up 
the fact that the single-wire feedline can be explained 
as one-half of a variable spaced balanced line, with 
two wires of the balanced line being closer together 
at the bottom and gradually increasing in spacing as 
they approach the antenna. Tranmission lines of this 
types are known as "tapered lines." Since the wire 
diameter is the same all along its length, the charac- 
teristic impedance will gradually increase as the line 
approaches the antenna. This also means that, as- 
suming the feedline is matched to the antenna, the 
current measured along the line will not be constant, 
but will slowly decrease as one moves toward the an- 
tenna. Therefore, the current measured at the input 
end of the feedline should be greater than the current 
measured at the antenna, even when the system is 
matched. 

After explaining so carefully why it is so difficult t o  
calculate the characteristic impedance of a single- 
wire feedline, I was rather nonplussed to find the fol- 
lowing equation in an old publication:7 
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Where 
Z ,  = characteristic impedance of single-wire 

line 
r = radius of conductor 
X =  operating wavelength 

Table 1 gives several values of characteristic imped- 
ance, taken f rom reference 8. As no sources or refer- 
ences are given, I do not know what approximations 
or assumptions were made in this formula's deriva- 
t ion and can not attest t o  its accuracy. Since wave- 
length is included in the calculation, note that char- 
acreristic impedance varies wi th  frequency! 

The fact that i t is not practical either to measure or 
calculate the characteristic impedance of the single- 
wire feedline does not mean that the line does not 
have a characteristic impedance. I t  does - w e  just 
don' t  know what  i t  is. While this will certainly affect 
the procedure used to match the feedline to  the an- 
tenna, it should not stop us f rom obtaining a match. 

bandwidth considerations 
Although the bandwidth of the Windom antenna 

has always been assumed t o  be large, I have never 
seen it discussed in the literature. M y  own  experi- 
ence indicates that while an off-center-fed antenna 
can be used over a relatively wide range of frequen- 
cies, i t  operates as a true Windom only over a very 
narrow bandwidth. 

As shown in fig. 4, the Windom antenna is analo- 
gous to  a parallel-tuned circuit The Q of a parallel- 
tuned circuit can be defined as the ratio of either the 
inductive or capacitive branch current (at resonance, 
the two  are equal) t o  the line current. Therefore, the 
Q of a Windorn can be easily measured by using the 
circuit of fig. 7. 

If the antenna operates as a true Windom over a 
relatively narrow bandwidth, why  does the antenna 
work so well as a wide band antenna? Let's look at 
fig. 8A. As the frequency is increased above the 

\ ACTLIAL ANTENNA 
AND FEEDLINE 

,' IMAGE ANTENNA , AND FEEDLINE - - - - - - -  4 - - - - -  

Windom frequency, the current in the long end de- 
creases while the short-end current increases. The 
long end loses its effectiveness as a radiator and the 
Windom antenna degenerates to  a random-length, 
single-wire antenna w i th  the single-wire feedline 
operating as part of the radiating system. Below the 

fig. 7 .  Test circuit for measuring the Q of an off-center-fed 
Windom antenna. 

Windom frequency the current in the long end pre- 
dominates and the antenna appears as in fig. 8B. 
Again the feedline will radiate. 

harmonic operation 
The Windom antenna has a theoretical advantage 

over the balanced, center-fed dipole because the 
Windom will resonate on even-order harmonics or, 
more  accurately,  o n  approximate harmonics.  
Because of the end effect, harmonic resonant fre- 
quencies are not integral multiples of the half-wave 
resonant frequency. A n  antenna that is half-wave 
resonant at 3.525 MHz, for example, will have har- 
monic resonant frequencies at 7.235, 14.656, 22.077, 
and 29.498 MHz. Note that some of these frequen- 
cies are not in an amateur band. Thus, if multiband 
operation is desired, the antenna must be operated 
off-resonance on some bands and might not load 
up well. 

As mentioned in the bandwidth discussion, the an- 
tenna may operate satisfactorily at other than its 
Windom frequency, b u t  as a random-length anten- 
na. I t  is also doubtful whether the feedline tie point 
will be sufficiently accurate on the harmonic bands to  
provide a good match. My own  measurements indi- 
cate that it will not. 

Those amateurs who  are contemplating harmonic 
operation of the Windom antenna should read Wrig- 
ley's excellent article on  harmonic operation of 
dipoles.8 M y  own  experience wi th  the Windom, 
though limited, bears out Wrigley's comments. The 
antenna will operate on  harmonics, probably not as a 
Windom, but rather as a random-length antenna. 

efficiency and radiation 

fig. 6. A single-wire feedline and its ground image. The final factors I will discuss are the efficiency 
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and radiation of the single-wire feedline. I have not 
attempted measurements of this type myself, but will 
mention the results from reference 1 which describes 
the work done by J. D.  Ryder and E. D. Shipley. 
Ryder and Shipley report that for a 365-meter (1200- 
foot) feedline driving a 15-meter (50-foot) antenna, 

TRANSMISSION 4 
LINE AND SHORT 
END ACTIVELY 
RADIATE 

\ 
@ ABOVE RESONANCE 

:: TRANSMISSION LINE 
AND LONG END 
ACTIVELY RADIATE 

\ 

BELOW RESONANCE 

desired frequency, and 2) the single-wire feedline 
must be connected to the proper place on the anten- 
na to provide a good match for the transmission line. 

The first problem must be solved first - the anten- 
na must be cut to the desired frequency (or the actual 
resonant frequency of the antenna must be accurate- 
ly known). This is necessary to insure that the anten- 
na will present a pure resistive load. 

The method for finding resonance recommended 
by Everitt-Byrne proves to be very simple, yet very 
exact. As discussed earlier for the analog with a par- 
allel-tuned circuit, when the tuned circuit is at reso- 
nance, the currents in the inductive and capacitive 
branches are equal. In the Windom the rf currents 
can be measured by placing rf ammeters in the short 
and the long sides of the antenna as shown in fig. 9. 
The antenna is resonant at the frequency where the 
rf currents in the two ends are equal. 

If resonance at a specific frequency is desired, 
begin by cutting the antenna about 1 meter (3-1/2 
feet! too long (on 80 meters). Set the transmitter to 
the desired frequency and prune the ends of the 
antenna until the current in the two sides is equal. I 
found I had a strong psychological urge to cut the 
antenna length from the end with the larger current; 

fig. 8. Operation of the Windom antenna above resonance, 
A, and below resonance, B. Above resonance the current in 

actually, the antenna may be cut from whichever end 

the longer leg loses its effectiveness as a radiator because rf is more convenient. - - 
current decreases and the antenna degenerates to an end- If a knowledge of the actual resonant frequency of 
fed single-wire antenna with the feedline as part of the radi- the antenna is all that vou want, connect the am- 
ator. Below resonance the rf current in the short end de- meters as shown in fig. 9 and vary the transmitter 
creases and the antenna again operates as a random-length 
end-fed antenna. 

frequency until the two currents are equal. 
From a practical point of view, the situation is not 

all the measured losses in the system could be ac- 
counted for by the PR loss of the feedline. Radiation 
losses were too small to measure. The accuracy of 
the power measurements was estimated to be within 
4 per cent. Therefore, it appears that the radiation 
from a single-wire feedline operating at its matched 
(Windom) frequency is negligible, while at other fre- 
quencies feedline radiation may be appreciable. 

adjusting the antenna 
The biggest problem I found with Windom's QST 

article was his failure to recognize the very complex 
variation of antenna impedance with height and local 
ground conditions; he assumed that the feedline tap 
could be placed on the basis of distance measure- 
ments alone. This myth has been perpetuated by the 
ARRL Handbooks and Antenna Manuals, and by the 
Radio Handbook as well. 

as simple as depicted in fig. 9. The stresses in a wire 
antenna are considerable and would probably pull 
most meter cases apart. Therefore, a means must be 
devised to take the mechanical stresses of f  the 
meters. I mounted the two meters in a piece of plexi- 
glass and suspended the plexiglass from the antenna 
with spring clips of the type used at the end of dog 
leashes. The antenna is broken with an insulator and 
the single-wire feedline is supported by a second in- 
sulator. The photographs show the plexiglass meter 
bracket and how it is suspended from the antenna. I 

With this in mind, the most important question fig. 9. Test circuit for determining resonance of an off-cen- 
ter-fed antenna. When the rf current in the two ends is 

facing the amateur who installs a is "How 
equal, the antenna is resonant. If the current in the long end 

do I adjust the antenna?" Basically, there are two ad- is higher than in the short side, the antenna is too long; if - 
justments to make: 1) the antenna must be cut to the the short side current is greater, the antenna is too short. 
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The test meters installed in the antenna as seen f rom the 
ground. The antenna is not quite at  resonance since the cur- 
rents are not equal. This was taken wi th  a 200mrn lens. 

used I-ampere meters with an output power of about 
90 watts. The resonant currents were 0.76 ampere on 
80 meters. This value will depend on how far off-cen- 
ter the feedline is initially attached. 

When measuring the rf current, if the current in 
the short side of the new antenna is lower than in the 
long side, the antenna is too short; if the long side 
currentisgreater, theantenna is too long. See fig. 10. 

I highly recommend that the transmitter power be 
brought up slowly and that you have a friend watch 
the meters to make sure they don't go off scale; ther- 
moammeters are not noted for their tolerance to 
overloads. Tile riieters, of course, must be isad from 
a distance. I used a 25-power spotting telescope. 
Higher magnification might be better, depending on 
how high your antenna is - try to pick a windless 
day so the meters don't bounce around while you try 
to focus on them! 

Another possibility is a telephoto lens on a 35 mm 

I was able to notice a change of as little as 5 to 7 cm 
(2 to 3 inches) near the resonant point or a frequency 
change of less than 10 kHz (on 80 meters). The pri- 
mary factor in limiting the accuracy of this method is 
the problem of reading the meters at great distances. 
Much greater accuracy could be obtained by using 
remote thermocouples - mount the thermocouples 
on the antenna and run leads to the meters on the 
groiind - or better yet, at your operating pcsitioa. 
Unfortunately, remote-reading rf ammeters are very 
expensive and hard to find! 

It is interesting to note that the two-meter method 
of determining antenna resonance is not limited to 
the Windom antenna; it can be applied to other 
d i~o les  as well. S i m ~ l v  short-circuit the center insula- . . 
tor, insert a second insulator at some convenient 
place, install an off-center feedline and the meters, 
and check. The method can also be used to deter- 
mine harmonic resonant frequencies. 

I am surprised that the antenna manual publishers 
have not presented this procedure before; it is rela- 
tively simple and straightforward and has been avail- 
able since 1929. To the best of my knowledge, the 
only discussion of this technique to appear in the 
amateur literature, since Windom's 1929 article, was 
written by Paul Rockwell, W3AFM, in 1963.9 

adjusting the feedline 
After the antenna has been cut to the proper 

length, the correct feedpoint can be determined. A t  
first glance this appears to be a formidable problem 
since we only appr~ximately know the characteristic 
impedance of the feedline and only approximately 
know how the radiation resistance varies along the 
antenna. However, we do know certain characteris- 
tics of transmission lines which are helpful; namely, 
that when a transmission line is terminated in its 
characteristic impedance, 1) the input impedance of 

I, ( 12 

ANTENNA TOO SHOR7 

I ,  = Ig 

ANTENNA RESONANT il I, 12 

ANTENNA TOG LONG 

fig. 10. Determining resonance of the off-center-fed antenna with ammeters in each leg. Current distribution is shown by 
dashed lines. 

single-lens reflex camera. However, I found my 135 the line is a pure resistance, and 2) the current or 
mm lens was much too short to do any good; I esti- voltage is constant along the line (neglecting the im- 
mate a lens 300 mm or longer would be needed if pedance taper effect along the line). Either of these 
your antenna is exceptionally high. facts may be used to find the proper feedpoint. 

Using this method of adjusting the antenna length, It is absolutely necessary to make all feedline tests 
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fig. 11. Dimensions of the experimental Windom antenna 
built by K4KJ. Resonant plots of this antenna for 80, 40, and 
20 meters are shown in figs. 12, 13, and 14, respectively. 

at the resonant frequency of the antenna. Only at 
this frequency will the input resistance of the anten- 
na be purely resistive. 

For my own tests I used a General Radio 916A rf 
impedance bridge to measure the input impedance of 
the line.10 This measurement could also be made 
with an RX noise bridge such as the one described in 
reference 11. Simply measure the input impedance 
of the line at the antenna resonant frequency, and 
adjust the feedline tap along the antenna until the re- 
actance component of the input impedance is zero. 

If an rf impedance bridge is not available, try the 
method recommended by the old timers: if the feed- 
line is on the order of a half-wavelength long, insert 
four rf ammeters in the lower half of the line and ad- 
just the tap for identical current on all four meters. In 
this case, it will be assumed that the impedance taper 
along the lower half of the line is negligible so that 
line current will be constant. 

If rf ammeters are not readily available, try solder- 
ing neon bulbs along the feeder and adjust the tap 
point for a constant brightness. This is best done at 
night, but be prepared for startled neighbors! 

shows the difference between the antenna current in 
the two legs. To remove any variations due to  
changes in rf power input, I referenced everything to 
the sum of the two currents. Taking the absolute 
magnitude of the differences eliminates the problem 
of algebraic sign. 

The resonant frequency is where the plot equals 
zero. Figs. 13 and 14 show the same factor for the 
same antenna on the 40- and 20-meter bands, re- 

results 
My Windom antenna was configured as shown in 

fig. 11. With this arrangement the results of my 80- 
meter measurements are plotted in fig. 12 which 
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K4KJ's wife holding the plexiglass meter panel as installed 
in the antenna. The feed-line runs out the bottom. 

spectively. Notice that the resonant 20-meter fre- 
quency is above the amateur band. 

The input impedance to the feedline is shown in 
fig. 15 for 80 meters; the input impedance is any- 
thing but constant. The reactance is zero a little 
below 3.525 MHz at which point the input resistance 
is 590 ohms. Fig. 16 shows the same factor over the 
40-meter band. Note that the zero reactance point 
falls above the band limits at which frequency the 
input resistance is more than 1000 ohms. This indi- 
cates to me that the feedline is not matched at any 
frequency. The input impedance on 20 meters is 
graphed in fig. 17 and the same general comments 
apply. 

fig. 12. Resonance of the 80-meter Windom antenna of fig. 
11, as determined by the method described by Everitt and 
Byrne (see text). 

conclusions 
As a result of my experiments, I have reached the 
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following conclusions concerning the off-center-fed 
antenna: 

1. The Windom antenna is very simple and eco- 
nomical to build and, if the proper procedures are 
used, relatively simple to adjust. 

2. The bandwidth as a true Windom antenna is rel- 
a;ivej.f 17aii3iv '?-be r;fite;;...- . . , ; I 1  f i n o r 3 t r .  ."I"t;.,ol', .o v u r . .  v p = r c t r  , ~ i c t , a u . - ~ y  

well, over a much wider frequency range as a ran- 
dom-length antenna, however. 

3. Based on the above data, it is my opinion the 
Windom antenna ca:: be pr~pe r l y  matched for on- 
ly one amateur band. On other bands, the com- 
ments of item 2, above, apply. After reviewing the 
comments of Windom and Ryder to an early draft 
of this article, however, I am not convinced that 
the tap is at the optimum point. I t  may be possible 
to improve the match on 40 meters. 

fig. 14. Resonant curve of the Windom antenna of fig. 11 on 
20 meters. Note that the antenna is resonant above the 
amateur band. 

Frank Conrad, 8XK, who started it, is called the 
father of broadcasting. His amateur station became 
KDKA in Pittsburgh, the first broadcasting station in 
the country. 

Vernon D. Landon, one-half of 8VN, went on to 
become an eminent scientist with RCA. He has con- 
tributed widely to the advancment of electronics with 
his many very readable papers published in the Pro- 
ceedings o f  the IREand in the RCA Review. 

Loren "Windy" Windom, 8ZG, for whom the an- 
tenna was named, did not, oddly enough, pursue 
electronics professionally, but became a lawyer in 

FREQUENCY (MHz) Ohio. He is still an active amateur. 
fig. ?3. Resonant curve af the Windom antenna of fig. John Ryrne, who with his thesis partners, E. F. 
11 on 40 meters. Brooke and A.  5 .  Crawford, did much of the actual 

work on developing the antenna, became an out- 

4. Those amateurs whose antenna requirements standing research engineer and educator. 

are modest and whose circumstances dictate a John Ryder, now K41HX, who also worked on the 

simple and inexpensive antenna will continue to antenna as a thesis project, was to become a well- 
find that the off-center-fed antenna will serve their 
needs. 7~ 3000 

I 
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postscript 
0 
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The Windom antenna, one of the oldest antennas FREOUENCY ( M H z )  

developed for amateur use, has had a complicated 
fig. 15. Input impedance of the single-wire feedline to the 

history, one as interesting as the theory of the anten- Windom of fig. 11 on 80 meters, as measured with a General 
na itself. And the people who have contributed to its Radio 916A rf impedance bridge. The reactance is zero at 
development are equally intriguing: 3.520 MHz. 
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fig. 16. Feedline input impedance on 40 meters as measured 
wi th  an rf impedance bridge. The reactance is zero at about 
7.338 MHz; the resistance at this frequency is more than 
1000 ohms. 

known educator, an author of several electronics 
textbooks, and a president of the IRE. He is an active 
amateur in Florida. 

William L. Everitt, as faculty advisor to the 
students who worked on the antenna, contributed 
much to its development. Everitt began his amateur 
career in 1914 as 2ABI; in 1921 he became 8CRI. 
When he decided to go into communications profes- 
sionally, he dropped amateur radio because he did 
not want to have the same vocation and avocation. 
Everitt was later to become a prominent author and 
educator. He retired as Dean of Engineering at the 
University of Illinois and is now Dean Emeritus at that 
university. 

Unfortunately, Dr. Everitt has been ill-treated by 
the amateur community. His work on the off-center- 

fig. 17. Feedline input impedance on 20 meters as measured 
wi th  rf impedance bridge. The reactance never falls to zero 
over the frequency range from 14 to 15 MHz. 

100 

0 

fed antenna is largely unknown and certainly unrec- 
ognized. Unhappiiy, the same thing happened to hirn 

14 0 14 1 14 2 14 3 144 14 5 14 6 14 ' 4 8 14 9 15 0 
FREOUENCY ( M H z )  

I \ 

a second time. Everitt was the first to describe the 
use of a pi network as a coupling device. He pub- 
lished this work in the Proceedings o f  the IRE in 
193112 and in Communications;l3 the pi network is 

I 

also described in his book, Communication Engineer- 
ing.14 Arthur Collins, WSCXX, of Cedar Rapids, 
Iowa, recognized the advantages of the pi network to 

I 

- 

couple the output stage of a transmitter to a trans- 

--40 

-50 

mission line, and used it in his transmitters. This ap- 
plication played an important part in establishing the 
reputation that Collins equipment will load up to 
"anything." Collins described the pi network to the 
amateur community in a QSTarticlel5 and in a similar 
article Radio,l6 and the network became known by 
old-timers as the "Collins Coupler" instead of, per- 
haps, the "Everitt Easy Loader." 

I believe these are excellent examples of how peo- 
ple who have made notable contributions to the ad- 
vancement of electronics developed their interest in 
electronics through amateur radio. I t  would be inter- 
esting to be able to look into a crystal ball to  see how 
the many young people who are today joining the 
ranks of amateur radio through high school science 
classes, or as CBers, will go on to make significant 
contributions to future electronics. 
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selective receiving antennas: 
a progress report 

An active receiving 
antenna system 

useful from 
75 through 10 meters 

capable of directing 
a null toward 

the interference source 

The concept that man-made interference is a 
receiving problem that can best be handled by im- 
proved receiving techniques rather than increased 
power, voice processing, and similar transmitting 
enhancements, can hardly be disputed. While the 
high-power advocate may seem to be solving his 
own difficulties, he can become a major part of the 
problem to the rest of us. 

What to do? One can't always outshout the oppo- 
sition. No amount of racket on the frequency can 
prevent signals from point A reaching point B. Only 
conditions of propagation can do that. What such 
racket does do, however, is drown out and prevent 
copy of the signals from A, unless means can be de- 
vised at B to make the interference self-destruct. The 
signal strength produced by a given receiving anten- 
na is of little importance compared to the signal-to- 
noise ratio it delivers. And you'd better believe that 
all forms of man-made interference must realistically 
be classified as noise! 

Therefore, under interference conditions, it be- 
hooves us to consider the use of a separate special- 
ized receiving antenna system. If its signal level pro- 
duction should be less than that of the transmitting 
antenna, the difference can usually be made up by 

suitable amplification, without IOSS of signal quality. 
This article describes an active receiving antenna 

system, useful from 75 through 10 meters, with the 
ability to direct a null toward the source of the inter- 
ference. The rejection of unwanted signals that can 
be obtained can often make the difference between 
solid copy and losing the battle with the interference. 

design consideration 
What sort of antenna is indicated for this applica- 

tion? Obviously the major requirement is not forward 
gain but the exact opposite: a broad coverage with a 
deep null in the response pattern, which can be 
directed toward rhe source of interference. Further- 
more, you can get many more dB difference in a null 
than in forward gain. Thus, our problem is to devise a 
simple inexpensive system having just those charac- 
teristics. 

The familiar phased array with quarter-wavelength 
spacing, although capable of an excellent null, is far 
too cumbersome as a specialized receiving antenna 
for the lower frequency bands. If its elements should 
be brought close together for compactness, mutual 
coupling between the elements increases to a point 
where phasing and power distribution go haywire 
and complicate the problem beyond reason. 

What to do? In the first place, coupling between 
the antenna pickup elements should be minimized by 
making the elements nonresonant. Secondly, an iso- 
lating preamplifier following the antenna probe will 
ensure independence of each unit. Thus, each pick- 
up element acts as a probe in the electrostatic field of 
the passing wave front.' 

In an earlier antenna study, a wide range phase 
control (phasor) was developed for pattern control of 
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a pair of vertical antennas.* This phasor, which pro- 
vided 180° of continuo~is phase control, was later in- 
corporated in a feasibility study directed originally at 
the 40-meter foreign broadcast problem.3 The result- 
ing conclusion was that a useful degree of rejection 
was possible and that further study would be jus- 
tified. 

All-band system. In this effort, signals from two 
90' 90' 

small, fixed, active antennas with close spacing had 
been combined in a quadrature hybrid, with control 
of phase and amplitude. It soon became apparent 
that, because of the close spacing, 180° phase con- 
trol was overkill, and the single-band frequency limi- 
tations imposed by the phasor and hybrid were unde- 
sirable. Therefore, attention was directed toward the 
development of an all-band receiving antenna system 
without these restrictions. 

fig. 2. Antenna Figure-8 pattern, calculated for 0.05-wave- 
Preamplifiers. The first requirement was the de- length spacing between antennas. 
velopment of improved preamplifiers to be used with 
the antenna probes. They must be wide band, have 
low noise response, and be stable. In addition to hav- 
ing high gain, they must also have very high input 
impedance, compatible with the tiny antenna probes 
with which they would be used (2  foot or 0.6m 
whips). 

To obtain this high impedance, an MPF102 fet is 
employed as a source follower, with feedback to the 
bias network. Although this type of input stage may 
seem to lose signal, the actual power gain is consid- 
erable as the impedance level is reducec! to several 
hundred ohms. This stage in turn drives a bipolar 
transistor stage, which is coupled to the coaxial out- 
put line through a 3:l stepdown transformer trifilar 
wound on a T50-6 toroid core. 

( N P N )  
PREAMF a TO PREAMP 

RECEIVER 

DUMMY 

1 ; 
IPV 

fig. 1. Method of balancing gain in the signal preamplifiers. 
Balance potentiometer bridges the dc supply. 

Various means were tried to balance the signal am- 
plitude of one preamplifier against the other, but the 
method finally chosen was that which had been used 
in reference 3; that is, by controlling the dc voltages 
applied to each one (fig. 1 ) .  In this method the two 
preamplifiers are in series, one being fed a positive 
voltage to its npn output stage while the other gets a 
negative voltage to its pnp output stage. 

Identical lengths of coaxial cable were used be- 
tween the antenna modules and the signal balancing 
device, so that phasing was obtained mechanically 
by rotating the boom upon which the modules were 
mounted. This eliminated the phasor and resulted in 
a Figure-8 pattern, (fig. 2).  

Antenna pattern. The very sharpness of the null of- 
fers both advantages and disadvantages. The rejec- 
tion of a local amateur signal, for example, was a 
walloping 60 dB, assuming 6 dB per S-unit. In a 
crowded area where one has problems from "the 
ham down the street" this arrangement may offer 
much-needed relief. Rejection of skip signals was 
less effective, as the multipath propagation effects 
accompanying such signals introduced variations in 
both phase and amplitude relationships of the sig- 
nals. This had the effect, particularly on distant 
signals, of making the direction of arrival appear 
to vary. 

It would seem that a reduction in the sharpness of 
the null would improve this situation. Analysis of the 
Figure-8 pattern indicates that signals that deviate 
from the direction of the null will vary as the sine of 
the angle of deviation. A cardioid pattern, on the 
other hand, (fig. 3) should give a response based 
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upon the delay between the time when a signal 
strikes the first antenna and when it reaches the 
second. This parameter should vary as the cosine of 
the angle of deviation, and is therefore less critical. 

Signal combiner. Many different methods of corn 
bining signals from the two preamplifiers were also 
tried and compared. For example, a CA3028 dif- 
ferentiai amplifier was built with a baiancea ourpur 
transformer, but was found to be unsatisfactory. 
Spurious signals caused by IMD made it clear that 
signals from the antenna modules would have to be 
Da!anced out before further ampiification could be 
used. Too much continuous amplification, particu- 
larly in a very broad spectrum system such as this, 
pushes the final stage beyond linearity. Signal reduc- 
tion inherent in the phasing-out process keeps the 
amplitudes within limits. 

fig. 3. Cardioid pattern, calculated for 0.05-wavelength an- 
tenna spacing. 

The most effective combiner, other than the fre- 
quency-limited quadrature hybrid previously used, 
was a toroid input transformer with separated pri- 
mary and secondary windings. A bifilar primary was 
used for improved balance. The five-turn secondary 
was close wound and separated as far as possible 
from the primary (f ig. 4). 

Each coaxial line from the antenna modules is ter- 
minated by a 51-ohm resistor to reduce mismatch 
reflections that might affect the phase of signals pre- 
sented to the differential transformer. 

C o m m o n  ampli f ier.  The amplifier that follows the 
differential transformer was originally a broadband 
unit similar to the preamplifiers. I t  was found that 
spurious IMD signals were present, particularly on 20 

SECONDARY 
5 T  NO 3 0  1025rnml 

fic;. 4 Method of ca~s t ruc t ing  transformer T2 IAl and sche- 
matic of output transformerT3 (Bl.  

meters, caused by out-of-band commercial stations 
causing overloading. A t  the same time, the overall 
gain left something to be desired. The cure to both 
problems was to place a tuned circuit ahead of the 
common amplifier. The Q of the tuned circuit raised 
the gain to an acceptable level, while at the same 
time rejected signals responsible for the IMD. 

For operation on different bands some means 
must be provided for bandswitching this tuned cir- 
cuit. This is what you must do with your transceiver, 
so i t  doesn't represent any additional operating 
hardships. 

Phasing method. The boom upon which the an- 
tenna modules were mounted was approximately 
two meters in length - an arbitrary choice. To ob- 
tain a cardioid pattern, the coaxial line from one 
module to the common amplifier should be longer 
than the other by approximately 213 of the spacing 
between the antenna probes (allowing for the velo- 
city of propagation in the coaxial lines). Once ad- 
justed, phasing should be independent of frequency, 
right? Well, not exactly, for allowance is made for 
the fact that signals arrive at different angles from 
the ionosphere, and a minor compensation should be 
provided. Either the phasing extension of the coaxial 
line can be shortened, or the boom can be tilted to 
correspond to the angle of arrival of the signal. A 
compromise angle of 25 degrees was chosen. 

GROUND 

FOR PNP UNIT GROUND 6 .  CONNECT 5 8 8  
FOR NPN UNIT GROUND 5 , CONNECT 6 8 8  

fig. 6. PC-board layout for the preamplifiers ( A ) ,  and com- 
mon amplifier ( 6 ) .  
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Strictly speaking, signals will arrive at different 
angles on different frequency bands, with different 
heights and with different conditions of propagation. 
However, the exact angle does not seem to be too 
critical. Phase differences in the two preamplifiers 
will likely have a greater effect. With the Figure-8 
pattern, there should be two nulls 180' apart. If not, 
the change to the cardioid pattern will not be very 
effective. 

To be able to use either pattern, the extension 

drop or two of cement in the right places. The pre- 
amplifiers are mounted in Miniboxes with a porcelain 
feedthrough antenna terminal on one end and a 
UG-625lU BNC connector at the other. Because of 
their light weight they can be supported by the an- 
tenna and output leads. 

The common amplifier floats across the power 
supply, operating from the full 12 volts, neither ter- 
minal of which is grounded. Note that the output 
transformer of this amplifier has an isolated second- 

fig. 5.  Amplifier schematics wi th  PC-board mounting keys. 
The npn preamp and pnp preamp are shown in ( A )  and (B) ;  
the common amplifier is shown in (C) .  

820 

should be an extra piece, which can be added to 
either of the feed lines. The angle of signal arrival 
does not affect the Figure-8 pattern. 

As with all antennas, the higher and more in the 
clear you can get it, the better. Other antennas or 
structures in the vicinity can distort the pattern ob- 
tained. 

construction 
The amplifier modules were built on PC boards as 

shown in figs. 5 and 6 .  Transistor sockets were used 
to mount the fets, which were inserted after all con- 
nections were completed. Although sockets may be 
dispensed with, if care is used in the assembly pro- 
cess, the ability to quickly select and substitute in- 
dividual fets to help balance the gain of each module 
is worth the extra trouble. Where balance is as im- 
portant as it is in this application, bargain-basement 
transistors are not recommended. Procedures in 
making PC boards have been well covered in the lit- 
erature and are not repeated here. Perf board may 
make an equally effective substitute if you're not 
too fussy. 

The preamplifier transformers use 22 turns, trifilar 
wound, of no. 30 (0.25mm) enameled wire on a T50- 
6 core; the windings are connected in series. Toroids 
are conveniently mounted by inserting a small rolled 
cylinder of paper through the center and applying a 

ary winding, rather than being an autotransformer, 
as used in the preamplifiers. 

The differential input transformer and the tuned 
circuit combination is placed in a shield box, made by 
soldering together bits of scrap PC board. A t  pres- 
ent, operation on 20 and 40 meters is covered by 
the tuning range of the trimmer capacitor, although a 
complete bandswitching arrangement is scheduled 
for the near future. The coil could be tapped, or 
shunt capacitors or inductors switched in for opera- 
tion on the other bands. The overall schematic of the 
entire system is given in fig. 7. 

preliminary tests 
The common amplifier is first checked out by con- 

necting a receiver to its output terminal and a signal 
generator to first one input terminal and then the 
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fig. 7. Overall schematic of the selective receiving system 

other. Use a series capacitor to avoid shorting the dc 
on the input connectors. The tuned circuits should 
be checked to ensure peaking on each band. 

Dc voltages on the input connectors should be 
checked as the balance potentiometer is rotated. 
And don't forget to mark the polarity at each con- 
nector so that the right preamplifier will be connec- 
ted to each. 

An  antenna preamplifier is now connected to the 
proper input terminal with a random length of coaxial 
cable. A short piece of wire clipped to the antenna 
connector should pick up strong signals. Repeat the 
test with the other preamplifier. 

When both antenna modules have passed this 
preliminary test, you are ready for the final checkout. 
Both antenna modules are connected to the com- 

mon amplifier with equal lengths of coaxial cable. 
Their Miniboxes should be clipped together and the 
antenna terminals fed through a capacitive tee junc- 
tion, as in fig. 8. The two antenna terminals should 
not be directly connected together because of the dc 
potential difference between the npn and pnp pre- 
amplifiers. 

The signal t h u s  injected into each preavpiifie: is 
identical in both phase and amplitude, and the bal- 
ance potentiometer is adjusted for minimum signal. 
To get a comparison first adjust for minimum signal 
?hen disconrlect one of the preamplifiers. A signa! 
increase of from 40 to 50 dB should be obtained. If 
not, you will have to do some troubleshooting. 
Ideally the dc voltages at balance should be equal on 
each preamplifier, but 2:l may be par for the course. 

This null depth test should be made on all bands 
where the antenna system will be used. If you can't 
get a deep null at this stage, you are not likely to get 
it later. 

Having passed the null depth test, the system is 
ready to be installed. Mark the coaxial lines and am- 
plifier terminals, if it hasn't already been done, so 
that there will be no polarity mixup. I found during 
the null depth tests that rejection was better if the 
outer conductors of the coaxial lines were tied to- 
gether at intervals of several feet (about 1 meter). All 
these things are better done on the ground before 
the assembly is raised. 

operation 
Tuning up and adjusting a system of this kind can 

be a frustrating experience if you don't go about it 
the right way. For example, you tune in a good 
strong signal and start making adjustments only to 
find that it's in an ssb net, operating VOX, and the 
signals bounce back and forth so fast that you don't 
know which one you are hearing. Or else rapid fade 
makes you think you have a null when you haven't. 
The foreign broadcasters are particularly trouble- 
some in this respect. If you try watching the S-meter 
while tuning the antenna, that's no answer either. 
The trick is to reduce the receiver rf gain enough to 
disable the agc, and then you can do it by ear. A CW 
or SSTV station may be a better choice. You may 
also find that a test signal fed into a separate antenna 
is a useful aid in adjustment. A TV birdie sometimes 
provides a good test signal. 

The CW man can buy a great deal of interference 
relief with appropriate "filter systems, but the ssb 
operator, with his wider bandwidth requirement 
must resort to other means. Some little operating 
tricks are helpful. For example many 40-meter hams, 
operating lower sideband among the broadcasters, 
will operate several hundred t o  a thousand Hz 
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fig. 8. Setup for the null-depth test, 

below beat, letting the steep skirt of the crystal 
filter take out the heterodyne and much of the mon- 
key chatter. If the broadcaster is not too strong, 
zero-beat works fairly well, particularly with the re- 
ceiver's rf gain turned down so that the agc doesn't 
fight you. Often overlooked in interference situations 
is the simple expedient of switching sidebands. After 
all, what is so sacred about lower sideband on 75 
and 40 or upper sideband on the higher frequency 
bands? Frequently it's not only easier to switch side- 
bands than to hunt for a clear frequency but there's 
a lot less chance of losing your contact in the 
process. 

closing remarks 
In  our battle for better radio contacts much de- 

velopment work remains to be done. The directional 
receiving antenna, of which this system is only one 
possible variation, appears to be a promising area for 
study. I t  is still in the experimental stage and there 
are probably better ways of doing it. Perhaps we owe 
it to ourselves to investigate some of them. 

The major problem in this approach is the method 
by which we balance out one signal against the 
other. Alternative methods, such as the phasor- 
hybrid combination of reference 3, worked very well 
on a single band. Another method that worked 

DIFFERENTIAL 

TO 
RECEIVER 

COMMON 
AMPLIF IER 

OUTPUT 
TRANSFORMER 

fig. 9. Alternative balancing method, which has been 
tested. The balancing potentiometer is replaced by a ditier- 
ential capacitor. 

quite well was to obtain a phase reversal in one of the 
preamplifiers by means of a reversed winding on one 
of the output transformers, coupled wi th a differen- 
tial capacitor ahead of the common amplifier (fig. 9). 
This circuit acted as an amplitude control and elimi- 
nated the need for the npn-pnp combination of pre- 
amplifiers with the balancing potentiometer. I t  is 
probably of equal merit with the system described in 
this article, but most of us don't have differential 
capacitors in our junk boxes. 

Yet another possibility, which has not been tested, 
is shown in fig. 10. In-phase components would be 
out of phase when arriving at resistor R, while out-of- 
phase components would add, as in a lattice filter. I t  
would seem that the value of R would have to  be 
quite low for good rejection, but the tuning network 
should retrieve a useful part of the loss. 

No single piece of equipment can solve all of our 
problems, and this is no exception. There are times 
when it is very impressive, as well as times when 
conditions of propagation make it less effective. Ad- 

SIGNALS FROM 
NONINVERTING 
PREAMPLIFIER 

? 

/h C 

fig. 10. Another alternative balancing system, which has not 
been tested. In-phase signals would be out of phase at resis- 
tor R,  while out-of-phase signals would add. The tuning net- 
work should compensate for signal loss because of the low 
value of R. 

vantages of as much as 30 dB have been obtained 
when conditions were favorable. This has the effeet 
of reducing kilowatts to watts, a worthwhile gain. 
During a contact, when someone opens up  too close 
to your frequency, it's most gratifying t o  turn the re- 
ceiving antenna and hear the interfering signal fade 
into the background. I t  doesn't always happen that 
way as the interference may be in line with your 
contact; however, it's a satisfying feeling when 
it does. 

The forthcoming WARC confab is no guarantee 
that we'll be any better off when it's over. Can we 
afford to just sit around and wait? 
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ing systems for vertical antennas? provided the infor- 
mation I was looking for. 

The ground system grew slowly, from four radials, 
each 10.7 meters (35 feet) long, to the final system of 
72 radials shown in fig. 1. Theoretically this configur- 
ation has a 2 dB power loss on 80 meters at 0.125 
wavelength for 24 radials; a 1 dB loss on 40 meters at 
0.2 wavelength for 60 radials, and slightly less than 1 
dB loss on 20, 15, and 10 meters. As explained by 
K4ERO in his article, it does little good to increase the 
radial length unless you also increase the number of 
radials. 

The radial system was surveyed using a 1910 vin- 
tage transit with a large magnetic compass. In my lo- 
cation, magnetic north is 8 degrees east of true 

fig. 2. Relative field strength of the three-element vertical 
beam on 20 meters. The dotted line shows the radiation of 
the center vertical by itself. Front-to-back ratio is 20 dB; 
gain is4.1 dB. 

(1.6mm) and no. 16 (1.3mm) copper wire. An edging 
spade was used to cut a small slit in the grass; then 
the wire was pushed down into the slit. Using this 
method, I didn't have to dig up the whole yard. All 
the wires were terminated on a copper pipe, 30 cm (1 
foot) in diameter and 30 crn (1 foot) tall which was lo- 

fig. 1. Layout of the radial system used with WBNCU's verti- 
cal antenna system for the five high-frequency amateur 
bands. The system uses a total of 72 radials: 24 are 11 meters 
(35 feet) long; the other 48 are 8.5 meters (28 feet) long. 

north. Eight degrees was subtracted from magnetic 
headings so the cardinal radials are on true compass 
headings, 45 degrees apart. 

Long before I finished the ground system, the idea 
of making the antenna system directional kept pop- 
ping into my mind. I looked into both phasing3,4 and 
parasitic arrays.5 I wanted to keep the system simple 
but I didn't want to lose its multiband capabilities. I 
finally settled on a three-element parasitic array; it 
would be directional on 20, 15, and 10 meters and 
built in such a way that I could remove the director 
and reflector for omnidirectional use on 80 and 40 
meters. 

construction 
The ground system was built from scrap no. 14 

Base of the driven element showing the length of large di- 
ameter copper pipe used for terminating the radials. Narrow 
slits were cut in the lawn to place 72 radials around the base 
of the antenna. 
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tuning and measurements 

The central driven element was tuned for minimum 
swr on all bands starting with 28 MHz and work- 
ing down to the lower frequencies, one band at a 
time. The antenna dimensions are quite different 
than those recommended by Hy-Gain because the 
grounding system changes the resonant characteris- 
tics of the antenna. 

After this radiator was tuned up, the 20-meter ele- 
ments were installed on the ground supports. The 
director was raised and lowered for maximum gain as 

Af ter  the antenna was installed and tuned, the base was 
covered w i th  plastic sheeting and crushed stone to  give it a 
nice appearance. 

cated at the base of the antenna. (The copper pipe 
was a scrap piece from an old vodka still at the distil- 
lery where I work as a chemical engineer; perhaps 
this antenna should be called the "moonshine ver- 
tical!") 

The reflectors and directors are built of 25 mm (1 
inch) aluminum conduit with 19 mm (314 inch) alumi- 
num conduit slipped inside to make a nice fit. The 
eight ground array supports are made of 3.2 cm 
(1-1 I 4  inch) galvanized conduit. They are 1.2 meter 
(4  feet) long with 75 cm (30 inches) driven below 
ground. A 6.5 mm (1 14 inch) hole is drilled in the sup- 
ports at ground level to drain out water. The array 
elements slip easily into the ground supports; good 
electrical connection is made with a 6.5 mm (1/4 
inch) bolt in the elements which slips into a spade lug 
on the ground support (see photograph). A wing nut 
is used to quickly tighten the connection. The spade 
lug on the ground support is in turn wired to the 
radial running immediately below it and to the two 
adjacent radials. The connections below ground are 
wrapped and soldered. 

The RG-81U coaxial feedline is in a conduit which 
runs underground approximately 11 meters (35 feet) 
from the shack and comes up through the copper 
ground-wire termination pipe. 

fig. 3. Radiation pattern of the three-element vertical beam 
on 15 meters, as determined by field strength measure- 
ments. The dotted line shows the radiation pattern of the 
driven element by itself. Front-to-back ratio is 11 dB; gain is 
approximately 5 dB. 

indicated by a field-strength meter; the reflector was 
raised and lowered for maximum null. The front-to- 
back ratio was 20 dB as indicated by the field- 
strength measurements, with 4 dB gain over the ver- 
tical without the parasitic elements. This was later 
confirmed by W9HF when I repeatedly turned the 

table 1. Dimensions of the multiband vertical beam and its performance characteristics w i t h  the radial ground system shown 
i n  f ig.  1. The base of the driven element is 30 c m  (12 inches) above ground. The height of the antenna on 40 meters is 5.11 
meters or 16 feet, 9 inches (from antenna base to  bot tom of the top hat); the height of the antenna on 80 meters is 6.41 meters 
or21 feet, 112 inch (from base of antenna to  antenna tip). 

director 
band length 

20 meters 4.67 m 
(1 5'4") 

15 meters 2.90 rn 

(9'6") 

10 meters 2.13 m 
(7 ' )  

driven 
element 

3.71 m 
(12'2-114'') 

2.58 ni 

(8'5-314'') 

2.10 rn 
(6 '  10-518") 

reflector element front-to- 
length spacing back ratio gain 

5.59 m 0.18X 20 dB 4.1 dB 
(18'4") 

3.81 m 0.27X 11 dB 5.0 dB 
(12'6") 

2.74 m 0.36X 6.4 dB 5.7 dB 
(9' 
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beam to and from him as he gave me reports. 
The distance from the driven element to the para- 

sitic elements is 3.8 meters (12-112 feet) as recom- * 
mended by W2FMI for his 20-meter vertical beam.4 3 2 0  

With this element spacing fixed, the front-to-back 
ratio falls off as the frequency is increased, but the 

10 

gain over the single vertical increases. 3900 3950 

Thus, the front-to-back ratio is 11 dB on 15 meters 
with 4.95 dB gain over the vertical. The front-to-back 
ratio on 10 meters is 6.35 dB with 5.68 dB gain over 
the center vertical by ~tseif (see table I ) .  Even 
though this performance is a compromise between 

80 METERS 

fig. 4. Relative field strength of the three-element vertical 
beam on 10 meters. Front-to-back ratio is 6.4 dB; gain is 
about 5.7 dB. 

21000 21200 21400 

FREQUENCY ( K H z )  

bands, it works out nicely since selectivity is more 
important for a crowded 20-meter band, and gain is 
more important for 10-meter DX work. (Comparative 
field-strength measurements for 10, 15, and 20 
meters are shown in figs. 2, 3, and 4 . )  The 10- and 
15-meter elements were tuned in the same manner as 
the 20-meter elements using trial and error while tak- 
ing field-strength measurements. 

WBBSOT helped man the station while I took the 
field measurements and made adjustments to the 
elements. When Joe went back to college in the fall, 
I ran 75 meters (250 feet) of extension cord from my 
operating position out to the measurement site so I 
could key the transmitter and take field-strength 
readings. The readings were taken with a Heath 
HD-1426 relative field strength meter located about 
50 meters (175 feet) from the antenna. 

It is possible to build a combination antenna which 
works well as an 80- and 40-meter vertical and as a 

101 
28500 28700 28900 

FREQUENCY ( K H z )  

fig. 5 .  SWR curves for the multiband vertical antenna for 
each of the five high-frequency amateur bands. The anten- 
na system could also be resonated for use on the CW ends 
of the bands if desired. 

20-, 15-, and 10-meter rotatable vertical beam. I t  
competes with the towers even though it is very 
close to the ground. In my opinion, the low-loss 
radial ground system is responsible for its good per- 
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formance. Since there are no conspicuous towers, 
esthetically the antenna rates very high. 

Many times I use the antenna as a single vertical, 
even on 20, 15, and 10 meters. If I hear weak DX sta- 
tions, I install the director and reflector in the appro- 
priate direction. It only takes three minutes to go 
from the shack to the garage, where I have a rack for 
the elements, out to the antenna, and back to the 
shack. The beam can be moved only in multiples of 
45 degrees However, this wcrks nicely because !lye 
direction beamwidth is approximately 80 to  90 
degrees. 

In the near future I plan to remove the top hat sec- 
tion and instal! a 40-meter trap. ! wi!! then add 
another section (approximately 6 meters or 20 f e e t )  

for 80 meters. The completed antenna would be 
guyed at the 40-meter trap level with nylon ropes. 
This modification would provide greater bandwidth 
on 80 meters. I would also like to try traps in the 
director and reflector. 

Set up for making field-strength measurements using a 
Heath HO-1426 field-strength meter. The field-strength an- 
tenna was located 53 meters (175 feet) from the antenna 
site. 

I was recently talking to a New Zealander on 10 
meters who said, "It sounds like a tidy little system. 
You can take down the director and reflector and 
play croquet or soccer right there on the lawn." I 
assured him that my antenna was very versatile. 

If you talk to someone who says, "Standby while I 
run outside to move my director and reflector," 
maybe you've found someone else crazy enough to 
try a multiband beam only 30 cm off the ground! The 
antenna has been fun to work with and I welcome 
any suggestions for improvement. 
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antenna bridge calculations 

Using a hand-held 
prog ra mable 

calculator 
to increase 

the utility of the 
RX n-oise bridge 

A true picture of antenna impedance is important 
for  maximum radio communications capability. The 
RX Noise Bridge is the most effective and simple 
measurement tool for the task.1 Whether you use 
this or any other instrument, the final key to  success- 
fu l  measurement is understanding and applying the 
complex impedance data. 

The Smith chart is the traditional graphic tool for 
data reduction. I t  provides easy visualization of im- 
pedance and vswr as well as telling you what hap- 
pens at the other end of the transmission line.2 The 
modern programmable pocket calculator and basic 
transmission line formulas, however, will yield the 
same information w i th  ease and better accuracy. 

'Nat ionw~de discount house price for the HP-25 was $100 ~n early 1978 

Using all of these tools results in a better understand- 
ing of your antenna and transmission line. 

Hewlett-Packard HP-25 calculator programs are 
provided for all formulas. Other types may be pro- 
grammed by fol lowing the equations. A program- 
mable calculator is recommended as a basic station 
tool; the HP-25 was considered the most cost effec- 
tive and easiest to  use." 

RX noise bridge review 
The basic circuit of the RX noise bridge is shown in 

fig. 1. A noise source serves as a wideband, untuned 
generator, and the null detector is a frequency-accu- 
rate receiver. Balance occurs when parallel resist- 
ance and reactance of both arms are equal. Signal 
output is then at a minimum. A fixed capacitor at the 
unknown connection allows the variable capacitor to  
balance wi th  both inductive or capacitive reactances. 

The RX noise bridge actually measures admittance 
but is calibrated in terms of resistance and reactance. 
This is possible from duality in expressing series and 
parallel forms of impedance. Admittance is a parallel 
of conductance G and susceptance B while imped- 
ance is a series of resistance R and reactance X .  Ad- 
mittance is the complex inverse of impedance and 
vice-versa. In addition, the reciprocals of G and B 
can be used to  express admittance as parallel resist- 
ance and reactance. The fundamental relations are 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 
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Remember that the '7 signifies the imaginary part of 
the complex quantity pair. Impedance can be ex- 
pressed in terms of conductance and susceptance by 

These are awkward to handle in actual values so we 
can use fundamental identities of R p = l / G  and 
Xp = 1 / B .  The "p" subscript signifies parallel resist- 
ance and reactance. The equation can now be ex- 
pressed as 

Note the sign of the imaginary terms. At first glance, 
this might appear that a capacitive susceptance has 
an inductive reactance dual and vice-versa. Not so. A 
capacitive susceptance and inductive reactance are 
positive quantities, inductive susceptance and ca- 
pacitive reactance are negative. 

I t  does not matter which way the parallel suscep- 
tancelreactance sign is used: as long as a parallel ca- 
pacitor has a series capacitor dual and a parallel in- 
ductor has a series inductor dual, the noise bridge 
can be calibrated to your choice. The RX noise 
bridge by WGBXI and WGNKU uses a negative induc- 
tive susceptance calibration and this is carried 
through in the calculator programs which follow. 

simplifying complex 
number operations 

Here is where the scientific calcultor shines; the 
ability to convert from rectangular form to polar form 
and back again makes things easy. Equations 1 and 
2 are unwieldy in that the same values must be re- 
entered more than once for conversion of parallel to 
series. A better way is to use polar form in division 
and multiplication. If: 

Z, = Mag, L Pha, and Zb = Magb LPhab 

SIGNAL GENERATOR 

PI 

L NULL 
DETECTOR 

I 
AT N U L L  Rp = Rv AND X p  = 

[ z T T F  I C ~ - C ~ ) J  

fig. 1. Basic diagram of the RX noise bridge. A complete de- 
scription of this simple but useful instrument is given in 
reference 2. 

where Mag is the magnitude and Pha is the phase 
angle, then 

Another useful property to be used later is 

If your familiarity with rectangular and polar forms of 
complex numbers is a bit rusty, the rules are: 

Z = R + j X  or Mag L Pha 
where 

Mag = Jw (magnitude) 
Pha = Arctangent (X/R) (phase angle) 

R = Mag* Cosine(Pha) (real part) 
X = Mag*Sine(Pha) (imaginary part) 

A real and imaginary part is the rectangular form 
while a magnitude and phase angle is the polar form. 
They are just different ways to express the same 
thing. A calculator can convert forms in a single 
keystroke. 

It may not be clear how all this will help you, so 
let's examine the problem of finding the parallel 
resistance and reactance after you have read the 
bridge dials. The steps are: 

1. Calculate conductance and susceptance. 

2. Enter G and B into the calculator in proper 
order. 

3. Convert t o  polar fo rm using the bui l t - in  
function. 

4. Invert the magnitude and change the angle 
sign. 

5. Convert to rectangular form using the built-in 
function. 

6. Read outrealand imaginary part values R and X .  

Measured values are entered just once. The calcula- 
tor does the rest. 

Still unconvinced? Suppose you get a bridge read- 
ing of 20 ohms Rp and - 10 ohms for Xp at a particu- 
lar frequency. Since these are parallel values, invert 
20 ohms for 0.05 mho conductance and - 10 ohms 
for -0.10 mho susceptance. Go through the calcula- 
tor steps and you will get an R, (series resistance) of 
4 ohms and an X ,  (series reactance) of 8 ohms at 
step 6 .  The s subscript is used for series values of im- 
pedance so you can keep them separated from paral- 
lel duals. 

Eq. 2 will give equal results. R, would come out as 
2000/500 = 4 and X, would be 4000/500 = 8. The dif- 
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TRANSMISSION 
L I N E  vswr equations 

Voltage standing wave ratio or vswr is defined as3 

VSWR = -1 (6) 

where 1- lptl 

LENGTH ----C/ zt - zO Pt= --- 
zt + ZO 

(7) 

fig 2 Basic transmtsslon line conf~guration Z ,  IS the im 
pedance of the generator itransrnttter), L, IS the ~rnpedance p ,  complex reflection coefficient a t  a p  ar- 

of the load (antenna) bitrary point t on the line 
Zo= transmission line characteristic im- 

ference is that you have to enter Rp and X p  several 
times diiring the calciilation. Try i: both ways with a 
set of readings. Although polarlrectangular conver- 
sion is easier, you can make the programmable cal- 
culator do most of the work. 

the first program 
Program 1 is used to convert parallel bridge read- 

ings into series values of impedance. Steps 01 
through 16 take care of this task. Steps 17 through 
43 are optional and yield vswr at the point of meas- 
urement (more on vswr later). 

Parallel-to-series value conversion uses the 
polar/rectangular conversion functions of the calcu- 
lator as described before. Susceptance is calculated 
as 2~ fC .  Since MHz and picofarads are assumed, the 
constant 27 r * lO6  is stored in Register 6. Data entry 
steps are: 

1. Press GTO, 0,  RIS (only for first set) 

2. Key in frequency, press ENTER 

3. Key in Rp, press ENTER 

4. Key in Cp, press R/S 

The first step is used only to tell the calculator where 
to start in the program. In this and subsequent pro- 
grams, steps are arranged so that the last value will 
be displayed after a loop back to program start; you 
just enter the data for the next set and start again. 

Frequency, resistance, and capacitance use the 
stack entry procedure at a single stop. Each time the 
ENTER key is pressed, the stack moves up once. The 
last item of a data set requires only the R/S key to 
begin the program; the last item is already in position 
after key-in. 

The first stop (step 14) will display R,. If you used 
an extender resistor, subtract its value at this stop. 
You would do this anyway and subtraction here will 
make the vswr values correct. Pressing R/S will dis- 
play X ,  at step 16. Pressing R/S once more will tell 
the program to proceed with vswr calculations which 
are displayed after looping back to the stop at step 
01. The calculator is ready to take another stack en- 
try for the next data set. 

pedance 

Z ,  - impedance of line a t  point ? 

The difference between Z, and Z, is that Z, has some 
sort of load on each end. If the load exactly equalled 
Zo, then Z, would equal Z, and the vswr would be 
1:l .  Note that eq. 6 requires themagnitude of p,. 

Transmission lines can usually be considered to be 
resistive-only at vhf and below. This makes Zo = Ro 
+ j O  so, with a bit of algebraic manipulation 

I+ P VSWR = --- (8) 
when 1- P 

P = l ~ t I  

with 

Where R, and X ,  are the real and imaginary parts of 
Z, in the usual series form. 

HP-25 Program 

sw8rcr To F E W  LODE P I E 5 5  m THEN L E I  IN THE PROGRIM -- 

... . . 

Program 1. Converting noise bridge readings to im- 
pedance and vswr. 

36 may 1978 



Program 1 uses eqs. 8 and 9 in steps 17 through 42 
and requires the value of R, (characteristic im- 
pedance) stored in Register 5 as a constant. The pro- 
gram also uses R, in place of R,, X, in place of X, 
since the vswr point is no longer arbitrary. 

Some of the program steps may appear confusing 
due to  use of register arithmetic functions. This is 
used to  accumulate X,,2 in Register 1 and the value 
R, + R, in Register 0. If needed, consult the HP-25 
User's Manual for  these functions. 

A separate program for vswr could be made by us- 
ing only steps 16 through 43. Step 16 wou ld  
become step 01, step 43 would become 28, and no 
step commands would be changed. Stack entry 
would require only R, and X,r. 

rotation equations 
These equations are used t o  calculate an unknown 

impedance at the opposite end of a transmission line. 
The word "rotation" comes from Smith chart usage 
where the measurement point is rotated around the 
chart  b y  a specif ied wavelength f ract ion.  The 
wavelength is dependent on frequency, physical 
length, and velocity of propagation of the line. 

The basic equations depend on which way you are 
looking along the line. Fig. 2 shows the general case 
where Z L  is the load, Z, is the line's characteristic im- 
pedance, and ZG is the impedance seen at  the 
generator end due to  mismatch between ZL and Z,. 
Best power transfer occurs when the transmitter or 
generator has a source impedance equal t o  Zc; Frorr! 
reference 3 the equations are 

fig. 3. Impedance plots on a 50-ohm Smith chart. Each of the 
curves is discussed in the text. 

Eq. 10 is the same as clockwise Smi th  chart rotation 
and marked there as "wavelengths toward genera- 
tor."  Eq. 11 is counter-c lockwise ro ta t ion and  
marked "wavelengths towards load" on  the Smi th  
chart. Notice that a new complex value of ZA has 
been added. I t  has the value of tanh(a+jb)  where 
a - attenuation in nepers or decibels/8.686, and h is 
line wavelength expressed as an angle. 

If you have followed this far, you are probably a b i t  
confused. Either equation is enough to  make a pro- 
fessional engineer seek computer help. N o w  you can 
understand why Phillip H. Smith invented his famous 
chart in the  1930s when computers were non-exis- 
tent. Don't be afraid of the math because you n o w  
have calculator help. 

The complex hyperbolic tangent of  ZA can be bro- 
ken down to  manageable terms by using some iden- 
tities: 

Since 

e4a - 1 e4a + 1 
sz'nh(2a) = -- and cosh(2a) = - 

2 e2a 2 e2a 

Then 

where 
D = e4a + 1 + 2e2acos(2b) 
e = 2.718282 . . . (base o f  natural logarithms) 

ZA has now become manageable and has a real part 
R A  and an imaginary part XA .  Each part can be 
worked on separately and can use built- in calculator 
functions. 

Many calculations can use rotations w i th  lossless 
lines so let's f ind out what happens when attenua- 
tion, a,  becomes zero. Recall that anything raised t o  
a zero power becomes one. Under that condition, 
the R A  value becomes zero via its numerator and 
XA = tangent(b). 

Before going further, eqs. 10 and 11 have to  be in  
a more manageable form. W e  can use the fact that 
Z, is purely resistive at lower frequencies so 
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HP-25 Program 

%ITCH TO - W E .  PRESS m. THEN KEY IN THE PROCRliU 

Program 2. Lossless line impedance point rotation 
due to line length. 

These may look worse, but they can now be mecha- 
nized on the calculator. The numerators and denomi- 
nators are complex numbers but a program can use 
the simpler polar division operation for the answer. 
Term grouping and the signs suggest that a calcula- 
tor program can be used for both expressions with 
only minor changes. 

lossless line rotations 
This should be limited to low frequencies or short 

line lengths since attenuation is considered zero. I t  
has been established that only X A  is finite at zero 
loss and is simply the tangent of line wavelength ex- 
pressed as an angle. Using degrees and one wave- 
length equal to 360 degrees, we  can set up  a 
constant 

where 

L ,  = line length in feet 
LM = line length in meters 
V p  =velocity of propagation of the line 

Velocity of propagation is usually the reciprocal of 
the square-root of the dielectric constant in coax. It is 
different for twin-lead or open-wire line. These can 
be found in handbooks or transmission line tables.4 

Wavelength is frequency sensitive. Angular wave- 
length uses eq. 15 multiplied by the frequency in 

MHz. A lossless line situation is a special case so we 
can use XLq' = X K =  tangent(Kf) with f as the fre- 
quency. The lossless line rotation equations are 
simplified 

RG +j;'XG - R,, (171 (v x G X d  - j R G X K  

the second program 
This was written for eq. 17. Program start and 

stack entry procedures are the same as Program 1. 
Data set entry is frequency in MHz, RG, and X G ,  in 
that order. The ENTER key is not pressed after keying 
in X G  since it is the last item; simply press R / S  to 
start. 

Constant K from eq. 15 must be preloaded into 
Register 4. R, must also be preloaded into Register 5. 
The first stop at step 38 will display RL; X L  is dis- 
played after loop-back to the stop at the first step. 
Another stack entry may be done after reading X L .  

Programming is straightforward but step 31 might 
seem to violate polar division rules in that the angles 
are added instead of subtracted. Step 12 accumu- 
lates the denominator imaginary part ( R G X X )  as a 
positive quantity in Register 3. After recall at step 18 
and conversion to polar form at step 22, the denomi- 
nator phase angle sign is changed. Rather than using 
an extra CHS command, step 31 is an ADD (subtrac- 
tion of a negative number is the same as addition of a 
positive number). 

Steps 33 and 34 multiply the numerator magni- 
tude by R, to achieve the same purpose as the right 
bracket multiply in eq. 17. Deleting these two steps 
would yield normalized impedance values for the 
result although the data input must be in convention- 
al un-normalized form. Program 2 can be written to 
accept a normalized impedance input if the equation 
is re-arranged. 

Program 2 can be easily modified to solve eq. 16; 
just change step 17 to ADD, steps 21 and 31 to  SUB- 

table 1. Calculated values obtained from original bridge readings. 

f, MHz R, C, ZG vswr ZL 
3.50 149" - 163 15.93+ j 61.92 8.15 30.57-j 95.96 
3.55 164" - 163 20.99+j 72.14 7.63 26.95-j 85.04 
3.60 202" - 141 42.75+j 91.97 5.81 24.29-j 64.62 
3.65 240" - 98 85.91 +j100.28 4.41 24.11 - j  50.14 
3.70 129 - 66 124.14+j24.57 2.60 28.59- j30.76 
3.75 78 152 72.35-j 20.21 1 .  32.49-j 10.05 
3.80 144" 20 43.32- j 9.86 1.29 41.17+j 7.54 
3.85 121" - 9  20.92+j 3.19 2.40 48.68+j 44.61 
3.90 118" -39 16.52+j 13.14 3.26 64.52+j 69.58 
3.95 116" -65 12.08+j 20.97 4.91 78.74+j106.83 
4.00 117" -84 10.27+j 27.24 6.36 98.80+j141.22 
"indicates extender-resistor of 100 ohms used 
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TRACT, and use load impedance at stack entry. This impedances are found by simply dividing real and im- 
can be seen by inspecting the signs of each equation. aginary parts by R,. 

I mpedance will change rapidly around resonance. 
practical example For best accuracy, several more readings could be 

The noise bridge dial readings of the W6BXIl taken and calculated where the vswr appears low. 
W6NKU article are used to illustrate operations with Two to five times as many readings are possible with 
Programs 1 and 2; the results are shown in table 1. an accurate receiver frequency calibration. The cal- 
R,, X,, and vswr at the generator are from Program l culator programs make short work of data reduction. 

table2. Calculated values from the first example with 0.8 dB line loss and the same impe 
dance readings at the generator end of the line. 

f, MHz 

3.50 
3.55 
3.60 
3.65 
3.70 
3.75 
3.80 
3.85 
3.90 
3.95 
4.00 

generator 
vswr 

8.15 
7.63 
5 81 
4.41 
2.60 
1.64 
1.29 
2.40 
3.26 
4.9'1 
6.36 

load 
vswr 

32.02 
25.18 
12.26 
7.27 
3.29 
1.83 
1.36 
2.96 
4.52 
8.76 

15.08 

while antenna impedance RL and XL were derived operations with lossy lines 
via Program 2. The original 60-foot (18-meter) loss- Fig. 4 shows the attenuation in dB per 100 feet (dB 
line line of 50 ohms characteristic impedance and up per 30.48 meters) of common coaxial lines. These are 
of 0.66 were used for rotation. Program 2 data entry nominal since there is slight variation from one pro- 
used two-decimal values, quite adequate for nor- duction run to another, and between manufacturers. 
ma1 use. You can see that attenuation becomes more pro- 

Curves A and D of the Smith chart in fig. 3 are nounced at higher frequencies. 

table 3. Calculation of changes due to introducing attenuation pads between the noise 
bridge and the line in the first example. 

f, MHz 

3.50 
3.55 
3.60 
3.65 
3.70 
3.75 
3.80 
3.85 
3.90 
3.95 
4.00 

no pad 

z G vswr 

15.93+j 61.92 8.15 
20.99+j 72.14 7.63 
42.75+j 91.97 5.81 
85.91 +j100.28 4.41 

124.14+j 24.57 2.60 
72.35-1 20.21 1.64 
43.32-j 9.86 1.29 
20 .92 i j  3.19 2.40 
16.52+j 13.14 3.26 
12.08+j 20.97 4.91 
10.27+j 27.24 6.36 

3 dB pad 

ZG vswr 
44.15+ j39.56 2.29 
50.67 + j41.99 2.25 
65.48+ 140.45 2.10 
78.26-tj30.64 1.92 
77.71 + j 6.51 1.57 
60.82-j 8.13 1.28 
46.81 - j  5.27 1.14 
32.99+j 2.19 1.52 
30.60+j 9.43 1.72 
28.59+j15.72 1.99 
28.66+j2064 2.15 

plotted from table 1. Curve A is the measurement 
(or generator) end, and curve D is the antenna end. 
There is a slight difference which is due mainly to the 
resolution of the chart when rotating manually. 
Resolution and manual errors are minimized with the 
calculator programs; wavelength is automatically cal- 
culated instead of being a separate operation. 

Note that fig. 3 is a 50-ohm Smith chart and not 
the usual normalized version. This is slightly better if 
you are using a 50-ohm transmission line. Normalized 

6 dB pad 

ZG 
51.09 + j20.20 
54.72+ j20.03 
60.37 + j16.88 
63.97 + j11.59 
62.27+j 2.52 
55.28- j 3.66 
48.45- j 2.73 
40.70 + j 1.31 
39.54+j 5.78 
38.85+j 9.80 
39.51 + j12.79 

vswr 

1.49 
1.48 
1.43 
1.38 
1.36 
1.13 
1.07 
1.23 
1.31 
1.40 
1.49 

Complex attenuationlphase factor Z A  must be pre- 
calculated to use eqs. 13 and 14 on the HP-25. This 
is a simple task when Program 3 is used and the out- 
put data can be tabulated with four-decimal accu- 
racy. This data will be used with Program 4 following. 

Program 3 takes advantage of the fact that attenu- 
ation variations are small over a narrow frequency 
band. Attenuation is treated as a constant and ex- 
pressed as nepers (dBl8.686) stored in Register 7 at 
twice its value. Wavelength constant K is preloaded 
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into Register 6 as twice its value also. Doubling of the constant was Z(0.366013 x 6 0 / 0 . 6 6 )  = 66.5478 in 
constants saves program steps. Register 6. Six-place constants were used for accu- 

The only stack entry is frequency in MHz at step racy. Output data for ZA can be to four places. 
01. Real part RA is displayed at step 23 and imagi- 
nary part X A  displayed after loop-back to the first impedance masking 
step. Just key in the next frequency and press RIS by attenuation 
for the next Z A  set. This has already been stated but another example 

Program 3 follows eq. 12 but may be confusing is in order. Let's take the first example again and use 

table 4. Solution of attenuation and test angle or unknown transmission line by open- and short- 
circuiting the load end of the line. 

shorted load end 
f .  MHz R, Cp z~ 

21 .O 190 125 17.56+j 55.03 
21.1 220 110 19.48+j 62.50 
21.2 250 100 20.68+j68.86 
21.3 280 85 25.12+j80.02 
21.4 310 75 28.78+j89.96 
21.5 340 65 34.30+j102.40 

due to extensive use of register arithmetic functions. 
It is a fairly good example of program optimization 
and is worth study just for that reason. 

Change the attenuation constant if tabulating Z A  
for more than one band. Attenuation is proportional 
to physical length and can be found easily from 
fig. 4. 

rotations with lossy lines 
Program 4 is written to mechanize eq. 14. There 

are four items in stack entry: RG, XG, R A ,  and XA, in 
that order. Remember that only the RIS key is 
pressed after keying in XA.  The first display is RL and 
another stack entry can be done after display of XL. 
Constant R ,  must be preloaded in Register 5. 

We can use the previous example to show attenu- 
ation effects. Assume the same bridge readings with 
the same line length and U,,. Now add a total attenua- 
tion of 0.8 dB to the line,'calculate Z A  with Program 
3, and calculate the new antenna impedance with 
Program 4. The data is given in table 2 and the new 
impedance is curve E of fig. 2. Note that E is more 
reactive than curve D. 

If the antenna impedance was actually curve D, 
then the measurements would show another curve at 
the generator end that is closer to the center of the 
Smith chart. This would be a "masking" effect on 
impedance due to attenuation. 

Program 4 can be altered to find the generator im- 
pedance from eq. 13 by simply changing steps 25, 
32, and 35 to  ADD, step 41 to  SUBTRACT. Stack en- 
try would use RL in place of RG, and XL in place of 
XG: RA and XA would remain the same. 

open end load 

RP C, ZG 
310 - 75 29.78- j91.34 
280 8 5  25.56- j80.64 
250 - 100 20.68- $58.86 
220 1 1 0  19.15-j62.02 
190 - 120 18.27- j56.02 
160 - 140 15.75- j47.67 

Z, solution 
dB 6, degrees 

1.3315 37.4396 
1.3319 41.1636 
1 ,2854 45.0000 
1.3197 48.8323 
1 ,3396 52.0243 
1.3150 56.2338 

only the measurement end data. Now assume that 
short pads of 3 dB and 6 dB were inserted between 
the noise bridge and line. To calculate this condition, 
Program 3 used a zero line length. XA became zero 
and RA was frequency-insensitive with a value of 
0.332275 for 3 dB, and 0.598474 for 6 dB. Program 4 
was modified to fit eq. 13 and results are shown in 
table 3 and fig. 2 as curve B (3 dB) and curve 
C (6 dB). 

The original 8.15:1 vswr at 3.5 MHz dropped to 
2.29:l at 3 dB and only 1.49:l at 6 dB. This not only 
soaks up power but could fool a swr meter installed 
at the transmitter. Suppose you had a 10-meter rig 
with a total of 60 meters (200 feet) of RG-58lU coax 
feeding the antenna. Total line attenuation from fig. 
4 indicates a line loss of 4.5 dB. An  antenna-end mis- 
match giving an 8: l  vswr would show up as less than 

The ZA tabulation used a constant of (0 .8 /4 .343)  fig. 4. Attenuation versus frequency for common coaxial 
= 0.184204 for a in Register 7 of Program 3; the 2K transmission lines. 
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2: l  at the transmitter end. Only a calibrated noise 
bridge and careful calculations tell the truth. 

Larger coax for less loss is best at higher frequen- 
cies. It also improves antenna measurements since 
there is less "masking"' of impedance; the imped- 
ance points move closer to the center of the Smith 
chart with increased line attenuation. 

Impedance masking by attenuator pads is an old 
technique used in microwave bench measurements 
to improve the "flatness" of the source impedance; 
it's also a good idea at lower frequencies. Less ex- 
pensive generators vary widely so a pad would make 
the device under test "see" a better impedance. 

Comparison of the plot points of curves A, B, and 
C in fig. 3 will show no change in rotation position. 
The same is true when comparing curves D and E. 
Attenuation changes only the chart position away 
from center even though the tabulated impedance 
seems to change rotation. Rotation is strictly a wave- 
length function and is due to frequency, line length, 
and velocity of propagation. 

transmission line quality 
It is common to run across some really juicy bar- 

gains in coaxial cable at surplus houses; it is just as 
common to find out there is no known identification 
and the cable probably has different characteristics 
than advertised. Is it good or bad? What is the char- 
acteristic impedance? Velocity of propagation? All 
are unknown. On the other hand, perhaps your four- 
year-old feedline is going bad due to weather. 

Fortunately there is a way to find out, and fairly 
simply with an accurate RX noise bridge and another 
program. Just check out the line itself with a short 
and an open at the other end. This sounds too simple 
so let's investigate the theory. 

Call the measured impedance with an open circuit 
Z,, and the measured impedance with a short circuit 
Z,,. From reference 3 we know that 

Zo = J z o c  zsc (18) 

This calculation is easily done manually in polar form 
using eq. 5. Do this over several frequencies and 
average the results. Averaging will dilute errors in 
calibration and dial readings. 

The next problem is to find attenuation and the ve- 
locity of propagation. You can take a guess at up just 
from examining the dielectric. The most common 
type is polyethylene (up = 0.6594); other solid dielec- 
trics are close to this value. Foamed dielectrics will 

shorted-end measurements will be directly opposite 
the chart from the open-end measurements. The RX 
noise bridge cannot measure impedances falling at 
the high-resistance end. The first step is to calculate 

Z, (polar form) = 1 + V ' Z ~ G -  (19) 
l-d'zzz 

From this we can find 

d B  attenuation = 4.343 Log, (2, magnitude) (20) 

0, the test angle = (Zu phase angle) (21 
2 

Eq. 20 uses natural logs, not the base 10 or common 
logarithm. We are stuck with a "test angle" since 
wavelength is not precisely known. Velocity of prop- 
agation is found from: 

where 

f = measurement frequency in MHz 
Lft = physical line length in  feet 
LM = physical line length in meters 
n = any integer number including zero 

We can pin down the value of up by using eq. 22 with 
several values of n at each frequency. Eqs. 21 and 22 
assume the test angle to be in degrees and only one n 
value will be correct; this can be found by inspection. 

Program 5 was written to mechanize eq. 19. Stack 
entry requires four values; these are obtained from 
Program 1 - ignore the vswr data in this case. The 
first display stop of Program 5 is the attenuation in 
dB. The next display is test angle 0 after looping back 
to the first program step. 

example 
You have a 20 meter (65 foot) length of coaxial 

cable that appears to be RG-58lU but the markings 
are unknown. The dielectric appears to  polyethylene 
so you can estimate wavelength using eq. 15. K will 
be 36.0759 so it seems that multiplying this by 15- 
meter frequencies will be correct. A t  21.0 MHz you 
get 757.670' (2.104 wavelengths) and 21.5 MHz 
gives 775.710' (2.155 wavelengths). Measurements 
are taken every 100 kHz. 

table 5.  Velocity of propagation test at different values of n. 

vp at different n values 
f ,MHz n=O n = l  n = 2  n = 3  n = 4  

varv a clreat deal. The V, cluess is best since the line 21.0 13.3439 1.2571 0.6596 0.4471 0.3382 , - Y - 
wavelength should be an odd multiple of 118th wave- 21.1 12.1949 1.2513 0.6595 0.4477 0.3389 

21.2 11.2081 1.2453 0.6593 0.4483 0.3396 
length. 21.3 10.2081 1.2395 0.6591 0.4489 0.3404 

Choice of length is better explained by calling at- 21.4 9.7863 1.2357 0.6595 0.4497 0.3412 

tention to the bridge measurement limit contour. The 21.5 9.0960 1.2289 0.6590 0.4502 0.3419 
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The results of bridge measurements and data from 
Programs 1 and 5 are given in table 4. Note: This 
particular noise bridge had a 500-ohm potentiometer 
instead of the original 250-ohm pot. 

Characteristic impedance is found by manual cal- 
culation with eq. 18 and is 

74 49 / 0.1800° at 21.0 MHz 
74.42 L0.1378O at 21.1 MHz 
71.90 LO.OOOOO at 21.2 MHz 
73.78 L -  0.1345' at 21.3 MHz 
74.60 L0.1612O at 21.4 MHz 
73.63 L O .  1 1773 at 2i  .5 MHz 

The average Z, is 73.80 ohms over six frequencies. 
The small angle residue comes trom minor calibration 
and measurement errors can be ignored. If it is over 
5O you have done something wrong or the bridge 
limits have been exceeded. 

Average attenuation is found to be 1.3205 dB. 
Trials of n values for vp are given in table 5. This 
table shows that low n values have a steadily de- 
creasing up with increasing frequency while high n 
values have steadily increasing up. The correct n 
value has up bouncing around some average value. 
Data at n = 2 is steadiest and the average is 0.6593. 
The guess at polyethylene dielectric was correct. 

This cable example was actually RG-591U and a 
manufacturer's reject sold as surplus. A check using 
an HP 8507A Automatic Network Analyzer over 
many more frequencies showed that the cable 2, 
was actually 73.0 ohms and attenuation measured 
1.30 dB. A t  only six frequencies the noise bridge was 
1.1 per cent high for Z, and 1.6 per cent high for at- 
tenuation, a very good score for equipment costing 
one-thousandth of laboratory instruments! 

jumping over the 
measurement contour 

The noise bridge is limited at high R, or large X, 
values. A novel suggestion by Dean Straw, NGBV, is 
to use a fixed resistor in shunt with the potentiom- 
eter.5 This could be plugged into the TUNING arm of 
the bridge and still have the option of using the ex- 
tender resistor on the UNKNOWN arm. A problem is 
that calibration must be done very carefully. 

NGBV cites the case of a marine whip antenna hav- 
ing an impedance of 10-j400 ohms at 2 MHz. Even 
with the extender resistor, a null is not possible. The 
Rp value would have to be 1565 ohms. Placing a 220- 
ohm fixed resistor across the potentiometer allows a 
null a t  an Rp of 193 ohms. Cp would be - 185 pF and 
at the capacitor limit. 

The need for accurate calibration can be seen by 
comparing the impedance derived from measure- 

ments versus required values. A dial reading of 193 
ohms Rp and - 185 pF Cp wil l  calculate as 
21.24- j392.72 ohms. Correct dial readings should 
have been 192.88 ohms for Rp and - 184.96 pF for 
Cp. A very small change in R, gives a very large 
change in R,. 

Another method, more accurate with calculator 
help, is to use an extender line. This is used between 
the noise bridge and the unknown. Length should be 
between 1/8th and 318th wavelength to bring you 
back inside the limit contour. The extender line can 
be measured using the short/open method described 
before, then tagged for reference. 

A small pad can also be used but should not ex- 
ceed about 3 dB to retain accuracy. Program 4 is 
then used with the pad added to line attenuation. 
Eighth-watt carbon composition resistors are suitable 
for the pad and the finished unit must be checked 
carefully. 

using an extender line 
The procedure for using an extender line is simple. 

Take bridge readings with the extra line between 
bridge and unknown. Check for good nulls; a poor 
null will tell you that the extra line is either too short 
or too long. Try an extra extender if necessary. Find 
the total line length. 

The first step is to use Program 1 to obtain 
"extended" RG and X G  values. The second step is to 

i 
o l  i n  05 f r o s  bas zm 
o. 24 07 RCL 7 1 7 COS 2KT 

~- - 

07  15 07 p ' 2% C O s 2 K F  . 
row 2-a 
IN R0 : F O ~  IN ~1 eze 

2KF.I 
--- -- -- 

1 / REGISTER ."----." 

SIN /S IN  ZKF I 1 1 
CL o / IWSIN I S I N  ZXF I 

Program 3. Complex attenuation-wavelength factor. 
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"look backward" on the total line to find impedance 
at the desired point. This can be done with either 
Program 2 or 4, each modified to solve for Z L .  
Length for the second step is that of the extender 
alone, not the total line length. The data output is the 
impedance at the desired point. 

Puzzled? The first step brought you within the 
measurement limit contour but the length was longer 
than actual; the impedance was rotated too far in a 
counter-clockwise direction. The second step found 
the correct impedance by clockwise rotation of a 
wavelength determined by the extender line. 

Characteristic impedance of the extender line must 
be equal to the measured line for the two-step proce- 
dure. A solution with different impedances is possi- 
ble but the math is lengthy. A direct measurement 
without transmission line would use the Z ,  of the ex- 
tender line. 

An extender line can be of different dimensions as 
long as the equal 2, rule is met. A word of caution 
with RG-58lU: Common RG-58lU and RG-58BlU 
have a Z ,  of 53.5 ohms, while RG-58AlU is 52.0 
ohms; RG-58ClU is 50.0 ohms. RG-58ClU is recom- 
mended as a general-purpose 50-ohm line since it is 
extra flexible and more durable for test work. 

keeping tabs on 
that new antenna 

Weather takes its toll on all antenna installations. 

A good way to locate potential problems is to period- 
ically measure the line and antenna. Take readings in 
both good and bad weather; snow, ice, or rain can 
cause impedance changes on good antennas. 

You might be able to catch a line break before it 
happens. A pooriy sealed coax can cause erosion of 
the center conductor, changing both the impedance 
and attenuation at one end. Direct cable feeds to ro- 
tating antennas can bend and stretch the coax out of 
shape. 

The near-field or Fresnel Zone (about five wave- 
lengths from center) can include trees and poles. 
This may cause impedance changes with rotary an- 
tennas. Try measurements at different azimuths. Im- 
pedance changes will warn you to expect different 
transmitter loading at certain antenna directions. 

Fixed antennas are not immune to  change. Trees 
grow slowly and old ones may be cut down. House 
remodelling can cause changes, too. Replacement of 
rain gutters can change the local ground of a rooftop 
mount. In one observed change, a 40-meter vertical 
mounted on a back wall was changed by adding an 
aluminum patio roof. The pattern was also changed, 
but the noise bridge can't measure that. 

the forgotten receiver 
Receiver agc can fool the best of us even if the in- 

put impedance is grossly mismatched (many receiv- 
ers are faulty in this respect). A good communica- 
tions link needs best performance in both directions 
so it's a good idea to check your receiver, too. 

If vou have one accurate-freauencv receiver and it 
was used as the bridge detector, you have to substi- 
tute. A general-purpose communications receiver is 
good enough and you can calibrate i t  using received 
signals from local stations. 

Most receiver designs use preselector tuning of the 
front end. Don't forget to peak the preselector; noise 
from the noise bridge generator is good for this. A n  
off-peak preselector will reflect a different imped- 
ance. A known input impedance and thorough sche- 
matic study will be enough to tell you what to do for 
a best match. 

cautions with high vswr 
High vswr may be unavoidable, but peak voltages 

and currents must be considered in relation to  the 
line and matching network. The following rela- 
tions help 

Program 4. Impedance point rotation on lossy lines 
due to line length. Nominal values are rms at a perfect match. 
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HP-25 Program 

SwiTcH T o m  W O E ,  PRESS a K L I  IN THE PROGRAM 

I 0 2 1 2  1 2  I P U  1 1 I 
ul 71 I +  1 1 I TEST ANGLE 

1 13 0 1 h 04 1 3 1 -.. 1 1 I DISPLAY 6 
AT sm? OF 

1 1 1 STEP OL 

Program 5. Calculating properties of unknown transmission 
line from open- and short-circuited measurements. 

Assume perfect conditions with a 400-watt trans- 
mitter. Line voltage with a 50-ohm load is 141.42 rms 
or 200 volts peak. Line current is 2.8284 amps rms or 
4 amps peak. Now change the load so that the vswr 
is 4: l .  

A t  a certain line wavelength, the transmitter may 
see an impedance of 200 + jO ohms. A t  maximum real 
part and minimum imaginary part of impedance, eq. 
23 will apply. Peak voltage is 400 or twice the perfect 
condition. Changing the line length by  exactly a 
quarter wavelength will change the load to 12.5+j0 
ohms. Eq. 24 indicates a peak current of 8 amperes. 
Peak values increase by the square-root of vswr at 
both bsngh. 80th the transmission line end match- 
ing network must hS1dk thee peaks or beakdown 
c3ccWs. 

O r k  line wavelengths w#l present different loads 
to  the transmitter. This can be s e n  by f d l w i n g  the 
vswr cjrc4e on a Smith chart. A long transmission line 
can have both peaks; voitage breakdown rating is the 
prime consideration. Power h a d i n g  capability is 
next. It is a good idea to check both from cable 
tab+es.4,6 

If at all possible, try to match at the antenna. The 
reason is peak line current. Center conductor heating 
in coax wiW increase attenuation in peak current 
regions; heating increases conductor resistance for 

'Tape the transmit switch to receive-only or you can damage the bridge 
and don't forget you need a commercial ticket to adjust the CB transmitter. 

more loss. I t  is worst in warm weather. Balanced 
lines have a similar condition but it's less pronounced 
- impedance is generally higher and the current is 
divided equally in each wire. 

High power impedance may be different at high 
vswr than that measured with low power bridge 
readings. 

baluns and balanced lines 
A balun transformer allows you to check twinlead 

and open-wire lead with the RX noise bridge. How- 
ever, the balun itself must be carefully checked since 
it becomes part of the bridge. Checks and calibration 
are done in the same manner as original bridge cali- 
bration. 

Impedance-change baluns will affect bridge read- 
ings. Both real and imaginary series values must be 
multiplied by the impedance-change value. All other 
programs use the balanced line characteristic im- 
pedance. 

Remember to keep away from the field around bal- 
anced lines. Measurement errors can be made if you 
are too close to the balun attachment point. You can 
also use Program 5 with balanced lines. A suggestion 
is to suspend the line to be measured by string from a 
rope. A I-meter (three foot) distance above ground 
should be sufficient. 

other uses 
The RX noise bridge lends itself to any frequency 

in the high-frequency band. I t  is well within the FCC 
rules for incidental radiation. NGBV cited its use with 
a marine whip; it can also be used to check an SWL's 
long-wire. 

Your CB neighbor might even be won over t o  ama- 
teur radio. Offer to check out the CB antenna and 
give sugwstions if the readings aren't good." The 
cbuMe handful of bridgeand calculator, plus scratch- 
pad and this issue of ham radio (for the programs, of 
e m )  can be impressive. Just be prepared for a lot 
of questions if friendy neighbor starts reading the 
magazine! 

1. Robert A. Hubbs, W6BX1, and A. Frank Doting, W6NKU. "lmprove- 
rnents to the RX Noise Bridge," ham radio, February, 1977, page 10. 
2. James Fisk. WlDTY, "How to Use the Smith Chart," ham radio, No- 
vember, 1970, page 16 (reprinted March, 1978, page92). 
3. Robert A.  Chipman, Theory and Problems of Transmission Lines, 
Schaum's Outline Series, McGraw-Hill. New York, 1968 (still sold at large 
paperback stores and a bargain at $5.95. Math heavy but gives all the an- 
swers. Recommended for serious study). 
4. Doug DeMaw, WlCER, ARRL Electronics Data Book, The American 
Radio Relay League, Newington, Connecticut. 1976. 
5. R .  Dean Straw, NGBV, letter to Charles Carroll. KlXX, June 1, 1977. 
6. RF Transmission Line Catalog and Handbook, Catalog TL-3, 1970, Times 
Wire and Cable, Wallingford, Connecticut, 1970. 
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noise bridge calculations 
with Texas Instruments 
Programmable 58159 calculators 
The desc r i p t i on  of the RX noise bridge which 
recently appeared in ham radio1 came at a propitious 
time - -  I wanted to  build a three-element vertical 
phased array for 20 meters and faced the prospect of 
tuning the system wi th  a dip meter! A capable noise 
bridge seemed an ideal answer and the version de- 
scribed by W6BXI and W6NKU was successfully 
built and tested. 

Only one problem remained: I had no Smith charts 
to convert the series impedance values at the end of 
the feedline to series impedance values at the anteri- 
na feedpoint. A little study also revealed that it would 
be difficult to  read or enter values with any precision 
in certain regions of the Smith chart. Finally, since I 
normally have five or six frequency-impedance com- 
binations to  process for each trial antenna length 
(times three for my  phased array), the graphical con- 
struction techniques using a Smith chart would take 
a very long time. 

the solution - a calculator program 
M y  solution to  this dilemma appeared in the form 

of a newly-purchased Texas lnstruments Program- 
mable 58 calculator. This remarkable calculator 
packs up to 480 program steps or up to 60 memories 
in a small hand-held unit. (The user may partition the 
available memory between program and data storage 
to  suit his needs.) More importantly, the 25-program 
"Master Library Module," a small plug-in element 
containing the equivalent of  5000 program steps, 
provides extensive vector algebra capability; - this 
is precisely what I needed to  perform Smith chart cal- 
culations. ( I f  you can afford it, the Programmable 59 
possesses even more memory and provides the capa- 
bility for storing and entering programs using small 
magnetic cards; this is especially useful for long pro- 
grams.) 

A little digging in a local library provided the neces- 
sary formulas;2 some rearrangement to  suit the prob- 
lem led to eq. 1, below. This calculates the equiva- 
lent series impedance Z, of the termination of a trans- 
mission line (characteristic impedance, Z,) of a given 
electrical length A', when the equivalent series input 
impedance Z, is known. 

Z, (Z, cos A' - jZ, sin A') z, = 
(Z, cos A' - jZ, sin A') 

Note that all impedances must be treated as vector 

quantities. Once the impedance at the termination 
( the antenna) is known, an additional calculation 
quickly provides the vswr at the antenna 

Again, the impedances must be treated as vector 
quantities. 

The program presented in f i g .  1 handles all these 
complex calculations in a matter of seconds, includ- 
ing the series-parallel impedance conversions and the 
range extender correction described in the original 
noise bridge article. This makes it easy to  perform 
many trials on an antenna system in a very short 
time. While the program is long (184 steps), the time 
spent entering it pays large dividends in time saved 
during antenna adjustments. (For the Programmable 
59 owners, magnetic card storage makes this a one- 
time concern.) 

program details 
The f low chart ! f ig.  2 )  depicts the var io is  modules 

of the program. You should consult the noise bridge 
article for the equations for calculation of X p ,  con- 
version of parallel to series impedance, and the range 
extender correction. 

The correction factor for the range extender can 
vary wi th  frequency, so register 19 is set aside to  
contain that value. When you have determined the 
exact value, simply store it in register 19 when you in- 
itialize the calculator. 

Since you will normally be working w i th  many 
bridge readings taken wi th  the same piece of trans- 
mission line, each case after the first does not require 
the input of the line length or its characteristic 
impedance. 

You will notice that the electrical length of the line 
is expressed in radians instead of degrees. When the 
calculator enters the "Master Library Module" pro- 
grams 04 and 05 for the vector calculations, i t is set in 
the radian mode and remains there upon its return. If 
the equation for the electrical length was expressed 
in degrees, each case after the first would be in error. 

By T. J. Anderson, WD4GR1, 1907 Lodgepole 
Avenue, North Augusta, South Carolina 29841 
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ENTER fREOUENCl AND 

YES (11 

1 4 - 2 7  

STORE CORRECTION 

I N  REGISTER 17 

CALCULA TE ELECTRICAL 
2 2 - 3 2  

LENGTH OF LINE 

CORRECT FOR RANGE - - - - - - - - - 

RS MNTENNAA SMITH CHART SUBSTITUTE 

X, lANTENNAJ 

VSWR - CALCULATE VSWR 
NEW F REOUENCY AND 

BRIDGE READINGS 

126-166 167-170 

fig. 2. Flow chart far the TI-58/59 program for calculating an- 
tenna impedance and vswr. 

without. If you run into trouble, check the key codes 
versus those appearing in the program. 

summary 
I have used this program with great success to 

tune my 20-meter array. What would have taken 
weeks to accomplish with Smith charts required only 
a couple of evenings with the Programmable TI-58 
calculator. As you become familiar with the calcula- 
tor and the program, you can adapt them to your 
own special needs. I'm sure you'll be very impressed 
with the calculating power this system provides. 

references 
1.  Robert A. Hubbs, WGBXI and Frank Doting, WGNKU, "Improvements to 
the RX Noise Bridge." ham radio, February, 1977, page 10. 
2. Henry Jasik. Antenna Engineering Handbook, 1st edition, McGraw-Hill, 
New York. 1961, pages 31-3 and 31-8. 
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tree-mounted 
ground-plane antenna 
for 80 meters 

Using elevated 
ground-plane antennas 
you eliminate the need 

for an extensive 
ground radial system 

Even though winter has passed, and solar activity 
is on the rise, 80 meters always provides excitement 
for the nocturnal amateur who craves DX. Many 
amateurs have a desire to erect an antenna that will 
punch through the pile-ups better than the standard 
dipole or inverted V. And, people's thoughts ulti- 
mately turn to the vertical antenna with its inherent 
low angle of radiation. However, most amateurs 
discard this idea because of the necessity for an ex- 
tensive ground radial system. Having faced the same 
perplexing problem, a viable solution was found in 
Orr's Radio Handbook' - his description of a low- 
band ground-plane antenna. Its simplicity and four 
elevated ground radials readily pointed to tree 
mounting the antenna, and with several tall trees on 
the property, my solution was near at hand. 

M y  initial fear of rf absorption by the foliage and 
oblique branches was dispelled by the realization 
that at the 80-meter frequencies the wavelength is 
much too long. There would be some inductive 
coupling to the tree trunk, which is conductive to a 
degree, especially when the sap is flowing, but the 
effect is negligible. 

The first hurdle was mounting the 18.9 meter (62 
foot) vertical section 4.6 meters (15 feet) above the 
ground in a maple tree only 18.3 meters (60 feet) 
tall. I came to the conclusion that since Marconi's 
original grounded antenna was in the shape of an in- 

verted L, my tree-mounted version could have a bent 
top section as well. An added benefit of the bent top 
is the additional capacitance which makes the anten- 
na appear electrically longer. 

construction 
The first ground plane was constructed in my 

basement using no. 12 AWG (2.1 mm) insulated wire 
for the vertical section and ground-plane radials (fig. 
1) .  From past experiences, I'd learned that insulated 
wire considerably reduces precipitation static and 
has no noticeable effect on the radiation or reception 
of signals. 

I designed the antenna for 3.8 MHz by using the 
standard quarter-wavelength vertical formula of: 

vertical element length = 

71 .3  
f (MHz) 

meters or --- 

Since the horizontal portion tended to top load the 
antenna, the antenna resonated at 3785 kHz, slightly 
lower than the design frequency. This was of little 
consequence because of the broadband character- 
istics of the antenna. 

The four radials were cut 2-112 per cent longer 
than the vertical radiator. Each was soldered to a 
mounting hole of an SO-239, with the quarter-wave 
vertical section soldered to the center pin of the con- 
nector. For mounting and tying down, small ceramic 
insulators were attached to the ends of the ground 
radials and quarter-wavelength vertical section. 

mounting and installation 
Mounting the antenna in the maple tree was much 

easier than I had anticipated. After deciding where 
the antenna would fit with no obstructions to the 
spreading ground radials, I used the bow and arrow 
technique to thread a small fishing line over the ap- 
propriate branch. Adding weight to the tip of the 

By Joseph D. Liga, K21NA, 1 Stirrup Lane, 
Eatontown, New Jersey 07724 
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arrow will ensure a vertical descent and prevent 
hang-up in the branches. 

With 36.5 meters (120 feeti of plastic clothes line 
attached to the monofilament line and also the radia- 
tor of the antenna, it was then easy to pull the rope 
through and subsequently raise the antenna base 4.6 
meters (15 feet) above the ground. As a result, the 
top portion of the quarter-wave section extends 
about 4.6 meters (15 feet) from the top branches, 
slanted towards the point of tie down. I attached the 
clothes line as high as possible in a nearby tree to 
minimize the slant of the bent top. 

Since most of the antenna current flows in the 
lower half of the vertical quarter-wavelength section, 
the entire upper half can be bent over without serious 
degradation. It should be noted that the longer the 
flat top or bent portion, the greater will be the top 
loading, and consequently, the lower the resonant 
frequency. 

The radials were slanted to tie points about 1.5 
meters (5 feet) above the ground, and spaced ap- 
proximately 90 degrees apart. They also serve as 
guys to stabilize the base of the antenna, but should 
not be brought too close to the ground because the 
electric field must be confined between the vertical 
radiator and the groundplane, rather than the lossy 
ground. The return current will then flow in the high- 
ly conductive groundplane radials with little power 

The first ground plane antenna, but with six radials instead 
of the original four. The spiral at the base of the antenna is 
plastic line taped to the base portion for reinforcement. 

fig. 1. Diagram of one of the tree-mounted ground-plane an- 
tennas. The radials are spaced approximately 90 degrees 
apart and slope at an angle of about 20 degrees from the 
horizontal. 

loss. This is an important consideration close to the 
base of the antenna, since the current is at a maxi- 
mum. If the base of the groundplane must, from 
necessity, be located a short distance above the 
ground, additional radials (at least four more) must 
be installed for efficient operation of the antenna. 
Even spacing of the radials provides a more effective 
groundplane. 

A few words of caution are in order here. The end 
of each radial is at a high rf voltage point. The posi- 
tion where a radial is tied down should not be in a 
location where it can be accidentally touched. 

base impedance 
The impedance at the base of a ground-plane an- 

tenna is about 35 ohms with horizontal ground- 
plane radials, but will increase as the radials are 
sloped downward. A slope of 45 degrees from the 
horizontal will raise the base impedance to  about 50 
ohms. However, a 45-degree slope is quite difficult to 
achieve in an 80-meter tree-mounted version. M y  
radials slope at an angle of 20 degrees, producing a 
base impedance of 40 ohms. Attempts to lower the 
radials or increase the droop did not significantly 
change the impedance. By using a 50-ohm, low loss, 
coaxial cable, the 1.25:l mismatch is of little con- 
sequence. 

initial testing 
The tree-mounted, ground-plane antenna per- 

formed beyond my expectations. I t  loaded up beauti- 
fully and the swr at the end of a one-half wavelength 
of transmission line was close to the expected 1.25: 1. 
A t  the band edges, the swr did not exceed 2: 1, which 
verified the broadband characteristic of the antenna. 

On the first night of extensive on-the-air tests, 
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fig. 2. Horizontal radiation patterns for the pair of phased ground planes, spaced one-half wavelength apart. Pattern A is wi th  a 
phase difference of 90 degrees, B wi th  180 degree phase difference, and C, no phase difference. 

contacts into Europe showed the ground-plane to be 
one S-unit stronger than my sloping quad antenna.2 
Subsequent European contacts, and a later contact 
with ZL2BT, confirmed the superior performance of 
the ground-plane antenna. 

During several weeks of operating with a single 
ground-plane antenna, I found that the horizontal 
portion of the vertical element provided an advan- 
tage I had not anticipated. It contributed sufficient 
high angle radiation to permit good short skip con- 
tacts. Although the sloping quad was the superior 
antenna for short and intermediate skip, the ground- 
plane held its own. 

phasing distance 
I followed the reasoning that if one ground-plane 

antenna worked well on 80 meters, then two anten- 
nas should perform better, especially a pair properly 
phased. Using this as the basis, I began pacing dis- 
tances between the tall trees on the property, and 
found another maple 39.6 meters (130 feet) from the 
tree supporting the ground-plane antenna. A t  3.8 
MHz, 39.6 meters (130 feet) is approximately one- 
half wavelength since: 

X/2 = - 
492 

150 meters or - 
f (MHz)  f (MH2) feet 

The second maple tree was over 16.5 meters (55 
feet) tall, and before long, another ground-plane an- 
tenna was constructed and installed in the same 
manner as the first. 

phasing the antennas 
Since simplicity was the byword in constructing 

and mounting the antennas, I planned a simple sys- 
tem of phasing. By design, I cut the length of the two 
transmission lines to make them 90 degrees out of 

phase. In this case, the length of coaxial line to the 
first antenna was 112 wavelength at 3.8 MHz, and 
the length of line to the second was 314 wavelength 
at the same frequency. After initially cutting the 
coaxial lines a little long, I grid dipped and pruned the 
lines to their exact electrical lengths.3 With both 
coaxial lines fed from a common feedline, the anten- 
nas were then 90 degrees out of phase. This relation- 
ship produced a pattern with a broad forward lobe to 
the Northeast, and a minor lobe to the Southwest 
as shown in fig. 2.4 Now i t  was just a simple matter 
of cutting a half-wave phasing line to make the 
antenna system perform the same in the opposite 
direction. 

One method of phasing antennas is to have equal 
electrical lengths of coaxial line from each antenna to 
the operating position. Then it is a simple procedure 
to use a quarter wavelength coaxial line to switch 
directivity. With the high cost of coaxial cable, it 
may be desirable to space the antennas one-quarter 
wavelength apart, and use a quarter wavelength of 
coaxial line from each antenna to a coaxial relay. 
This method permits the use of a single coaxial line 
from the relay to the operating position. Also, when 
quarter-wave spacing is used, the horizontal plane 
radiation is in the form of a cardioid (broad heart- 
shaped) pattern, providing a better front-to-back 
ratio as shown in f ig. 3. 

matching 
As mentioned earlier, the impedance measured at 

the base of each antenna was 40 ohms. Feeding the 
antennas with 50-ohm coaxial lines presented no 
major problem when each antenna was used sep- 
arately. However, when the two coaxial lines were 
joined at the coaxial-tee connector, the resultant im- 
pedance was about 20 ohms. The 2.5:l mismatch 
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presented no problem in antenna operation or am- 
plifier loading. In addition, the loss caused by an swr 
of 2.5:l in 30 meters (100 feet) of RG-8lU at 4 MHz, 
is a fraction of a dB and can be ignored.5 

For those who do have loading problems, it might 
be desirable to use a 70-ohm coaxial line from each 
antenna to the coaxial tee connector. This line must 
be one-quarter wavelength long or odd multiples of 
a quarter wavelength. Each line acts as a quarter- 
wave matching transformer (Q section). Assuming a 
50-ohm base impedance, the matching sections 
transform this up to 100 ohms, giving you a 50 ohm 
impedance when the lines are joined together. 

performance 
After three years of constant use, the phased 

ground-plane system consistently outperformed my 
sloping quad and new delta loop.6 Despite the minor 
lobe to the rear, I've experienced a 10 to 15 dB front- 
to-back ratio. The very broad major lobe provides ap- 
proximately 120 degrees of effective coverage. The 
minor lobe to the rear, although contributing to some 
QRM and noise from the undesired direction, can be 
used to an advantage when rapid switching of di- 
rection is not possible. 

Receiving with the phased ground-planes was a 
new experience. Unreadable signals on the loop an- 
tennas became Q-5 on the phased ground-planes. 
Precipitation static was never bothersome during the 
heaviest rain or snowfall. The capability of the an- 
tennas to accept high-angle as well as low-angle 
signals provided additional versatility when simulta- 
neously operating with stations close by and far off. 
The very broad major lobe contributes little front-to- 
side rejection. This characteristic provides advan- 
tages as well as disadvantages. I used a quarter- 
wavelength phasing line to change the radiation pat- 
tern to an in-phase broadside array, or a 180 degree 
out-of-phase, end-fire array as shown in fig. 2. 

A loop antenna normally accepts less atmospheric 
noise than a dipole or similar antenna, due to the 
noise cancelling effect of the closed loop. However, 
over a period of three noisy summers, I experienced 
a greater signal-to-noise ratio on the phased ground- 
planes than with the loop antennas. The phased 
ground-planes are certainly more susceptible to man- 
made noise, due to its predominant vertical polar- 
ization. 

conclusion 
As can be expected with any antenna system, im- 

provements are attempted. Some succeed, while 
others do not. I found that increasing the number of 
radials from four to twelve slightly improved antenna 
performance when transmitting. On receiving, the 

fig. 3. The unidirectional cardioid pattern is produced by 
spacing the antennas one-quarter of a wavelength apart and 
using a 90 degree phasing line. 

improvement was quite noticeable from a standpoint 
of signal-to-noise ratio. The base impedance of the 
antennas decreased slightly due to the increased 
current in the additional radials. 

I also tried connecting the ends of the sloping 
radials where they almost overlap between antennas. 
The rationale was to provide a common ground- 
plane. This ,experiment was a failure, since each 
antenna must operate independently, coupled only 
by their fields. 

It would appear that the antennas are a bit un- 
sightly with the radials fanning out in all directions. 
On the contrary, I had to point out the antennas to 
several visiting amateurs who had difficulty spotting 
them from the operating position. 

And finally, I want to express my gratitude to  all 
the US and foreign amateurs who patiently con- 
tributed their time during the months of checking 
and testing the antenna system. 
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design of 
omega=matching networks 

A straightforward 
procedure for 

designing 
antenna networks 

The omega network  has been used for years, 
mostly by amateur experimenters, to match a coaxial 
line or open-wire feedline to a thin, linear antenna 
element as shown in f ig. 1. Although this matching 
network looks somewhat like the more common 
gamma network, two capacitors are used. In this il- 
lustration L is the length of one-half of the driven di- 
pole element (or total length of a monopole element). 
The dimension la is the length of the omega-match- 
ing rod and is the same as a gamma matching rod; S 
is the center-to-center spacing between the omega 
rod and a paralleldriven element. 

The reactance Xn is the shunt omega capacitor at 
the omega-rod feedpoint. Xc  is the series capacitor 
used to tune out any reactance in the antenna sys- 
tem's input impedance. R, is the characteristic resist- 
ance of the coaxial transmission line, which is as- 
sumed, for the purposes of this discussion to be 
lossless. 

The practical omega match shown in f ig. 1 (less 
capacitor Xc)  can be represented by the simple block 
diagram of f ig. 2. In this diagram Hz is the imped- 
ance step-up ratio, Z, is the antenna impedance, Xs 
is the reactance of the omega rod, and Xn is the re- 
actance of the omega capacitor. The antenna imped- 
ance step-up ratio, Hz, is a function of the diameters 
of the omega rod and driven element, as well as the 
spacing between them and is given by the following 
formula:l 

where D  is the diameter of the driven element, d  is 

the diameter of the omega rod, and S  is the spacing 
between the two. This factor is plotted in normalized 
form in f ig. 3 for omega match designs. In plotting 
this graph it was assumed that Hz is at least 4: 1, a re- 
alistic assumption in most amateur applications. 

The quantity 2, is one-half the total input imped- 
ance of a balanced antenna and is equal to 

where the quantity Z,' is the antenna driving point 
impedance. 

The reactance of the omega rod, X,, is equal to jZ, 
tan ,In ohms when the quantity k$ is less than 90 

1 electrical degrees as will be assumed here and 
k = 2 ~ / X  radians per meter. The impedance of the 
omega rod in air, Z, is given by 

where 
D =  diameter of antenna driven element 
d  =diameter of omega rod 
S = center-to-center spacing between the 

omega rod and the parallel antenna 
driven element 

Fig. 4 shows a graph of Z, plotted as a function of 
normalized values of S / D  and D / d .  

/OMEGA ROD Ii 

fig. 1. Layout of the basic omega match. L is one-half the 
length of the driven dipole. X ,  is the omega capacitor, and 
X, compensates for the inductive reactance component ap- 
pearing a t  the omega rod input point. 

By Harold F. Tolles, W7ITB, Box 232, Sonoita, 
Arizona 85637 
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The length of the omega rod IS approx~mately f - - - --.- 
I 

( 4 1  I<) 
ln - cm = 

(kkl I" 
znches (1) 

0 0 1 2 3 j f ~ f ~ Z  003188fh1~iz 

From fig. 2 the complex antenna system input im- 
pedance, Z,, may be written as p- I-_____ L -  

Where 

-- 

( x Q x ,  H, JR; t xg 
M =  - -- - - ohmr 

~ / I H , R , ( X ~  + xJ 12 + IHZX,(Xn + x& + x ~ x ,  12 

For eq. 2 to match a high-frequency lossless coax- 
ial transmission line with a characteristic resis- 
tance, R,, 

f ig. 2. Equivalent circuit of the omega-matching system 
shown in  fig. 1. Z ,  is one-half the dipole input impedance, I f z  
is the impedance step-up ratio, A', is the reactance of the 
omega rod, and is the reactance of the omega capacitor. 

Where 
XSX 

Q =  12-- 
Hz(X, + Xn) 

M cos 4 = Ru ohms (3) 
Equation 4 has the restriction that the negative sign 

By using the above substitutions and manipulating, of XQ must be larger than the positive sign of X ,  (in 
the solution may also be written as a quadratic in Q this assumed case) and that 
whose positive discriminant root is 

R 
Q = A +  J m o h m s  (4) Hz> Ra numeric 

f ig. 3. Matching network's impedance step-up ratio, Hz, as a funct ion of element diameters and spacing. D is the diameter of the 
dipole element, d is the diameter of the omega rod, and S is the center-to-center spacing between them. 
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$ (NUMERIC) 

fig. 4. Characteristic impedance of the omega rod, Z,, as a function of element diameters and spacing. 

In the above definition of Q, when Xn is infinite 
(open circuit), the solution of Q is exactly the same 
as that for a gamma-matching network1 because it 
can be seen from inspection that when Xn = m, the 
gamma and omega matching networks are identical. 

Once Qin eq. 4 has been determined as a function 
of A and B (i.e., R,, Hz, R,, and X,) the solution for 
Xn  and X, appears to be an arbitrary one of two cir- 
cuit elements Xn and X, in parallel or 

H,Q=~' = ---- xsxn ohms 1 x ~ \  > 1 X,I (5) 
x, + x n  

A graph of this equation, for various values of Hz4, 
is plotted in fig. 5. In fig. 6 is plotted a graph of the 
omega rod reactance X, as a function of the imped- 
ance of the omega rod, Z,, the omega rod length kln. 

For eq. 2 to provide a reactive component equal in 
magnitude but opposite in sign to X c  in fig. 1 

M s z n  $=  - Xcohms (6) 

Combining this with eq. 3 yields 

- -  - R. [ (xn + XJH,(R~, + x;Z) + Xu] ohms 
R a XnX, 

And, combining with 4, 
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Xfi - OHMS (NEGATIVE) 

fig. 5 .  Relationship of the reactance of the omega rod, X 3 ,  and reactance of the omega capacitor, X,, as func 
tion of the  H,Qproduct (see text). 

From which 3. Use fig. 6 to determine a practical, realistic 

lo6 PF (8) value of omega rod reactance, X,, vs the rod's im- 
C c  = 

2r (E  + F ) ~ M H ~  pedance, Z,, and length, kin. 

Where 

F= ROXa - ohms 
R, 

design procedure 
When designing an omega-matching network it 

might seem that the following procedure could be 
used with good success: 

1. Use the graph of fig. 3 to select a transforma- 
tion ratio Hz vs the desired S/D and D / d  where 
Hz >R,/Ra. 

2. Use fig. 4 to determine the impedance of the 
omega rod, Z,, from the S/D and D / d  ratios 
selected in step 1. 

4. When kin is known in degrees from fig. 6, the 
physical length of the omega rod, la, may be cal- 
culated from eq. l .  

5. Calculate Qfrom eq. 4. When this value of Q is 
multiplied by Hz, you can select the correct H,Q 
line on fig. 5. This provides the reactance of the 
omega capacitor, Xn, at the bottom of the graph. 

6. The value of the omega capacitor in pF is calcu- 
lated at the frequency of interest using eq. 8. 

The problem with this design procedure is in the 
selection of a "realistic value" of the omega rod reac- 
tance in step 3. That is, should X, be selected large 
so Xn is large, or should X, be selected small so Xu is 
small? In gamma-matching networks (the same ome- 
ga-matching networks w i th  X Q  = oo, as noted 
above), it's desirable to make X ,  large to minimize 
the IK losses. In the omega network the current I is 
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f 5. Reactance of the omega rod, X,, as a function of the rod's characteristic impedance, Z,, and length, kin, 

divided between X, and Xn so the answer may not 
be so readily apparent. 

The answer will become apparent, however, if two 
vector graphs are plotted so the currents can be ex- 
amined for the two cases. The two vector graphs, 
figs. 7 and 8, assume the same rf power, antenna 
driving point impedance, Z,' as well as Hz and R,. 
Fig. 7 uses a gamma-matching network as an exam- 
ple of XQ = ca, and fig. 8 shows an omega-matching 
network with 1 xn/ = /2~,1.  

These two graphs give complete insight into the 
operation of both the gamma- and omega-matching 
networks. For any particular antenna impedance 
HzZa to resistively match a transmission line through 
a series capacitive reactance, it's necessary that the 
antenna impedance, together with the impedances 
of its shunt correcting elements, provide a complex 
input impedance with a positive angle; also, the mag- 
nitude of the real part must be equal to the character- 
istic resistance of the transmission line, and the ima- 
ginary part must be equal but opposite in sign to the 
series capacitive reactance. With this in mind it 
shouldn't be surprising to see that the magnitudes of 

Vi,, Ii,, VX,, VH~R~,  V H ~ X ~ ,  and I, of the gamma 

match in fig. 7 are the same as fhose for the omega 
match in fig. 8. 

The difference between the two matching net- 
works is that ZX, in the gamma network is the vector 
sum of Zx, and Ixn in the omega network. From this 
it is obvious that Ix, in the gamma network is less 
than Ix, in the omega network, and that the magni- 
tude of X, in the gamma network is greater than the 
magnitude of X, in the omega network. 

The omega network is easier to design than the 
gamma network because the only restriction upon X, 
in the omega network is that it must be less in magni- 
tude than it is in the equivalent gamma network. In 
the omega network the difference between the two 
values of X, can be compensated by adjusting the 
value of Xn. Because of this, the rod length k l ~  in the 
omega network can be made shorter than klr of the 
equivalent gamma network. 

At the lower operating frequencies where the 
length of the rod is apt to be very long, the omega 
network has merit. However, it is likely that the effi- 
ciency and bandwidth of the omega network will be 
less than the equivalent gamma network because of 
the higher I R  losses in omega network's reactance 
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CURRENT fmAJ 
0 0 0 5  0 1 0  0 1 5  O I"$ 

Hz% 

Z ," 

L Hz X~ 

P,, = I 0  WATT 

Z,,, : Ro 5 0 / 0 0  OHMS 

Hz Z o .  11 ( 7 - j I  5 )  = 7 8  74 & OHMS 

X S  = + 8 0  96 OHMS 

X ,  = -- 3 9  0 5  OHMS 

0 1 2 3 4 5 6 1 8 9 1 0  
VOLTS 

f ig.  7. Voltage and current  distr ibut ion of a gamma- 
matching network designed t o  match a 50-ohm coaxial line 
t o  a 10-element beam ( Z ,  = 7 - j1.5 ohms). Voltage and cur- 
rent values are based on a power input of l watt. 

X,. Any predication on the fact that these reactive 
circuit elements are lossless is rather naive! 

The double omega (or what I call the theta net- 
work) can be used to match a balanced two-wire 
transmission line to the driven element of a balanced 
dipole. In this case the balanced line characteristic re- 
sistance Ro' is halved to R,, and the solutions to 
each arm are X,, X n ,  and X c  in terms of R,, Hz, R,, 
and X,. The results are merely imaged or flipped over 
to the other arm of the theta network. 

reference 
1 .  Harold Toiles, W71TB. "Gamma Match Design," ham radio, May, 1973, 
page 46 

ham radio 
CURRENT imAJ 

- 0 0 5  0 0 0 5  0 10 0 15 

- 2 - 1 0 1 2 3 4 5 6 7 8  
VOLTS 

X S  = + 4 0 4 8  OHMS 

X A  : - 8 0  9 6  OHMS 

X c  : - 3 9 0 5  OHMS 

?,, : 1 0  WATT 

Z,, = Ro = 5 0  OHMS 

HzZo : 11f7-,151 . 7 8 7 4  /-LZ OHMS 

f ig.  8. Voltage and current distr ibut ion of an omega- 
matching network designed to  match a 50-ohm coaxial line 
t o  the same load as the gamma match in  fig. 7 ( Z a = 7 j 1 . 5  
ohms). Vnltage and current values are based on a power in- 
put of 1 watt.  Note that I,, in  the omega network is greater 
than I,, in  the gamma network when the rod is too short t o  
use a gamma network. So, current (and IR loss) is greater in  
the omega match. 
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improved indicator system 
for the 

Hy-Gain 400 
antenna rotator 

With this circuit 
you can read 

antenna pointing 
direction during 

antenna rotation 

The designers of the Hy-Gain 400 rotator ap- 
parently didn't realize that most amateurs want to 
know which way their antenna is pointing at any 
moment, and an indicator was provided that didn't 
provide this information during antenna rotation. The 
ARRL Antenna Book (13th edition) contains informa- 
tion on a replacement directional indicator that cer- 
tainly will work. However, it requires an 8-wire con- 
trol cable whereas the original indicator required a 5- 
wire cable and Hy-Gain supplied such a cable suit- 
able for the 110 volts that the rotator motor requires. 
So it was rather frustrating to read about an ap- 
proach that's available and convenient for those who 
had not yet installed the rotator on a tower, but less 
so for those who had already installed the rotator and 
wished to change the indicator. 

This article describes a replacement direction- 
indicating control unit that involves no modifications 
of the rotator and is compatible with the original 5- 
wire cable. I t  has an additional feature that permits 
control from multiple locations - a convenience for 
those who operate from several locations as I do. 
The ideas in this article are adaptable to other types 
of rotators where multiple control is wanted. Further, 
it's one way to get a direction indication from a ro- 
tator if one end of the indicator pot has become dis- 
connected or if a failure has occurred in the indicator 
circuit. The latter failure is probably rare but is men- 
tioned as an emergency or permanent solution that 
could still make use of the original indicator meter. 

The crucial matter is that the indicator resistor in 
the Hy-Gain 400 rotator was wired as a rheostat 

(even though it was physically a three-terminal pot).  
If the familiar ohmmeter circuit is clsed to read the 
rheostat setting, and hence antenna heading, the 
scale will be grossly nonlinear and not very satisfac- 
tory. The cure is, therefore, to supp!y the rheostat 
with a constant-current source and then read the 
voltage across it, which will then be directly pro- 
portional to the angle of rotation. 

constant-current supply 
A recent advertisement gave the clue to a con- 

veniently available constant-current source, the pop- 
ular voltage-regulator ICs, which are used to provide 
a regulated 5, 12, or 15 volts. A single resistor con- 
nected between what is normally the output terminal 
and the normal ground - now using the ground as 
the constant-current output - does the trick. The 
current is constant only if the supply voltage is high 
enough. In this case, 24 Vdc was required to supply 
10 mA constant current through a resistor varying 
between 0-1000 ohms. (This is the value of the rheo- 
stat in my Hy-Gain 400; but watch it, as the ARRL 
Antenna Book cites 5k and there may have been a 
design change.) A value of 1.2k between terminals 
2 and 3 of a 7805 IC establishes the 10-mA current 
level. This turned out to be a very convenient value, 
as it causes the voltage across the rheostat to vary 
between 0-10 volts. 

Next, to preserve linearity, a high-impedance 10 
Vdc meter is needed; I borrowed a simple vtvm cir- 
cuit using a single fet from Radio Shack's book Tran- 
sistor Projects Vol. 2. Using a 1-mA meter and a 9- 
volt battery, this unit reads full scale at 10 volts. 

indicator circuit 
The complete indicator circuit is given in fig. 1. 

The spdt center-off switch for rotation could be re- 
placed by push-button switches. All parts for this in- 
dicator are available from Radio Shack stores. Note 
the arrangement for zero and full-scale adjust of the 
vtvm. This can easily be dispensed with, as the cali- 
bration of the vtvm is quite stable. The vtvm isn't 
difficult to recalibrate with a short circuit for zero and 
a 1000-ohm resistor for full scale. A semi-adjustable 
pot is used with the regulator IC to set current at 
precisely 10 mA. 

Fig. 1 also includes circuitry for a control and indi- 
cator for a second position. This could be multiplied 
for a third or more positions. For the indicator at the 

By Guy Black, W4PSJ, 12317 Hanger Road, 
RR5, Fairfax, Virginia 22030 
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f ig. 1. Schematic for the improved indicator system designed for B R A K E  S O L E N O I D  

the Hy-Gain 400 antenna rotator. Circuit may be used for the CD-44 
or Ham-M I I  rotators (see text). The 2.5k pot at the output of the 
7805 regulator IC should be adjusted for 10 mA between terminals 

your schematic. 

I N 4 0 0 1 ,  ETC.  

\ I 

M A I N  C O N T R O L  

quantity part 

1 Hy-Gain 400 rotator 

1 transformer 115- 12.6Vac at 8.3 amp RS 273 1385 (a 24- 
Vac transformer could be subst~tuted with a bridge 
rectifier and single filter capacitor) 

2 diodes IN4001 to IN4007 
RS 276 1101 

1 voltage regulator IC such as 7805, 7812, 78L12AC (the 
latter is cheapest as RS 276-801 1 

1 zener diode, 9.1 V 1 watt IN7439 
RS 276 562 

1 (2) fet transistor MPS 102 or 
R S 276 2028 

1 semiadjustable potentiometer 2.5k RS 271 228 

2 (4) semiadjustable potentiometers 50k RS 271 219 

2 resistors 2.7k 

1 resistor 1.2k 

auxiliary positions, a 9-volt battery is practicable, 
although an ac supply may be preferred, especially 
by those who want a continuous reading. 

Note that the ac line that goes to the auxiliary con- 
trol is not the ac line that goes to the rotator itself. 
Allocating the rotator ac to terminal 1 on the termillat 
switch and the auxiliary-unit ac to terminal 6 will 
help avoid confusion and fireworks. 

other rotators 
Some change in values might be needed if the 

circuit were to be adapted to the CD-44 or Ham-M II 

CABLE A U X I L I A R Y  C O N T R O L  

quantity part 

1 (2) resistors 1 meg 

2 (3) resistors 1 k 

1 (2) resistors 1Ok 

2 capacitors 220 pF 35 Vdc 

1 capacitor 21-25 pF 230 Vac (can be taken from or~ginal 
Hy-Gain 400 control) 

1 (2) .Ot mfd pF ceramic 

1 (2) milliameter 1 mA RS 22052 

2 switch spst maln power (SW1 & SW4) 

3 switch spdt center neutral (SW2 8 SW5) RS 275 325 

1 swltchspdtRS275326 

Notes. 

1. Quantities in parentheses are needed only if an auxiliary indicator is 
desired. 

2 .  Part numbers preceded by RS are available from Radio Shack stores. 

rotators, which have 500-ohm pots connected to  
terminals 3 and 7 of their rotator units with the sliding 
contact grounded and connected to  terminal 1. I 
haven't tried the circuit on these units. Although it 
appears feasible, it would seem to be worthwhile 
only if multiple-position control were wanted, in 
which case the vtvm circuit shown here might be 
used to read the voltage between terminals 1 and 3, 
or 1 and 7 of the CD rotators. It also seems feasible t o  
use the meter and case of the original control and put 
the few extra parts inside. 

ham radio 
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calculating antenna bearings 
for geostationary 

satellites 
Using a 

pocket calculator 
to accurately determine 

antenna bearings 
and range to 

geosynchronous satellites 

Many members of the amateur community have 
recently "discovered" the geosynchronous commu- 
nications satellite. This surge o f  interest is in  
response to a program of weather satellites now af- 
fording an outstanding view of the earth from a 
22,000 mile (35,000 km) vantage point.' It is further 
spurred by the recent availability of low cost, high 
quality microwave receiving equipment which 
enables the individual t o  recover not only this 
weather data,2 but promises reception of direct- 
broadcast closed-circuit TV programs. 

Although a great deal of material has been pub- 
lished on generating tracking information for polar 
orbiting spacecraft such as Oscar 7,3,4 as well as the 
highly elliptical orbit planned for AMSAT Phase 111,s 
little has appeared in the amateur magazines regard- 
ing the geostationary, or earth-synchronous, orbit. 
Peter Thompson has published a set of generalized 
equations which could be applied to tracking satel- 
lites in a variety of orbits,6 but the calculations are 
unnecessarily cumbersome when considering the 
simple geostationary case. Ralph Taggart has out- 
lined an appealing method for estimating azimuth 
and elevation bearings with a globe and string,' but 
like most graphical plotting techniques, this one of- 
fers resolution limited by the finite size of the globe. 
The equations presented here can be readily solved 
on a pocket calculator and afford bearing accuracy 
which is limited only by your ability to point the 
antenna. 

'If the computed value for L is greater than 180°, correct i t  by subtracting 
360'; if the computed value is less than - 180°, correct it by add~ng 360'. 

If an imaginary line is drawn which connects the 
center of a satellite with the center of the ear~h, that 
line intersects the earth's surface at a location known 
as the Sub-satellite Point or SSP (fig. 1). Generating 
azimuth angles to a satellite is a function only of the 
location of the observer and the sub-satellite point, 
and is completely independent of the satellite's alti- 
tude (altitude does, of course, determine the eleva- 
tion bearing, which is computed later). Hence, the 
azimuth data is based solely upon terrestrial coordi- 
nates; the law of cosines for determining distance 
and bearing coordinates in a great circle will apply. 

Jerry Hall reported the relationships in his article 
on terrestrial great-circle computations;* those same 
equations may be used to calculate satellite azimuth 
angles: 

c o s D = s ~ A s i n B + c o s A  c o s B  cos L (1) 

cos = sin B - sin A cos D 
cos A sin D 

Where A = latitude of Point 1 (the observer) 

B =  latitude of Point 2 (the sub-satellite 
point) 

L =  longitude o f  Point 1 minus the  
longitude of Point 2" 

D =  distance between Point  1 and 2, 
degrees of arc 

C = true bearing if L is positive 

or 360 - C = true bearing if L is negative 

Interestingly enough, the geostationary satellite 
presents a special case because the latitude of the 
sub-satellite point is always approximately zero 
degrees; under these conditions B  in the above for- 
mulas is 0. 

Since sin B =  0 and cos B =  I ,  these equations 
simplify to: 

cos D = cos A cos L (3) 

cos c = - sin A cos D 
cos A sin D 

By trigonometric identities, eq. 4 further simplifies to  

cos C = - 
t a n  D 

Thus, by solving eqs. 3 and 5 for D and C, respec- 
tively, antenna azimuth information can be found. 

By H. Paul Shuch, NGTX, Microcomm, 14908 
Sandy Lane, San Jose, California 95124 
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calculating elevation 
If a straight line is drawn between a satellite and 

the center of the earth, and another straight line is 
used to connect the observer w ~ t h  the earth's center, 
the angle formed at the intersection of these two 
l ~ n e s  represents D ,  the d~s tance  between the  
observer and the sub-point, in degrees of arc, just 
computed (fig. 2) .  If the observer happened to be 
sttuated very near the center of the earth, angle U 
would relate directly to elevation angle; that is, D 
would be the angular displacement from vertical for 
aiming the antenna. Since elevation angles are 
general!y specified with respect to the hor~zontal, un- 
corrected elevation data is computed from 

E L  (assumed) = 90 - D ( 6 )  

This assumes that the observer is located at or near 
the center of the earth. Since this is obviously im- 
possible, let's consider corrections to the assumed 
elevation which would apply to an observer on the 
earth's surface. 

If eq. 6  is used, the error is negligible when R,, the 
radius of the satellite's orbit, is at least two orders of 
magnitude greater than r e ,  the radius o f  the 
observer's orbit (the radius of the earth). Thus, eq. 6  
is used in determining elevation information for radio 
astronomy, where the object being tracked is very far 
from earth. Under these conditions the observer is 
near the earth's center, relative to the object being 
tracked. Eq. 6  has also been used by EME operators 
for tracking the moon; although the radius of the 
lunar orbit is only about 50 times the radius of the 
earth, elevation data calculated from eq. 6  is correct 
to within a fraction of a degree. 

I t  is interesting to note that in both of the above 
applications, the location of the object being tracked 
is generally specified in Greenwich Hour Angle 
(GHA) and declination. These coordinates corres- 
pond exactly to the longitude and latitude, respec- 
tively, of the sub-satellite point shown in fig. 1. 

What do you do to correct eq. 6  for geostationary 
satellites, whose orbital radius is not significantly 

CENTER- 
OF EARTH 

fig. 1. When a straight line is drawn from the center of the 
earth to a satellite, the intersection of the line with the 
earth's surface is known as the Sub-satellite Point or SSP. 
The SSP is used to calculate the azimuth bearing to the 
satellite. 

CEN TEH- 
OF EARTH 

fig. 2. The observer's position on the earth's surface, in re- 
lation to the imaginary straight line shown in fig. 1, yields 
the angle D, which is used to calculate antenna elevation 
angle as discussed in the text. 

greater than the radius of the earth? A correction for- 
mula published by L. R.  Larsongapplies: 

tan E L  = tan (90 - I 
K cos (90 - D) (7 )  

where K is the ratio of satellite orbital radius to earth 
radius 

K = R, /r ,  

Since the mean radius of the earth is approximately 
3444 nautical miles, and the mean radius of geosta- 
tionary orbits is approximately 22,766 nautical miles, 
I use the value K = 6.61 when working with geosta- 
tionary orbits. In the interest of minimizing computa- 
tional steps, eq. 7 may be restated 

sinJ90 - D) - (1 / KJ tan E L  = - 
cos (90 - D) 

Eq. 8 may be further simplified 

tan E L  = cos - (1 / K )  
J l  - (cos D)2 

calcuiating slant range 
System performance predictions, which include 

link calculations of signal margin, require a knowlege 
of the exact distance from the ground station to the 
orbiting satellite. One convenient equation for deter- 
mining slant range is stated as followslo 

R a n g e = R , x J l - 2 ( 1 / K ) c o s D + ( 1 / ~ ) 2  (11) 

If you want to calculate the range in nautical miles, 
use 22,766 nautical miles for R,. If you would rather 
compute the range in kilometers, use 42,166 km for 
R,. The ratio K ,  of course, is the same regardless of 
the units used to express R, and r,. 

Example. My station is located approximately 37.3' 
N, 121 .go W;" I wish to receive signals from SMS-2, 

"If you know your latltude and longitude to within 1/10 degree, you have 
pinpointed your location to wlthin about 6 miles! 
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in geostationary orbit above 135O W. The longitude 
difference is thus 121.9- 135 = - 13.1 O. Note that L 
is negative; this information will be used later. 

The distance D is found from eq. 3 to  be 39.22O 

From eq. 5, C is found to equal 158.99'. Since L 
is negative, true azimuth bearing is 360- C, or 
201.01 O. 

From eq. 10, the corrected elevation bearing 
equals 44.61 O. 

Eq. 11 yields a slant range of 20,215 nautical 
miles. 

These computations agree well with my actual ex- 
perience in tracking SMS-2. 

calculator programs 
The above relationships, with their conditional 

branching requirement depending on the sign of L, 
are ideal candidates for solution on a programmable 
calculator. I use a Hewlett-Packard 25 calculator 
which, with its 49 available program steps, demands 
a degree of programming ingenuity. After several 
false starts, I came up with the program listed in 
table 1, which appears to be valid for any point on 
the Earth*. Note that southern latitudes and eastern 

HP-25 Program 

~ . ~ .  
M E W "  I 

LLOISTERS 

R o l a r l f u d e  

observer 

1 a__ 
R3 

R4 Rr 
22766 naut 

miles 
Ri long i tude .o f  bserver minus 

Lon . of  s a t .  

R e . _ -  
iir imufh -- 

- 

table 1. HP-25 program for calculating antenna azimuth and 
elevation angles and slant range to a geostationary satellite 
from any point on earth. Note that southern latitudes and 
eastern longitudes must be entered as negative numbers. 

longitudes must be entered as negative numbers. 
The following steps show how to use the program. 19. Calculator displays azimuth bearing in degrees 

20. To perform further calculations, return t o  
1. Key in the program, switch to RUN, depress f 

PGM. 
2. Store the constant 180 in Register 3 (180 

ST03) 
3. Key in 3444 (for km, key in 6368) 
4. ENTER 
5. Store 22766 in Register 4 (for km store 42166) 
6. Depress divide ( - ) key 
7 .  Store answer in Register 2 
8. Store latitude of observer in Register 0 
9. Depress f COS keys 
10. Store answer in Register 1 
11. Key in longitude of observer. 
12. ENTER 
13. Key in longitude of SSP. 
14. Depress R/S key 
15. Calculator displays range in nautical miles (or 

kilometers) 
16. Depress rolldown key (R l )  
17. Calculator displays elevation angle in degrees 

Step 8. 

I would like to thank Glenn Thomas, WBGYZI, for 
his assistance in evaluating these computations. 
Glenn works at a satellite tracking facility and says, 
"Look-angles for geosynchronous satellites are my 
stock in trade." Believe me, he really makes it all look 
ridiculously easy! 
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Oscar 
az-el antenna system 

Construction details 
for a complete 

antenna system 
for tracking Oscar 
including antennas 

for 28, 144 
and 432 MHz 

After checking all your charts and graphs, and 
double-checking all the calculations, you're left with 
only one problem, how to point your antenna at the 
satellite, and how to keep it accurately pointed as the 
bird moves through the sky. Obviously, some type of 
antenna tracking system is very desirable. Unfortu- 
nately, however, a check of commercial manufac- 
turers did not yield any system that provided full 

frequency capabilities for working Oscar (the lack of 
10-meter receiving antennas was the biggest stum- 
bling block). After talking with many other amateurs, 
I decided to build my own tracking antenna system. 

One of the methods used by others used some 
form of counterbalance to offset the antenna weigh), 
permitting the rotator to elevate the antennas with a 
minimum of torque. This type of system tends to be 
impractical, however, because you should try to 
eliminate as much weight and wind resistance as 
possible. Also, the counterbalance system can be- 
come a mechanical nightmare if you try to design it 
to track from horizon to horizon in elevation (180- 
degree coverage). With these thoughts in mind, I 
decided that my tracking system should have the 
following features: 

I .  Capabilities for 28, 144, and 432 MHz 

2. Full horizon-to-horizon elevation tracking 

3. Cross polarization on both up and down links to 
prevent signal nulls 

4. Elimination of the counterweight 

By Al Greenwood, WAINXP, RR1, Greenville 
Road, Mason, New Hampshire 03048 
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construction details 
Cross frame. The cross frame is the heart of the en- 
tire antenna system, supporting both the 144- and 
432-MHz beams and also acting as spreaders for the 
10-meter quad loop. The basic layout of this assem- 
bly is shown in fig. 1. The horizontal and vertical 
members are made from two lengths of aluminum 
tubing, each with an outside diameter of 35 mm 
(1-3/8 inches) and 3.7 meters (12 feet) long. The 
plate which holds the two spreaders together can 
either be purchased ready-made* or built from 6.5 
mm (1 14 inch) thick aluminum plate. 

Phenolic insulators are inserted into the ends of 
the tubing to insulate the quad loop from the spread- 
ers (see fig. 2). Each insulator is held in place with a 
1/4-20 (M6) bolt through the tubing and insulator. 
Another 6.5 mm (1 14 inch) hole is drilled through the 
insulator to hold the quad-loop wire. 

After the two spreaders are fastened together and 
the insulators inserted in the tubing, the horizontal 
spreader is inserted into the U-100 rotator. Before 
tightening the clamps, you should run the rotator 

MODEL U- 100 FOR 
-ELEVATION- 

WELDED TO TOP 
6' SECTION OF 
STEEL TUBING 

3 COAX CABLES AN0 4-CONDUCTOR 
CABLE FOR U-100 ROTATOR 

AWG 

n / * ALLIANCE ROTATOR 

m' NOTE: 1/4' STEEL PLATE 

AZIMUTH ROTATOR 
HAM-M OR XL-22 

BALANCE POINT ' A ' - - /  

Satellite tracking antenna at WAlNXP combines antennas 
for 10 meters, 144 MHz ,  and 435 M H z  on one tower. The six- 
element beam located below the OSCAR antenna is for 
50 MHz .  

from stop to stop to make sure that you have it in 
the desired position for assembly. 

The final part of the cross frame is the adapter be- 
tween the elevation rotator and the mast from the 
azimuth rotator. This was fashioned by drilling a 
piece of 6.5 mm (1 I 4  inch) thick steel plate with four 
holes that matched the bolt pattern of the U-100 ro- 
tator. To the bottom of the steel plate I welded a 15 
cm (6 inch) piece of steel tubing. The inside diameter 
of the tubing must be large enough to accommodate 
the mast from the azimuth rotator. 

Two-Meter Antenna. The 144-MHz cross-polarized 
Yagi consists of two 8-element beams mounted on a 
common boom (elements 90 degrees apart). The di- 
mensions are standard and can be found in any an- 
tenna manual. The elements are mounted through a 
32 mm (1-114 inch) aluminum boom, with the two 
beams displaced 12.5 mm f 112 inch) along the boom. 

fig. 1. Head-on view of the az-el antenna system. The 144- 
and 432-MHz beams should be positioned along the horizon- 'A parts kit including X bracket, spreaders, phenolic insulators. U ~ l O O  
tal spreader to balance the array at the base of the mast. welded mounting bracket, coax bracket, and wire is ava~lable from Alden 

The quad loop is made from number 12 AWG (2.1-mm) wire. Engineering Company, P.O. Box 493, Greenville, New Hampshire 03048. 

may ?978 ?? 



RLENOLIC INSULATOR 
WOOD COULD BE USED 

NOTE: WSULATDR IS 5-1/2' LONG. 
2' INSERTED INTO TUBING 
AND W A D  WIRE THRU HOLE 
DRILLED 3' FROM TUBING. 

f ig.  2. Detail of the four phenolic insulators which are used 
t o  support the 10-meter quad loop. The insulator is 14 c m  
(5-112 inches) long; the wire passes through the insulator 
approximately 7.5 cm (3 inches) f rom the end of the tubing. 

The feed system for the beams is shown in fig. 3. 
The capacitor used for the gamma match is a split 
stator unit with approximately 50 pF per section. Be 
sure to provide an insulated mount for this capacitor. 
Prior to mounting the beam on the horizontal spread- 
er, the longitudinal balance point of the beam must 
be determined. By attaching at this point, the eleva- 
tion rotator will not be excessively strained. 

Seventy-Centimeter Antenna. For 432 MHz, I 

'A' - 7" FROM BOOM [APPROX) 

CONNECTOR TO 
FEED LINE RG-8/U 

144 MHz MATCH 

f ig.  3. Gamma match for the t w o  144-MHz beams. The gam- 
ma capacitor is a split-stator capacitor w i th  approximately 
50 pF per section. After final adjustment, the entire unit  was 
fiberglassed for weather proofing. 

used a commercial 26-element J Beam. As with the 
two-meter beam, this antenna is also mounted to 
provide cross polarization. Fig. 4 shows the baluns 
and the matching necessary to simultaneously feed 
both antennas from one 50-ohm feedline. You 
should also determine the balance point for this 
beam before attaching it to the horizontal spreader. 

Ten-Meter Antenna. As a final step, the wire for 
the quad loop is strung through the holes in the 
phenolic insulators. With the dimensions shown, the 
loop should resonate a t  approximately 29.6 MHz. 
When using this system, the pattern exhibited by the 
loop tends to be sharper than would be expected, or 
desired. As a remedy, I opened the loop at both ends 
of the horizontal spreader, effectively producing a 
dipole which has a wider beam-width than the loop. 

NOT SHOWN. DRIVEN 

90' ON BOOM 

A AND B - i / Z  WAVELENGTH 
C AND D - 1/4 WAVELENGTH 

432 MHz MATCHING HARNESS 

f ig. 4. The t w o  432-MHz beams require a balanced 300-ohm 
feed. With this arrangement, the 112-wavelengths of coax 
act as 4 : l  baluns, while the 114-wave sections step the im- 
pedance up t o  approximately 100 ohms. The t w o  beams 
then closely match a 50-ohm feedline. 

Either version can be used; it depends only on your 
personal preference and the resolution of your azi- 
muth rotator. 

summary 
In the described configuration, the U-100 rotator 

easily moves the array through a full 180 degrees 
elevation. As an added feature, the quad wire acts as 
a mechanical stop when it hits the azimuth rotator 
mast, stalling the elevation rotator. One drawback to 
this system is the resolution of the rotators. For ex- 
tremely accurate pointing, infinite control is a neces- 
sity. Unfortunately, this is not provided by either 
rotator. 

ham radio 
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I high-gain 
1296-MHz antenna 

For those interested in an easy-to-build antenna 
for the 1215-1300 MHz amateur band, the design 
described here might be the answer. It features high 
gain, good capture area, and shielding from high- 
power local signals. The design also includes both 
vertical and horizontal polarization and, with ap- 
propriate phasing equipment, iigh: and left c i rc~lar  
polarization. The simplicity of the feed system and 
overall antenna design should make it a good can- 
didate for jusr about any requirerr~ent in the 1215- 
1300-MHz band. 

I have received signals as far as 80 km (280 miles) 
away with this antenna. With a motorized tilt control, 
the antenna has possibilities for use in amateur 
satellite work. 

The design features a waveguide-type can, which 
bypasses strong local signals and shields direct 
radiation interference f rom the 1 /4-wavelength 
dipoles. The addition of 10-degree tubes doubles the 
gain, concentrates the signal, and increases signal 
capture area. 

construction 
The antenna design is shown in f ig .  1. To simplify 

matters, I had a local tinsmith make a 178 mm (7 
inch) ID x 406 rnm (16 inch) long round can of 24- 
gauge galvanized tin, with a solid back, crimped and 
soldered. (Brass or copper could be used.) 

Four aluminum tubes are required, measuring 
12.7 mm (112 inch) ID x 16 mm (518 inch) OD x 140 
cm (55 inches) long. Don't bend the tubes and don't 
substitute any other diameter or length. 

Next, you'll need four lengths of galvanized-steel 
water pipe. The dimensions are 6.4 mm (114 inch) 
diameter x 457 mm (18 inches) long. Bend at the 305- 
m m  (12-inch) point (sharp bend) at a 10-degree angle 
( f ig .  1) .  Aluminum tubing measuring 13 rnrn (112 
inch) ID x 16 mm (518 inch) slips snugly over the ex- 
tending 1,52-mm (6 inch) portion of the water pipe. 
The aluminum tubes are secured by a self-tapping 
screw, one screw per tube. 

Drill a 9.5-mm (318 inch) hole in the top, and drill 
another hole 90-degrees away for the TV F-type 
coaxial fittings. The holes should be drilled 54 mm 
(2 1 18 inch) from the back of the can. Two 54 m m  (2 
1 / 8  inch) lengths of 1-mm (18-AWG) wire should be 
soldered to the TV F-type fittings for the dipole 
radiators. 

I obtained a piece of steel measuring 1.6 x 102 x 

229 mm (3116 x 4 x 9 inches) from a local metal shop, 
which I used to mount the antenna to a 25-mm (1- 
inch) d~arneter mast made of galvanized-steel water 
pipe. A steel plate was drilled for three TV mast 
clamps. These clamps were placed 51 mm (2 inches) 
apart. Fig. 1 gives the 

The can has a piece of clear plastic measuring 178 
x 6.4 mm (7 x 114 inch) mounted snugly in the open 
end. See fig. 1. Drain holes should be drilled into the 
bottom of the can. 

The TV-type chimney mast straps are used for re- 
inforcement, as shown in f ig .  1. These reinforce- 
ment straps are absolutely necessary. 

When, completed, the distance between the ends 
of each set of tubing (horizontal or vertical) should be 
between 686 and 71 1 mm (27 and 28 inches). 

weather protection 
I used polyurethane liquid plastic coating for 

weather protection. However, almost any good 
spray enamel could be used. Extra coats of paint on 

Complete antenna showing the can-type resonator and 
feed-system details. Two coaxial cables are used. 

the steel plate are desirable to inhibit corrosion. 
(Don't paint the plastic cover for the cans.) Liberal 
use of PVC tape over the coaxial-cable fittings where 
they fasten to the cans will help to make waterproof 
joints. 

ham radio 

By Paul F. Magee, W3AED, RR2, Box 432, 
Berlin, Maryland 2181 1 
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simplified 
antenna gain calculations 

A straightforward 
approach for 

comparing the gain 
of a number 

of popular 
amateur antennas 

It is  we l l  recognized by amateurs that improve- 
ments in an antenna installation can usually do more 
to enhance a station's capabilities than any other im- 
provement. The purpose of this article is to help you 
choose or optimize an antenna arrangement from the 
standpoint of gain. Of course, many other factors 
have a large influence on antenna performance 
including ground conditions, ohmic losses, height 
above ground, polarization, bandwidth, multiband 
operation, effects of nearby objects, and so on. This 
article will not deal with these topics, but will attempt 
to consolidate some results of gain calculations made 
on some of the more popular antennas in use today. 
Along the way, a relatively straightforward approach 
for making such calculations will be described so that 

you can make similar calculations for configurations 
in which you are interested. It should be observed, 
however, that the methods described are applicable 
to only some antenna types. For example, multi-ele- 
ment arrays with parasitic elements are not suited to 
the simple technique described here. However, this 
technique does allow you to gain a significant 

I amount of insight in to a number of di f ferent 
I antennas. 

' basic assumptions 
As it turns out, very few assumptions must be 

made to compare the gains of the antenna types 
which are considered here. These assumptions are 
listed below: 

1. The feedpoint is at a point of maximum current. 

I 2. The feedpoint resistance (at resonance) is 
known. 

I 3. All power fed into the antenna is radiated. 

I 4. The current distribution for wire resonant 
antennas is sinusoidal and for antennas containing 
inductive loading is approximately trapezoidal. 

5. The current in each part of the antenna is either 
in phase or 180' out of phase with the current in 
all other parts of the antenna, with phase reversals 
occurring where the current goes through a 

By Frank Witt ,  WlDTV, 20 Chatham Road, 
Andover, Massachusetts 01810 
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minimum. Although this assumption is not 100 per 
cent valid,' the results should be close enough to 
reality to provide insight for those of us who enjoy 
experimenting with different antennas. 

All gain calculations will be made relative to a half- 
wavelength dipole. With the exception of the mono- 
pole example given later, the antennas will be as- 
sumed to be in free space." 

Although the calculations are made for transmit- 
ting antennas, the results apply equally to receiving 
because of the principle of reciprocity. 

theory 
The field strength due to a part of an antenna is 

proportional to the magnitude of the current flowing 
in that part. This dependence is shown in fig. 1. It is 
assumed, of course, that the observer is many wave- 
lengths from the antenna; all parts of each of the an- 
tennas considered here will be essentially the same 
distance from the observer. By "essentially the 

MANY WAVELENGTHS 1 ! OBSERVER 
POINT 0 

F PROPORTIONAL 
TO I .  

. OBSERVER 
POINT O 

F PROPORTIONAL 
TO (1, + IzJ 

fig. 1. Field strength due to a part of an antenna is propor- 
tional to the magnitude of the current flowing in that part. 
At  A ,  the field strength at the observer (point 0) is due to 
the current element I , .  Since I ,  and I,, B, have the same po- 
larization and are the same distance from the observer, the 
field strength F i s  the sum of the field strengths due to each 
current element. 

same" I mean that any differences in distance from 
the observer are very small compared to a wave- 
length. A surprisingly large number of practical 
antennas exhibit maximum gain in a direction where 
this distance constraint is valid. 

Another simplifying assumption is that in the direc- 
tion for which the gain is to be calculated some radia- 
tion cancellation takes place, as seen in fig. 2. 

'An assumption of free-space conditions simpl~f~es the calculations, but 
many would argue that it's both unrealistic and misleading to discuss the ra- 
diation characteristics of either stra~ght or bent dipoles for use in a ground- 
oriented communicat~ons l ~ n k  if the effects of ground reflections are 
ignored. Nevertheless, the gain technique discussed by the author provides 
a basis of antenna comparison. I t  should be kept in mind, however, that the 
galn and radiation patterns presented here are not necessarily representa- 
tive of those found in a real life, near ground s~tuation. Editor. 

feed point resistance 

To determine the relative magnitude of the current 
flowing in an antenna, the feedpoint resistance must 
be either assumed, measured, or calculated. 
Through the use of an impedance bridge, using 
either an oscillator or noise generator as a source, 

fig. 2. The observer in this case is looking into the plane of 
the page. Note that the vertical components, I , ,  add while 
the horizontal components, IH. cancel. Field strength F is 
proportional to  21,. 

quite accurate measurements of feedpoint resistance 
may be made (see references 2 through 4). Anyone 
who is seriously interested in optimizing an antenna 
installation should have a means for measuring feed- 
point resistance. 

Direct calculation of antenna feedpoint resistance 
is a complex mathematical process except for the 
simplest of structures. The engineering literature 
yields some useful results, but much more work 
needs to be done in this area. 

Fig. 3 shows how the currents are related for two 
antennas with different feedpoint resistances when 
you assume that the same amount of power is fed in- 
to each antenna. Thus GR, that part of gain due to 
feedpoint resistance, is given by 

where R is the feedpoint resistance of the antenna 
under consideration (73 ohms is the free-space feed- 
point resistance of a half-wavelength dipole). 

P- 

TRANSMISSION N 6 
7 R' 

14 
I 
I 

ANTENNA I 

P- 

T R A N S M I S S I M  LINE 6 
7 Rz 

I 1, 

I 
I 

ANTENNA 2 

fig. 3. Effect of feedpoint resistance on current when the 
same power P is  fed to two  different antennas. 
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current distribution CURRENT 

t 
The currents which affect the field strength vary 

along the length of the antenna. A t  the open ends of 
a wire antenna (e.g., the ends of a dipole), the cur- 
rent is practically zero. It is customary to assume that 
the current varies along a resonant antenna sinusoid- 
ally and this will be done here; fig. 4 shows the 
assumed current distribution along a half-wavelength 
dipole. 

Since it will arise frequently, it's useful to compute 
the field strength due to a sinusoidal current distribu- 
tion along a straight wire. Fig. 5 shows the general 
result for the field strength due to a section of anten- 
na wire of length xl with a sinusoidal current distribu- 
t ion as shown. For a half -wavelength dipole, 
xl = X/4,  and since the fields radiated from the two 

t 
R - 7 3 0 H M S  

-INSTANTANEOUS CURRENT FLOW 

fig. 4. Current distribution along a half-wavelength dipole. 

halves add in phase (in the plane normal to the radia- 
tor, at its center)* 

k h l  . 2 n  X - k h l  FR= 2=szn - * -  - - X 4  n 

This is the reference field strength due to current dis- 
tribution for gain calculations. Gc is defined as the 
part of the gain due to current distribution and is 
given by 

F IrF Gc (dB) = 20 log - = 20 log 
FR 

where F is the field strength of the antenna under 
consideration. Thus the gain relative to a dipole in dB 
is given by 

IrF + 20 log 

'Off the plane normal to the radiator the f~elds add out of phase, to a degree 
related to the angle off the plane, resulting in the dipole radiation pattern. 

Editor. 

fig. 5.  Field strength, F, due to a sinusoidal current distribu- 
tion; k is a constant of proportionality. 

Since k ,  X, and Z will cancel in the subsequent calcu- 
lations, it is clear that if R and F can be determined, 
the gain relative to a dipole may be found. 

Another current distribution of interest is the trap- 
ezoidal distribution, which is a good approximation 
for inductively-loaded, short antennas.5 The only 
antenna having this current distribution that will be 
considered here is the quarter-wavelength dipole 
with loading coils located as shown in fig. 6. 

other factors 
As seen in fig. 2, in some cases the current in the 

direction of the wire is not the appropriate current to 
use. What is required is the current in the direction of 
the polarization being considered. Hence, for fig. 2, 
the current component of interest is 

Another consideration is the number of radiating 
elements. In this case, you must account for the fact 

4 

R - 2 6  OHMS 
I 

CURRENT 

fig. 6. Gain of a quarter-wavelength inductively-loaded dipole. 
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that the power is divided among these elements. For 
the two-element broadside and collinear arrays con- 
sidered here, the power is equally divided between 
the two radiators. Hence, the multi-element factor (7J -- - 
GM, which must be included in the gain calculations, 1 
f ir- the two-element case is I 

With these preliminaries disposed of, we can now 
consider several specific antenna types. 

R : 4 0  OHMS 
(FREE SPACE) 

inductively-loaded dipole -- SIDE VIEW 

Consider the inductively loaded dipole shown in 
fig. 6. The feedpoint resistance is assumed to be 26 
ohms.5.6 Further verification of this value is required, 
however. The fact that the gain is essentially that of a 
full-size dipole is consistent with the popularity of 
this antenna for many sloping-dipole installations on 3.4.5 2 I - 
80 meters. However, it is hampered somewhat by its 0- - --0 
relatively narrow bandwidth. 

I 

inverted vee 
Fig. 7 shows the instantaneous currents in a dipole 

having legs formed as an inverted-\/. When the legs 
form an angle less than 180 degrees, the radiation 
resistance is reduced, resulting in a corresponding re- 
duction in feedpoint resi~tance.7~8 However, the cur- 
rent distribution is practically the same as that for the 
straight dipole of fig. 4. In the broadside direction 
the fields resulting from the vertical current compo- 
nents cancel; however, the horizontal field compo- 

I MAJOR LOBE , BROADSIDE 5 

F - FR c a  45. - 3 
-6 

G - 10 1.q g + 2 0  log J- 
-P- 

- 2 61 dB - 3.01 dB - - 0.40  dB 

TOP VlEW 

GO 10 lop + 2 0  I / 2  

- 2.61 dB - 6 . 0 2  dB - - 3.41 dB 

GO- SAME AS INVERTED V - - 0.40 dB 

f ig. 8. Gain of the L antenna. Al l  points on the equatorial 
plane are broadside t o  the antenna. I n  the polarization 
plane normal t o  the equatorial plane the gain is uniformly 
maximum everywhere on the equator. Max imum gain is i n  
direction 2 and is the same as an inverted V w i t h  a 90 degree 
included angle. 

nents add, but they are diminished by the folding. On 
the other hand, this reduction is almost completely 
compensated for by the overall increase in magni- 
tude of all the field components, resulting from the 
higher antenna current I, due to the lower feedpoint 
resistance. When the included angle is 90°, the feed- 
point resistance in free space is typically around 40 
ohms, and the gain relative to a straight, 180-degree 
dipole is approximately - 0.4 dB. 

L antenna 

fig. 7. Gain of the inverted-V dipole. Observer is facing the The L antenna shown in fig. 8 is of interest 
page, and polarization is horizontal. A n  observer in  the because it has been used where height is limited. In - 
plane of the paper, looking in to the antenna from left  t o  direction 1 the polarization is vertical, but in direction 
right would see a small component of vertical polarization 
due t o  uncancelled vertical components radiated from each 2, where the gain is maximum, the polarization is half 

leg. The vertical components cancel in  the broadside di- horizontal and half vertical. In direction 1 only half - 
rection. the antenna is seen by the observer and the gain is 

may 1978 87 



- 3.41 dB (free space). In direction 2, the gain is the 
same as that for the inverted V, which is obvious ~~1 F * ~ ~ I  
when you remember that the L is a rotated V.  In R LSJ-R 

direction 3 the gain in only slightly less than in direc- 0 COLLINEAR ARRAY 

tioii 2, but will not be caiculated here. f -; 
I I i 

multi-element driven arrays 
'foir can sse the methods described heie ri: deter- 

mine the relationship between gain and feedpoint 
resistance for certain types of driven arrays. Such 
data are available in the ARRL Antenna Book for 
ideal situations, but the method given here wil! 
enable you to infer gain directly from feedpoint 
resistance measurements. 

The cases considered are the collinear and broad- 
side arrays, where two in-line or parallel half-wave- 
length dipoles are fed in phase as shown in f ig. 9. 
The current distribution is the same as for the refer- 
ence dipole but since there are two  radiators, 
Gc = 6.02 dB .  The power is split between the two 
radiators, however, so the field strength is modified 
by GM= -3.01 d B .  Thus, as seen in f ig. 9, the gain 

table 1. Calculated gain of collinear array. 

feedpoint resistance 
spacing for each dipole gain 

s R (ohms) G (dB) 

0 94 1.9 
X 
- 

8 87 2.2 

X - 
4 76 2.8 

X 
-- 

2 70 3.2 

X 73 3.0 

is related very simply to the feedpoint resistance by 
73 G -  10 log - + 3.01 dB  R 

This relationship is plotted in fig. 10. 
The feedpoint resistance and gain for several spac- 

ings of collinear dipoles are shown in table 1. The 
resistance values were obtained from The ARRL 
Antenna B o o k 2  (page 134); the calculated gain 
values using f ig. 10 agree exactly with those given in 
the Antenna B o a k .  

The Antenna Book does not give the feedpoint re- 
sistance for the broadside array, but it does give gain 
as a function of spacing. Again f ig. 10 was used, but 
this time to determine the feedpoint resistance of 
each dipole. The results, shown in table 2, agree 
very well with those given in reference 9. 

monopoles 
A popular vertical radiator is the monopole, or 

quarter-wavelength half-dipole over ground. A t  high- 
er frequencies, resonant radials are used if the anten- 

0 BROADSIDE ARRAY 2 F G - LO 109 g + 2 0  log 2 + GM 
F, 

10 jog + i ti2 d B  - 3 01 dB 

. 10 10g 9 + 3 0 1  dB 

fig. 9. Gain calculation for t w o  in-phase parallel half- 
wavelength dipoles in a collinear arrangement, A, or 
broadside array, B.  

na is elevated well above ground, at least a quarter 
wavelength. A t  lower frequencies elaborate radial 
systems (usually buried a few inches) are often em- 
ployed. Such a ground system is required if optimum 
radiating efficiency is to be obtained. An infinite, per- 
fectly-conducting ground is assumed in f ig. 11. The 
feedpoint resistance of the quarter-wavelength half- 
dipole, in conjunction wi th its ground-reflected 
Image IS 36.5 ohms, half ahat of a complete dipole. In 
this case, the total field strength results from the in- 
phase addition of the direct radiation from the mono- 
pole and the radiation from the ground image. The 
total field is therefore twice that radiated directly 
from the monopole. If the reference dipole antenna is 

table 2. Calculated feedpoint resis- 
tance of the broadside array. 

feedpoint ~esistance 
spacing for each dipole gain 

d R (ohms) G (dB) 

0 146 0 
X 
- 

8 136 0 3 
X - 
4 116 1 .O 

X - 
2 59 3.9 

2 X  
4 5 1 4.6 

X 77 2.8 

considered to be in free space then it would appear 
from fig. 11 that the monopole has +3.01 dB gain, 
but this is misleading. The reason for the apparent 
gain is that the monopole radiates the power only in 
the "half" space (or half hemisphere) above ground, 
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GAIN (dB)  

fig. 10. Feedpoint resistance versus gain for parallel half- 
wavelength dipoles fed in phase. 

while a free-space dipole radiates the same amount 
of power in all space. 

A similar calculation can be used to determine the 
gain of a half-wavelength ground-mounted vertical 
dipole. Since this antenna plus its image is like a col- 
linear array with zero spacing, table 1 may be used 
to obtain the feedpoint resistance of 94 ohms (the 
feedpoint is at the current maximum, one-quarter 
wavelength above ground). This calculation yields a 
gain figure of 4.92 dB over a reference half-wave- 
length dipole in free space. Thus a half-wavelength 
ground-mounted dipole has 1.91 dB gain over a 
monopole (4.92 dB - 3.01 dB = 1.91 dB). 

full-wave loops 
The full-wavelength loop is used in the shape of a 

square (the quad loop), a diamond, and a triangle 
(the delta loop). In this section, the dependence of 
gain on the loop shape will be calculated. Since I 
don't know the exact feedpoint resistance for each of 

I 
2 IMAGE t 

, i 
fig. 11. Gain of a monopole over perfectly conducting 
ground relative to a half-wavelength dipole in free space. 
The current distribution is the same as that shown in fig. 4. 

these forms, a precise analysis is not possible. Some 
interesting results have been obtained, however, and 
some suggestions for further work have been iden- 
tified. 

Fig. 12 shows the current distribution on a full- 
wavelength loop and two special cases. The shorted 
half-wavelength transmission line will not accept 
power because R =  0,  so it is of no interest as an 
antenna. Fig. 12C proves that it is consistent for a 

Q FULL-  WAVE LOOP 

@ FOLDED DIPOLE 

fig. 12. Current distribution of a full-wavelength loop, A, a 
shorted half-wavelength transmission line, B, and a folded 
dipole, C. The folded dipole provides the same gain as a 
reference dipole. 

folded dipole to have 0 dB gain and a feedpoint resis- 
tance of 292 ohms (4 x 73 ohms). 

In the following discussion, the feedpoint resis- 
tance of symmetrical loops will be assumed to be 130 
ohms. This is consistent with reference 10 which 
gives a value of 125 ohms for the square loop, and 
reference 11 which reports that the calculated value 
for a circular loop is 140 ohms. By symmetrical I 
mean a square, a diamond, an equilateral triangle, or 



- 
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130 OHMS 

0 DIAMOND LOOP 

a circle. The gains of symmetrical loops are calculated 
in fig. 13." All of the loops are fed so that polariza- 
tion is horizontal. Note that movement of the feed- 
point to points 3 or 7 will provide vertical polarization. 
The gain is the same for either polarization; this is ob- 
vious for the square, diamond, and circle, and may 
be easily shown for the equilateral triangle (a calcula- 
tion similar to that of fig. 13C if you assume that the 
feedpoint resistance is unchanged). 

In reference 13 the top-loaded delta loop is intro- 
duced as an efficient vertical radiator for use where 
height is limited. In fig. 14 gain calculations are 
shown for a top-loaded delta loop and an isosceles 
triangle loop (called here the low delta I ~ o p )  with the 
same vertical dimension. Again, a feedpoint resis- 
tance of 130 ohms is used, but this time the figure 
comes from measurements made at W1 DTV for 80- 
meter antennas whose bases are 3 meters (10 feet) 

"These gain figures and those in the following table differ from the gain fig- 
ures given in reference 12 which states that the free-space gain of full- 
wavelength loops In the shape of squares, diamonds, or circles is approxi- 
mately 1 dB. The discrepancy may be a result of using incorrect free-space 
feedpoint resistance values. Editor. 

G - 10 log 73 + 20 lop - - 2.51 dB + 2 . 2 7  dB 
!30 

- 0 . 2 4  dB 

B) EOUJLATFRAL TR~ANGLE LOOP 

WHERE I" - HORIZONTAL W W N E N T  
OF CURRENT 

. I so. fl x 
A 

.4k,.b.n.h.*.\I.n. 
2 n . 4  4 2 2 

- - 2  51 dB + 3 . 9 2  dB - 1 4 1  dB 

1 3 0  OHMS 

@ CIRCULAR LOOP 

fig. 13. Gain calculations for symmetrical full-wavelength 
loops. Note that for the square or quad loop, A, the four A 
segments add in phase, and the four B segments cancel. 
The diamond loop has the same gain as the square loop. In 
the circular loop, D, the variable x is measured clockwise 
around the loop with x = 0 at the feedpoint. 

above ground. The free-space values of feedpoint 
resistance are unknown. 

I t  is interesting to compare the results of the full- 
wavelength loop gain calculations. 

shape gain 

Circle 1.4 dB 
Square 0.5 dB 
Diamond 0.5 dB 
Equilateral triangle 0 . 2  dB 
Top loaded delta loop - 0.7 dB 

47 Low delta loop ( -  X high) 
8 

- 3.0 dB 

All of these results assume the same feedpoint resis- 
tance. This is a shaky assumption, and should be ex- 
amined analytically as was done for the circular loop 
in reference 11. In any event, the methods given here 
allow you to revise these results if and when more 
solid feedpoint resistance data are available. 

If the assumed feedpoint resistances are correct, 
however, there is a significant gain penalty when a 
low delta loop is used as a vertical radiator. Fortu- 
nately, top loading may be used to recover some of 
this loss. The low gain in a direction perpendicular to 
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G - 10 log + M lq 0.941 Fa 

- -2 51 dB - 0.53 dB. - 3 . 0 4  dB 

@ LOW DELTA LOOP 

fig. 14. Gain calculation for the l o w  delta loop, A, and the  
top loaded delta loop, B. T h e  current distribution in the l o w  
delta loop is the same as that shown in fig. 12A; note that ra- 
diation f r o m  the  base is cancelled. 

the plane of the low delta loop is probably indicative 
of a pattern somewhat different than that of the 
more symmetrical configurations. The current distri- 
bution suggests more high-angle radiation than the 
other loops, also. 

summary 
The results of the gain calculations have been 

summarized in table 3. Also shown is the assumed 
feedpoint resistance and the size of the antenna in 
wavelengths. One observation I have made as I 
became interested in this subject is that there are 
many conflicting published gain values for various 
antenna configurations. In particular, the values for 
full-wavelength loops and the monopole vary consid- 
erably. In most cases, however, the method for arriv- 
ing at a particular published value of gain has not 
been disclosed. In this paper, a straightforward ap- 

table 3. Summary of antenna gains as compared to  a half- 
wavelength dipole in free space. 

assumed 
feedpoint gain 

type (ohms) size (dB)  

Broadside (0.75A) 51" 0.75Xx0.5A 4.6 
Broadside (0.5A) 59" 0.5Xx0.5X 3.9 
Collinear (0.5A) 70" 1.5AxOX 3.2 
Collinear (0.25X) 76" 1.25XxOA 2.8 
Collinear (0.125h) 87" 1.125A x OX 2.2 
Collinear (OX) 94" 1 .OX x OX 1.9 
Circular loop 130 0.32Ax0.32A 1.4 
Broadside (0.25X) 116" 0.5X x 0.25h 1 .O 
Square 130 0.25Xx0.25A 0.5 
Diamond 130 0.35Ax0.35A 0.5 
Broadside (0.125X) 136" 0.5Xx0.125X 0.3 
Half-wavelength dipole 73 0.5XxOX 0 
Folded half-wave dipole 292 0.5X x OX 0 
Quarter-wave dipole 26 0.25hxOA - 0 . 1  

(inductively loaded) 
Equilateral triangle loop 130 0.33Xx0.29X - 0 .2  
Inverted V (0 = 90') 40 0.35Xx .18X 0 . 4  
L antenna ( O =  90°) 40 0.25X x 0.25A 0 . 4  
Top-loaded delta loop 130 0.29, x 0.22A - 0.7 
Low delta loop 130 0.41A x 0.22X - 3.0 

"Each dipole; spacing shown in parentheses. 

FRONT SIDE 

F - 4 30' & 2n h zn "" e 

proach for calculating gain has been presented and 
applied to a number of examples. The intention is not 
to present the final word regarding antenna gain fig- 
ures, but to provide insight and a basis for future 
work. This has been done by splitting the gain calcu- 
lation into several parts: the effect of feedpoint 
resistance, the effect of current distribution, and the 
effect of the number of driven radiators. Although 
the approach is not applicable for all antennas, it 
does apply to enough popularly used antennas to be 
worthwhile. 

It has been pointed out in the past how valuable 
the knowledge of feedpoint impedance can be for 
tuning and feeding an antenna; the emphasis here 
has been to point out another reason for measuring 
this quantity - the calculation of gain. 
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tebook 

Heath HD-1982 Micoder 
for low-impedance 
operation 

The new Heathkit HD-1982 micro- 
phone with installed Touch-Tone pad 
provides a very convenient way to  
connect a pad into a transceiver 
which has no auxiliary audio input 
jack. There is a problem, however, in 
using the unit with transceivers such 
as the Drake TR-22C which is de- 
signed for low-impedance micro- 
phones. The HD-1982 is designed to 
operate into a load of 10k-ohms or 
higher. 

An  emitter follower circuit was de- 
signed and connected into the circuit 
as shown in fig. 1. The input imped- 
ance of the circuit consists of the par- 
allel combination of the two 68k resis- 
tors and the transistor Hr, X (2000), 
or about 30-k ohms. The output im- 
pedance is approximately 2000 ohms. 
The emitter follower was mounted 
on a small piece of phenolic board ap- 
proximately I-inch (2cm) square. The 
circuit board fits easily in the top of 
the microphone case between the 
two mounting posts. The length and 
routing of the four leads connected 

fig. 1. Schematic dia- 
gram of the emitter 
follower used to inter- 
f a c e  b e t w e e n  t h e  
HD-1982 Micoder and 
a low-impedance mi- 
crophone input. 

TRANS REC 

' Rl24 
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Thinking that the mismatch might 
not be too serious, I tried the HD- 
1982, as designed, with the TR-22C. 
On-the-air checks were made with 
four stations. All reported muffled 
voice quality which cleared up upon 
changing to the Drake microphone. 
Some correct ive measures were 
clearly indicated. 

into the existing circuitry is not criti- 
cal. Because the circuit had to be 
mounted on a board of limited dimen- 
sions, the size of the coupling capaci- 
tors is critical; I used Caelectro part 
numbers A1-302 and A1-306. These 
capacitors are about the size of the 
head of a match and fit nicely in the 
available space. 

The modification corrected the 
problem. On-the-air checks have indi- 
cated no essential difference between 
the performance of the Drake micro- 
phone and the modified HD-1982. 
Touch- Tone operation has been very 
successful with reports of good qual- 
ity audio. 

Wesley Johnson 

cleaning teleprinters 
My plans to rewire a surplus model 

19 Teletype machine and intercon- 
nect it to the model 14 TD were hin- 
dered by the dirt and oil build-up on 
the machines. Having an unusually 
neat and clean shack, it was impera- 
tive they be cleaned! 

After a few fruitless efforts, the 
idea to use a commercial degreaser 
was conceived. A quart can of Gunk 
all-purpose degreaser was sprayed all 
over the internals (after removing 
only the motor) using a spray bottle 
such as a Fantastik cleaner applica- 
tor. After allowing approximately 20 
minutes for the degreaser to work, 
the machine was rinsed thoroughly 
using the fine spray of the garden 
hose hooked to the hot water spigot. 
Extremely greasy areas were then giv- 
en a second application of Gunk, a 
light scrubbing with a paint-brush, 
and more vigorous application of hot- 
water. Drying can be expedited by 
sett ing the  uni t  in  the sunshine 
and/or using your wife's electric hair 
styler or vacuum cleaner wi th the 
hose attached to the exhaust. 

After complete drying, the uni t  
should be lubricated to prevent rust. 
The model 14 TD was also cleaned in 
this manner. The motors, however, 
were cleaned with heavy shop-rags 
and solvent. I have since cleaned sev- 
eral motors using this technique (with 
Gunk and hot water) so I suspect the 
TTY motors could be cleaned while 
on their mountings. 

As can be imagined, this is a very 
messy operation. The best place to  
do it is outside on the gravel drive- 
way. The results, however, are noth- 
ing short of fantastic! The aluminum 
frame sparkles like new; the levers 
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and gears look like the day they were 
assembled. 

It may only be my imagination, but 
the model 19 seems to run quieter 
and better since cleaning. It's defi- 
nitely easier to work on. 

F. Neil Urban, W8CD 

remote rf current 
readout 

The amount of current flowing in 
an antenna or a feedline is often more 
indicative of efficient system opera- 
tion than vswr. Moreover, having 
such a current readout conveniently 
located at the operating position 
greatly simplifies transmitter adjust- 
ment and rapid frequency changes. 

fig. 2. Simple circuit for re- 
mote readout of rf current 
on your transmission line. t- 
The rf current readout described is 

based on the use of a simple optical- 
ly-coupled isolator, as illustrated in 
fig. 2. A suitable pilot lamp is illumi- 
nated by a small sample of rf and en- 
ergizes an inexpensive solar cell; the 
dc current generated by the cell is a 
measure of relative rf power; and may 
be routed to a l o w - m r e n t  meter 
located at any convenient point. 

A sensitive, low-current pilot lamp 
is desirable to cause minimum dis- 
turbance to normal rf circuit condi- 
tions. The Number 48 or 49, 60 mA 
lamp is suitable for use with transmit- 
ters above I -wat t  output. The solar 
cell may be an International Rectifier 
B2M or any similar device. A meter, 
reading 1 milliampere or less is suit- 
able. A variable current-limiting con- 
trol, although not absolutely neces- 
sary, will add convenience to  the 
system. 

The solar cell and lamp may be 
taped together, using dark tape to 
prevent l ight f rom other sources 

reaching the cell. The lamp filament 
should parallel the solar cell surface 
for maximum sensitivity. 

The lamp may be connected direct- 
ly in series with a conductor which 
carries very low rf power. For higher 
current, the lamp is connected across 
a suitable portion of the line, which 
then serves as a shunt to limit lamp 
current to a safe value. Initially, the 
lamp shunt should have low resist- 
ance, and be gradually increased until 
only useful brilliance is obtained at 
maximum rf power output. 

The rf readout system provides 
complete isolation between rf and dc 
circuits, allowing efficient placement 
of the rf pickup and convenient loca- 
tion of the relative rf-reading meter. 

U 
200 OHM 
SHUNT 

During initial adjustment of a new an- 
tenna system, several inexpensive 
pickups may be temporarily installed 
to monitor rf current in various com- 
ponents. 

Gene Brizendine. W4ATE 

multiplexed 
counter displays 

We have received many questions 
from readers concerning the digital 
display for the counter shown in the 
article on page 22 of February, 1978, 
issue of ham radio. The author made 
two references to the type of display 
used with the counter. In one he 
stated that, "the multiplexer in the 
7208 energizes each LED i n  se- 
quence." This means that the lines 
coming from the 7208 (pin 5 for ex- 
ample) are used to turn on (enable) 
the appropriate digit. 

Segment information is also ob- 
tained from the 7208 IC. In this case, 

the same information goes to all the 
LEDs. Pin 28 of the 7208, would go to 
the a segment of each LED, and pin 
17 to the b segments, etc. During op- 
eration, the segment information 
appears at the same time as the digit 
enable line. For additional informa- 
tion, refer to the article by John Bor- 
delon, K4JIU, on page 30 of the same 
issue. He uses the same technique in 
another version of the same counter. 

A t  the present time, the ICs can be 
obtained from at least three sources: 
Circuit Specialists, James Electron- 
ics, and Poly-Paks. 

Charles Carroll, K lXX 

emergency quad 
antenna repairs 

The worst enemy of the cubical 
quad antenna is the kind of winter 
storm that simultaneously subjects it 
to  ice and wind loading. Here in the 
Chicago area we don't get that kind 
of storm too often, but when we do 
most quad owners seem to end up 
with some antenna damage. A quad 
antenna wi th a broken spreader, 
besides being useless as an antenna, 
is also extremely vulnerable to further 
damage if not promptly repaired. 

A few winters back, I arose one 
morning to find three broken spread- 
ers on my two-element quad. Not 
having any replacement spreaders on 
hand, I nevertheless managed t o  
have the antenna fully operational 
and structurally sound again within a 
few hours. I went t o  the hardware 
store and purchased a length of 19 x 
19 m m  x 3 m m  (314 x 314 inch x 118 
inch) thick aluminum angle stock. I 
cut it into 30 cm (12 inch) lengths and 
used two pieces as splints t o  repair 
each break, one on each side of the 
spreader. The splints were secured by 
wrapping them tightly at each end 
with no. 14 (1.6mm) solid wire, and a 
layer of tape was added over the wire 
for good measure. The antenna was 
used in this condition for several 
months with no apparent effect on its 
performance due t o  the aluminum 
splints. 

John E. Becker, K9MM 
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A group o f  a tomic  physicists at Western Washington University has predicted that sometime this year 
the first message through the earth, rather than around it by way of the ionosphere, will be transmitted 
along a beam of neutrino particles from a particle accelerator. The neutrino is one of the fundamental sub- 
atomic particles, but one of the more elusive ones - Wolfgang Pauli first proposed its existence on theo- 
retical grounds in 1930; Enrico Fermi christened the new particle the neutrino (for "little neutral one"), but 
it wasn't until 26 years later, in 1956, that it was first detected by scientists. 

The interaction of neutrinos with ordinary matter is so weak that, according to classical theory, a neu- 
trino could pass through a block of lead that stretched from here to the nearest star without disturbing any 
of the atoms in its path. Since the neutrino carries no charge and has no mass (or nearly no mass, scien- 
tists aren't sure), it evaded traditional particle detection methods simply by passing through them without 
affecting them in any way. Billions of neutrinos from the sun pass through your body every second, day 
and night, but it's estimated that a neutrino interacts with one of the atoms in your body only about once 
every ten years. It's no wonder it took 26 years to detect the neutrino's presence! 

While the average neutrino is capable of passing through most of the matter of the universe without 
slowing down or losing any of its energy, it's been found that neutrinos fired in eight-second bursts from a 
high-energy particle accelerator occasionally collide with other particles, at the rate of about one collision 
for every 17 tons of matter that the beam penetrates. Although neutrinos cannot be detected directly, the 
particle debris, light, and noise generated by their collisions can be. When a beam of neutrinos is passed 
through a large volume of water, all along its path some of the collision products emit a forward cone of 
Cerenkov photons which can be detected by a light collector-phototube system. Prototype experiments 
using Cerenkov detectors to intercept cosmic neutrinos 1000 meters below the ocean's surface have al- 
ready been carried out. 

In experiments at the 400-billion-electron-volt proton accelerator of the Fermi National Accelerator Lab- 
oratory in Illinois, a 20-microsecond pulse of protons is directed into a bar of aluminum - the resulting 
atomic collisions produce about 10-billion neutrinos per pulse. The beam of neutrinos generates about one 
reaction per pulse in a bubble chamber containing 25 tons of liquid neon one kilometer away. With a grid 
of Cerenkov detectors in a large body of water it's predicted that a greater number of reactions per pulse 
would be detected. If information could be encoded into pulses of the neutrino beam, theoretically a mes- 
sage could be received and decoded virtually any distance away. 

In the experiment suggested by the group in Washington, a pulsed neutrino beam from the Fermi Lab 
accelerator would be directed downward at an anglq of about 12 degrees so the beam would pass through 
the earth and emerge in Puget Sound, nearly 3000 kilometers away. The detector-target would consist of 
the approximately one-million tons of water in Puget Sound where showers of particles would be recorded 
with each neutrino collision. The tiny flashes of light from the Cerenkov photons would be recorded and 
translated into the original message. Funding for the experiment is being considered by a number of gov- 
ernment agencies, including the Navy, which is interested in applications of the technique for deep-water 
communications with nuclear submarines. 

An  analysis by the Naval Research Laboratory has shown that, if the energy level of the Fermi accelera- 
tor was increased to 1000-billion electron volts, with improved beam focusing, the neutrino event rates 
could be increased by a factor of 10. By using synchronous detection techniques and Cerenkov photo de- 
tectors 3000 meters below the surface of the ocean (where they're not bothered by ambient light), it is ex- 
pected that one 15-bit message per pulse could be transmitted with very low error rates. With one neutrino 
pulse every 8 seconds, this represents a message rate of 6750 bits per hour. Compared with other methods 
of communications, this is slow, but unlike radio communications, neutrino beams can't be blocked, 
they're not affected by solar storms nor dependent on the ionosphere, and they travel great distances with 
no loss of power. 

J i m  Fisk, WIHR 
editor-in-chief 
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RTTY SELCOM 
Discussion of the 

R T Y  SELCOM 
an advanced 

TTL design, 
providing selective 

character recognition 

One of the first applications of digital logic to 
RTTY was the RTL SELCAL described by Lamb.1 
Capable of recognizing a single sequence of four 
characters, it proved very laborious and costly, since 
there were over 300 wired connections to be made in 
the basic unit. This concept, however, was expand- 
ed and translated into TTL form in the TTL SELCAL 
described by Branscome.2 Although this unit was 
constructionally simpler, even with expanded capa- 
bilities, it still did not overcome the cumbersome de- 
coding process, or provide for easy expandability. 

Shortly after the TTL SELCAL was introduced, the 
CATC group3 tackled the problem of sequential char- 
acter recognition, hoping to overcome the two main 
problems presented by the TTL SELCAL. By 1972 the 
objectives had been met, and circuit boards were 
fabricated for what was known as SELCOM I. This 
unit dramatically expanded the flexibility to decode 
all 32 Baudot characters and could recognize nearly 
unlimited strings of characters. Many of the sequen- 
ces were to be used as selective station control 
commands, hence the name. 

Probably the most powerful discrete logic sequen- 
tial decoder ever developed, the SELCOM was also 
far easier to program than the earlier SELCALS since 
only one connection, instead of five, was required 
per character. This ease in decoding had been 
achieved by the use of a 1-of-32 decoder. In this 
manner, the Baudot character set was decoded, pro- 
viding access to characters, rather than the bits as in 
the SELCAL versions. And, to provide expandability, 
a 32-character bus was connected to every sequen- 
tial decoder board. This bus could be expanded as 
desired since each line of the bus was capable of 
handling up to 500 TTL loads. 

In May, 1973, the discrete bus drivers were re- 
placed with TTL buffers, lowering the drive to 30 in- 
stead of 500 loads. Even with this change, SELCOM II 
still retained the versatile bus structure of the original 
version. 

Version Ill of the SELCOM incorporated a MOS 
UAR/T. This chip, a natural for the SELCOM, had 
already been in use for several years by various com- 
puter manufacturers, but the single quantity price 
was prohibitively high for amateur work until about 
December, 1973. Offering significant simplification, 
the UAR/T provided all functions except those of the 
clock and character decoders, and in addition, of- 
fered new functions not available in earlier versions 
of the SELCAL or SELCOM. They included regenera- 
tion of the received RTTY signal, speed conversion, 
and the ability to handle any code of 5 through 8 bits 
with only a simple jumper change. 

By Robert C. Clark, KSHVW, Archie Lamb, 
WB4KUR, and Fred R. Scalf, K4EID. Mr. 
Clark may be reached a t  930 Chestwood 
Avenue, Tallahassee, Florida 32303. 
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fig. 1. Schematic diagram of the DU-200 Universal UARIT  module. The jumper placement is explained in the text and also table 7. 
The UARIT is available from either Texas Instruments or General Instruments. The buffers for the receiver output and flag lines 
can be eliminated i f  the lines are used for feeding only oneTTL load. 
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In  early 1974, an attempt was made to eliminate 
the mechanical problems presented by the double- 
width cards used in earlier SELCOMs. To do this, the 
versatile bus structure was abandoned in favor of a 
functional module approach. These modules provid- 
ed a versatility not possible in the earlier versions of 
the SELCOM. With the change to single-width cards, 

CHARACTER 

ENA BL 

BIT 4 

BIT 3 

BIT 2 

BIT / 

"' @Lo+"" 
GROUND Z GROUND 

fig. 2. The DU-210 character decoder uses two 1-of-16 de- 
coders as a 1-of-32 decoder. Both 74154s receive bits 1 
through 4, while bit 5 is used to select the appropriate 74154. 
The single inverter is provided if more than one DU-210 de- 
coder is used. 

the modules of SELCOM IV are now the same 
physical size as the DT-5004and DT-600 boards. 

The group of modules to  be described fo rm 
SELCOM IV, or individual modules may be used in 
other applications. The modules include: 

1. DU-200 Universal UARIT 

2. DU-210 Expandable 1-of-32 Character decoder 

3. DU-220 Sequential Decoder 

SELCOM IV may be used with 5, 6,7 or 8 bit codes at 
speeds up to 9600 bits per second. The following de- 
scription is tor the five-bit Baudot code used for ama- 
teur RTTY at 45.45 and 74.2 baud, but the unit is 
designed for expansion to the full 64-character ASCII 
code group. 

SELCOM features 
DU-200 Universal UARIT. The DU-200 (fig. 1) is 
not only the heart of the SELCOM system, but also 
provides a powerful functional module for many 
other applications as well. I t  may be used for tele- 
printer signal regeneration, speed conversion, serial- 
to-parallel data conversion, parallel-to-serial data 
cen\versiQn, cede con\versic!n (Baudet tc! ASC!!, ASC!! 
to Baudot, Baudot t o  Morse, etc.), and many other 
ways. All the features of the UARIT have been made 
available in the DU-200, either through hard-wired 
jumpers or through external control. In this way, the 
same board may be configured as a Baudot or ASCII 
regenerator, an interface between a serial RTTY sta- 
tion and a parallel I10 port of a microprocessor, a 
SELCOM, or a wide variety of other applications. 

The DU-200 consists of the UARIT, interface (buf- 
fering), control, and clock functions. The UARIT IC 
(U I )  functions as two nearly independent circuits, a 
digital receiver and a digital transmitter. The receiver 
accepts serial data in a particular format (selected by 
the user), checks for format errors (parity error, miss- 
ing stop bit, etc.), and outputs the data in a parallel 
form. The transmitter accepts parallel data, adds 
start, stop, and parity bits, and sends the data in a 
serial format at the data rate selected. If the parallel 
output of the receiver is connected to the parallel in- 
put of the transmitter, the unit functions as a regen- 
erator. The two sections may be used independently, 
but the data format for both sections must be the 
same. That is, both the receiver and transmitter must 
operate with the same code, parity, and so on. Under 
certain conditions they may operate at different 
speeds. 

The UARIT is capable of accepting data with up to 
43 per cent distortion (more in some cases) and re- 
sending it with less than 1 per cent distortion. Typical 
teleprinters are capable of accepting less than 30 per 
cent distortion, while many keyboards and transmit- 
ter distributors generate signals with large amounts 
of distortion. As machines age, their ability to accept 
distortion is diminished and their ability to produce it 
is increased. The use of the DU-200 as a regenerative 
repeater offers improvements to all mechanical tele- 
printers, keyboards, and transmitter distributors. 

Under marginal conditions several undesirable sit- 
uations may exist with the mechanical teleprinter. 
Typically, high-frequency propagation phenomena 
tend to add distortion to that which already exists on 
the transmitted signal. For this reason, it is highly de- 
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sirable that the transmitted signal have a minimum of 
distortion. If the DU-200 is used to process the trans- 
mitted signal, then this criteria will be met. Even if 
the transmitted signal is perfect, distortion will be 
added by the time the signal reaches the receiver. 

Another problem that exists with a mechanical 
teleprinter is that a short noise pulse may be read as a 
start. When this happens, a clutch is released, begin- 
ning the sequence of events which decode and print 
a character. The teleprinter shaft must complete one 
full revolution before it can recover from this prema- 
ture start. If the real start bit is received during this 
revolution, the printer will not be able to get back in 
synchronization with the sending station. In such a 
situation, the printer may print garbage for several 
characters. Most brands of the UARIT though, after 
receiving what appears to be a start bit, recheck to 
determine that the start bit is still at the appropriate 
level in the middle of the bit. If the start bit is not 
valid, then the UARIT is immediately reset. Thus, the 
probability of the receiving station staying in syn- 
chronization with the sending station is greatly im- 
proved. 

Another undesirable condition exists when the 
received signal drops below the noise level and gar- 
ble is printed. If the signal is not capable of providing 
the necessary information for character recognition, 
then it is quite likely that the appropriate level will not 
be maintained during the'stop bit. This is termed a 
Framing Error and the UARIT provides a flag to indi- 
cate this error. The flag may be used to suppress the 
transfer of the character to the transmitter section. If 
this feature is selected, the mutilated character will 
not be printed. A similar feature is available for parity 
errors on received characters. 

The UARIT will respond only to those characters 
that appear t o  be valid RTTY. I t  will not respond to a 
steady space (a single blank character will be trans- 
ferred to the transmitter section unless the Framing 
Error flag has been used to suppress the transfer) 

Photograph of the DU-200 Universal UARIT board. 

9 CHI 9 CHP 9 CH3  Q CH4 

TO N€Y7 
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fig. 3. Diagram of the DU-220 sequential decoder. Several 
similar sections are on each board. Each channel input is 
connected to the desired character output from the DU-210 
decoder. 

while most noise and CW will transfer fewer charac- 
ters to the printer than if the UARIT were not pres- 
ent. With the DU-200 on-line, the appearance of 
the page is dramatically improved, w i th  any 
demodulator. 

If the clock applied to the transmitter and receiver 
sections of the UARIT are set for different rates, the 
UARIT will function as a speed converter. For exam- 
ple, if a 100 wpm (74.2 baud) printer is used, it's pos- 
sible to receive any speed up to 100 wpm without 
expensive and noisy gear shifts. By providing a buf- 
fer memory between the receiver and transmitter 
sections, the DU-200 can function as a down con- 
verter. Of course, if the size of the buffer is finite, 
then the UARIT receiver will deliver characters t o  the 
buffer faster than the transmitter section clears 
them, causing the buffer to overflow. In the case of 
overflow, the UARIT provides an Overrun Error flag 
which may be used to  signal an external device to  
withhold further characters. 

DU-210 Character Decoder. The DU-210 (f ig. 2) 
recognizes which one of 32 possible characters has 
actually been received by the UAR/T in the DU-200. 
Several DU-210 boards may be used to recognize 
characters from larger character sets. Two DU-210 
boards may be used to recognize the 64 characters of 
the ASCII-6 subset and four may be used to recog- 
nize the 128 characters of the full ASCII set. In fact, 
the DU-210 may be used in many applications where 
one particular binary code must be recognized. 
Sequential Decoder. The DU-220 (f ig. 3) works 
with the DU-200 and DU-210 to  recognize sequences 
of characters. It might be wired to recognize the sta- 
tion call, setting a latch when the call is received. 
This latch could be used to prevent the station printer 
from operating until the call was received. In fact, the 
DU-220 is capable of detecting a number of sequen- 
ces, each of which may control some event such as: 

1. Turn on reperforator. 

2. Turn off reperforator. 
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POWER ON C L M R  ENABLE LATCH TRANSMITTER CONTROL 
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f 5 v  

f ig. 4. Schematic diagram of the power-up clear and latch circuitry. By using open-collector inverters, the reset line can be fed 
f rom several diferent sources. This circuit ensures that the transmitter control wi l l  come up i n  the transmitter off condition. 

3. Start CW identification. low or mark high). The UARIT is programmed, by 

4. Turn transmitter on. 

5. Turn transmitter off. 

If necessary, these control sequences may be con- 
figured so that they will be recognized only when the 
source is the local keyboard. 

The DU-220 is quite versatile in that it may be used 
to detect a sequence of events independent from the 
SELCOM system. For instance, the DU-220 might be 
used to recognize a sequence of digits from a Touch- 
Tone* decoder. Certain sequences could be pre- 
vented from reaching the telephone lines, w i th  
others being used to control repeater functions. In 
addition, the DU-220 could also be used to recognize 
a sequence of switch closures in an electronic lock. 

either hard wiring or external devices, as shown in 
table 1. 

The speed of the received data is selected by an 
external clock set to sixteen times the baud rate. For 
60 wpm, the clock would be set to 45.45 HZ x 
16= 727.27 Hz. On the first mark to space transition, 
an internal counter is reset and allowed to count 
clock pulses. Each brand of UARIT has some provi- 
sions for verifying that the mark to space transition 
was a valid start bit. If the start is verified, the 
counter continues, in turn controlling a serial-shift 
register, so that each received bit is stored in the shift 
register. A t  the time of the expected stop bit, another 
check is performed. If the stop (a mark) is not pres- 
ent at the required time, the Framing Error (FE) flag is 
raised to indicate an invalid condition. In the same 

circuit description manner, if a parity check has been requested, and 

DU-200 UARIT Board. Serial data for the UARIT is 
the proper parity is not verified, the Parity Error (PE) 

first applied to pin 5 of U2A. The input to pin 20 
flag is raised. The Overrun Error (OE) flag is available 
to indicate that one character has not been removed 

(Serial Data Input) of U1 is jumpered to either pin 4 or 
from the receiver holding register before the next 

pin Of U2 depending On the sense of the data (mark 
character took its place. These flags may be used to 

table 1. UAR/T programming information. 

function format conditions (UART pins) 

Code Length 5 bit p i n  37 low, pin 38 low 
6 bit pin 37 low, pin 38 high 
7 bit pin 37 high, pin 38 low 
8 bit pin 37 high, pin 38 high 

Parity Selection Parity pin 35 low 
No Parity pin 35 high 

OddIEven Parity Odd Parity pin 39 low 
Even Parity pin 39 high 

Stop Bit Select One Stop Bit pin 36 low 
TwoStopBits p in  36 h igh  ( f o r  some 

manufacturers, a 1.5 bit stop 
is provided for 5 bit codes). 

control indicators, keep the character from being 
printed, or control error-correction schemes. 

When a complete character has been received and 
transferred to the receiver-holding register (only 
complete characters appear at the receiver holding 
register output), pin 19 of the UAR/T (Data Ready) 
goes high to indicate that the character is available in 
parallel form on pins 5 through 12 of U l .  U5 is a two- 
stage shift register clocked by the receiver clock. The 
high from pin 19 of U1 (DR) is transferred through U5 
after the next two successive clock pulses. The out- 

"Touch-Tone is a registered trademark of the American Telephone and 
Telegraph Company. 
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FAIL- W F F  TIME@ i CW /DENT/F/CAT'ON CONTROL 
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LINE FEED Li  FEED 

0 FROM DU-210 FROM DU-220  0 

i 

MANUAL A 
ID START 

fig. 5 .  By using this fail-safe timer, the transmitter will be turned off if an identification is not sent every 10 minutes. As with all 
other diagrams, the power supply connections have not been shown. If the return line from the identification unit is low when 
the ID  is running, J1 should be connected; if high, J2 is connected. 

put of the first stage (U5A pin 6) is applied to the 
Data Ready Reset (DRR) of U1, resetting the DR line. 
In addition, the Ti output of the second stage feeds 
the Transmitter Holding Register Load (THRL) line of 
U1, loading the parallel data from the receiver into 
the transmitter holding register. This action of U5 
guarantees that DR stays high for exactly one clock 
period. Some brands of UARIT require a rising edge 
for THRL, while others require a falling edge. The 
DU-200 provides both a rising and a falling edge, and 
hence will function with most of the UARITs on the 
market. The direct clear for the second stage (U5 pin 
13) may be used to prevent the character from being 
loaded into the transmitter holding register. Jumper 
J8 allows the Framing Error flag to suppress charac- 
ters with a missing stop pulse. A similar procedure 
may be used for parity errors and overrun errors. 

The UARiT handles steady spacing in an interest- 
ing manner. If J8  is omitted, then a steady space will 
cause a single blank character to be transferred to 
the transmitter. No other characters will be trans- 
ferred to the transmitter until the data line returns to 
mark and a valid start pulse is detected. If jumper J8 
is installed, then no characters will be transferred to 
the transmitter. Hence, it is not possible for the print- 
er to run open. This action is superior to the anti- 
space offered on the ST-6 and DT-600. 

The character transferred to the transmitter hold- 
ing register will in turn be transferred to the trans- 
mitter register when empty. Notice that the UARIT 
may be simultaneously processing3 characters, send- 
ing one character, holding a second character, and 
receiving a third character. The status of the trans- 
mitter registers is indicated by pins 22 (Transmitter 
Holding Register Empty)  and 24 (Transmitter 
Register Empty) of U1. When a character reaches the 
transmitter register it is clocked out in serial form (at 
pin 25 of U1, Serial Data Out) according to the for- 
mat previously selected, at a speed determined by 
the transmitter-register clock. If this clock is the 
same one used for the receiver, then the unit oper- 
ates as a regenerative repeater. If the clocks are of 

different frequencies, then the DU-200 operates as a 
speed converter. If the receiver speed is higher than 
the transmitter speed, the characters may arrive at 
the transmitter holding register faster than they may 
be accepted and a buffer memory must be provided 
to avoid overrun. 

Two clocks are installed on the DU-200 board. In 
addition, jumpers are provided so that one clock may 
be used to operate both the receiver and transmitter, 
or a separate clock may be provided for each. I t  is 
also possible to supply clock signals from an external 
source. A crystal-controlled clock, supplying multiple 
baud rates, has been designed as part of the CATC 
line. The 555 IC (U3 and U4) has proven to be ade- 
quate as a clock, as long as the ambient temperature 
is relatively stable. Wide frequency excursions can be 
expected with wide temperature variations. Most of 
this frequency shift can be attributed to the thermal 
characteristics of the resistors and the capacitor 
which form the RC timing portion of the oscillator. 
Choice of components, to minimize this shift, will im- 
prove the drift characteristics of the oscillator. A 
polystyrene capacitor is recommended. Also, metal- 
film resistors will show a significant improvement 
over the carbon composition types. The configura- 
tion of the timing resistors (R4, R5, and R6 for U3) 
was chosen for stability and is superior to most 
shown in other articles. 

Oscillator frequency is the only adjustment re- 
quired for the DU-200. The frequency should be set 
in accordance with table 2, while measuring at pin 3 
of the 555. 

Since the UARiT is only capable of sinking one TTL 
load, buffering has been provided on the output and 
flag lines. If only one load is to be connected to any 

table 2. Oscillator frequency of the 555 timer. 

speed baud rate clock frequency 

60 wpm 45.45 727.273 Hz 
European 50.00 800.00 Hz 
75 wpm 56.83 909.280 Hz 

100 wpm 74.18 1186.880 Hz 
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UAR/T output, and none of the flags or control sig- 
nals are to be used externally, then U6 and U7 may 
be eliminated and a jumper used to complete the 
circuit. 

The UARIT is available from a number of manufac- 
turers. The Texas Instruments TMS-6011 NC, Gener- 
al Instrument AY-5-1013, and the Western Digital 
TR-1602A have all been tested in the DU-200. Diffi- 
culties have been experienced with the TR-1602A 

FOUR N RESET I IDLE LINE LATCH 

The DU-220 Sequential Decoder. As shown in fig. 
3, selected character lines from the DU-210 are con- 
nected to the inputs of the DU-220. Suppose that the 
enable line of the DU-220 is low and that characters 
A, B, C, and D from the DU-210 have been connect- 
ed to CHI, CH2, CH3, and CH4 respectively of the 
DU-220. When the DU-200 receives an A, it is recog- 
nized by the DU-210, and the CHI line of the DU-220 
pulled low. Only when both inputs of U I A  are pulled 

I CALL LATCH I REPERF LATCH 

SERIAL 

DATA 

REPERF 

4 
ENABL EL) 

fig. 6. The printer-control portion prevents the printer from operating until the correct sequence of letters is received and the call 
latch is set. This latch is reset by a four N reset, the idle line reset, or by the normal reset line. The serial data for the idle line reset 
can be either high or low, with the appropriate jumper connected. For a mark low, use J1 and for mark high, use J2. 

when the received data did not have a stop bit. 
Therefore, only the TMS-6011NC and AY-5-1013 are 
recommended. 

The DU-210. The buffered outputs of the UARIT 
receiver-holding register (RRI through RR8 on the 
DU-200 board) are connected to  the one-of-32 
decoder on the DU-210 board. Two 74154 (U1 and 
U2) decoders are used. The first four bits of the 
received character are used to address the two  
decoders, while the fifth bit is used to select one of 
the decoders. When a decoder is selected (pins 18 
and 19 low) only one of the output pins will be low. 
Hence, if the enable line of the DU-210 is held low, 
then only one of the 32 output lines will be low for 
any five-bit binary code on the input lines. The char- 
acters of the Baudot set have been shown on the 
output lines in f ig .  2. 

Because of the nature of the UARIT, it is permissi- 
ble t o  leave the DU-210 enabled at all times, since 
only complete characters are available at the output 
lines of the receiver holding register. There is no need 
to worry about glitches at the output of the DU-210 
as one character replaces another in the DU-200. 

Several DU-210 boards may be used for a charac- 
ter set larger than the 32 characters in the Baudot 
set. In such a case, only one enable input at a time 
may be allowed to  go low. The extra section of U3 
has been provided to facilitate such connections. 

low does the output go low. This low is presented to 
the D input of U2A. Shortly after the character is 
recognized, the DU-200 DR line goes high, indicating 
that a character has been received and is stable in the 
receiver holding register. The leading edge of the DR 
line pulse clocks the D level through to the Q output 
of the flip flop. Since the other character lines are not 
low, all other flip flops in the chain will be reset pro- 
ducing a 1 on the Q output. The high from the output 
of the first D flip flop is used to enable U1 B. If the 
next character is a B, then the other input of U I B  is 
pulled low (the output of U I A  will not change until 
the next DR pulse is received). This output is applied 
to the D input of U2B and is transferred to the output 
when the DR line goes high. If the next two char- 
acters are C and D, this sequence is continued 
through to U2D. The low on the output of U2D indi- 
cates that A, B, C, and D have been received in that 
order. If at any time a different character is received, 
or the characters are not in the right order, the 
sequential decoder is reset. I t  will respond only to  the 
right characters in the right order. The output of this 
sequential decoder may then be used to control a 
number of station control functions. 

station control 

Power-up Circuitry. When digital equipment is first 
turned on, latches and flip flops come up in random 
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states. The portion of the station control logic shown 
in fig. 4 is a power-up reset which resets all control 
functions when the power is first turned on. It also 
guarantees that automatic features are enabled only 
when desired by the operator. 

The latch formed by U I A  and U1 B is used to ena- 
ble any automatic functions. The operator may set or 
reset this latch with S1 and S2. 0 1  and U3A form the 
power-on clear portion of the circuit. As the five-volt 

the input of U2, a 7493 four-stage binary counter. 
When the 7493 has counted eight clock pulses (10 
minutes) the D output goes high. This h igh is 
inverted by U3A and the resulting low is used to pull 
the reset line down, resetting the transmitlreceive 
latch. 

The counter may be reset to zero at any time by 
starting the CW identification device. A line from the 
identification device resets the 7493 when the ID 

BELL CONTROL I LINE FEE0 CONTROL 

7 4 / 2 3  
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fig. 7. Bell and line-feed control. This circuit prevents the excessive ringing of the bell and the excessive line feeds. 

supply starts up from zero, the base of Q1 is held low 
by the 47pF capacitor. The capacitor begins t o  
charge slowly through R1, but the voltage on the ca- 
pacitor will not turn on Q1 for several seconds. By 
this time the five-volt supply has stabilized and the 
U I A  latch is reset. The R output is low any time the 
latch is reset, and is used to disable or reset other cir- 
cuits in the station control. The 7405 open collector 
hex inverter allows the output of the enable latch to 
be "OR tied" with other resets, in this case from 
U3F. U3E and U3F provide an additional reset from 
the DU-220, resetting all latches. 

Fig. 4 also shows the transmit/receive latch. In 
addition to being set or reset manually by S3 and S4, 
the latch is reset from the reset line. This means that 
the transmitter will be turned off by the power-up re- 
set, a manual reset of the enable latch, or by the re- 

starts. Options are provided so that the CW run line 
may be active low or active high. 

If the 7493 reaches a count of seven without being 
reset, then pins 12, 9, and 8 are all high. When the 
next line feed is received, U5A is enabled, and if the 
transmitter is on, U3B provides a low, starting the 
CW identification device. The keyboard and trans- 
mitter distributor must be inhibited though while the 
CW device is running. 

It should also be possible for the operator t o  start a 
CW identification earlier than 8 minutes and 45 sec- 
onds into the transmission. In my case, the sequence 
figures, line feed is used to insert a CW identification 
at any time the transmitter is on. The outputs of U3B 
and U3C are OR tied to provide both automatic and 
semi-automatic identification. A manual push button 
is also provided to start the identification. 

set function (figures, blank, space). The provision for 
Printer control.  The call latch (f ig. 6) is mainly used 

a reset function allows the transmitter to be turned 
to  prevent the station printer from operating until the 

off by a code typed on paper tape. Thus, the opera- 
correct sequence is received. When the DU-220 has 

tor may cut  a tape (concluding wi th the reset 
recognized the four-character sequence ( in my case 

sequence) and then look for something more inter- 
letters H, V, W) the call latch is set. It may be reset in 

esting to do than sit and watch the tape play. A t  the 
any of the three different ways: by the sequence N, 

end of the tape, the reset sequence will turn the 
transmitter off. 

N, N, N, by a lack of activity on the serial data line, 
and by the enable latch. 

Identi f icat ion and  fail-safe timer. The fail-safe 
timer (f ig. 5) guarantees that the transmitter does 
not stay on the air for an unintentional extended peri- 
od of time (as when the tape tangles and tears). U1 is 
another 555 which is enabled only when the trans- 
mitter is on the air. The timing components have 
been chosen so that the period of the oscillator is 
1.25 minutes. The pulses from the 555 are applied to 

The four N counter (U2) counts DR pulses as long 
as the N line from the DU-210 is low. When the coun- 
ter reaches four it is forced to  a count of nine. The 
resultant high on pin 11 is inverted and used to  reset 
the call latch. A unique feature of this counter is that 
it will automatically reset on the first character after 
the fourth N. 

As all stations have not developed the procedure 
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of sending four Ns at the end of each transmission 
(or they might be sent, but not received) another 
method of resetting the call latch is desired. The 
method chosen is to monitor the serial data line for 
marklspace transitions. If no transitions are detected 
for thirty seconds, the call latch will be reset by the 
action of U4. This 555 is configurated as a mono- 
stable with a period of thirty seconds. Each time the 
serial data line goes to the space level, the 47 pF ca- 
pacitor is discharged through 0 1  and the sequence 
begins again. Pin 3 of the 555 goes low after thirty 
seconds of no transitions and resets the call latch. 

Another latch (U1C and U5A) is used to control a 
reperforator. The sequence letters, H, V, W, letters, 
blank, S sets the latch and turns the reperforator on 
(the call and reperforator latches are used to enable 
and disable the DD-350 selector magnet driver and 
motor control). The reperf latch is reset by the 
sequence letters, H, V, W, letters, blank, D or any 
sequence or event that resets the call latch. 

A t  times it is helpful to control machine functions 
to save wear and tear both on the operator and 
machine. One function that is not always valuable is 
the bell. The operation of the bell o n  random noise is 
irritating and the excess use of the bell by some oper- 
ators is infuriating. Fig. 7 shows one method of con- 
trolling the bell function. Initially, the printer bell is 
disabled and replaced by a Mallory Sonalert. U1A 
and U1 B form a 2-bit shift register. The first stage is 
enabled by a figures function and the count is 
allowed to continue if the next character is an S. The 
output of U1 B goes high when the sequence figures, 
S has been received, triggering U3A which controls 
the time the Sonalert is on. The reset input of U1A 
may be used to inhibit the operation of the bell. One 
way to use this would be to connect the disable pin 
to the output of the call latch in fig. 6 .  In this way, 
the bell will ring only when the station call has been 
sent and then the sequence figures, S 'is received. 
This should eliminate all bells directed at someone 
else and the repeated ringing of the bell. 

In a similar manner, the machine may be prevented 
from responding to a sequence of line feeds. U4A 
and U4B count DR pulses as long as the received 
character is a line feed. When two consecutive line 
feeds are received, the output of U4B goes high, is 
inverted, and the character suppression input of the 
DU-200 is pulled low, preventing the character from 
being transferred to the printer. As long as line feeds 
are sent, no characters will reach the printer. When a 
character other than a line feed is received, the 
U4AIU4B counter is reset and characters will again 

"As with the DT-500, DT-600. 01-70. and DD-350, boards are being pro- 
duced by Data Technology Associates, Box 431912, Miami, Florida 33143. 
The DU-200 board is available with construction notes for $12.50 plus $.75 
for first-class postage. The format is the same as the DT-600. 

reach the printer. If the operator wishes to double 
space, a sequence of carriage return, line feed, let- 
ters, line feed, letters will circumvent the line feed 
counter and allow two lines to be turned up. 

Many other station control functions may be pro- 
vided for with the SELCOM system. Another possibili- 
ty would be to establish two frequencies within the 
same band, one for general calling and the other for 
third-party traffic. Station A may call station B on 
the general calling frequency and send a code to 
switch station B to the traffic frequency. Station A 
then sends traffic to station B on the second fre- 
quency, resetting station A to the calling frequency 
at the termination of the traffic. The SELCOM can 
control almost any function that the operator can 
dream of. 

summary 
The SELCOM is a powerful digital building block 

which may be used to implement a wide range of sta- 
tion control applications. In a subsequent article, the 
DU-300 will be presented. The DU-300 Mini-SELCOM 
is a single board which provides many of the func- 
tions of the DU-200, 210, 220, and the station control 
board. The DU-300 provides regeneration, speed 
conversion, call-letter recognition, four N turn-off, 
printer control, and two other (user defined) func- 
tions for station control. Also, the trade-offs be- 
tween the SELCOM and the Mini-SELCOM will be 
discussed. 

All correspondence should be addressed to Robert 
Clark at the address indicated at the beginning of this 
article. All inquiries with a self-addressed stamped 
envelope will be acknowledged." 
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receiving preamplifier 
for OSCAR 8 Mode J 
Amateurs who have designed and built vhf and uhf 
transistor circuits in the past are well aware of the 
fact that high performance often seems to be more 
art than science; however, the "art" involved in the 
design of vhf luhf amplifiers is rapidly giving way to 
science with the utilization of S parameters and com- 
puter optimization. Using these techniques, an engi- 
neer can design a multi-stage vhf or uhf amplifier in a 
few hours with the aid of a computer and be highly 
confident of the results. The low-noise 435-MHz pre- 
amplifier described in this article is a good example of 
the combination of the manufacturer's transistor 
S-parameter data, engineering judgment, and com- 
puter optimization. 

design approach 
Virtually all manufacturers of transistors intended 

for vhf, uhf, and microwave applications now utilize 
S parameters to characterize the performance of their 
high-frequency transistors. This fact alone attests to 
the usefulness of this parameter set in the design of 
high-frequency amplifiers.l,2 In conjunction wi th 
specific noise figure data and bias point considera- 
tions, the addition of a computer analysis and optimi- 
zation program, and sound engineering judgment, 
you have all the ingredients necessary for a success- 
ful design. 

This article describes the design of A low-noise 
435-MHz receiving preamplifier which is intended for 
the reception of the downlink communications chan- 
nel of the OSCAR 8; the preamplifier also provides 
excellent performance for communications on 432 
MHz. Basically, the design approach is developed as 
outlined below: 

The 435-MHz preamp using the Microwave Associates 
42141 transistor. The extra chip capacitor, on the collector 
lead of the bias transistor, is used to ensure a good ac 
ground. Note the extensive grounding between the two 
sides of the printed circuit board. 

1. Selection of the appropriate transistor. 

2. Determination of the terminal impedances 
(both input and output) required to obtain the spe- 
cific performance objectives. 

3. Synthesis of the appropriate matching net- 
works to present the desired terminal impedances. 

4. Computer optimization of network component 
values. 

5. Stability analysis over a broad band of fre- 
quencies. 

transistor selection 
The main criteria in the selection of a transistor for 

this application is low noise figure coupled with suffi- 
cient gain to minimize the second stage contribution 
to the system noise figure. The intended device 
should also be completely specified and character- 
ized in terms of S parameters and noise figure data. 
In the absence of such data, extensive analysis of the 
amplifier circuit is impossible unless, of course, the 
designer is willing to perform the transistor evalua- 
tion and characterization himself. 

The Microwave Associates 42140 series of uhf 
transistors is ideally suited for this application. The 
devices are completely specified and characterized 
over a broad range of frequencies. A t  optimum bias, 
or dc operating point which results in minimum noise 
figure (VCE = 8 volts, l C  = 5 mA), the MA42141 has 
the following characteristics: 

where Po, is the source reflection coefficient required 
for minimum noise figure. 

transformation networks 
From this data, the design task is to synthesize 

matching networks which present r,, to the input of 

By M a r k  Pride, K I R X ,  and Kenneth V. 
Puglia, Microwave Associates, Inc., Burlington, 
Massachusetts 01803 
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TRANSFORMING TRANSISTOR TRANSFORMING 
NETWORK NETWORK 

SOURCE 
5 0 -  OtIM 
LOAD 

'-L 

fig. 1. Block diagram of the low-noise preamplifier stage 
showing the input transformation network, the transistor 
stage, and the output matching network with applicable re- 
flection coefficients. 

the transistor while simultaneously presenting a com- 
plex conjugate match at the transistor's output. If 
low noise figure was not the prime objective, then 
the design task would be to synthesize input and out- 
put networks which would simultaneously provide 
the complex conjugate impedance to the input and 
output of the transistor; this would result in maxi- 
mum gain but not lowest noise figure. 

The initial use of the computer is in determining 
the complex conjugate of the transistor's output 
impedance. The computer performs this calculation 
through a program which solves the equation: 

Also of interest is the input impedance of the tran- 
sistor which may be calculated from: 

The asterisk designates the complex conjugate. 
The design tasks can be more easily understood by 

fig. 2. S-parameters for the MA42141 transistor 
operated at VCE =8  volts, IC = 5 mA. 

studying fig. 1 which illustrates, in a block diagram 
form, a cascade of the input network, the transistor, 
and the output network. Fig. 2 is a Smith chart plot 
showing the locations of the various impedance 
points. The Smith chart will aid in the synthesis of 
the transforming networks. (Note that a 150-ohm 
resistor has been added in shunt across the output of 
the transistor to provide a margin of stability to the 
amplifier since the initial analysis in determining the 
complex conjugate of the output impedance indi- 

fig. 3. Design of the input impedance transforming 
network. The Smith chart plot gives preliminary 
component values which will be optimized with a 
computer program. 

cated that the transistor was potentially unstable 
when terminated with these impedances.) 

The networks required to transform the 50-ohm 
source and load to the desired impedances may be 
designed with the Smith chart. Smith charts are an 
indispensable tool in the design of impedance trans- 
forming networks which use reactive circuit elements 
and transmission lines. References 3 and 4 provide a 
clear understanding of Smith charts and their appli- 
cations. 

Figs. 3 and 4 may now be used to determine "ball- 
park" values for the transformation networks. Vari- 
able capacitors have been employed at the input to 
allow for normal transistor manufacturing variations 
as well as to extract the absolute minimum noise fig- 
ure available from the transistor. A single variable 
capacitor at the output allows you to peak the gain 
and to minimize the output impedance mismatch. 

Variable capacitors are recommended for this 



application because it's doubtful that either the 
antenna or the receiver used with the preamplifier 
will provide the desired 50-ohm impedances; in mili- 
tary and commercial designs where the source and 
termination impedances are known to be 50 ohms, 
fixed capacitors are usually installed. 

fig. 4. Design of the output matching network 
with a Smith chart. Component values are op- 
timized with a computer program. 

input matching network 

At the input of the preamplifier it is necessary to 
transform the 50-ohm input impedance to the source 
reflection coefficient required for minimum noise fig- 
ure (r,,). This can be accomplished with a T network 
consisting of a series capacitance, shunt inductance, 
and series inductance. Beginning at the 50-ohm 
point at the center of the Smith chart (which has 
been normalized to 1.0) at point A, the series capaci- 
tance moves the impedance to 1.0-j1.O (point B); 
the shunt inductance rotates this value to 1.5-j0.9 
(point C); the series inductance transforms this to 
the source reflection coefficient r,, at 1.5+jO.66. 

The required reactance values for each of the com- 
ponents in the matching network can be read directly 
away from the Smith chart. Note that the series 
capacitance rotates the input impedance from 
1 . O f  j O  at the center of the chart to 1.0-jl.Oat point 
B. Therefore, the required capacitive reactance is 
- j1.0(50) or - j50 ohms; at 435 MHz this is repre- 
sented by 7.3 pF. 

To determine the reactance of the shunt inductor 
it's necessary to first convert to admittance (lower 

case letters designate normalized values) 

Point B z=l .O- j l .0  y=0.5+j0.5 
PointC z=1.5-j0.9 y=0.5+j0.3 

The desired transformation requires a normalized 
susceptance of - j0.2; in a 50-ohm system this repre- 
sents - 0.004 Siemens (0.004 mho) or + 250 ohms. 
In this circuit this is provided by 37 nH in parallel with 
2.2 pF (a 5 pF variable allows adjustment within the 
limits indicated by the arrows at point C on the Smith 
chart plot). 

The series inductance transforms the impedance 
of 1.5- j0.9 at point C to 1.5+jO.66 at r,,. This re- 
quires a normalized reactance of +j1.56 or 78 ohms 
(28.5 nH at 435 MHz). 

output matching network 
The design procedure for the output matching net- 

work is similar to that used for the input network. 
Working from the 50-ohm load back to the collector 
of the transistor, the series capacitor transforms the 
load at A ( 1 . O f  j O )  to point B (1.0-jO.58); the shunt 
inductor rotates the impedance to 1.23-j0.35 at 
point C. The series inductor then provides the 
desired reflection coefficient for the load 
(rL= 0.35L54') at point D (1.23+jO.80). 

For the desired transformation the series capacitor 
must present a reactance of 0.58 x 50 or 29 ohms; at 
435 MHz this is provided by 12.6 pF. To calculate the 
value of the shunt inductor, the impedance points 
are converted to admittance: 

To move from j O .  43 to j0.21 requires a negative sus- 
ceptance of - j0.22 or4.5 millisiemens. This is equiv- 
alent to 223 ohms of inductive reactance of 82 nH at 
435 MHz. 

The series inductor required to  transform 
1.23-j0.35 at point C to 1.23+jO.80 at rL has an in- 
ductive reactance of 1.15 x 50 or 57.5 ohms (21 nH at 
435 MHz). A preliminary schematic of the amplifier is 
shown in fig. 5. 

Note that it is necessary only to determine approxi- 
mate component values for the matching networks 
because, in this case, a computer program will be 

fig. 5. Basic 435-MHz low-noise preamplifier circuit 
with component values determined with the aid of 
a Smith chart (figs. 3 and 4). 
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used to adjust the values for optimum performance. 
However, values which are close to optimum will 
result in the usage of less computer time and, hence, 
lower cost. 

Rather than winding inductors which could be 
lossy and cause stray coupling from unwanted radia- 
tion, it is better to use lengths of etched transmission 
lines for the inductive elements. This can be done 
providing the line lengths are less than XI8 and pref- 
erably less than Xl16. This is more easily seen if you 
examine the input impedance of a lossless short-cir- 
cuited transmission line: 

2 7rl Zin = + jZo tan - 
X 

= +jZo tan 8 

Where: 
Zi, = inpu t  impedance to  the trans- 

mission line 
Z, = characteristic impedance of the line 
1 = length of the transmission line 
X =wavelength 
8 = electrical length of the line in degrees 

Note that this expression represents a pure reactance 
which varies almost linearly with the electrical length 
8, provided that @is small. Therefore, by varying the 
characteristic impedance Z ,  and the electrical length 
8 it's possible t o  synthesize inductive elements 
which are very accurate and highly repeatable when 
printed-circuit techniques are employed. 

computer optimization 
The next step in the design of the low-noise pre- 

amplifier is t o  select an appropriate computer pro- 

3 . 1  2 2 u F ~ 2 O V  I 
+I2  VDC 

fig. 6. Low-noise 435-MHz preamplifier circuit with 
computer optimized circuit values. All inductive 
elements use etched transmission lines of the 
specified characteristic impedance and electrical 
length. Fixed values of capacitance are chip ca- 
pacitors. The 2N2907 is part of the active bias 
circuit (see fig. 71. 

gram to  execute the calculations and optimize the 
component values. The COMPACT* Computer Pro- 
gram is used extensively for this purpose because it 
has broad capability in terms of network elements 
and interconnections and is modest in cost when 
used within certain guidelines. 

fig. 7. Active bias circuit is used in the low-noise preampli- 
fier to allow direct grounding of the emitter lead. The col- 
lector-to-emitter voltage of the MA42141 is determined by 
voltage divider resistors R1 and R2 (see text). 

The information for the computer is written in the 
form of a data file. Once the data file is written, the 
computer wi l l  vary the network elements and 
attempt to minimize the error between the desired 
circuit performance and the actual circuit per- 
formance. Specific performance parameters may be 
weighted so that their attainment carries more impor- 
tance than other performance parameters. For exam- 
ple, if noise figure is the most important design goal, 
input impedance match or gain may be sacrificed so 
that the lowest noise figure may be achieved; the 
computer will adjust the variable elements in a direc- 
tion which minimizes noise figure but not necessarily 
maximizing gain or lowering the input impedance 
mismatch. 

In this case the computer analyzed the circuit and 
optimized i t  for operation at one frequency, 435 
MHz. Additional or broader optimization could be 
performed by altering the data file, but this would 
increase computer time (and cost) because of the 
larger number of variables. After optimizing the com- 
ponent values, the computer predicted the following 
preamplifier performance at 435 MHz: 

Noise figure 1.81 dB 
Power gain 16 dB 

Output vswr 1.22:l 

The noise figure might be somewhat optimistic 
since no allowance has been made for circuit losses 
associated wi th the variable capacitors and high 
input vswr. 

A complete schematic of the optimized preampli- 
fier circuit is shown in fig. 6. The synthesized induc- 

"COMPACT is an acronym for Computer Optimization of Microwave Pas- 
sive and ACTive circu~ts. Addit~onal information is available by writing to 
Compact Engtneer~ng, Inc.,  1651 Jol ly Court, Los Altos, Cal i forn~a, 
94022.5,6 



table 1. Comparison of computer predicted performance 
with measured performance. 

computer measured performance 
predicted unit 1 unit 2 

Noise figure 1.8 dB 1.9 dB 1.9 dB 
Gain 16.1 dB 16.0 dB 16.5 dB 
Output vswr 1.22: 1 1.15:l 1.12:l 

tors are specified in  terms of their characteristic 
impedance and electrical length. Table 1 shows a 
comparison between computer predicted perfor- 
mance and the measured performance of two pream- 
plifiers which were built in the lab. 

stability considerations 
A broadband computer stability analysis reveals 
that the preamplifier is unconditionally stable over a 
frequency band from 400 MHz to 2800 MHz. The 
importance of the stability analysis cannot be over 
emphasized because, in many applications, the 
source and load impedances may take on any value 
outside the particular frequency band of interest. 
When a high-gain microwave transistor is used, it is 
most important to assure that the amplifier does not 
oscillate as a result of various out-of-band source and 
load impedances 

dc bias circuit 
To realize the predicted performance when using 

the manufacturer's transistor data, the designer must 
mount the transistor in a manner which closely 
approximates the electrical and mechanical environ- 
ment under which the manufacturer obtained the 
data. The introduction of parasitic elements in  
mounting the transistor can lead to large discrepan- 
cies between the predicted and measured per- 
formance. 

fig. 8. Full-size printed-circuit layout for the low-noise 435- 
MHz preamplifier. Circuit is etched on 1/16" (1.5 mm)  dou- 
ble-clad G-10 fiberglass-epoxy circuit board. Component 
layout is shown in fig. 9. 

The parasitic element which is most sensitive to 
performance degradation is the emitter lead induc- 
tance, which, if not kept to a minimum, will both 
reduce gain and alter the source impedance required 
for minimum noise figure. I t  may also introduce 
instabilities within the circuit which, under certain 
conditions, could result in oscillations. For these 
reasons an active bias circuit has been utilized in this 
amplifier. The active bias circuit will provide the 
proper collector-to-emitter voltage and collector cur- 
rent, while allowing direct grounding of the emitter 
lead to minimize the introduction of any parasitic 
impedance into the circuit. A schematic of the active 
bias circuit is shown in fig. 7. 

fig. 9. Component layout for the 435-MHz low-noise pre- 
amp. For best performance all fixed values of capacitance 
should be chip capacitors. 

The active bias circuit is actually a feedback loop 
which senses the collector current of the rf transistor 
and adjusts the base current to hold that collector 
current fixed. The collector-to-emitter voltage of the 
rf transistor is held at a fixed potential determined by 
the voltage divider R1 and R2. The current through 
resistor R3 becomes the collector current of the rf 
transistor under the assumption (a good one) that 
both the 2N2907 and the MA42141 have moderate dc 
current gain. 
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single IC 
Touch-Tone decoder 

A new integrated circuit 
and high performance 

active filter 
are combined into 

an extremely reliable 
Touch- Tone decoder 

A majority of repeater stations today are using 
Touch-Tone* circuitry for  such functions as 
autopatch, control, and signaling; individual home 
and mobile stations make use of encoders and 
decoders for selective calling and radio control. 
Dozens of designs have been published for Touch- 
Tone decoders during the last several years. Unfortu- 
nately, virtually none of these circuits is reliable. 

The use of the 567 phase-lock loop IC, upon which 
nearly all designs are based, is not recommended 
unless limited performance is acceptable. Elaborate 
support circuitry is required, and even then you may 
not achieve the desired noise immunity or stability. 
The tradeoffs are many: response time vs band- 
width, noise immunity vs bandwidth, and economy 
vs reliability. 

The 567 PLL chip has several important limitations 
which must be dealt with regardless of whether you 
are using the 567, or are a circuit designer developing 
a totally new decoder IC. 

signal consideration 

Amplitude Variations. Twisted-pair telephone 
wires are transmission lines, just as coaxial cables 
are. Shunt capacitance and series inductance serve 
to increase attenuation as frequency goes up. This 
disparity means that high group Touch- Tone signals 
are usually attenuated more than the low group. This 
variation in amplitude is referred to as "twist." Tone 
pads attempt to compensate for this by having a 
stronger output from the high group than the low 

"Touch-Tone is the registered trademark of the American Telephone and 

I Telegraph Company 

By Larry Nickel, W3QG. 216 Highmeadow 
Road, Reisterstown, Maryland 21 136 
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group. In addition, when decoding tones from an f m  V +  

receiver, signal strength and deviation are two more CRYSTAL 

variables. An effective decoding scheme must incor- CRYSTAL 

porate an audio ALC system. If the decoder circuitry STROBE 

CONTROL 

is sensitive to twist, then separate ALC control could fig. 1. Pinout diagram for the GRmND 

be necessary for the high and low groups. Mostek 5102 Touch-Tone de- O1 

coder. 0 2  

Bounce And Noise. A Touch- Tone source may not 
present a clean, stable leading edge. Secondly, 
noise, music, or speech may momentarily produce 
coincident tones at the proper frequencies, which 
could be recognized as a legitimate Touch-Tone pair. 
What is required is a delay, of perhaps 40 milli- 
seconds, before a valid tone pair is acknowledged. 
Then the decoder output must turn on and stay on 
until the signal disappears, with no bounce. I t  has 
been my experience that achieving good noise rejec- 
tion, fast response without false tripping, and free- 
dom from bounce is not practical with PLL tech- 
niques. 

Frequency Stability. Tone generation schemes 
which depend on RC time constants for frequency 
stability are not reliable, especially at temperature 
extremes. This is why the Motorola MC14410 and 
Mostek MK5087 crystal-controlled encoder chips 
were developed. The same is true of decoding cir- 
cuitry. Crystal control is a must! 

new generation integrated circuits 
Within the last two years, several manufacturers 

have introduced some very sophisticated tone- 
decoder ICs. The first entry was Rockwell Interna- 
tional's Collins CRC8030 dual tone multi-frequency 
(DTMF - another name for tone control) receiver. It 
is an MOS decoder chip in a 28-pin dual-in-line 
package which uses a standard 3.579545 MHz TV 

color-burst crystal for its reference. This ceramic IC 
was originally priced at $49 in unit quantities, but a 
plastic case (CRC8030-3-31 now sells for $42. An  ALC 
system, a filter (which separates high and low group 
tones), and two voltage comparators are required to 
complete the decoder. General Instrument also pro- 
duces a decoder selection designated the AY59800 
series. One or more of these chips use a 1 MHz 
crystal and require dual power supplies. 

table 1. Data output from the MK5102 decoder. 

4-bit binary dual 2-bit row column 
digit D l  0 2  0 3  D4 D l  D2 0 3  D4 

1  0 0 0 1 0 1 0 1  
2 0 0 1 0 0 1 1 0  
3 0 0 1 1 0 1  1 1  
4 0 1 0 0 1 0 0 1  
5 0 1 0 1  1 0 1 0  
6 0 1 1 0 1 0 1  1  
7 0 1 1 1  1 1 0 1  
8 1 0 0 0 1 1 1 0  
9 1 0 0 1 1  1  1 1  
0  1 0 1 0 0 0 1 0  

1 0 1 1 0 0 0 1  
# 1 1 0 0 0 0 1 1  
A 1 1 0 1 0 1 0 0  
B 1 1 1 0 1 0 0 0  
C 1 1 1 1 1 1 0 0  
D 0 0 0 0 0 0 0 0  

The newest entry into the tone-decoder field is the 
Mostek MK5102. It's a CMOS chip in a 16-pin pack- 
age, with a typical power dissipation of only 25 mW, 
at 5 V dc. Available in either a ceramic (MK5102P-5) 
or plastic case (MK5102N-51, unit quantity prices 
start at $34.50." Even though this is a large sum of 
money to pay for an IC, at this time it is the only way 
to build a complete, top-quality decoder without 
spending more than $60. 

A pinout diagram for the MK5102 is shown in fig. 
1. Compared to the 28-pin CR8030, this is sheer sim- 
plicity. The 5 V dc and ground connections, pins 1 
and 6 respectively, are self-explanatory. An  inexpen- 
sive 3.579545-MHz TV-color burst crystal is connect- 
ed between pins 2 and 3. Pin 5 is used to control the 
output format of pins 7 through 10 ( D l  through 04).  
This tri-state input line selects a four-bit binary code 

Layout of the tone separation filter. "Quality Components, 13628 Neutron Road, Dallas, Texas 75240. 
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fig. 2. Block diagram of a complete tone decoding system 
using the new single IC tone decoder. 

(input high), a dual two-bit row/column code (input 
floating), or high-impedance output (input low) for 
use with bus-structured circuitry. 

Pins 7 through 10 are the data out lines. The out- 
puts are CMOS loads when enabled, and open 

digit is no longer detected, the strobe will return low 
and the data will remain latched into the outputs. 
The minimum interdigit time is 35 milliseconds. 

A block diagram of a complete Touch-Tone 
decoding system using the MK5102 is shown in fig. 
2. The ALC reduces any amplitude variations from 
the signal source. 

The low-group tones, the rows on your Touch- 
Tone pad, and the high group tones, the columns, 
are separated in the tone-separation filter. Its outputs 
are two sine waves which are squared up in compar- 
ators and applied to the MK5102. 

active filter 
circuited (high impedance) when disabled by the 

Design Considerations. An active filter for a 1-kHz 
control pin. The output data formats are shown in 

frequency range is generally of low cost, small, has 
table 1. The two output codes allow the user to 

gain, high-input impedance, low-output impedance, 
obtain either 1-of-16 or 2-of-8 output data by only 

and is easy to design. My intention here is not to 
using a single additional package. 

make the reader a filter expert but to give a little of 
Pin 4t the strobe Output, goes high after 40 mS of 

the phi~osophy behind the design of one  My 
a valid tone pair, and remains high for a minimum of 

criteria were: 
10 mS after the input ceases. The output information 
is valid when the strobe signal goes high and will 1. It must be inexpensive. 
remain unchanged until the next DTMF digit is 2. It must use readily available components 
detected. 

The low- and high-group tones are filtered, sepa- 
rated, and applied to pins 11 and 12, respectively. 
The MK5102 can detect capacitively-coupled, 
square-wave signals as small as 1.2 volts pk-pk. The 
tones are detected, after band splitting, using the 
digital-counter method. The zero crossings of the 
incoming tones are counted over a longer period. 
When a minimum of 40 milliseconds of a valid signal 
is detected, the proper data is latched into the out- 
puts and the output strobe goes high. When a valid 

3. It must be easily constructed. 

4. It must provide adequate out-of-band rejection. 

For the bandwidth and Q required, a stagger- 
tuned circuit is necessary. After examining sample 
response curves for 2-section filters, I felt that at 
least 3-sections would be required to achieve ade- 
quate out-of-band rejection. One section is tuned to 
the center frequency, another is tuned to s (the 
"staggering value") times the center frequency, and 

1 1 1 RIPPLE 

I 1 

FREOUENCY FREUUENC Y FREQUENCY 

0 MAXIMUM PEAKED @ SEPARATE PASSBANDS @ MINIMUM RIPPLE WITH ADEQUATE 

PASSBAND 

fig. 3. Passband response as a result of varying s in equation 1. A shows a single-peaked response when s =  I .  For large 
values of s, B shows the dual-peaked response. In C, a response is obtained that has a minimum passband ripple, yet 
adequate bandwidth ( s =  1.16). 
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the third 1,'s times the center frequency. For s = I ,  
the response has one peak and a very-narrow band- 
width (fig. 3A). For a large value of s, 1.5 for in- 
stance, there are two separate distinct passbands 
(fig. 3B). By selecting the best value of s for two- or 
three-section filters, a suitable bandwidth w i th  
minimum ripple can be achieved, as shown in fig. 
3C. Each of the three sections is designed for a par- 
ticular Q. Usually, it is best for the center section to 
have a lower Qthan the outside sections which have 
identical higher Qs. This makes for a flatter passband 
and a steeper slope beyond the passband (if the Q is 
too high the ripple in the passband will be excessive). 

The transfer function for a three-section filter is: 

Ea = 2 0  logio (A*B*c) eq. 1 
El, 

where 
a = J1 + p 2  IZ.Z~ 2 

( P )  

s = staggerzng value 
f  = normalzzed center frequency, wzth two 

outszde sectzons of Qselect~uzty  and one 
center sectzon o f  Q / Z  selectzuzty 

Various values of s and Q were calculated and plot- 
ted. Using s =  1.16 and Q= 1 0  and 20 for the center 
and outside sections, produced a passband ripple of 
3 dB and 32 dB of rejection for the other tone group. 
With the s and Qvalues determined, it only remained 
to select a suitable circuit. 

Many designs, using 1, 2, 3, and 4 amplifiers per 
section, have been published, but the disadvantage 
of the 1- and 2-op amp versions is that they are not 
generally suitable for high Q applications, especially 
with inexpensive ICs which have low gain-bandwidth 
products. Since low-cost quad op amps are avail- 
able, and in many pin compatible packages, a 3- or 4- 
op amp design is preferable; any circuit configuration 
would be acceptable, especially if one per cent toler- 
ance resistor and capacitors are used, but I did not 
wish to use precision components, and therefore, ex- 
pended the additional labor to ensure that standard 
parts can be used. 

Filter Selection. The BIQUAD filter section (see fig. 
4) was chosen because the center frequency and Q 
can easily be adjusted by trimming just one resistor 
for each function. The principle of operation of the 

The partially completed decoder board. 

BIQUAD is as follows. Since the integral of a sine 
wave is a cosine wave, or a 90-degree phase shift, U1 
is an integrator, giving a 90-degree shift. U2 is an 
inverter yielding 180-degree shift, for a subtotal of 
270 degrees. U3 is another integrator giving an addi- 
tional 90 degrees, for a grand total of 360 degrees. 
Positive feedback may then be provided from input 
to output. 

Without the Q setting resistor, the gain and Q of 
the BIQUAD would be excessively high, causing the 
circuit to  oscillate at the frequency where the phase 
shift is 360 degrees (the integrator and inverter do 
not have exactly 90 degrees and 180 degrees shift 
respectively at more than one frequency). This 
resistor introduces enough loss so that the Q is con- 
trolled and the BIQUAD does not oscillate. The actual 
frequency response curve for the complete filter 
is shown in fig. 5 and its schematic is presented in 
fig. 6. 

Filter Operation. The tonal input is simultaneously 
applied to both sides of the filter, passing through 
the 686 Hz, 809 Hz, and 955 Hz sections of the low- 
group filter as well as the 1191 Hz, 1404 Hz, and 1657 
Hz sections of the high-group filter. Resistive dividers 
R19lR20 and R41 lR42 reduce the outputs of the 686 
Hz and 1191 Hz sections so that these sections may 
be driven farther toward cutoff and saturation with- 
out overloading the following stages. Since a single 
12-volt supply is used, R39 and R40 divide 12 volts 
down to 6 volts, establishing the dc bias so that the 
output may swing equally about 6 V dc. C13 ensures 
that the 6 V dc bias line is at ac ground. 

filter construction 
M y  filter was built using wire-wrap techniques. I 

used standard, wire-wrap IC sockets wi th a phenolic 
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fig. 4. Diagram of the basic BIOUAD active filter. The two in- 
tegrators produce a 90-degree phase shift and the inverter 
provides 180 degrees of shift. With proper feedback, this 
filter will pass a single frequency. 

board and Vector wire-wrap terminals to mount the 
resistors and capacitors. This method has one very 
attractive advantage (though i t  is slightly more 
expensive), it's very fast, especially compared to 
point-to-point soldered connections. 

Drop the Vector pins into place, seating them by 
pulling from the bottom of the board. Epoxy the 
sockets into position. The board can be wired using 
an inexpensive, hand wire-wrap tool. The use of pre- 
cut and stripped no. AWG 30 (0.25mm) wire further 
speeds assembly. Use an ohmmeter to check all wir- 
ing for errors. This is extremely important since it will 
prevent damaging components and could save con- 
siderable time later. 

Temporarily install the final 12 resistors using the 
nominal values shown in the schematic. Miniature 
potentiometers set to these values are highly recom- 
mended. Only six are needed since the low and high 
group filters can be tuned separately. These pots can 
be removed later and precision resistors installed. 

Make your own precision resistors by wiring two or 
more resistors in series, or by using the W3QG trim- 
ming technique. For instance, to make a precision 
11.5k-ohm resistor, file a V notch in a 112-watt, 
carbon, 10k-ohm resistor until the exact value is at- 
tained. A small grinding wheel on a Dremel tool is 
even better; use a light-stroking motion. And finally, 
seal the exposed carbon with a dab of epoxy. 

tuning and alignment 
For checkout, you will need a sine-wave audio 

source and an oscilloscope. I t  would be helpful if the 
sine-wave source does not change in amplitude as it 
is tuned from one frequency to  another, but if 
necessary its output can be readjusted with the 
scope. 

You should now install the ICs and apply power. 
Set the generator for approximately 50 mV peak-to- 
peak. Beware, a larger value may reduce the Q 
andlor drive the op amps into nonlinearity. Be sure 

the generator does not cause a dc-bias problem with 
the filter; you may want to include a 0.01 capaci- 
tor in series with the filter input. 

Tune the generator from approximately 600 Hz to 
1200 Hz with the scope connected to the low group 
output. Notice where the three filter sections are 
peaking. Don't expect the peaks to be the same 
amplitude since the Q has not been tuned yet. If you 
have chosen to use pots, tune the center frequency 
of each section to the correct value, using R6, R12, 
and R18. 

If you are using individual resistors, divide the ac- 
tual center frequency of each section by the desired 
frequency for that section. Square this fraction and 
multiply it times the existing resistor value. This will 
give you the approximate value for a resistor which 
will put you very close to the desired frequency. Set 
the center frequency for the three high group sec- 
tions in a similar manner by tuning the generator 
from approximately 1000 Hz to 2000 Hz. 

To tune the Q, each BlQUAD could be driven and 
monitored separately and adjusted to the desired Q. 
An easier method is as follows. The Q of the first low 
group section is 20; the frequency is 686 Hz; the 
bandwidth is 686120 or 34 Hz. Hook the oscilloscope 
to U3 pin 7. Adjust the generator to the center fre- 
quency and note the amplitude. Find the two fre- 
quencies where the output is 3 dB (0.707 times) less 
than at the center. Is the bandw~dth more or less 
than 34 Hz? Adjust R2 upward to increase Qor down 
to decrease Q. Once this value equals 20, connect 
the scope to the output of the low group filter. 

Set the generator for the center frequency of the 
686 Hz section. If, for instance, the output is 500 mV 
peak-to-peak, tune the generator to the center of the 
809-Hz section and adjust R8 for 500 mV, then tune 
the generator to the center of the 955-Hz section and 
adjust R14 for 500 mV. 

The high-group filter may now be tuned in a similar 
manner at its respective frequencies, first adjusting 
the 1191-Hz section, via R22 for a Q of 20 and a 60- 
Hz bandwidth with your scope on U3 pin 8. Then, 

5 0 0  1000 1500 POW 

FREOUENCY /Hz) 

fig. 5.  Filter response for the high and low tone separation 
filter. 
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fig. 7. Schematic diagram of the decoder section. The data from the 74154 is active low, and can be inverted (by U5 and U6). de- 
pending upon the needs of your system. 

with your scope on pin 1 of U5, adjust R28 and R34 
at 1404 Hz and 1657 Hz respectively as you did for 
the low-group sections. Finally, check to ensure that 
1209 Hz is really 30 dB down from 941 Hz in the low- 
group filter, and vice versa. 

A voltmeter may be substituted for an oscilloscope 
for every filter test, but it will not allow you to see 
nonlinearities, oscillations, and hum. Also, a Touch- 
Tone pad can be used as a frequency standard to 
calibrate the generator by setting up a Lissajous pat- 
tern. On most pads, pressing two row or column but- 
tons will produce only the sine wave for that row or 
column. 

If your filter oscillates, the problem may be: 

1. The Qof one or more stages is too high. 

2. The power supply is not adequately bypassed. 

3. The ground circuit is not adequate. 

4. Circuit layout causes unwanted feedback. 

The filters 1 have constructed have not had these 
problems. Should you decide to use a substitute op 
amp be aware that if it has poor power supply rejec- 
tion or insufficient phase margin, it could cause 
oscillation. 

comparator and decoder circuitry 
Fig. 7 is the schematic for the comparator and 

decoder. The two sections of the comparator U1 are 
used to square up the filter outputs. The resistive 
dividers on the output of the comparators allow ad- 
justment of the drive to the MK5102, although this 

does not seem critical; you may choose to replace 
the pots with fixed dividers. 

In this circuit, the decoder's data control pin is tied 
to 5 V dc to constantly enable the proper format. A 
74154 separates the twelve subsequent commands. 
The 74154 outputs are active low, so if you require 
active high signals include hex inverters U5 and U6. If 
the digit 1 is received, then pin 2 of the 74154 will 
stay low just as long as the 1 is being received. 

The filter, decoder, and ALC circuitry has been in 
operation for many hours. It's presently connected to 
the output of a 2-meter f m  receiver tuned to a noisy, 
busy, repeater channel, and is used every day for se- 
lective call and remote control. The circuit does not 
trigger on false signals. In fact, it has proven to be 
stable and reliable, sufficiently so that it has perma- 
nently replaced an earlier sophisticated 567 PLL 
decoder system which was in use here for over a year 
and a half. 

Incidentally, there is a minor limitation of which 
you should be aware. Because of the ALC used with 
this system, a signal with somewhat low deviation 
will not be a problem. However, a signal with exces- 
sive deviation will be wider than your receiver's pass- 
band and will not be decoded. This is not a fault of 
the decoder, but must be corrected at the trans- 
mitter. 

Soon the MK5102, with its tri-state outputs, will be 
connected to a MOS-Technology 6502 microproces- 
sor system so that more complex functions may be 
performed. I welcome and solicit any and all com- 
ments and improvements t o  this Touch-Tone 
decoder. 

ham radio 
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antenna guys 
and structural 

solutions 

Advice on choosing 
guying materials 

and installing them 
for safety 

and long life 

Amateurs with free-standing antenna towers 
are fortunate indeed: no need to worry about guy 
wires, anchors, and supports. But if your antenna 
tower must be guyed, how do you ensure that your 
guying system will withstand the forces of high 
winds? What about your soil conditions? Can your 
soil hold guy anchors? 

This article gives some guidelines on how to han- 
dle the problem of guying antenna towers erected on 
various types of soil (from hard rock through loose 
sand and gravel). Also included are some tips on 
guying materials and how to use them. The author 
has had some 30 years of experience in the engineer- 
ing and construction of antenna systems in locations 
where wind velocity often exceeDS 185 kmlhr (100 
knots). 

guy-anchor placement 
Starting at ground level and going up, the location 

of each guy anchor is our first consideration. Ideally, 
guy anchors should be placed the same distance 
from the tower or mast base as the guy attachment 
to the structure, a 1:1 ratio. A minimum of three 
guys, spaced 120 degrees apart are considered while 
four guys spaced 90 degrees apart is most desirable. 
When real estate is not available to maintain the de- 

sired 1: l  ratio, consideration should be given t o  an 
acceptable ratio of 6:4. 

anchors 
Table 1 shows how we may expect our anchors to 

accept the strain when installed in various soils. Con- 
sidering the load that an average guy will put on the 

table 1. Classification of soils. The soil classification is used 
for determining the type of holding anchor guy wires (Cour- 
tesy Graybar Electric). 

soil class soil description 

1 hard rock, solid 
2 shale or sandstone, solid 

or layered 
3 hard, dry, hardpan 
4 crumbly, damp 
5 firm, moist 
6 plastic, wet 
7 loose dry sand, gravel 

anchor and rod, the stamped 152-mm (6-inch) an- 
chor with a 13 m m  (1 12 inch) by 1.5-meter (5 foot) 
rod will perform satisfactorily in  most locations 
(fig. I). 

In my case anchor holes were drilled with a power- 
driven post-hole digger leased from a local equip- 
ment rental agency. Angle the anchor hole so that 
guy tension is in a straight line with the anchor rod. 
The holding ability of this type of construction is 
shown in table 2. Before placing the anchor and rod, 
dress the rod threads to prevent the nut from back- 
ing off. 

These units will survive for many years if the soil 
composition is not corrosive. A test with litmus 

table 2. Holding power of a 152 rnm (6 inch) cone anchor in 
several soil types (courtesy Graybar Electric). 

soil classification 
(table 1) 3 4 5 

pounds (kg) ultimate 10,000(4540) 8,000(3632) 6,000(2724) 

By Marchal H. Caldwell, Sr., WGRTK, 4620 
Greenholme Drive, No. 4, Sacramento, Cali- 
fornia 95842 
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paper will reveal the presence of any contaminants. 
Coat the rod and anchor with thinned roofing mastic 

7 TURNS .n 
before back filling. 

guy wi re  material 
Consider the actual guy wire. There are probably 

more different guy wire types than vacuum tubes, 
and most will survive for a long time. Since an anten- 
na and its supporting structure represent a consider- 
able investment, the proper selection and use of 

f ig. 2. Method  fo r  se- 
cur ing te rm ina l  hard- 
ware to  a guy. Note h o w  
g u y  w i r e  s h o u l d  b e  im,Ns,LAmR 
served (7 turns, 7 times). 'OD 

GUY ATTACHMENT 

buckles should be safety-wired. A thimble should be 
used under the wire and inside the eye (fig. 2). 

Towers and masts are sometimes provided with a 
guy attachment bracket. Terminate the guy wire in 
the same manner as used at the turnbuckle (fig. 3). 
When no guy bracket is provided, wrap the guy 
around the tower leg above a cross brace. 

Proper guy tension has always presented a prob- 
lem. The only sure and safe method is t o  use a strand 
dynamometer, which is expensive and normally not 
available. However, most amateurs use the eye- 
balling method - keeping too much tension out and 
not too much sag. 

strain insulators 
Some antenna structures will require the guy wires 

to be broken with strain insulators while others won't 
need this treatment. Fig. 4 shows how to connect 
strain insulators in the guy wires. Note the recom- 
mended method of serving the loose ends of the 
wires, which is extremely important. A t  amateur fre- 
quencies, the most desirable maximum distance be- 
ween  guy-wire insulators is 3 meters (10 feet). Your 

fig. 1. Mechanical details for securing anchor hardware on 
guy wires. Lower sketch shows a method for adjusting guy- 
wi re tension. A n  ideal ratio of I:?  is assumed for the dis- 
tance of guy-wire attachment t o  structure (that is, guy lo- 
cations should be the same distance f rom tower base as the 
guy attachment to  the structure). A compromise ratio of 
6:4 is acceptable. 

guying materials is a must. Table 3 lists some of the 
available solid and stranded guy wire. 

attaching the guys 
Guy-wire attachment to the anchor rod eye is 

usually by a clevis-and-eye turnbuckle, wi th the 
clevis end attached to the rod and the guy strand at- 
tached to the eye by wire rope clamps. A t  least two 
clamps must be used spaced six times the diameter 
of the wire. The wire dead-end should be served 
around the wire adjacent to the outer clamp. Turn- 

m W E R  LEG 

fig. 3. Connecting terminal hardware to  a mast or tower, 
showing recommended geometry for guy placement. A n  
angle of 45 degrees is ideal, but  compromises are accept- 
able depending on your local wind conditions and available 
real estate. 
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TURNS- 7 TIMES 7 TURNS- 7 TIMES 

STRAIN INSULATOR 

fig. 4. How to connect strain insulators to your guys. Serv- 
ing the loose ends of the guys follows the rule: 7 turns, 7 
times. 

pocketbook will be the deciding factor since the in- 
sulators and guy wire clamps could cost about $5 at 
each point. 

Reasonably corrosion-proof materials should be 
used in your antenna construction. Hot-galvanized 
materials are among the best. An excellent source of 
supplies is your local electrical contractor. Explora- 
tion of surplus and salvage agencies often produces 
items at a considerable saving - but again, don't 
compromise on quality! 

Personal safety during construction is a most im- 
portant consideration, which must be practiced and 
observed. Have an adequate supply of strong hands 
and backs available when erecting any type of sup- 
porting structure. Ground-crew members should be 
equipped with hard hats, safety shoes, work gloves, 
and a knowledge of your construction plans. Climb- 
ers should be similarily equipped and have a good 
safety-belt. 

If you're considering constant experimental work 
at the top of your structure, fall-safe units are avail- 
able, which will prevent a disastrous fall. (This stuff 
is expensive, but so is a hospital bed!) 

le 3. Guy-wire strength in terms of size, breaking strength, and maxi- 
m load (courtesy Graybar Electric). 

size, breaking strength, maximum load, 
mm(AWG) kg (Ib) kg (Ib) 

lanized telephone 2.6 (10) 293 (645) 136 (300) 
?legraph 2.1 (12) 193 (425) 91 (200) 

1.6 (14) 112 (247) 52 (115) 

diameter, breaking strength, maximum load, 
m m  (in) kg (Ib) kg (Ib) 

en wires twisted 5.0 (31 16) 522 (1150) 250 (550) 
I 1 strand (common 6.5 (1 14) 863 (1900) 409 (9001 
3e) 8.0 (5116) 660 (3200) 681 (1500) 

en wires twisted into 5.0 (3116) 999 (2200) 477 (1050) 
rand (utility grade) 6.5 (114) 1816 (4000) 908 (2000) 
Nestern Union, ATBT 8.0 (5116) 2724 (6000) 1362 (3000) 

Finally, but by no means of less importance, re- 
member that erecting a supporting structure near 
high-voltage power lines could cause you to miss 
out on the Quarter Century Wireless Club. 

ham radio 
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vfo design 
using characteristic 

curves 

Graphical aid to 
help you choose 

vfo component values 
on the basis of 

working-f requency range 
and scale linearization 

This art ic le will help you  design a vfo using what I 
call the "universal characteristics" of the Colpitts 
oscillator. The hard work has already been done with 
the aid of a computer. The result is a family of 
parametric curves that allow you to choose frequen- 
cy determining values of critical components precise- 
ly and without guesswork. 

background 
Several months ago I started the project with an 

ssb transceiver using ICs, following the new and 
well-known concept of concentrating all common 
circuits that don't depend on reception-transmission 
frequency in a single printed circuit. An external vfo 
and a tuned amplifier in the input-output circuit 

defined the transceiver operating frequency. Several 
IC manufacturers have developed exclusive ICs for 
the common parts of the transceiver mentioned 
above by standardization and by reducing the 
number of discrete components. 

the external vfo 
The first problem I met was designing the external 

vfo. I needed a vfo in the 5 to 5.5-MHz frequency 
range with good stability and linearity. Because of 
the chosen frequency and the oscillator characteris- 
tics, I chose the Colpitts oscillator. I first tried to find 
articles that already described vfos working in my 
desired frequency range. I found a couple of circuits, 
and despite the different component values shown, I 
started construction following the scheme in f ig. 1. 
First of all I used a capacitor, C,= 80 pF with an in- 
ductance of approximately L= 5 p H ,  using different 
values for C1 and C2. I immediately realized the dif- 

RFC 

I fig. 1. Typical vfo Colpitts oscillator circuit used in the text 
example. Components L, C,, C, define the oscillation fre- 
quency, for which parametric curves have been derived and 

I are shown in fig. 3. 

By Maurizio Gramigni, IZBVZ, 1621 16th 
Avenue NW, Rochester, Minnesota 55901 
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ficulties ahead; in fact, when turning C, 180 degrees, 
the frequency range was around 1.6 MHz, which was 
not the desired range. After this failure I decided to 
face the problem from a technical point of view, 
starting from these assumptions: 

1. Determine frequency stability vs temperature 
variation. 

2. Calculate circuit-component values on the basis 
of the chosen working frequency range and scale 
linearization.* 

Regarding point 1, the use of an fet is highly recom- 
mended compared w i th  bipolar transistors or 
vacuum tubes. The advantages are listed below: 

1. An fet, with its high input impedance, can am- 
plify signals with very low current level. As a result 
the power dissipation will be less than with bipolar 
transistors and vacuum tubes. 

2. As a consequence of point 1 above, the heat 
dissipated and transferred to the oscillator compo- 
nents is lower, resulting in better thermal stability. 

3. Since the power used is very low and the fet 
mass is very small and compact, the thermal equi- 
librium will be reached in a very short time - 
30-40 seconds. 

Using components such as silver mica capacitors 
helped to provide an oscillator with a very good fre- 
quency stability. 

Calculating component values as a function of fre- 
quency range and scale linearization is the subject of 
this article. Fig. 1 shows our vfo circuit. Let's say, 
first of all, that L, C,,, C, define oscillation frequency, 

fig. 2. At  the resonant frequency the 0s- 
cillator impedance will equal zero. The 
network L, Cz, C, formed the basis of 
the FORTRAN program, which resulted in 
the universal characteristic curves for 
determining vfo values as shown in 
fig. 3. 

while C l  and C2 are the positive feedback network, 
which provides self starting and maintains oscilla- 
tion. Distortion due to the nonlinear elements is lim- 
ited by the proper choice of resistor R. 

*Scale linearization means that any variation of C, capacitance, AC,,, 
always corresponds to the same frequency variation, Lf, in the entlre 
oscillator range; that IS, the linear~ty ratlo, y, AC, remalns constant In the 
chosen range. 

Generally it's easy to design an oscillator working 
at one predetermined frequency. In fact, this occurs 
when the capacitive reactance of the oscillator circuit 
equals its inductive reactance. If a variable frequency 
oscillator is needed, however, a different approach to 
the problem is required. In this case, once the fre- 
quency range is chosen we need to know L, C,., and 
C, values. 

universal characteristics 
To reach our goal we start by calculating the trans- 

fer function of the complete oscillatory circuit. Then 
if we indicate 

the final equation is 

Because of the quantity of calculations I used a com- 
puter to solve for 2. 

As mentioned previously the real oscillator circuit 
consists of L, C,, C, components (see f ig .  2).  At  the 
resonant frequency, its impedance will equal zero, 
therefore our complex impedance, 27 must also equal 
zero. The program, in FORTRAN language, was 
based on the observation above. In fact, the comput- 
er printout directly supplied C, values for that partic- 
ular frequency value where f equals zero. 

parametric curves 
Starting from frequency values of 2.5 MHz, and 

for fixed values of L, C, C,, and R,  we obtained from 
the computer the C,, values for r= 0. The results are 
summarized in the curves of f ig .  3. 
Fig. 3A shows the universal characteristics family for 
L = 7.5p.H. C, values vary from 150 to 400 pF in 50-pF 
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C, CAPACITANCE lpF1 

fig. 3. A family of parametric curves for determining com- 
ponent values for the Colpitts vfo in fig. 1. Operating fre- 
quency as a function of variable capacitance, C,,, is shown 
as a function of oscillator frequency with values of C, as a 
parameter. The three sets of curves are for various values of 
inductance. L. 

steps. Fig. 3B shows the universai characteristics for 
L= 4.5 p H  Seven curves for C, values between 250 
and 550 pF have been calculated. 

Fig. 3C refers to the universal characteristics for 
L = 2  pH. These curves show that the effect of 
decreasing L causes an extension of the frequency 
range of interest by universal characteristics. For the 
characteristics of figs. 3A and 3B i t was not possible 
to calculate other C, values because of the unstable 
conditions I found. Therefore, only 12 curves for Ca, 
from 250 to 800 pF, have been calculated. 

how to use the 
universal characteristics 

I call these characteristics "universal" because 
they are valid for all vfos (Colpitts) as shown in fig. 1. 
With these characteristic features you can determine 
directly the values of all vfo components, as shown 
in the following example. 

Assume you want a variable oscillator covering 
3.5-3.9 MHz. Choose two curves, the first from fig. 
38 with C, = 300 pF and the second one from fig. 3C 
with Ca = 800 pF. In the first case, the linearity ratio 

kHz value is 4 /AC= 4.4 - ; while in the second case i t  
bF 

is 4/ACU=2.1 To obtain C,, (which in this 
PF ' 

case is 90 pF instead of 190 pF as in the second case) 
the curve of fig. 3B could be used. From this figure 
it's possible to get all the other values, which are: 

C, = 300 pF C, = 90 pF 

Usually CI and C2 have the same values to guarantee 
self-starting oscillations. 

in conclusion 
Once the working frequency range is chosen, it's 

possible to satisfy, through the universal characteris- 
tics of fig. 3, the following points: 

1. Dial linearization; that is, keeping the 4/AC, 
ratio constant within the chosen range. 

2. Definition of minimum and maximum C, values. 

In any case, for about 200 kHz of frequency range, 
the linearity error is very low for each curve of the 
families. On the contrary, for a wider frequency 
range, the choice of the curve is much more limited 
and depends on the desired 4/AC, ratio; that is the 
derivative value of the curve. Generally, for the 
Af/AC, ratio, it's advisable not to select very high 
values, around 4 kHz/pF. 

ham radio 
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hokes 
heir performance 
above and below 

resonance 
An investigation 

into the properties 
of rf chokes over wide 

frequency ranges 

For years I've heard various electronics engineers 
quote a simple rule-of-thumb about rf chokes: 
"Never use an rf choke above its self-resonant fre- 
quency because it's capacitive!" The inference is, I 
think, that above its self-resonant frequency, the rf 
choke will have a very low reactance, which is the 
opposite effect usually desired from an rf choke. 
After all, capacitors are used for bypass and coupling 
functions, and an rf choke does show capacitive re- 
actance above its self-resonant frequency. 

This rule-of-thumb is a very safe and conservative 
way to  apply rf chokes in circuit design, I suppose, 
but sometimes it makes it difficult to  get the imped- 
ance you want over a desired frequency range; in 
general, the larger the inductance of an rf choke, the 
lower will be its self-resonant frequency. 

A frequent application of rf chokes by amateurs is 
the use of a 2.5 millihenry choke in a circuit which 
operates up to 30 MHz. Such use is in direct conflict 
with the stated rule-of-thumb, because the self-reso- 
nant frequency of these chokes is usually on the 
order of 3 MHz! In the paragraphs which follow, I 
have attempted to resolve this conflict by mathe- 
matical analysis. 

mathematical analysis 
of the rf choke 

To evaluate the performance of rf chokes at differ- 
ent frequencies, I felt it necessary to develop a gen- 

eral mathematical expression for impedance as a 
function of self-resonant frequency. Starting with 
the mythical ideal rf choke, we have a pure inductor 
as shown in fig. 1. The equation for its impedance in 
ohms is 

where Z is the impedance, f is frequency in Hertz, 
and L is inductance in henries. The j is simply a nota- 
tion which indicates that the phase angle of the im- 
pedance is +90° with respect to a pure resistance. 
To simplify the following equations a little, I will sub- 
stitute w for 27f 

where w is frequency in radians-per-second. You can 
always get back to frequency in Hertz by a rearrange- 
ment of eq. 2. 

The solid line on the graph of fig. 2 shows how the 
impedance of a pure inductor, having an inductance 
of 1 henry, rises linearly with increasing frequency, 
according to eq. 1. The linear relationship will con- 
tinue to any frequency. 

L 
0 m 0 

fig. 1. The ideal rf choke is a pure inductance. 

Practical rf chokes, however, are not pure induc- 
tors; stray capacitance between turns of the coil is 
effectively in parallel with the ideal inductor. For the 
purpose of this discussion all of the stray capacitance 
may be lumped into one equivalent parallel capacitor, 
as shown in fig. 3. The rf choke now has a self-reso- 
nant frequency whose value is determined by the 
values of L and C. The equation for the impedance of 
this parallel circuit is 

1 
(iw L ) - j w c  

- 
jw L z= - - (4) 

1 jw L + --- 1 - w2 L C  
- j w C  

I The self-resonant frequency of the circuit will be 

By Courtney Hall, WASSNZ, 7716 La Verdura 
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designated w,, and its value is 

If w ,  is substituted for w in e q .  4, we obtain the value 
of the choke's impedance at the self-resonant 
frequency. 

The denominator in e q .  6 is equal to zero, so the im- 
pedance, Z,, must be infinitely large (remember, we 
don't have any losses in our mathematical model, 
yet). 

FREQUENCY lu) - $j!& 

fig. 2. Reactance of a pure 1 henry inductor vs frequency (no 
stray capacitance or loss resistance). 

To solve for the choke's impedance at one octave 
below and above the self-resonant frequency, substi- 

w 
tute JJ and Zw,, respectively, for w in e q .  4 2 

- j ( 2 w o ) L  - 2 - 
4LC 

- - - (jw L)  
I -  - 3 

Let's closely examine these two results. Notice that 
the quantity ( jw,L)  in each answer is the reactance a 
pure inductor would have at w,, the frequency at 

which the practical choke is self-resonant. Notice too 
that the magnitudes of the two answers are equal; 
the choke has as much impedance one octave above 
the self-resonant frequency as it does one octave 
below. The minus sign of the impedance one octave 
above self-resonance indicates the impedance has a 
phase angle of -90° w i t h  respect t o  a pure 
resistance, and this means i t  is a capacitive 
reactance. 

fig. 3. Practical rf choke has stray ca- 
pacitance, creating a resonant circuit. 

To explore this a little further, let's find the choke's 
impedance one decade below and above self- 
resonance 

Again, both answers have the same magnitude, and 
the impedance is inductive below self-resonance and 
capacitive above self-resonance. I have solved for 
the choke's impedance at several more frequencies 
and plotted the curve shown in fig. 4. Although the 
choke's impedance is capacitive above self-reso- 
nance, it doesn't fall off any faster than it does below 
self-resonance. 

I I 
W - uo 101 
10 

FREQUENCY 

fig. 4. Relative frequency response of a lossless, but self- 
resonant rf choke. The frequency of resonance is at w,. 
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W e  must add an equivalent parallel resistance, Rp, 
as shown in fig. 5, to make the mathematical choke 
completely realistic. Another way to show this is pic- 
tured In fig. 6, where Rp IS connected In parallel with 
the impedance, Z, solved for above. Rp accounts for 
losses in the choke; at the self-resonant frequency, 
the Impedance of the choke will be equal to Rp.  

The value of Rp does not stay constant as frequen- 
cy changes because losses tend to increase at higher 
frequencies. A major contributor to this characteris- 
tic is the skrn effect in the wire of the coil, which 
causes Rp to  decrease as a function of the square- 
root of frequency. Solving for the exact impedance 
of the rf choke with Rp present is a little tedious and 
will not be dealt with here. It is assumed, however, 
that Rp will be large enough so that the calculations 
above may be taken as rough approximations at fre- 

Dividing Rp by jw,L, we find the choke's Q at 2.5 
MHz is about 1.74, a very low value. To satisfy our 
curiosity, let's see what the value of the equivalent 
parallel capacitor is. The capacitor's reactance must 

fig. 6.  Another way  of schematically 
representing an rf choke. 2 is the lossless 
impedance calculated in the text. 

equal the inductor's reactance at resonance, so 

Now let's see what sort of impedance the choke has 
at 25 MHz, one decade above its self-resonant fre- 
quency. Substituting the results of eq. 13 into eq. 10 

j396 7 ohms 

-I-+-- The value of Rp at 25 MHz is estimated to be 

fig. 5 .  Equivalent parallel resistance, 
R , accounts for losses in rf chokes. P 

215,985 = 2157985  = 21,598.5 (17) 
Y7'zmz- am- 

quencies at least one octave away from self-reso- 
nance. Thus the curve of fig. 4 is assumed to be 
roughly correct outside the frequency range from 
0 . 5 ~ ~  to  20,. An  example may help to verify this. 

example 
Using manufacturer's specifications for a typical 

2.5 mH rf choke, let's examine its performance using 
the relationships developed above. Inductance is 
specified as 2.5 mH at 250 kHz with a Q of 55. The 
choke's reactance and Rp at 250 kHz are 

X = 2n(.25x106) ( 2 . 5 ~ 1 0 - ~ )  ~ 3 9 2 7  ohms (11) 

Rp = OJ = 55 x 3927 = 215,985 ohms (12) 

Self-resonant frequency is given as 2.5 MHz. 
Therefore, 

= j39,270 ohms (13) 

Assuming Rp has decreased by the square-root of 
frequency change, we can estimate its value at 2.5 
MHz as 

so it won't cause too large an error in the result of 
eq. 16. Notice that the impedance at 25 MHz, one 
decade above self-resonance, is very nearly the same 
as the impedance a t  250 kHz, one decade below self- 
resonance (see eq. 11 ) .  

One final calculation of interest is the value of 
capacitance the choke represents at 25 MHz 

Well, how about that? The same value as at self-res- 
onance. Obviously, the equivalent parallel capaci- 
tance of the choke is totally dominating the value of 
reactance at 25 MHz. But then, it should. 

conclusion 
After going through the exercise above, it is evi- 

dent that an rf choke behaves like any parallel tuned 
circuit. But since an rf choke has a self-resonant fre- 
quency, we knew i t  was just a parallel tuned circuit 
all along, didn't we? If we can use an rf choke below 
its self-resonant frequency, I see no reason not to 
use it above its self-resonant frequency, so long as it 
will provide the required impedance. An  rf choke 
does look like a capacitor above self-resonance, but 
as we saw with the 2.5 mH choke, it can be a very 
small capacitor. 

ham radio 
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techniques for 
preventing 

rf leakage 
from 

your transmitter 

Lowering unwanted 
rf leakage 

from your transmitter 
reduces 

radio-f requency 
interference 

We are all aware of the increasing incidence of RFI 
problems caused by solid-state home entertainment 
products which are not designed to function normal- 
ly in the presence of a strong RF field. These kinds of 
problems can be cured only by adding filtering 
and/or shielding to the affected device. 

A t  the same time it behooves us all not to forget to 
be sure that our own transmitters are clean. This 
means using a good lowpass filter and making sure 
that the only path out of the transmitter for rf energy 
is through that lowpass filter. If you have any RFI 
problems, this is the first thing that should be 
checked. 

Run your transmitter into a shielded dummy load. 
If the RFI is still present, you have rf leakage which 
should be eliminated. If it is harmonic interference, 
no lowpass filter will do any good if the harmonics 
are leaking out ahead of it. If it is overload interfer- 
ence, it may be possible to eliminate it by curing the 
leakage, depending on the amount of leakage to 
begin with and the relative distances from the equip- 
ment and the antenna to the device suffering the in- 
terference. 

Three areas need to be addressed to solve rf leak- 
age problems: filtering of power, audio, and control 
leads; shielding effectiveness of coaxial cable; and 
leakage at joints in shielded enclosures. Techniques 

By John E. Becker, KgMM, 201 East Marion 
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for filtering of power, audio, and control leads has 
been thoroughly discussed in many amateur publica- 
tions so that topic will not be addressed here. In- 
stead, I will concentrate on the other two areas. 

There is considerable difference in the shielding ef- 
ficiencies of different types of coaxial cable. The 
numbers to be quoted are from manufacturers' litera- 
ture, and while different manufacturers do not nec- 
essarily agree on the shielding efficiency of a particu- 
lar type of cable, there is no doubt about the signifi- 
cant difference in the shielding efficiency afforded by 
the different types of cable construction to be dis- 
cussed, and the numbers should be considered with 
that in mind. The most commonly used type of coax, 
that having a single shield braid of stranded copper 
wire, has a shielding efficiency of -48 dB at 100 
MHz for a 30 cm (1 foot) length of cable. That is, the 
total power radiated by that 30 cm of cable is 48 dB 
down from the signal level in the cable. This assumes 
95 per cent shield coverage. This shielding efficiency 
increases only slightly with decreasing frequency, to 
- 52 dB at 10 MHz according to data published by 
the Times Wire and Cable Company. 

The shielding efficiency is significantly reduced by 
lower shield coverage, and 85-90 per cent is more 
typical. This means that if you have 30 cm of coax 
between your transmitter and lowpass filter, har- 
monics radiating from that piece of coax are 48 dB 
down from their level at the transmitter output. 
Under these conditions, a lowpass filter with 100 dB 
harmonic attenuation is no better than one with 48 
dB attenuation as far as nearby interference prob- 
lems are concerned. The filter will keep the harmon- 
ics from getting to the antenna to be radiated for 
long distances, but the TVI problem next door is just 
as likely to be due to the radiation from the cable. 

While we're still on the subject of single shielded 
coax, be especially wary of bargain priced coax that 
is not made to military specifications. Some manu- 
facturers have drastically reduced shield coverage in 
the last few years to keep costs down. 

There are more sophisticated types of coaxial 
cable with much better shielding efficiencies. The 
most often encountered construction is double 
shielded coax. This type of cable uses two shield lay- 
ers with no dielectric between them. Shielding effi- 
ciency is typically - 87 dB at 100 MHz for a 30 cm (1 
foot) length, and since this is a premium cable 
designed for excellent shielding you can be sure that 
the shield coverage is as great as possible. 

A still better type of construction for shielding effi- 
ciency is triaxial cable. This cable has two shield lay- 
ers with a dielectric layer between them. Shielding 

efficiency is further improved to - 97 dB at 100 MHz 
for a 30 cm length. 

The ultimate in shielding efficiency is the solid 
jacketed type of cable. Radiation from this type of 
cable is below measurable limits, and system shield- 
ing efficiency is limited only by leakage at a connec- 
tor interface. 

The use of one of these improved types of cable 
for all station interconnections up to the lowpass fil- 
ter will ensure that you are getting all the harmonic 
protection the filter is capable of. Double-shielded 
substitutes for RG-8A/U or RG-213/U are RG-9B/U 
or RG-214lU. The double-shielded substitute for 
RG-58ClU is RG-55AIU or RG-223lU. A triaxial sub- 
stitute for RG-8AlU or RG-213lU is Times TRF-8. A 
triaxial substitute for RG-58ClU is Times TRF-58 or 
Essex 21 -204. 

Whatever kind of cable is used, be sure the con- 
nectors are properly installed. An  improperly at- 
tached shield will seriously degrade shielding effec- 
tiveness. With double-shielded and triaxial cables, 
both shields should be attached to the connector 
shell at both ends of each cable run. Assembly 
instructions for UHF, N, and BNC connectors can 
be found in  bo th  the ARRL Handbook and 
Antenna Book. 

For sealing joints of shielded enclosures, the 3M 
company has two products that are hard to beat for 
effectiveness and ease of application. They are cop- 
per foil tapes with conductive adhesives, especially 
designed for RFI shielding. Type X-1181 is a smooth 
tape, and type X-I245 is embossed with a grid pat- 
tern for more reliable electrical contact with the sur- 
face on which it is applied. Both are available in 
widths from 6 to 25 mm (114 to  1 inch). Shielding 
efficiency of up to - 65 dB is claimed by 3M, de- 
pending on the type of metal the tape is applied to. If 
desired, it is possible to solder to the tape without 
damaging it. 

I have applied this tape to the edges of all shield 
enclosures in my equipment, to the seams of low- 
pass filter boxes, and over the edges of coax connec- 
tors. The same piece has been removed and re-ap- 
plied on my linear amplifier cover shield several times 
with no apparent loss of adhesion. If the metal sur- 
face is clean to begin with, the adhesion is excellent. 
This type of tape may also be spirally wound over a 
length of conventional single shielded coax to obtain 
improved shielding effieciency. Each turn should 
overlap the previous turn by half the width of the 
tape, and the tape should extend over the shell of the 
connector at each end. 
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mple and effective 
vertical 

for portable 
communications 

How to build 
a simple 

vertical antenna mount 
that can be 

set up quickly 
for emergency 

radio communications 

One of the important aspects of amateur radio 
is the provision for efficient and timely communica- 
tions in emergency or disaster situations. Having 
been a ham for several years I have found it inter- 
esting that, in the various ham-oriented magazines, 
there is substantial coverage given for proper pro- 
cedures to follow during disaster or emergency com- 
munications but little mention or suggestion for ef- 
fective and simple antenna systems. The following 
presents an idea which fulfills both the "simple" as 
well as "effective" aspects of an emergency antenna 
set-up and is easy and inexpensive to make. The 
secret to success is in the use of a vertical antenna 
(for the bands you intend to operate) with ground 
radials, and a homebrew base section which mounts 
in the spare tire from your vehicle (see fig. 1). 

construction 
The materials required to build the base section are 

a short length of mast or pipe and a front wheel hub 
that will bolt into your vehicle's spare tire (the wheel 
hub can be obtained from a local junk yard for a few 
dollars). You will also need a set of lug nuts that will 
fit the bolts on the hub. 

The outside diameter of the mast should be as 
close to the inside diameter of the outside grease- 
seal surface of the hub as possible to make it easier 

antenna 
to position the mast perpendicular to the hub. The 
mast must be welded to the hub. 

Clean the hub of all oil or grease. Place it on a 
hard surface (that will not burn) with the lug-bolts 
facing up, stand the mast in the hub, and weld the 
mast and hub together as pictured in fig. 2. Be sure 
to position the mast perpendicular to the hub so the 
antenna will be straight and not tilted to one side or 
the other. 

field use 
To use the antenna set-up for emergency or port- 

able operation (such as Field Day or a camping trip) 

V E R T I C A L  --- 
ANTENNA 

fig. 1. Portable vertical antenna mount consists of a junk- 
yard hub bolted to the spare tire from your car. In high wind 
conditions you may want to weight the tire down with 
rocks, but in most cases this isn't necessary. Construction 
of the hub section is shown in fig. 2. 

all you need to do is remove the spare tire from your 
automobile, bolt in the base-section, lay the spare on 
the ground so the mast points up, and mount the an- 
tenna on the mast. If the vertical leans to one side, 
remove some dirt from under the high side of the tire 
or place some dirt, rocks, or a board under the low 
side to correct it. If you wish, you can place several 

By John S.  Jolly, WA7NWL. 1840 North 
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FRONT 
WHEEL- 
HUB 

fig. 2. Stub mast for the portable antenna base consists of a 
front hub f rom the junk yard which fits your car, and a short 
steel mast which is welded to  the hub. The outside diameter 
of the short mast should be very close to the inside diam- 
eter of the hub's grease-seal surface so the mast is per- 
pendicular to  the stub. 

rocks on top of the spare for additional weight and 
stability (under normal conditions this should not be 
necessary). Attach the ground radials and coax, and 
you are ready to go on the air. 

conclusion 
I t  is the intent of this article to describe a relatively 

simple and inexpensive method for an average ama- 
teur to have an antenna set-up which is portable and 
effective for use when conditions necessitate it. In 
addition to emergency and portable use, this set-up 
could be used by those hams living in apartments or 
townhouses which forbid permanent f ixture on 
their roofs. 

ham radio 

cleanup tips for amateur equipment 
Being in a position that would be considered envi- 

able among some amateur radio operators (this was 
written during my fifth year in the R.L. Drake Com- 
pany Customer Service Department; I now work for 
ETO), I've been able to pick up on some tips and 
hints on routine maintenance for amateur equip- 
ment. Even though I work for one of the manufactur- 
ers, don't wrinkle your nose and flip the page in favor 
of the ads on the latest offerings from your local deal- 
er. What I'm going to talk about is directly applicable 
to any amateur equipment. 

The item I want to deal with is cleaning the exterior 
of your gear. The benefits here are numerous; you 
can operate without having an air-sick bag handy, 
most technicians would rather spend an hour giving 
the gear a little extra tweaking instead of cleaning it, 
and it keeps the wife from nagging you about operat- 
ing a home for wayward cockroaches. 

For those of you who smoke, the gear really gets 
coated with tobacco stains in a hurry. The primary 
reason for this fact is that most of us get so wrapped 
up in a hot contest that we wind up with two cigar- 
ettes between the lips and three burning in the ash- 
tray without realizing it. In time, the panel markings 
get dim and bturred and you find yourself shading the 
vfo with one hand while squinting your eyes trying to 
read the numbers and keying with the other. 

There are only two cures for this condition that I 
know of. One is to stop smoking (if you have the will- 
power - I don't), the other is a couple of products 
called Sani- Wax and Fantastik along with about two 
hours work. Even if you decide to quit smoking, you 
still have the gear to clean up or trade in, and clean 
equipment almost always brings a few extra bucks 
when you trade. 

Sani-Wax is a white liquid that comes in a handy- 

dandy plastic quart container and retails for a dollar 
ninety-nine in my neck of the woods. The things it 
does for metal panels and cabinet borders is magnifi- 
cent. It's the only product I've used that will cut 
through smoke, grease, oil, and coffee stains while 
leaving a nice shine behind. The best part is that it 
goes on easy and wipes off easier. 

Fantastik is a spray cleaner from Texize Chemicals 
Company that will totally fascinate you wi th what it 
does for meters, vfo dials and windows, and espec- 
ially knobs. It knocks the skin oils and accumulated 
dirt out of the little grooves in those plastic knobs like 
crazy and it doesn't scratch or discolor them. An  old 
toothbrush makes the job easier and a lot faster. Just 
make sure you get it back in the rack before your 
mother-in-law shows up for her weekly overnight 
visit. 

A word of caution before you start. It's a good idea 
to remove all knobs before beginning and to  mark 
down what position your knobs are in BEFORE re- 
moving them. A lot of the controls, particularly bfo, 
audiolrf gain, passband tuning, and veniers, don't 
have flatted or keyed shafts to realign the pointers. 

If you can't find Fantastik at your local supermar- 
ket or electronics surplus store, try writing to the 
Consumer Relations Department, Texize Chemicals 
Company - Division of Morton-Norwich Products, 
Inc., Greenville, South Carolina 29602. They can put 
you hot on the heels of a local distributor. The people 
at Sani-Wax can be contacted by writing to  Roger 
Solem, Market Mechanics, 1900 East Randoll Mill 
Road, Suite 106, Arlington, Texas 7601 1. 

By using Sani-Wax on all the metal parts, and Fan- 
tastik on all the plastic parts, your amateur equip- 
ment will shine like new with a minimum of work. 

William D. Fisher 
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pi network design 

I 
mon a few years ago. Part of this trend is due to the for ig h-f req u e n c ~  fact that the newer power tubes provide maximum 

power amplifiers performance at high plate voltages. Many of the pi- 
network design charts previously published have not 
been extended to include these higher operating 

A complete discussion 
of pi and pi-L networks 
with computer derived 

component values 
for a wide range 

of operating conditions 

The design of  r f  power amplifiers has always 
fascinated the typical radio amateur, and it remains 
one of the few fields in which a person of modest 
technical capability can still actively participate. 
Although the number of home-built transmitters has 
steadily diminished as more commercial companies 
have entered the market, many amateurs still like to 
design and build their own final amplifier. The infor- 
mation contained in this article should greatly assist 
those so inclined. Many interesting comparisons will 
be presented between amplifiers running at different 
power levels as well as pertinent computer-derived 
data for the proper selection of component values. 

With single sideband and its legal 2-kW PEP maxi- 
mum input power, certain problems crop up which 
many amtateurs overlook or are unable to handle. 
This is because the operator wants to run the ampli- 
fier at one power level for ssb and another for CW. 
The problems are compounded when the operator 
also wants to run RTTY, which is 100 per cent key- 
down continuous-carrier operation. 

There is also a growing tendency to build power 
amplifiers with higher plate voltages than were com- 

voltages. 

' pi networks 

, The pi network is so named because of its 
resemblance to the Greek letter pi as shown in fig. 1. 
The same network in its electrical form with input 
and output impedances is shown in fig. 2. Since 
most amateurs use 50-ohm coaxial transmission line, 
the output load impedance of the pi network is usual- 
ly 50 ohms. 

When the pi network is used in a power amplifier, 
1 the circuit looks like that shown in fig. 3. The anten- 

na provides the output load impedance, ZL,  and the 
power tube provides the input load impedance, Zp.  
Since the plate load impedance usually falls into the 

1 range from 1200 to 5000 ohms, the pi network trans- 
forms the high impedance of the vacuum tube into 
the 50-ohm antenna load. It performs this job quite 
efficiently, and with predictable results. 

Actually, the pi network is a basic form of a three- 
pole lowpass filter. With proper care in design it will 
attenuate the second harmonic by 35 dB or more.1 
This would be for a loaded Q of 12; if the Q is dou- 
bled, attenuation is increased by approximately 6 dB. 

The pi-L network shown in fig. 4 consists of a 
standard pi network with an additional inductor. 
Since the pi-L network is a four-pole lowpass filter, 
second harmonic attenuation is increased to approxi- 
mately 50 dB. This is particularly important if you 
want maximum suppression of TVI. 

In addition to increased harmonic suppression, the 

1 pi-L network offers greater bandwidth for a given 
variation in operating Q, requires less output capaci- 
tance, and is able to operate efficiently with lower Q 
at very high plate load impedances. These advan- 
tages will become more apparent later. 

By lrvin M. Hoff, WGFFC (reprinted from the 
September, 1972, issue of ham radio) 
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The dc plate resistance of a vacuum tube, at a 
given input power level, can be calculated wi th 
Ohm's law: R = E / I ,  where E is the dc plate voltage 
and I is the dc plate current. However, since we are 
dealing with an ac circuit, this is of little value. What 
we need to know is the plate load impedance. This is 

fig. 1. The pi network is so 
named because of its basic 
resemblance to the Greek 
letter T. 

given approximately by the following equation which 
has been derived from the complex functions of a 
vacuum tube operating in class B. 

levels and different operating voltages and currents 
are shown in table 1. It can be seen from this data 
that the plate load impedance rises to very high levels 
when the plate voltage is increased above 4000 volts. 
More amateurs than might be expected use 4000 to 
6000 volt power supplies, and many of the associated 
problems have not been adequately discussed in 
the past. 

circuit Q 
The letter Q stands for quality factor, and is used 

to describe, in simple numerical terms, the efficiency 
and performance of capacitors and inductors. Actu- 
ally, there are two types of Q - loaded Q and 
unloaded Q. The unloaded Q is the inherent quality 
factor of the component itself; loaded Q is the quality 
factor of the component when it is used (and loaded 
down) by the circuit. 

- . .- 

The unloaded Q of a component is given by 
where Z p  is the plate load impedance, I is the indicat- 
ed plate current, and E is the dc plate voltage. X QIl= Q (unloaded) = - (4) 

When the vacuum tube is operated in class C, as 
for CW, the plate load impedance is approximated by 

If you are using a linear amplifier that runs with very 
high idling current, and approaches class A, the fol- 
lowing approximation for plate load impedance 
would be more appropriate. 

Zero-bias grounded-grid linears are usually thought 
of as being class B, but there is no hard and fast rule 
in this regard. A number of articles has been written 
on this subject, and you are likely to have already 
formed some opinions of your own. 

where X is reactance and T is ac resistance. The un- 
loaded Q of a high-quality capacitor might be 1000 or 
more, and a silver-plated inductor might have an un- 
loaded Q of more than 500. 

The loaded Q of a pi network is usually on the 
order of 10 to 20 for maximum harmonic attenuation, 
and is given by: 

where Z p  is the input impedance to the network, and 
ZL is the output impedance. 

When designing pi networks a value of loaded Q is 
chosen on the basis of harmonic attenuation, and is 
used in the design equations to determine the induc- 
tance and capacitance values for a given operating 
frequency. 

A typical step-down L-network is shown in fig. 5. 
This network is used to transform its input imped- 
ance to a lower output impedance. The Q of this cir- 
cuit is entirely dependent upon the ratio of the input 

fig. 2. Basic pi network showing the input and output load 
and output impedances as given in eq. 5. 

impedance. The input load impedance in transmitters is For example, if the input impedance to an L- 
the plate load impedance; output load impedance is usually network is 2500 ohms, and the output impedance is 
50 ohms in amateur stations. 50 ohms, the loaded Q of the network is 7: 

Consider the case of a class-B rf power amplifier Q, = Q (loaded) = 2500- 50 = m= 7 

with a 2100-volt plate power supply and indicated 
plate current of 476 mA ( I k W  input). As calculated 

L- 
However, a loaded Q of 7 is much too low for good 

from eq. 2, the plate load impedance is 2800 ohms: harmonic suppression. To determine the L-network 
input impedance required to provide a desired value 

Z - "0° = 2800 ohms of loaded Q, eq. 5 is rearranged as shown below: 
P -  1.57*0.476 

Typical plate load impedances for various power Zib = ZL(% + 1)  16) 
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For example, with an output load impedance of 50 
ohms, and a desired loaded Q of 12 (for good har- 
monic suppressionj, the required input impedance is 
7250 ohms. This is very restrictive and does not allow 
the designer sufficient latitude. So, although the L 
network is extremely efficient (98 per cent, typical), a 
pi network is usually used in transmitter output 
circuits. 

fig. 3. Pi network used in the output of an rf power amplifier 
is coupled to the power tube through a dc blocking capaci- 
tor (C3). C1 is the tuning capacitor, C2 is the loading capaci- 
tor, and L1 is the tank inductor. 

pi network analysis 
You can think of the pi network as being two L 

networks in tandem as shown in fig. 6. The first L 
network is a step-down type while the second L net- 
work is reversed for impedance step up. As an exam- 
ple, consider the case where the input impedance to 
the dissected pi network in fig. 6 is 2900 ohms. With 
a Q of 12, the first L network would step the input im- 
pedance down to 20 ohms. This is often called the 
virtual impedance. 

The second L network would then be designed to 
raise this virtual impedance of 20 ohms to 50 ohms to 
match the antenna. The Q of the second section 
would be quite low, on the order of 1.5. 

As the input impedance is increased with Q held 
constant, the virtual impedance increases, and when 
the virtual impedance is equal to the desired output 
impedance, the pi network reverts to an L network. 
For example, with a plate load impedance of 7250 
ohms and a Q of 12, the virtual impedance is 50 
ohms. This is the maximum possible impedance 
transformation for a Q of 12 and an output imped- 
ance of 50 ohms. 

Normally, about 70 per cent of the maximum pos- 

L I LZ ANTENNA 
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sible impedance transformation is used in a practical 
circuit. For a Q of 12 and an antenna load of 50 
ohms, this would represent a plate load resistance of 
5075 ohms. If the plate load resistance in an rf power 
amplifier is higher than 5075 ohms, a Q of more than 
12 is required to  retain the same level of harmonic 
suppression. This problem is circumvented by the 
use of the pi-L network, as discussed below. 

pi-L network design 
Another L network may be added to the pi net- 

work as shown in fig. 7 for additional harmonic at- 
tenuation. In actual practice C2 and C3 are combined 
into one capacitor so the circuit used in the trans- 
mitter is like that shown in fig. 4. 

In the pi-L network, the input pi section transforms 
the plate load impedance to some lower figure, such 
as 300 ohms; this is often called the image imped- 
ance. The final L network transforms the image im- 
pedance down to 50 ohms to match the antenna. 

From eq. 6 i t can be seen that with an image im- 
pedance of 300 ohms and a Q of 12, the pi network 
has a maximum transformation of 43500 ohms. 

fig. 5. Typical step-down 
L network is highly effi- ;---- - - - 

cient but very restrictive 
:z,N 

as far as acceptable Q is 
,.7: concerned. 

Using 70 per cent of the maximum possible transfor- 
mation as a practical maximum, as noted before, 
results in a maximum practical input impedance of 
30500 ohms with a Q of 12. This is far in excess of 
what you will ever need in a power amplifier designed 
for amateur service. 

The image impedance usually falls in the range 
between 200 and 400 ohms. It is selected for good 
harmonic attenuation, as well as balance in the T 
section of the pi-L network, and reasonable compo- 
nent values for the capacitors and inductors. If the 
image impedance is too high, the tuning capacitor 
(C1) will be too small on 10 and 15 meters, and the 
two inductors will be very large. Large inductors, of 
course, increase circulating currents which result in 
higher losses due to heat. 

Q vs frequency 
The loaded Q of a pi network (or any tank circuit, 

for that matter) is equal to its parallel-resonant im- 
pedance divided by either the inductive or capacitive 
reactance of the network. 

fig. 4. The pi-L network requires an additional inductor and The reactance of any inductor is directly propor- 
provides increased second harmonic attenuation. ti0nal to frequency, increasing as the frequency in- 
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creases. Therefore, from eq. 8 it can be seen that if a 
particular inductor is used, loaded Q will vary inverse- 
ly with frequency. As the frequency is lowered, for 
example, Q is raised a proportionate amount. With 
this in mind, it is easy to determine the Q for a given 
network on a different frequency from the following 
formula: 

where 4, is the loaded circuit Q and Q, is the unload- 
ed component Q. The graph in fig. 8 shows that effi- 
ciency is a linear function of loaded Q. For minimum 
loss, the loaded Q should be as low as convenient, 
while still providing adequate harmonic attenuation. 
This figure has arbitrarily been chosen as 12. 

When the pi network is designed, the minimum Q 
of 12 can only be obtained at the upper frequency of 

Where fl and 41 are the frequency and Q at one fre- L, L2 

T - -t---- ----*~ ...- xcwL.~ -~  

i I quency, and f 2  and 4 2  are at the second, different 
j z o m  frequency. 

For example, if an 80-meter pi network has a Q of 1 

/f;. fh r A. 
I , ,  

12 at 4.0 MHz, what is the Q at 3.5 MHz? fig. 7 .  In the pi-L network a second L network is added to 
the basic pi network. Capacitors C2 and C3 are combined 
into one capacitor in a practical circuit, as shown in fig. 4. 

Although the actual loaded Q is somewhat depen- 
dent upon the value of plate load impedance used in each amateur band, and then only at the maximum 
the circuit, this approximation is accurate within 1 input power level. For other frequencies or lower in- 
per cent. In the above example, with a plate load im- put powers, the loaded Q is higher than 12. 
pedance of 3000 ohms, 4 2  would actually be 13.84. 

pi network design 

fig. 6. Pi network is basically two L networks in tandem. 

Since the Q of the network goes up as the frequen- 
cy goes down, it's a good idea to design the pi net- 
work for the highest frequency that is to be used.2 
With this approach, when the same inductor is used 
at lower frequencies within an amateur band, Q in- 
creases somewhat, improving harmonic attenuation. 

Table 2 shows how Q varies as a pi network is 
retuned to a different frequency (same inductor). 
Table 2A shows a pi network designed for 4.0 MHz 
which is retuned to 3.5 MHz; Q increases from 12 at 
4.0 MHz to 13.8 at 3.5 MHz. The values of the tuning 
and loading capacitors are shown for comparison. 

Table 2B shows the case where a pi network is 
designed for 3.5 MHz with a Q of 12 and retuned to 
4.0 MHz (same inductor). The Q drops to 10.4, well 
below the selected minimum of 12. 

network efficiency 
As the loaded O of a network is increased, efficiency 
goes down because of higher circulating currents 
and higher losses in the components. Approximate 
efficiency is given by 

Usually, when you are trying to  design a pi net- 
work for your transmitter or linear amplifier, you 
must refer to graphs shown in reference books such 
as the ARRL "Radio Amateur's Handbook."3 These 
graphs are often somewhat confusing because you 
must first determine the plate load impedance, select 
a value of Q and then find the reactance of each of 
the components. Then you must locate yet another 
graph to convert these reactance values into actual 
values of inductance and capacitance. 

Few of these charts and graphs are extended 
above plate load impedances of 5000 ohms, and 
most give vague reference to the fact that if the plate 
load impedance is greater than about 5000 ohms, the 
Q should be increased. 

The charts in table 3 and table 4 are computer 
derived and offer all the required information to build 

CIRCUIT O 

QLJ efficiency = 100 ( I  - - ) (10) fig. 8. Efficiency of a network is inversely proportional to  

% the loaded Qof  the network. 
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table 1. Plate load impedances for different input power 
levels and different operating voltages and currents. 

input 
power 

( W) 
1000 
2000 
2500 

1000 
2000 
2500 

1000 
2000 
2500 

lo00 
2000 
2500 

1000 
2000 
2500 

1000 
2000 
2500 

1000 
2000 
2500 

volts 

2000 
2000 
2000 

2500 
2500 
2500 

2800 
2800 
2800 

3300 
3300 
3300 

4000 
4000 
4000 

5000 
5000 
5000 

6000 
6000 
6000 

plate 
impedance 

(ohms) 

2546 
1273 
1019 

3979 
1989 
1592 

499 1 
2496 
1996 

6933 
3466 
2773 

10186 
5093 
4074 

15915 
7958 
6366 

22918 
1 1459 
9167 

a practical pi network. The pi networks in table 3 for 
plate load impedances above 5000 ohms have in- 
creasing Q so that the transformation ratio never ex- 
ceeds the 70 per cent maximum. In addition, the in- 
ductors chosen for each of the designs are calculated 
for the highest frequency in the band. 

The Q of the network at the highest frequency is 
12 except when the plate load impedance is greater 
than 5075 ohms. The chart shows the capacitance 
values required to resonate the network to the lowest 
frequency in the band (maximum capacitance), as 
well as the operating Q at that frequency. In table 4, 
the image impedance (R3) at the lower frequency is 
also given. 

You will notice that the Q of the pi-L network does 
not go up as fast when frequency is lowered as it 
does with the pi network. Also, the Q remains the 
same for the pi-L for higher plate loads. 

In both table 3 and table 4 the values for ten 
meters are for 29.7 MHz, the highest frequency in the 
band. This is because you need to know minimum 
capacitance values to reach this frequency in a five- 
band transmitter. 

effect of swr 
A standing-wave ratio of 4: 1 will affect the capaci- 

tance required at C1 by + 10 per cent and at C2 by 
f 25 per cent. If the swr is caused by capacitive reac- 
tance, the tuning and loading capacitors are on the 

smaller side, and if the swr is the result of inductive 
reactance, the loading and tuning capacitors must be 
larger. Keep this in mind when selecting component 
values for a transmitter so you will be able to com- 
pensate for an antenna that is not exactly matched to 
your transmission line. 

ssb and CW operation 
Table 1 shows that for a given plate supply 

voltage, the plate load impedance is inversely propor- 
tional to the input power level. That is, 1000 watts at 
2800 volts represents 5000 ohms, while 2 k W  at the 
same supply voltage is 2500 ohms. Pi network values 
for a Q of 12 for each of these impedances are shown 
below (capacitace in pF, inductance in pH): 

f R1 C1 L1 C2 Q 

4.0 MHz 2500 191 9.18 1097 12.0 
4.0 MHz 5000 95 17.38 534 12.0 

Note that the required inductance values are quite 
different. 

As an example of what you may expect under ac- 
tual operating conditions, consider the 2-kW design 
above (9.18 pH inductor). A t  3.5 MHz with 2 k W  in- 
put, C1 is 252 pF, C2 is 1536 pF, and Q is 13.8; not 
too bad. However, if the input power is reduced to 
1000 watts at 3.5 MHz, C1 is 246 pF, C2 is 2287 pF, 
and Q reaches 27.0, increasing the circulating cur- 
rents and heat losses in the network. 

These figures point out the problems you can run 
into when you use the same operating voltage and 
same inductor at different power levels. Fortunately, 
there are several things which the designer can do to 
minimize these problems. 

variable inductors 
There are various variable rotary inductors avail- 

able on the market which allow the operator to select 
the proper inductance for 1000 watts CW at the bot- 
tom of a band as well as 2000 watts PEP ssb at the 
top. When compared to fixed inductors, these vari- 
able units are fairly expensive, and require a turns 
counter, further increasing cost. However, they are 
available in various inductance and current-carrying 
abilities, so they encompass practically any design 
requirement. Also, using a variable inductor elimi- 
nates the need for a bandswitch. 

bandswitch 
The primary purpose of the bandswitch is t o  

change the tap on the tank-circuit inductor to one 
better suited for the band in use. However, there are 
several other important functions for the band- 
switch: 

1. Used to switch input networks to  match the 
50-ohm output of the exciter. 
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2. Changes taps on the second inductor in a pi- have ample drive on CW if they are able to push the 
L network. final to 2000 watts PEP on ssb. 

3. Sometimes used to switch in additional tun- power supply voltage . .  . - 
inglloading capacitance on the 80-meter band Since, as I just mentioned, most exciters have 
so smaller variable capacitors may be used in 

more than ample drive for 1000-watts input on CW if 
the circuit. 

they are capable of driving the final to 2000-watts 
Since you may wish to use a bandswitch in your PEP on ssb, it's desirable to include some sort of 
power amplifier because of these additional uses, the automatic swamping so the exciter can be run in a 
variable inductor may lose some of its appeal. normal manner for both ssb and CW. Lowering the 

In a novel approach to this problem a ten-position plate supply voltage on the final-amplifier tubes 
bandswitch has been used in one design to select dif- decreases the plate load impedance required for a 
ferent amounts of inductance for the CW and ssb given input power level, therefore requiring more 
ends of the band.4 However, the additional switch drive to reach this input power level, 

table 2. Variations in Q as the resonant frequency of the pi network is changed (same inductor). 

plate load 
impedance impedance C1 L1 C2 

frequency (ohms) (ohms) (pF) (pH) IpF) Q 

A. Decreasing 4.0 MHz 2500 50 191 9.18 1097 12.0 
frequency 3.5 MHz 2500 50 252 9.18 1536 13.8 

B. Increasing 3.5 MHz 2500 50 218 10.49 1254 12.0 
frequency 4.0 MHz 2500 50 165 10.49 863 10.4 

leads and the large number of inductor taps make 
this approach seem impractical for the typical home 
builder. 

Table 5 compares the performance of 1000- and 
2000-watt transmitters, as well as a 2000-watt trans- 
mittec run at 1000 watts input. In the latter case some 
additional losses are evident, but they're hardly large 
enough to cause much excitement. The same com- 
parison shows that the 2-kW transmitter with a Q of 
12 at 4 MHz, has a Q of 16.2 at 3.0 MHz. However, 
considerably more capacitance is required at C1 and 
C2. The pi-L network will alleviate this problem to 
some extent, as the Q of the pi-L does not increase 
as rapidly as frequency is lowered as it does with the 
straight pi network. 

Since the 80-meter band is proportionally wider 
than any other high-frequency amateur band, there 
is some merit in using an extra bandswitch position 
for 80 meters.5 While I have shown previously that 
this is not required, it would be beneficial because 
you could select the 75-meter inductor for 4 MHz and 
2-kW input, with the 80-meter inductor chosen for 
3.7 MHz and l - kW input. 

The primary advantage in such an arrangement 
would be the ability to add a second input network to 
match the exciter. Since the input networks have low 
Q (typically 2 to 3), they are quite broadband and are 
usually set to a frequency in the middle of the band. 
However, it would be literally impossible for the same 
input network to work equally well on both 3.5 and 
4.0 MHz, so it would be desirable to have one for 
each end of the band. From a practical standpoint, 
this might not be necessary because most operators 

For example, if it takes 70 watts drive with 3000 
volts on the plate to reach 2000-watts input, then, 
depending upon the tubes used, it would take 70 to  
80 watts drive to reach 1000-watts input with a sub- 
stantially lower plate supply voltage. At the same 
time, the voltage-current relationship has changed, 
lowering the plate load impedance to something 
much closer to that which would give a Q of 12 with 
the same inductor. 

Also, the plate voltage must be lowered to retain 
the same Q with the same inductor at the same oper- 
ating frequency. This voltage reduction can be deter- 
mined from 

E2 = 0.71 (El)  (11) 

where El  is the original plate voltage for 2000-watts 
input and E2 is the lowered plate voltage for 1000- 
watts input. For example, a plate supply of 2800 volts 
for 2000-watts input must be changed to 2000 volts 
for 1000-watts input at the same operating frequency 
and circuit Q. Actually, on 3.5 MHz, this would be 
perhaps 1800 to 1900 volts to provide a Q of 12 at 3.5 
MHz (1000 watts input) using a 2-kW transmitter de- 
signed for a Q of 12 at 4.0 MHz. However, it is unlike- 
ly that you could get 1000-watts input at this plate 
voltage, even with 100 watts drive on a cathode- 
driven grounded-grid amplifier. 

tuning capacitance 
Table 3 and table 4 show that the C1 tuning capa- 

citance becomes quite small on 10 and 15 meters as 
the plate load impedance is raised. A typical 2000- 
watt transmitter might use 2800 volts on the plate, 
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table 3B. Pi-network component values for use within the 160-meter amateur band. Values were determined as in table 3A. 

Oddly enough, each of these different techniques 
is currently being used in commercial amateur-band 
power amplifiers. The vacuum variable provides the 
best answer to this problem, but it is also the most 
expensive (by a wide margin). However, the vacuum 
variable has many advantages worth considering if 
you are more interested in performance than in 
total cost. 

From table 6 you can see that the Q on ten meters 
goes up quite rapidly if too much capacitance is used 
at C1. One currently available commercial amplifier 
uses 2800 volts at 2-kW input (plate impedance, 2500 
ohms). For ten meters this calls for an input capacitor 
of about 15 pF, after the output capacitance of the 
tubes has been subtracted. However, this amplifier 
uses two 20-150 pF capacitors in parallel which are 
tuned in tandem with a geared arrangement. Thus, 
their minimum capacitance is about 40 pF, plus 10 pF 
added by the power tubes, providing a minimum in- 
put capacitance of more than 50 pF without any 
allowance for strays. 

Table 6 shows that this gives a minimun Q of 24.0 
at the top end of the ten-meter band (around 25.5 at 
the bottom end). If the amplifier were used at 1000- 

watts input, the Q would be nearly 48 at the top band 
edge and over 50 at the bottom! 

This amplifier would obviously lose substantial 
power output in the form of heat in the tank in- 
ductor, and proper tuning would be very critical. It 
would also have to be retuned more often as fre- 
quency was changed. 

This design is what I call the blunder-ahead 
method. In my mind, it would have been relatively 
simple for the manufacturer to use only one of the two 
tuning capacitors on 10, 15, and 20 meters, switching 
in the second tuning capacitor on 40 and 80. 

Another manufacturer does precisely this. He uses 
a dual-section capacitor - half is used for the three 
upper bands and the other half is added in parallel on 
40 and 80 meters. This provides normal Q for 2000- 
watts input on 10 meters. It still gives Q in excess of 
20 with 1000-watts input, but that's really not too 
bad. This tuning system gives more than twice the 
vernier of the other system since the maximum 
capacitance on 20 meters, for example, is 120 pF. On 
the previous amplifier there is 300 pF available, even 
on 20 meters. The unit with the lower capacitance is 
far easier to tune on the upper three bands. 

june 1978 5 59 







tab le  5. Comparisons between a 1-kW transmit ter ,  a 2-kW tank circuit is not prefectly resonated, and to allow 
transmit ter ,  and  a 2-kW t ransmit ter  operated a t  I-kW input.  for some oxidation if you use an air variable. 
A f requency o f  4 MHz was  used, b u t  other frequencies f r o m  
3 t o  30 MHz should produce comparable results. (These There are several ways to determine peak voltage. 

calculat ions are computer  derived fo r  comparat ive pur-  If the power output is known at this point you can 
poses a n d  on ly  approximate actual  operat ing condi t ions.)  use eq. 12 to determine peak voltage: 

1 k W  o n  2-kW Epk= Jm (12) 
1 k W  2 k W  transmit ter  

Plate voltage 2800 2800 2800 volts where Epk is the peak rf voltage, P, is output power, 
Plate current 357 714 357 m A and Z is plate load impedance. For example, in a 1- 
Plate load impedance 5000 2500 5000 ohms kW transmitter with 2800 volts on the date, the ~ e a k  
Power input 1000 2000 1000 watts voltage across C1 and L1 is 2646 volts. (The power 
Tube output (typical) 700 1400 700 watts 
Power at antenna 672 1343 647 watts 

output of class-B stages may be estimated at 70 per 

Transmitter efficiency 67.2 67.1 64,7 per cent cent of the input power as this gives some margin of 
Network efficiency 96.0 95.9 92.5 per cent protection and is suitable for this purpose). 
Lost in L1 (heat) 
Circuit Q 
Inductor 0 (typical) 
Frequency 
Antenna load 
C1 tuning capacitor 
L1 inductor 
C2 loading capacitor 
C1 reactance 
L1 reactance 
C2 reactance 
Current in C1 
Current in L1 
Current in C2 
Voltage across C1 
Voltage across C2 
Voltage on antenna 
Current in antenna 

watts 

MHz 
ohms 

P F 
FH 
P F 
ohms 
ohms 
ohms 
amps 
amps 
amps 
peak volts 
peak volts 
rms volts 
amps 

One other circuit trick which can be used quite 
successfully is to use a dual-section variable, placing 
the two sections in series rather than parallel. This 
reduces the minimum capacitance to 10 pF or less. 

broadband power amplif ier 
Many operators need special frequencies outside 

the five amateur bands for MARS or other purposes, 
and need a power amplifier which can be tuned up at 
any frequency in the range from 3.0 to 30 MHz. 
Table 7 shows a pi-network design that gives contin- 
uous frequency coverage in five switch positions. A 
pi-L network for similar use is shown in table 8. The 
pi-L is more broadband for a given Q variation, and 
requires substantially less output capacitance. Both 
designs are for 2000-watts input with a 2800-volt 
plate supply, or 1000-watts input at 2000 volts. 

component  ratings 
To determine the peak voltage across C1 you can 

use the maximum dc plate voltage. This is not pre- 
cisely correct, but it's close enough. Normally you 
would increase the voltage by at least 30 per cent 
when selecting a capacitor to prevent arcing if the 

The peak voltage across C2 can also be figured in a 
similar manner, except that Z in eq. 12 is the antenna 
load impedance. Power output may be estimated at 
65 per cent of the input. For example, if the output 
power is 650 watts (for a 1-kW amplifier), and the an- 
tenna load is 50 ohms, this represents approximately 
254 peak volts across C2. Thus, for a 1000-watt 
transmitter, a 350-volt, 365-pF broadcast receiver 
type capacitor could be used successfully. For 2000 
watts input at 2800 volts, the peak voltage across C2 
would be 367 volts, and the broadcast-tuning capaci- 
tor would be too marginal. 

In the pi-L network the image impedance must be 
used when calculating the peak voltage across capa- 
citor C2, and the voltage rating must be substantially 
higher than for the same capacitor in the pi network. 
For example, in a I - k W  transmitter, the peak voltage 
across C2 is about 635 volts; for a 2000-watt amplifier 
the peak voltage is about 895 volts. 

The peak voltage across C1 has already been de- 
termined, but t o  f ind the current through C1, 
rms voltage is more useful. This can be found from 
eq. 13: 

ET,, = rn (13) 

where E,, is the rms voltage, P i s  the output power, 
and Z is the plate load impedance. In the previous ex- 
ample of the 1000-watt transmitter with a 2800-volt 
plate supply, the rms voltage across C1 is nearly 
1870 volts. 

To calculate the current through C1 you must first 
determine the reactance of C1 (eq. 14) and calcu- 
late its impedance (eq. 15). The current is found 
from eq. 16: 
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However, since the resistance of a high-quality air- 
variable capacitor is very small, less than 1 ohm, for 
all practical purposes the impedance of the capacitor 
is equal to its reactance. Therefore, the current can 
be found from 

As you can see in table 5, the current through C1 
is much higher than you might think, with nearly 4.5 
amperes flowing through C1 in the 1000-watt trans- 
mitter with 2800 volts on the plate. Most air variables 
and vacuum capacitors can handle this current easi- 
ly, but you must be careful when selecting fixed 
capacitors to pad the variables. Transmitting-type 
capacitors with high 0 and good current-carrying 
capability are required (such as the Centralab 850 
series). 

The current through C2 can also be determined 
with eq. 17. However, when calculating the rms volt- 
age across C2 the antenna load impedance must be 
used in eq. 13. Again, there is substantial current 
flowing through C2 - nearly 2.5 amperes in the 
1000-watt transmitter. 

For all practical purposes, the current through in- 
ductor L1 is equal to that through C1. It is actually a 
little higher, and the following formula is reasonably 
correct for class B: 

where I,, is the circulating current, Q is loaded cir- 
cuit 0, and Ip is the indicated plate current. Eq. 18 is 
a close approximation that compares favorably with 
answers derived from using complex vector analysis 
of reactive components used in rf circuits at 
resonance. 

inductor power loss 
To determine heat losses in the inductor, it is nec- 

essary to know the rf resistance of the inductor. 

table 6. Large value at C1 and smaller inductor cause the O 
on ten meters to rise very rapidly, especially when running 
the transmitter at a lower power input which requires 5000 
ohms plate load impedance. 

f C1 L1 C2 
(MHz) R1 (pF) ( p H )  IpF) O 
29.7 2500 26 1.24 148 12.0 
29.7 2500 32 1.00 210 15.0 
29.7 2500 39 0.84 251 18.0 
29.7 2500 45 0.72 300 21.0 
29.7 2500 51 0.63 348 24.0 
29.7 5000 26 1.24 234 24.0 
29.7 5000 32 0.98 303 30.0 
29.7 5000 45 0.70 437 42.0 
29.7 5000 51 0.61 503 48.0 

table 7 .  Pi-network component values for a broadband 3-30 
MHz rf power amplifier matching a =-ohm antenna load. 
This is accomplished in five bands: 3.0-5.0 MHz,  5.0-8.5 
MHz, 8.5-14.4 MHz, 13.5-22.0 MHz and 20.0-30.0 MHz.  The Q 
is set for a minimum of 12 at the top of each band. The 2500- 
ohm plate load impedance corresponds to a grounded-grid 
amplifier running 2000 watts at 2800 volts, or a 1000-watt 
amplifier with 2000 volts on the plate. 

9 1  F C I L 1  C 2  R ?  'O' 
OHMS MH7 P F U Y  PF O Y F S  O U A L .  
2 5 0 0  3 . q  4 3 3  7 . 3 4  2 x 7 7  5 0  2 m . 4  
2 5 0 g  3 . 5  3 1 7  7 . 5 4  26375 5 n  1 7 . 4  
2 5 P @  4 . q  2 4 2  7 . 3 4  1 5 1 7  5 0  1 5 . 7  
2 5 0 3  5 . n  1 5 3  7 . 3 4  8 7 5  5 3  1 2 . 0  

Then you can use eq. 19 to find power loss. 

where I is the circulating current and r is the rf 
resistance. 

To minimize these losses, the inductor should be 
silver plated, as should all leads to  the bandswitch. 
Power losses on the order of 30 t o  100 watts are not 
unusual, even with low standing-wave ratios. The 
use of tubing is encouraged, particularly on the 
higher frequencies to provide better unloaded 0. 

It  may come as a surprise to find that the con- 
ductivity of silver is only slightly superior to that of 
copper. In fact, a silver-plated coil is little more effi- 
cient than a new tank coil made of copper. Copper, 
however, oxidizes, and the outer rf-current-carrying 
layer becomes less effective. On the other hand, 
silver develops a form of silver sulfide on its outer 
surface which barely affects its conductivity. Over a 
period of years the silver-plated coil will retain most 
of its original conductivity. 

safety 
An rf choke should be used at the antenna output 

of any pi or pi-L network. This choke should be large 
enough to blow the overload relay (or fuse) in the 
high-voltage power supply if t he  dc  b locking 
capacitor should short out. This is the only backup 
protection you have to keep high dc voltage off the 
pi-network components if the blocking capacitor 
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table 8. Pi-L network component values for a broadband 
3-30 M H z  rf power amplifier matching a 50-ohm antenna 
load. This is accomplished in five bands: 3.0-5.0 MHz, 5.0-8.5 
MHz, 8.5-14.4 MHz, 13.5-22.0 M H z  and 20.0-30.0 MHz. The Q 
is set for a minimum of 12 at the top of each band. The 2500- 
ohm plate load impedance corresponds to a grounded-grid 
amplifier running 2000 watts at 2800 volts, or a 1000-watt 
amplifier with 2000 volts on the plate. 

8 1 F C I LI C2 L2 R2 R 3  ' 9 '  
OHMS MHZ PF U H  P F U H  OHMS OHMS QUAL 

A suitable ~nductor for the L-sect~on of the pi-L network consists of 5 cm 
(2 inches) of Air-Dux 1606T I6 turns-per-inch (2.5cm1, no. 14, 5 cm (2 
inches) diameter]. It should be placed at right angles to the main pi inductor 
to avoid mutual inductance. 

number approximate 
frequency turns inductance 

3.0-5.0 MHz 10.00 3.90 pH 
5.0-8.5 MHz 6.75 2.25 pH 
8.5-14.4 MHz 4.75 1.33 
12.5-22.0 MHz 3.50 0.83 pH 
20.0-30.0 MHz 3.00 0.65 IIH 

shorts out. This rf choke also keeps any dc compo- 
nent off the antenna. 

RTTY and ssb 
Many amateurs are interested in RTTY as well as 

CW and ssb. Since RTTY is essentially 100 per cent 
key-down, it's quite hard on the various components 
in the transmitter. On ssb, the typical duty factor is 
30 to  50 per cent, depending on how much ALC and 
other compression you use. Typically, however, the 
average circulating current in the network is perhaps 
one-third of that for key-down operation. 

Table 5 shows that 2000-watts key-down gives 
comparable circulating currents to that of the same 
transmitter run at 1000-watts key-down with the 
same plate voltage and same inductor. This is due to 
the higher Q that is being used. Because of the lower 
duty cycle of ssb, running a 2000-watt transmitter 
key-down at 1000 watts for RTTY is three times as 
hard on the transmitter as running 2000-watts PEP! 
This is rather startling, and indicates why some rf 
power amplifiers should not be used on RTTY, 

although they are perfectly surtable for ssb at hrgher 
input power levels. 

Conversely, it follows that if a manufacturer guar- 
antees his unit to run indefinitely at 1000-watts key- 
down RTTY, that same transmitter should last 
forever at 2000-watts PEP ssb. Some manufacturers 
hedge if this specific question is posed to them. 

Using a 2000-watt rf power amplifier at the 1000- 
watt level for RTTY or CW poses certain inherent 
problems regarding heat and efficiency. High plate 
supply voltages raise the plate load impedance to the 
point where it may be difficult to get the minimum 
capacitance required for resonance on 10 and 15 
meters. 

When building a high-power final amplifier, con- 
sideration must be given to selecting components 
which will handle the voltage and currents encoun- 
tered in the circuit. The formulas given in this article 
should make it relatively easy for the builder to pre- 
dict what these voltages and circulating currents will 
be before he actually builds the amplifier. 

Computer-derived tables provide much data for 
the builder, and clarify many design points only 
hinted at in previous articles. I hope that the informa- 
tion presented here will be of benefit to anyone who 
builds or buys a final rf power am'plifier. 
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I f  you were one of the fortunate 29,069 hams who 
worked Cl ipper ton Is land i n  March  of 1978, 
you've worked an Atlas 350-XL transceiver. The 
350-XL was selected by the DXpedition logistics 
team, headed by Don Bostrom, N6IC;because i t  
had all of the necessary features required for the 
operation contained i n  one compact package. 
This included primary and auxiliary VFO's for split 
frequency operation, digital frequency display 
with accuracy of * 50 Hz, VOX for SSB and full 
break4n for CW, sidetone, more than 200 watts 
output (twice that of most other transceivers), all 
solid state design permit t ing efficient operation 
from a storage battery if necessary. And above 
all, rugged design and construction that permits 
hour after hour of continuous operation without 
failure. 

" T h e  3 5 0 - X L  is a f i n e ,  rugged 
transceiver. . . even works after a 
salt water bath.  . ." Willy, HB9AHL 

strictly 20 meters 'round the clock for 7 days, SSB 
and CW. I t  included a Dentron MLA-2500 Linear 
wh ich was used much  of t he  t i m e  to  break 
through to Europe and other distant points. The 
antenna was a Wilson 4 element monobander 
about 30 feet high. Power was supplied by a 2500 
watt Honda gasoline generator. This station ran 
continuously for 7 days, and made 11,158 con- 
tacts! Problems, zero! 

re l iab i l i ty  u n d e r  e x t r e m e l y  a d -  
verse portable conditions and con- 
stant use by DXpedition mult i -  

Incidentally, we took one box ashore which con- 
tained 3 fans. They were intended for blowing air 
on the transceiver heat sinks. The box is st i l l  on 
the island, unopened! Ambient temperature out - 
side was 85 degrees F, Inside the metal building? 
Up to 95 degrees! 

One very important point we want t o  make clear 
. . . the Clipperton DXpedition was financed by 
the 16 operators who went there, and by many 
generous donations from DX clubs, radio clubs, 
individual hams, and others. Atlas Radio was not 
a financial sponsor, except t o  the extent of loan- 
ing equipment. Other manufacturers provided 
similar support. 

ager,  my selection of t h e  Atlas 
350-XL proved to  be the perfect 
choice . . . " Don. N61C 

Needless to say, we at Atlas Radio were very 
pleased when the team chose the 350-XL as the 
transceiver for al l  3 stations. At that  point, how 
could I (WGQKI) turn down the invitation to join 
the team, and to  share i n  a tremendous adven- 
tu re? Did  I go along to keep our radios working? 
Well, truthfully I brought along a box ful l  of spare 
parts and pieces. Happily I can report that the box 
could have stayed at home. And there are 15 wit - 
nesses who wi l l  verify this. Their unanimous and 
whole hearted endorsement of the 350-XL is most 
gratifying. 

Many of you wi l l  be interested i n  how the 3 sta- 
t ions were organized. Number 1 stat ion was set 
up i n  the metal Quonset-type bui lding which the 
French put up i n  1957 during the IGY scientific 
work conducted nn the island This statinn w n r k ~ d  

Station Number 2 was located about 200 feet 
from Number 1, and was set up in a tent. It 
worked 10 meters daytime, 80 and 160 meters at 
night. A Dentron MLA.2500 Linear was used, 
mainly on 80 and 160, some of the t ime on 10 
meters. A 3 element Wilson monobander was 
used on 10. A doublet was used on 80 meters, 
later changed to  a Delta loop by FGARC, a KLM 
vertical with ground radials worked very well on 
160 meters. A Dentron MT.3000 antenna tuner 
was used on 80 and 160. Power was supplied by a 
Sears 2200 watt generator. This station averaged 
21 to 22 hours operation each of the 7 days. Prob. 
lems? The digital frequency display made signs of 
acting up. One of the IC's was replaced. A 5 min- 
(ute job. The r i g  had been liberally sprayed with 
salt water on the tr ip in through the surf, as also 
was the Dentron linear. Total contacts from sta- 
t ion Number 2 were 6401 on 10 meters, 1644 on 
80 meters, and 202 on 160 meters. 

D X e r s .  At las  3 5 0 - X L :  T h e  best  
equipment for hardest DXpedition. 
Result: One of the  best DXpedi- 
tions ever. . ." Jack, F511/FOBXB 

Station Number 3 was located i n  a tent about 300 
feet (and 5000 crabs) from Number 2. It operated 
on 15 and 40 meters. Foreign broadcast QRM was 
upru rn~iuh nn A l l  sn mnst nn~ra t inu  timp wac nn 

15 using a Wilson 3 element monobander. No 
linear was used at this stat ion because the gener- 
ator would not provide enough power. 

So, if you heard Clipperton on 15 or 40 meters, 
was strictly barefoot. A Dentron MT-3000 tuner 
was used with a KLM vertical on  40 meters. Sta- 
t ion Number 3 ran all week on a generator that 
delivered 155 volts AC when receiving . . . and 
only 75 to 90 volts during t ransmi t !  We were 
unable to adjust the problem, so simpIy let  it go. 
Didn't bother the rig. Total contacts on 15 meters 
numbered 7194, second only t o  20 meters! 40 
meters netted 2450 contacts. 

This report hardly is complete i f  we don't mention 
6 meters and Oscar. N61C and W6SO were the Os- 
car specialists. Unfortunately, some equipment 
difficulty (not Atlas) l im i ted Oscar contacts t o  
only 20. Rather disappointing, but the best we 
could do, and the guys really tried. 6 meters just 
never produced an opening. We monitored every- 
day without ever hearing a signal. 

" I  cannot say enough about the ex- 
cellent performance of the Atlas 
equipment. Under the most trying 
conditions of operation the gear 
c a m e  t h r o u g h  w i t h  f l y i n g  co l -  
ors. Wi th  16 operators pushing 
s w i t c h e s  a n d  t w i s t i n g  k n o b s  
24 hours a day for 7 days,  t h e  
equipment never faltered. Truly re- 
m a r k a b l e .  T h e  success  o f  t h e  
DXpedition was due  in large t o  
t h e  f a u l t l e s s  o p e r a t i o n  o f  t h e  
350-XL . . ." Hoppy, W6SO 

All i n  all, we feel the performance record on the 
HF bands is something to brag about, and hope 
you'll pardon us for indulging. One final thing t o  
boast about was really unexpected. The ride 
through the surf back to the ship was quite a ride. 
Everyone, and everything thoroughly soaked. 
Much of the gear was fu l l  submerged. But al l  3 of 
the 350-XL's worked normally after drying out !  
Being very low on fresh water we could not afford 
t o  wash the gear down. All we could do was dry 
them out i n  the sun. Obviously, as soon as we got 
back we had to  wash out the salt and clean the 
sets up. But, they were used "maritime-mobile" 
on the t r ip  back t o  San Diego. 

The Clipperton '78 DXpedition was undoubtedly 
the biggest expedition and adventure of i ts  kind 
ever put together, and turned out t o  be a smash- 
ing success i n  al l  respects. All the  gang at Atlas is  
mighty proud at how well the  350-XL proved i t -  
self, truly a great performer; a real classic that 
will set the pace for years t o  come. 
7 3 Herb Johnson W6QKI 

- : . . . : I  R A D I O  INC. 
417 Via Del Monte, Oceans~de. CA 92054 
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programming for 
automated satellite communication 

Following the lead of Ball 
in February ham radio, 

author Milazzo has also 
derived the equations 
for tracking Oscar - 
emphasis in this case 

has been placed on 
developing a program 

suitable for use with the 
Texas Instruments 

calculators which use 
algebraic notation 

Of primary importance in satellite communication 
is the required antenna orientation and the time dur- 
ing which the satellite is available from the ground 
station. Such information increases the dependabili- 
ty  and efficiency of satellite use. Presently, the 
means of obtaining this data is widely available due 
to the increased popularity of low-cost program- 
mable calculators and minicomputers. 

Previous articles have dealt with the prediction of 
equatorial crossings.l12 These offer few advantages 

I 
I 
I 

fig. 1. Basic figure used for the I 
derivation of the main equations I 

to track the satellite; the law of 
cosines for spherical trigonometry 
applies to this figure. I 

since such information is published monthly and 
interpolation of this data is easily accomplished. 
Other articles do offer more useful information but 
require the use of slide-rule type devices which are 
imprecise and incapable of being interfaced with sta- 
tion equipment.3.4 

This article presents a series of equations for deter- 

By Charles F. Milazzo, KP4M0,  University of 
Puerto Rico School of Medicine, Apartado 2-2, 
GPO Box 5067, San Juan, Puerto Rico 00936. 
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mining the exact position of any earth satellite that 
approximates a circular orbit, at any given time. The 
calculations are useful for manually or automatically 
tracking a satellite, for preparing tables for future 
reference, or for alerting the operator when a satellite 
is approaching. This algorithm has been used to pre- 
pare programs for the Texas Instruments SR-52 cal- 
culator, but can be programmed for other calculators 
and computers as well. 

theory 
The theoretical model considers the earth as a sta- 

tionary sphere with the satellite travelling in a circular 
orbit moving from east to west. Thus, the coordi- 
nates of the ground station remain constant while 
those of the satellite vary as a function of time. Solv- 
ing this problem involves the application of spherical 
trigonometry which implies that the computer must 
be supplied subroutines for trigonometric functions. 
Algebraic methods for evaluating these functions are 
found in various references.5.6 

The main equations are derived from the law of 
cosines of spherical trigonometry (see fig. 1). 

To calculate the latitude and longitude of the 
satellite, the angle labelled A is placed at the equator 
crossing point of a reference orbit, angle B is at the 
satellite's position at time T,  and angle C is at the 
North Pole. Thus, A is equal to 360° minus the orbit- 
al azimuth during equator crossing ( A  = 360'- or,qx), 
and C is equal to longitudinal displacement of the 
satellite from the reference crossing ( C = X , - b q x ) .  
Side a is the complement of the satellite's lati- 
tude ( a =  90'- $,), side b is a function of the orbital 
period Ps and of the time elapsed from the refer- 
ence crossing [ b  = 360°(T- Te4,)/PsI, and side c 
is 90°. 

Substituting known values into the equation for 
the law of cosines results in: 

cos (90° - $3 = C O S I ? ~ O ~ ( T  - T~~,)/P,]cos 90' + 

cos (360' - aeqJ 

which simplifies and rearranges to  give the satellite 
latitude 

$ ,  = arcsin {sin[360°(T - Teqx)/PSI cos aeq,) 

The result is used again in the same equation to  
calculate angle C 

c o s [ 3 6 0 ° ( ~  - Teqx) /P5]  = cos (90° - $3 cos 90° -t 

sin (90' - $J sin 90' cos C 

which rearranges to give 

The true longitude of the satellite is calculated by 
adding the longitude of the  equator crossing 
reference point (bqX), changing the sign of C when 
the satellite is in the Southern Hemisphere, adding 
the displacement due t o  the  earth's rotat ion 
(0.25O/min), and compensating for a constant orbital 
drift factor (Dl if necessary. 

X, = (l $ , ( / $ J  arccos cos[360°(T- Teq,)/PsI 1 cos$, I 
Again referring to fig. 1, angle A is now placed at 

the location of the ground station and is equal to 
3 6 0 °  m i n u s  t h e  c o r r e c t  a n t e n n a  a z i m u t h  
(A=360°-%,I. Angle C is the difference between 
the longitudes of the satellite and the ground station 
( C = & - % ) .  If C is greater than zero, then the true 
azimuth is 360° minus ~yg,. Side b is the complement 
of the ground station's latitude ( b  = 90'- $&, and 
side c is the distance from the ground station to the 
satellite in great circle degrees ( c  = 8 ) .  Side c is calcu- 
lated using the law of cosines. 

COS e = cos (900 - $3 cos (900 - $,) + 
sin (90'- $ J s i n  (90'- $g)  cos (Xs- Q 

which simplifies to give the degrees distance 

This value is used to calculate the azimuth 

cos (90' - $ J  = cos (90' - Gg) cose + 
sin (90' - $g) sin 0 cos %s 

na elevation is based on this 
plane geometric figure. R, is 
the orbital radius, referenced 
to the center of the earth. 

which rearranges to give 

(r,, = arccos [(sin $,  - sin G g  cos O)/C(PS G g  sin 01 



The antenna elevation is calculated using a plane 
geometric model as shown in fig. 2. Re is the earth's 
radius (6371.315km) and R, is the orbital radius. 
According to Newton's law of gravitation, the radius 
of a circular orbit is a function of the orbital period. 
For any satellite in such an orbit, the centrifugal force 
( F = m v 2 / R s )  is equal t o  the gravitational force 
( F =  GMem/Rs2) .  The velocity of the satellite is equal 
t o  the orbital circumference divided by the orbital 

fig. 3. By drawing a perpendic- 
ular line from the ground sta- 
tion to the orbital radius line, all 
angles and distances can be R8cose 
analyzed using basic trigono- 
metric functions. As shown in 
the text,  the actual antenna 
elevation angle is derived by 
this method. J 

period in  seconds (u= 2?rRs/60Ps), when P, is in  
minutes. GMe is the earth's gravitational constant 
(398603km31s2). Thus, we can calculate the orbital 
radius by equating the centrifugal and gravitational 
forces 

Fig. 3 shows the trigonometric relationships which 
result when a perpendicular is drawn f rom the 
ground station to the Rs line. Solving for the angle 
whose apex is at the satellite's position yields 

90° - t) - 4= arctan [Resin t)/(R, - Re cost))] 

which rearranges to give the antenna elevation 

If the satellite is below the horizon, the antenna ele- 
vation will be a negative number. This is useful as a 
conditional test to determine if the satellite is within 
range. 

Ground distance is directly proportional to the arc 
distance and can be found by D = k 0 ,  where k is 
111 . I 4  for kilometers, or 69.06 for statute miles. 

Direct line-of-sight distance can also be determined 
by the law of cosines (fig. 4). 

The constants for the Oscar 6 and 7 satellites are as 
follows: 

aeqx Ps D 
Oscar 8 351.0100° 103.23162 min 0 
Oscar 7 348.2990° 114.94483 min 0 

the SR-52 program 
Due to the complexity of the calculations required, 

the program is divided into two modules." The first 
module enters the appropriate reference and con- 
stant information into the data memory, while the se- 
cond module computes the satellite's position and di- 
rection in terms of azimuth and elevation from a spe- 
cified ground location. In the second module, the 
desired time is entered from which the calculator dis- 
plays the elevation angle, indicating if the satellite is 
within range. The azimuth and arc distance can then 
be called from the calculator. To facilitate the tabula- 
tion 05 the results, one key has been programmed to 
advance or reverse the position of the satellite by a 
desired number of minutes. The following example 
demonstrates the use of the program. 

The antenna aiming data for the first Oscar 7 pass 
of August I, 1977 is desired. The first program card is 
read into the calculator, and the R / D  switch is placed 
in the degrees mode. A reference orbit from January 
I ,  1977 is available. The satellite is found to cross the 
equator at 77.0° west longitude at 0148:49 on 
January 1. The station coordinates are 18O25' north 
latitude and 65O58' west longitude. Therefore, the 
following key sequence is executed: 

enter press display 

7 A 7 (satellite #) 
1 B' 2400 (enter date) 

148.49 B 1548.82 
77.0 C 77. 
18.25 D 18.42 
65.58 E 65.97 

The second card is now read into the calculator. 
Since the exact time of acquisition is not known, a 
rough estimate can be made based on the fact that 
the satellite travels at about 3 degrees per minute and 

*A copy of the program IS available by sending a self-addressed, stamped- 
envelope to ham radio. Greenville, New Hampshire 03048. 
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it must be within 36 degrees of the station to be 
heard. First, determine if the satellite is within range 
at 0000 GMT on August 1 (213th day of 1977). 

enter press display 

213 A '  51 1200 (enter date) 
0 A - 9.23 (enter time/ 

disp. elev.) 
C 45.8 (disp. distance) 

The negative value for elevation showed that the 
satellite is below the horizon at 0000 GMT, while 
pressing C showed that it is about 10 degrees beyond 
the 36 degree range limit. If the satellite is ap- 
proaching, it will take about four minutes to come 
within range. Advancing the satellite four minutes 
produces: 

enter press display 

4 E 2.25 (elevation) 
B 147.8 (azimuth) 
C 33.4 (distance) 

The satellite can be advanced at one minute intervals 
to produce a listing for this pass. 

t i m e  

0004 
0005 
0006 
0007 
0008 
0009 
0010 
001 1 
0012 
0013 
0014 
001 5 
001 6 
0017 
0018 
0019 
0020 
002 1 
0022 
0023 
0024 
0025 

elevat ion 

2.2 
5.7 
9.4 

13.5 
18.1 
23.4 
29.3 
35.9 
42.7 
48.7 
51.6 
50.1 
44.8 
38.1 
31.3 
25.2 
19.7 
14.9 
10.6 
6.7 
3.2 
0.0 

az imuth  

147.8 
146.2 
144.3 
142.0 
139.0 
135.1 
129.8 
122.4 
11 1.5 
95.5 
74.3 
52.1 
34.3 
22.0 
13.6 
7.8 
3.7 
0.6 

358.1 
356.2 
354.7 
353.5 

distance 

33.4 
30.3 
27.2 
24.2 
21.2 
18.3 
15.5 
12.9 
10.6 
8.8 
8.0 
8.5 
9.9 

12.1 
14.6 
17.4 
20.3 
23.3 
26.3 
29.4 
32.4 
35.6 

Results from this program have been compared 
with published equatorial crossing data, with the pre- 
dicted coordinates accurate to within one tenth of 
one degree for both Oscar 6 and Oscar 7. This, for 
one year from a single reference orbit. 

The user instructions for the program are straight- 
forward, but the following hints are useful. A date 
need not be entered if the reference and unknown or- 
bits occur within the same day. When entering a 
date, it must always be entered before the time. The 
dates of the reference and unknown orbits must be 
either within the same month, or else each day of the 
year must be assigned a consecutive number. The 

fig. 4. The direct  l ine- 
o f -s i gh t  d i s tance  t o  
t h e  s a t e l l i t e  i s  ca l -  
culated using the l a w  
o f  cos ines  a n d  t h i s  
f igure. 4 

" + Time" key may be used to reverse the satellite's 
position by merely entering the negative value of the 
desired number of minutes. Finally, if you desire to  
enter a new time without using the " + Time" key, it 
is necessary to re-enter the date (if used) before 
entering the new time. I can supply the program on 
magnetic cards with any station coordinates and 
reference orbit recorded for the cost of $5. This in- 
cludes program documentation. 

conclusion 
By using the preceding equations, any person can 

build his own computerized satellite tracking station 
by interfacing a digital clock and station controls to a 
microcomputer. Even without a computer, this pro- 
gram offers valuable, accurate information for any 
satellite operator. 
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I thing can happen when the power supply is first 
2. We must design circuits more conservatively or 

turned on (f ig. I B ) .  In this example, we are causing a 
add protective devices to  suppress the transients. 

rapid increase of current in  an inductive circuit (the 

protecting solid-state devices 

3. We must try to eliminate some of the man- 
made causes of voltage transients. 

from 
voltage transients 

There has been a great deal of discussion lately 
about solid-state equipment failing "for no apparent 
reason." If you have experienced such an occurrence 
and you can't explain it, chances are your solid-state 
gear has been zapped by a voltage transient. These 
are the little "gremlins" that can appear at any time, 
unannounced, and proceed to do their dirty work on 
your favorite electronic device (even when it is 
turned off). 

While this problem may appear at first to be a 
recent phenomenon, it may surprise many of you to 
learn that voltage transients have been around for a 
long, long time. Why, then, have we begun to exper- 
ience solid-state equipment failures (traceable to 
transients) only in the last few years? 

The key to answering this question begins with an 
examination of the way equipment is built today as 
compared to 10 or 15 years ago. The one major and 
obvious difference is the use of solid-state devices in 
place of vacuum tubes. While transients have been 
around for a long time, they never bothered vacuum 
tubes, which can withstand momentary abuses with- 
out damage. Consequently, we have never paid 
much attention to the elusive voltage transient. To 
summarize our present situation, we know that: 

1. High energy voltage transients can destroy 
solid-state devices. 

In this article, I hope to provide you with some 
information on what voltage transients are, what 
causes them, why protection is necessary, and how 
to  detect and suppress transients. 

short period of time (usually in the nanosecond 
range). These transients can be generated by a 
device within the electronic gear (relays or SCRs) or 
they may come from a number of external sources 
such as lightning or power line switching. 

For example, if an electric current is made to in- 
crease or decrease rapidly in an inductive circuit, an 
extremely high voltage will be generated (directly 
proportional to the amount of inductance and the 
rate at which the current is attempting to change). 
While this all happens very fast, there is a possibility 
that enough energy will be generated to exceed the 
breakdown characteristics of the solid-state compo- 
nents in the conduit. 

Another problem area exists with transients caused 
by outside sources that find their way into solid-state 
equipment through power connections, antenna 
lead-ins, and other signal inputs to the equipment. 
This type of transient is much harder t o  control than 
the internal transient, and yet can produce just as 
much damage. 

sources of voltage transients 
As discussed earlier, transients may be generated 

under all types of conditions, and may occur on an ac 
line as well as dc bus. An  example of the generation 
of an internal transient is one that occurs in the wind- 
ings of the transformer in a power supply. If the line 
switch on the primary side of the transformer is 
opened at the exact instant that the transformer core 
is beginning a downward swing of magnetization 
current ( f ig. I A ) ,  a voltage spike is developed on the 
secondary winding of the transformer. The same 

what are voltage transients? 
To begin with, voltage transients are generally 

considered to be abnormally high voltages, occurring 
in a place where they don't belong, for an extremely 

transformer winding) and the result is a momentary 
spike on the secondary circuit. 

While the previous two examples involve ac cir- 
cuits, the same phenomenon can occur with the 
interruption of dc circuits that supply inductive loads. 
A diode connected across the coil of a dc relay is a 
good example (f ig. I C ) .  When power is interrupted, 
this circuit is designed to  conduct and thereby clip 
any high-voltage transients that may be developed. 

By W. J. Prudhomme, WB5DEP, 6419 Rosalie 
Court, Metairie, Louisiana 70003 

74 june 1978 



120 
VAC .--qli$-$&3 0--- FILTER 

e 

PRIMARY 
LINE 

VOLTAGE 

I", 1 - 
MAGNETIZING 

CURRENT 

MLTAGE 
TRANSIENT 

SECONDARY 
VOLTAGE 

'-SWITCH 
OPENED 

L'K 
FILTER 

RELAY 
b C 0 ! '  

PRIMARY LINE runL 
VOLTAGE 

SECONDARY 
W L T A E  

1- MLTAGE 
TRANSIENT 

v,, /-%LfS%NT 
8 a 

STEADY STATE 

fig. 1. Examples of the way in  which voltage transients are formed. I n  A, 
the transient is created by  opening the switch at the peak of the magnitizing -- - 
current, whi le i n  B it's formed by closing the primary swi tch at  the peak of t TRANSISTOR 

the primary voltage. Switching the inductive load, as shown in  C. wi l l  also SWlTCHED OPEN 

generate a transient on  the Vcc line. 
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As far as outside sources of voltage transients, one flash with almost every lightning strike. Naturally, for 
of the most common is lightning striking a power line safety reasons, I don't recommend that anyone try 
during a storm. Even when the strike is several kilo- this experiment. However, it should give you some 
meters away, it can readily travel through the utility's idea of the amount of energy an antenna system can 
power lines and play havoc with solid-state equip- absorb and what can happen if you don't protect 
ment. Also, lightning in  the area can generate sensitive rf circuits. 
voltage spikes on your antenna that easily find their Other forms of ac voltage transients may come 
way into the sensitive rf stages of receivers and from arcing contactors, incandescent lighting dim- 
transceivers. Here again, the actual lightning may be mers, electric drills, appliance motors with brushes, 
kilometers away and still generate enough transient power-line switching, and many more. Also, air con- 
energy to damage unprotected equipment. ditioning motor-starting contactors can produce 

When I was younger and didn't know better, I used damaging transients, as well as relays in the control 
to connect an NE-2 neon lamp across the lead-in of circuits. 
an unused antenna to detect these occurences. Even 
when an electrical storm was far awav (and althouah why is protection required? 

- 
the NE-2 requires about 90 volts to ignite), it would To further illustrate the fact that sensitive solid- 

state equipment should be properly protected, refer 

Transients are capable of destroying solid-state compo- 
nents such as IC's, rectifiers, and transistors (even power 
transistors usually assumed t o  be protected by heatsinks). 
To protect these sensitive components from voltage tran- 
sients, it's necessary t o  use some type of energy absorbing 
device such as the metal oxide varistors shown in  the 
photo. These are the four round shaped components on the 
right that look like disc capacitors. Commercial solid-state 
equipment such as the wel l  designed power supply i n  the 
background may be protected by installing a varistor on the 
line side of the power transformer. See text. 

to a study conducted by the General Electric Com- 
pany in 1969.1 In this study, which took two years to 
complete, surge voltages in both residential and 
industrial circuits were measured at 400 different 
locations in twenty cities. 

Surprisingly, higher surge levels were recorded in 
the residential circuits than in the industrial areas. In 
addition, the results showed a peak as high as 2500 
volts generated by a motor contactor within a resi- 
dence, and nearby lightning generated a 5600-volt 
peak on a 120-volt residential service. There were 
also a significant number of surges in excess of 2000 
volts occurring in homes on a repetitive basis. 

The GE study proved conclusively that residential 
lighting circuits are subjected to severe transients, as 
well as any electronic equipment connected to those 
circuits. As a result, the solid-state equipment in your 
home is subject to damage from voltage spikes if not 
properly protected. 

suppression of transients 
There are several ways to suppress voltage tran- 

sients, and depending on the circuit application, 
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some devices are better than others. Some of the 
devices available for you to choose from include 
metal-oxide varistors, power zeners, and short- 
circuiting devices such as spark gaps and electronic 
crowbar circuits. 

Metal-Oxide Varistors. These dynamic resistance 
devices feature both low cost and small size, and are 
capable of dissipating a considerable amount of 
energy for a short period of time. One source for 
metal-oxide varistors is the General Electric Com- 
pany; their registered trade name for these devices is 
GE-MOV. These varistors are available from most 
electronics supply houses. 

If you are going to use these devices, I would 
recommend that you obtain a copy of GE's "Tran- 
sient Voltage Suppression Manual," ($2.50 from GE, 
Semiconductor Products Department, Electronics 
Park, Syracuse, New York 13201). This manual is a 
complete guide to the proper application of varistors. 

Since varistors are bi-lateral devices, they may be 
used in both ac and dc applications. In low-voltage 
dc applications, however, they may not provide ade- 
quate protection due to their soft clamping charac- 
teristics. They are generally more suitable for ac line 
voltages, and consequently are excellent in sup- 
pressing transients on the line side of equipment 
power supplies. An example is shown in fig. 2. 

Power Zener. While varistors may exhibit soft char- 
acteristics at low dc voltages, power zeners can 
clamp very hard and fast at those voltages. Also, 
high transient currents do little to raise the clipping 

RELAY 

C3 

RELAY OR 
INDUCTIVE LOAD 

fig. 2. Application of commercial varistors will help elimi- 
nate line transients. The L series of GE-MOV varistors can 
handle up to 2750 amps (transient) and peak voltages from 
95 to 1000 volts R M S  (A).  The M A  series varistors are used 

CIRCL'IT 70 E I PROTECTED I 

Y , LOW VALUE RESISTOR OR FUSE 

AC 
CIRCUIT TO BE 

PROTECTED 

fig, 3. Instead of using commercial varistors, Zener diodes 
can also be used to provide protection against voltage tran- 
sients. The two examples show ways in which zeners can 
protect both ac and dc circuits. For the dc circuit, the Zener 
is rated at a voltage greater than the dc bus, but less than 
the maximum voltage of the circuit to  be protected. In  an 
ac application, they should be rated at slightly greater than 
the peak ac value. 

level of most zeners, provided ratings are not exceed- 
ed. The most effective way to  apply zeners is with 
some amount of series resistance to safely limit the 
current. Two schemes for protecting both ac and dc 
circuits are shown in fig. 3. 

Short Circuit Methods. A t  first, this approach may 
seem contrary to normal applications. After all, a 
short circuit in most cases is a very undesirable situa- 
tion. However, if it is properly controlled and occurs 
for very short periods of time (microseconds), the 
end result can be very beneficial in suppressing tran- 
sients. 

The two most commonly used devices in this cate- 
gory are spark gaps (both open and sealed units) and 
electronic crowbar circuits. The first is often used by 
amateurs for antenna applications, while the second 
is usually too complex for most hobby applications. 
The spark gap is adjusted to arc at a voltage above a 
certain level, effectively grounding the transient 
energy. Which method or combination of methods 
you choose, will depend on the application and what 
you are attempting to protect. 

The best approach is to buy transient suppressors 
only in component form and apply them yourself 
using the guidelines in this article. Only then can you 
be assured of applying these useful devices for their 
intended purpose - protecting solid-state devices 
from voltage transients. 

primarily in low power applications, either ac or dc. In B, 
they're used to prevent contact arcing and line noise. TO reference 
prevent transients while switching inductive loads, the ZA 1. lEEE Transactions on Power Apparatus and Systems, Vol. PAS-89, 1970. 
series of varistors are connected across the switching tran- 
sistor as shown in C. ham radio 
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instantaneous- 
shutdown 

high-current 
regulated power supply 

Protect both the 
new circuit 

and power supply 
by using 

this high-current 
instantaneously shutdown 

Anybody who builds a semiconductor circuit is 
faced with a potentially disastrous problem - what 
will happen when power is applied to the circuit? A 
short circuit could be catastrophic, for both the 
power supply and the newly-built circuit. 

A high-current regulated power supply will con- 
tinue to supply power, even with a short circuit, until 
one of the following events takes place. 

1. The short circuit clears itself. 

2. A semiconductor failure occurs (either the sili- 
I 

I 
con or metal leads melts). 

1 3. The power supply is damaged. 

power supply By Alan Nusbaum, WGGB. Dalmo Victor Oper- 
ations, Bell Aerospace Textron, Division of 
Textron, Inc., 151 5 Industrial Way, Belmont, 
California 94002 
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4. A fuse is blown, but usually too late to protect As seen in fig. 1, a PNP pass transistor is driven by 
the circuit. a complimentary NPN monolithic Darlington. The 

5. The power supply contains an extremely fast 
over-current sensing circuit that will cut off the 
current in less than 200 nanoseconds. 

This article will describe just such an over-current 
shut-down circuit. 

Over the past few years, there have been some 
new and novel voltage-regulator devices which will 
tolerate shorts or over-current loads by application of 
current fold-back circuits or thermal shutdown. 
Other versions which use a crow-bar device rely on 
blowing a fuse in the power supply primary. This 
method, however, is rather brutal treatment, and is 
often fatal to the pass transistor. I feel that a "grace- 
ful" but high-speed shutdown circuit is necessary to 
protect both the newly developed circuit and the 
power supply. Essentially, it must shutdown and not 

- 
Darlington in turn is current driven by a medium-gain 
transistor which acts as a voltage error detector. 
This form of regulator has proven to be very sensitive 
and reliable in that it will hold to  within 30 mV from 
no load to a 15 ampere load, with less than 10 mV 
ripple at full load. 

The shutdown portion of the circuit uses an SCR 
to  rob the base current from the Darlington pair. 
When the SCR is triggered from the voltage com- 
parator, the point between the 470-ohm resistor and 
CR2 is effectively grounded, reducing the output 
voltage to zero. U1, a pA31 1 voltage comparator, is 
used to sense the voltage drop caused by over- 
current across the two 0.1-ohm resistors. The nonin- 
verting input of the comparator is fed from a sepa- 
rately regulated source lU2). The inverting input is 
the actual output voltage, after it has been appro- 

fig. 1. Schematic diagram of the high-current power supply. The separate 5-volt regulator is used to bias one input of the voltage 
comparator. The SCR is fired when the second leg of the voltage comparator detects a drop across the 0.1 ohm resistors. S1 is 
a normally-closed momentary type switch. 0 1  must have an adequate heatsink (see text). 

be allowed to restart after some pre-determined cur- priately divided. When an under-voltage condition is 
rent level has been exceeded. created by over current, the output of the compara- 

This power supply contains a high-gain error volt- tor will go high, turning on the SCR. To restart the 
age control circuit and a voltage comparator that regulator, it is necessary to momentarily disconnect 
functions as a high-speed switch. the anode of the SCR, after clearing the over current 
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condition. The green and red LEDs are used to in- 
dicate the status of the regulator, with red indicating 
that the SCR has been fired. 

construction 
The actual construction of the power supply is 

straightforward. However, the pass transistor must 
have an adequate heatsink. The power dissipated is 

Wdiss  = (Vin - Vout) + Vckat x ICE- 

To setup and adjust the supply, all components 
are connected with the exception of the SCR, 06. A 
100-ohm, 100-watt adjustable resistor can be used as 
a load. With the load resistor set for maximum re- 
sistance, the power supply is energized and R1 is ad- 
justed for the desired output voltage (13.6 volts). An 
oscilloscope can also be connected to determine if 
there are any oscillations on the output waveform. If 
so, a 27-pF capacitor connected from collector to 
emitter of 0 3  should eliminate the problem. 

With a high-impedance voltmeter connected to 
the wiper arm, R2 should be adjusted to provide 2 
volts to the comparator. This is the reference set 
point and should not be disturbed once set. After 
moving the voltmeter to the wiper of R3, this poten- 
tiometer should be set for a reading of 2.5 volts. With 
the meter still connected to R3, change the tap on 
the load resistor to the 50-ohm point. The 2.5 volt 
reading should not change. 

The final step consists of checking the action of 
06. With the power supply switched off, connect the 
SCR. Also disconnect the load resistor and set the 
slider for a resistance of 1 ohm, but do not recon- 
nect the resistor at this time. After re-energizing the 
supply, the red LED should be on; pressing the arm- 
ing switch will turn on the green LED while ex- 
tinguishing the red. If the LEDs do not function as 
indicated, remove the SCR and check the voltage on 
R3 to ensure that it's no lower than 2.5 volts. Also, 
check the voltage on the output of the comparator; it 
should be less than 100 millivolts. With the SCR in- 
stalled and the circuit armed, the gate of Q6 should 
also measure less than 100 millivolts. 

To test the circuit, momentarily connect the 1- 
ohm load resistor the to supply output. The shut- 
down circuit should operate instantaneously, and the 
red LED should come on. You should test this action 
several times to verify consistent shutdown. 

At one ohm, the load current is 13.6 amps, but you 
can adjust R3 to actuate the shutdown at any current 
you desire. However, the voltage from R3 must not 
be lower than R2's voltage or the circuit will lock up 
in the fired mode. This system has been in use for 
over a year and has operated flawlessly during the 
entire time, even when powering tube-type mobile 
transmitters. 

ham radio 
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command function 
debugging circuit 

This device takes 
command informat ion 

from standard 
PLL function decoders 

and applies 

a short time delay 
to provide debugged 

control commands 

Our club had just finished installing an autopatch, 
exhausting all available funds, when the need for a 
better command decoder became evident. Each of 
the users had noted voice falsing of the decoder, and 
i t  was enough of an annoyance to be serious. More 
than once a telephone conversation had been termi- 
nated by a voice peak. 

The investigation of causes and cures ran the 
gamut, until we finally decided that a fraction of a 
second delay on the command-function decoders 
would probably solve the problem. A number of 

designs were passed around and considered, and a 
few almost built, but the one described here was 
finally implemented - for three reasons: one, it 
works; two, it costs nothing to build; and three, it 
was built before any of the others. The design was 
based on the available components, and on the as- 
sumption that it might be necessary to drive a num- 
ber of different types of loads. These considerations 
led to the use of transistor switches and reed relays 
to provide the outputs. 

I circuit description 
The output circuitry from the tone decoder is 

shown in fig. 1. In our repeater, the debugging cir- 

fig. 1. Output switching from the autopatch, prior to the in- 
stallation of the debugger. 

cuit was added without making any modifications to 
the autopatch. As shown in fig. 2, the debugging cir- 
cuit consists of two portions, the transistor switches 
are wired to provide Vcc to their respective reed 
relays and the delay circuit which provides the 
ground return for the relay coils. Since only one relay 

By J. Thomas Norman, WA7HFY, 1002 South 
8th Street, Laramie, Wyoming 82070 
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is actuated at a time, only a single delay circuit is re- 
quired. The diodes at the input of the delay timer 
form a multiple-input OR gate to actuate the delay 
after any digit has been decoded. 

The timer itself is not very critical, especially since 
four different transistor types were used (even an un- 
identified NPN transistor). In its quiescent state, 0 1  is 
biased on, charging C1 to approximately 8 volts. This 
level maintains Q2 and Q3 on, and Q4 off. When a 
function is decoded, Ql 's  base is effectively ground- 
ed back through the two diodes and QA. With the 
transistor now cut off, C1 will discharge through R3. 

2 N 3 6 4 4  

FIGURE I  
OUTPUT  

I  DEBUGGED 

O U T P U T  

6 
T O  DELAY I N 9 1 4  REED RELAY 
C I R C U I T  + B V  

2 N 3 6 4 4  

2 DEBUGGED 
0 COMMAND 

O U T P U T  

b 
T O  DELAY I N 9 1 4  REED RELAY 

C I R C U I T  

T O  DIGIT I  

T O  DIGIT 2  

2 2 0  

fig. 2. Schematic diagram of the add-on debugging circuit. 
Instead of the commands being controlled by transistor 
switches, they are controlled by reed relays. The delay por- 
tion of the circuit prevents the relays from picking up on 
noise spikes. The transistors can be almost any NPN type. 
R3 should be adjusted for the desired delay. 

The value of this resistor can be adjusted for the 
desired amount of time delay, in our case approxi- 
mately 0.1 second. When the voltage on the base of 
02 drops below about 1.2 volt, Q2 and Q3 are cut off 
and 0 4  is turned on. With Q4 on, the reed relay is ac- 
tuated, but when a noise spike is decoded as a pulse, 
the 2N3644 is turned on; since most noise pulses are 
very short in duration, they do not allow the timer to 
complete the circuit to  actuate the relay. 

ham radio 
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no-cost 
gridmdip meter 

How to use no-cost parts 
salvaged from an 

old broadcast radio 
to build a grid dipper 

that tunes 
from 1 to 90 MHz 

In these days o f  shortages and skyrocketing prices 
it seems improbable that anything could be free. 
However, except for a little spray paint, the instru- 
ment described here can, in truth, be free. Originally 
it was built for novice use to enable them to prune 
antenna systems, and to serve as an absorption 
wavemeter to insure output was on the correct band. 
It has proven so stable and reliable, however, that it 
can also serve a more experienced ham as a rugged 
instrument for general purpose work, and where 
considerably more output is needed than is available 
from soiid-state dippers. 

The frequency range is limited to approximately 
1-90 MHz due to the variable capacitor I used for 

tuning. If a fairly clean capacitor is used - one which 
is not corroded and has good wipers - tuning will be 
unusually smooth and free from spurious dips. From 
the photographs it is obvious that i t  is more bulky 
than most commercial dippers. The vacuum tube 
protruding from the end may not be pretty, but this 
arrangement contributes substantially t o  frequency 
stability. 

The schematic, fig. 1, shows the basic circuit. The 
tuning capacitor is the type commonly used in older 
five-tube ac-dc broadcast sets. If you have no 150- 
volt supply easily available, you can add a series re- 
sistor in the B + line. This resistor should be about 
50k for each 100 volts higher than the desired 150- 
volt supply. For instance, if the dipper is to be run 
from a 350-volt supply, the supply voltage is 200 
volts too high, so a 100k dropping resistor would be 
chosen. I t  can be any value from 82k to 120k, and 
should be rated at 2 watts. The heater voltage can 
probably be picked off the same supply. 

If you don't have a milliammeter available, you can 
use a 1000 ohms-per-volt multimeter on the 1.0- or 
1.5-volt scale, or you can install a 2.2k resistor in 
place of the meter and read across this resistor with 
a 20,000 ohms-per-volt multimeter or vtvm on a 1 .O- 
to 1.5-volt scale. This hookup is shown in f ig. 2. 

If you want to modulate the dipper, you can add 
the simple circuit shown in fig. 3. This transistor 0s- 
cillator is powered by the dipper grid current and grid 
modulates the dipper. This makes it easier to locate 
the dipper signal during calibration, and allows the 
dipper to be used as a temporary signal generator for 
alignment work. 

By Bill Wildenhein, W8YFB, 41230 Butternut 
Ridge, Elyria, Ohio 44035. 
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-. 
I he dipper can also be used to  check that your 

rig is tuned to the correct band. Switch off the B + 
voltage to the dipper, but leave the heater voltage 
on. Poke the dipper into the rig near the output tank 
coil after you have tuned the rig, and tune the dipper 
for a peak instead of a dip. The peak will indicate 
which band you are actually on. Be careful of the 
high voltage! 

plug-in coils 
All the coils are wound on bases of defunct octal 

tubes. For those of you who have never smashed 
tubes, it can be done safely by holding the tube by 
the base with the glass envelope against the inside of 
a wastebasket. Give the glass a sharp rap with a 
hammer and the tube breaks without showering 
glass around as you would expect. Normally, the 
glass part cemented into the base remains relatively 

+ I Y ) V  ZMA 
8 t h  5011 50ovd 

A-THIS RESISTOR C A N  BE DECREASED 
TO OBTAIN MORE GRID CURRENT 

-7% 
I M I N I M I M  IS 33111 

0 6 3 V  

coil frequency wire number 
number range size of turns 

1 0.97 - 2.9 MHz 34 AWG (0.16 mm) 83 
2 2.8 - 8.7 MHz 24AWG (0.51 mrn) 27 
3 6.7 - 20 MHz 24AWG (0.51 mrn) 12 
4 15 - 45 MHz 20 AWG (0.81 mrn) 5 
5 30 - 90 MHz 20 AWG (0.81 mm) 2 

fig. 1. All the parts for this "no-cost" grid dipper were sal- 
vaged from old radios and TV sets. All coils are wound on 
32 mrn (1-114 inches) diameter octal tube bases; winding 
length is 14 m m  (9116 inch). 

intact. This part of the glass can be broken up by 
punching it wi th a screwdriver. The remaining 
cement can easily be scratched out with a jackknife. 
Remove the leads from the pins by applying a solder- 
ing iron to the tips of the base pins while you pull on 
the leads with a pair of pliers. 

Line up the tube bases after they are cleaned and 
select a pair of pins roughly opposite from each 
other (different tubes may have different base ar- 
rangements with some pins missing). Adjacent to 
one pin drill about a 1.5 mm (1 I16  inch) hole as close 
to the bottom of the base as possible. Adjacent to 
the other pin, drill a 1.5 m m  (1116 inch) hole 14 m m  
(9116 inch) higher up on the socket from the first 

This view shows the GDO with the top of the enclosure and 
the dial face removed. The capacitor shaft fits through the 
notch in the top. 

hole. Be sure the desired pins are cleaned of solder. 
It sometimes helps to run a piece of enameled wire 
down through the pin hole while heating the pin with 
a soldering iron. The wire sizes listed on the sche- 
matic need not be exactly as shown. Those are the 
wire sizes I used, but coils 2, 3 and 4 could use the 
wire commonly used in the yoke windings of TV 
sets. The first coil could use either number-34 or -36. 
This size range is often found in audio interstage 
transformers. If you are unwinding a transformer, it 
is easy to find out whether a particular wire size will 
fit. From the loose end of the transformer winding, 
measure 14 mm (9116 inch) and place a bit of mask- 
ing tape there as a marker. As you unwind to this 
point, count the turns. If there are at least 80 turns to 
that point, the wire is small enough for the job. 

As a last resort, if you can't find wire that small, 
you can find a size that allows perhaps, 60 turns in 
the total length. Wind the 60 turns, then continue 
winding over the first layer to get a smooth layer of 
about 15 turns. Then wind up over that second layer 
with a third layer totaling, perhaps, 10 turns. If you 
have never hand wound coils, here are some of the 
basics: First, carefully scrape the enamel insulation 
from one end of the wire. Poke the end through the 
hole in the base nearest the pin end. Now poke the 
wire down through the proper pin and solder it into 
the pin. Carefully pull the excess wire back through 

VOM 

&M 8- B 6 3 V  

fig. 2. if you don't have a sensitive milliammeter, substitute 
a 2200-ohm resistor in its place and read the voltage drop 
across the resistor with a vtvrn as shown here. 
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The finished grid-dip oscillator with the coils for different 
tuning ranges. 

the 1.5 mm ( 1  116 inch) hole. Avoid kinks as they 
seriously weaken the wire. If one of these kinks 
forms, straighten the wire as you pull it through the 
hole so the kink isn't pulled tight. 

Now reel off a length of wire and fasten the spool 
in a vise. Pull the wire taut. Make sure there are no 
kinks, though. Holding the coil form with both 
hands, wind your way toward the vise, keeping 
tension on the wire. When the correct number of 
turns are on the form, hold the winding from slip- 
ping with one hand and cut off the wire to leave 15 to 
20 cm (6  to  8 inches) of excess. With your free hand, 
scrape the enamel off enough of this end to  get 
through the other pin. Poke this end of the wire 
through the top 1.5 mm (1116 inch) hole, pull it up 
tight, and put your thumb over it to keep it from slip- 
ping. Poke the end down through the correct pin and 
pull it taut. Pull it over to the side to make a sharp 
bend at the end of the tube pin. This will prevent the 
wire from slipping back through while you solder it 
t o  the pin. Now you can trim up the pin ends with 
a file. 

Coat the entire winding and winding Grface of 
the coil form with plastic model cement for Styrene 
models. Put on a heavy coat. For perhaps 15 min- 
utes you will have to alternately stand the coil on the 
plastic locator between pins, then tip i t  over and 

C O L  8 - 8  6 3 V  1 I 
TRANSISTORS PNP GERMANIUM 
Z N 4 0 4 ,  Z N U O I ,  Z N 1 3 0 3 . 2 N 1 3 0 5 ,  
2N1307, ETC 

fig. 3. Simple modulator for the grid-dipper for fig. 1 uses a 
simple two-transistor oscillator which is powered by the 
grid current of the dipper. 

stand it on the open end of the form as the cement 
slowly tries to run off the form. When i t  sets suffi- 
ciently that it stops running, leave it overnight. The 
next day add a second heavy coat. This will form a 
protective coating that will securely hold the turns in 
place when inserting or removing the coil, assuring 
that your calibration remains accurate. 

Several of the coils are space-wound. After the 
winding of these coils is completed, the turns can 
be adjusted slightly until they are uniformly spaced. 

enclosure construction 
The photograph of the disassembled dipper shows 

the method of forming the sheet metal case. It was 
made of galvanized iron of the type used for furnace 
ducts. To form the sheetmetal box you need a couple 
lengths of angle iron about one foot long, and one 
piece about 5.7 cm (2-114 inch) long. Cold-rolled 
steel barstock is even better. Stock about 13x19 mm 
( 1  I 2  by 314 inch) is good. In case you have neither, 
pick up some scraps of oak flooring and have a friend 
cut off the tongue and groove to give you a nice 
sharp corner. You also need a vise and a fairly husky 
C-clamp. Be sure to lay out and bend up the main 

fig. 4. Sheet-metal layout used for the grid- 
dipper chassis. 

chassis first. Fig. 4 shows the layout I used. If your 
tuning capacitor is larger, make your box slightly 
larger. Take pains to make the layout very accurate. 
It saves headaches later when you bend up the lid. 

Fig. 5A shows a cross-section if the bends are 
made correctly. Notice that the overall width is 
6 cm (2-318 inch) plus two metal thicknesses. The 
reason for this is quite obvious if you look at fig. 5B. 
If the bending bar is placed exactly on the line, the 
outside edge of the metal extends one metal thick- 
ness beyond the line. Now look at fig. 6A: the metal 
is clamped differently than in fig. 58 .  If you make 
one bend as in fig. 5B and the other bend as in fig. 
6A, you will end up with the lopsided, inaccurate 
cross section shown in fig. 6B. Compare the di- 
mensions with those in fig. 5A; t o  get these dimen- 
sions, you must clamp the bending bars as shown in 
fig. 7. 

This leads to a simple sheet-metal rule: if you want 
the inside dimension of a U-shaped bend held to a 
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size marked on a layout, the bending bars must also 
be on the inside, as shown in f ig. 7 .  

For this first piece, the outside dimension is rela- 
tively unimportant. The lid is the really important 
piece because it must fit around this first box, and 
the inside measurement of the lid must be accurate. 
After this first piece is bent up, carefully measure the 
width at all points, then lay out and bend the lid. 
Next, lay out the holes in the lid and drill them with 
about a 5 mm (3116 inch) drill. After removing the 
burrs, place the two sections together and carefully 
mark the hole locations on the inner box. These can 
be drilled with a number 36 (2.5 mm) drill. Then the 
box can be assembled with number 6 (about 3.5-mm 
diameter) sheet-metal screws salvaged from scrap 
TV sets. 

BAR STOCK I.. ',TWO RE001 

2 3 / 8  ' PLUS 

I r 2 3 / 8 '  160 5mmI 

T 

fig. 5. Proper method of bending the sheet metal used for 
the chassis (see text). 

Locate and drill all socket holes, mounting holes 
and check the fit, then thoroughly clean both pieces 
with household cleanser. After they are dry they can 
be sprayed inside and out with gray primer paint 
before assembly and wiring is begun. The dial is 
made from a piece of card stock glued to the outer 
box. This is covered with a piece of clear plastic 
(small pieces are often available as scrap from hard- 
ware stores or glass shops). The "unbreakable" 
window panes are usually Plexiglass or Lexan, and 
they have very good rf insulating properties. For 
using a dial bezel, it is masked, then the layout drawn 
on the masking tape. With a sharp knife, cut away 
the part to be painted and spray with acrylic lacquer. 

Your first homemade enclosure may take time and 
may be less than a professional job, but if you prac- 
tice, using scraps of metal that can be picked up 
free, you will soon find it possible to do a fast, ac- 
curate job the first time. I usually spend less than a 
half-hour to make this sort of enclosure. The result 
is that you are no longer limited to standard box 
sizes or costs. Your dollar savings will pay for any in- 
vestment in tools many times over. For example, you 
can get a combination square at a discount store 
for as little as a dollar, but in most cases they are 
anything but square! The aluminum or pot metal 

fig. 7. Proper setup for bending 2 3 / 8 " 1 6 c m l  1; ,. 
the flanges on a chassis to main- ,', 1 L\\Y, \ 

tain an internal dimension (see K\\Y L\\\Y 
text). BENDING BARS 

die-cast head may warp still more. For about $5.00 
you can get one with a steel or cast-iron head that 
will be acceptably accurate for sheet metal work. 
With just a little care it will last you the rest of your 
life, and will guarantee a lifetime of accurate boxes. 

If you have a very limited budget and can't afford 
anything but that discount store square, here is a 
way to check the square in the store, and pick the 
one that is square (see f ig. 8). Take along a piece of 
sheet metal that has one edge sheared true and 
straight. If the square isn't a true 90 degrees, it will 
show up immediately as shown in the drawing. Just 
place it on the metal as shown in position A and 
scribe a line on the metal. Swing it around to position 
B and see if it falls exactly on the previously scribed 
line. Watch out for a head with a crooked edge, as in 
fig. 9. Strive for an accuracy of about 0.5 m m  in 25 
mm (1164 inch in 10 inches), or better. I t  will make 
your work far easier. 

calibration 
Finally, let's cover calibration of the grid dipper. 

Up to about 30 MHz it can be checked against a 
general-coverage receiver. Above that frequency 
you may have to find a friend with a calibrated vhf 
dipper. Begin calibration at the lowest frequency and 
work toward the high end because general-coverage 
receivers commonly use a 455-kHz i-f which leads to 
poor image response at the higher frequencies. 
Starting at the low end, your calibration points will 
be accurate. If you are in doubt about one point, 
you can return to the last point to be sure you are 
correct, then carefully proceed higher in frequency. 
Another check is to watch the receiver's S-meter. 
The image signal is usually noticeably lower on the 
S-meter. 

fig. 6. If bend bars are not used properly, one side of the 
chassis will have a different dimension than the other due to 
metal thickness (see text). Proper setup is shown in fig. 7. 
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ANGULAR ERROR 

V4-v 

MET& 
TEST 
PIECE 

fig. 8. Simple method for checking the accuracy of a low- 
cost square. 

Since the power output of this dipper will probably 
be as high as 200 milliwatts, it is inadvisable to at- 
tempt to use it to dip circuits connected to solid-state 
devices. You can easily blow a transistor. Remove 
the transistor before checking a c~rcuit, but realize 

- 

- 

- 

- 
- 
- 

EDGE MUST BE ABSOLUTELY 
FLAT AGAINST TEST PIECE 

fig. 9. Beware of low-cost squares that are not perfectly flat 
- they should not rock against the test piece as shown 
here. 

that the transistor itself adds capacitance to the cir- 
cuit. I usually dip tank circuits before installing them, 
and include a small fixed capacitor to represent the 
capacitance of the transistor. 

In conclusion, although this device is a homely 
looking gadget built from junk, it is still worth the 
effort to do the job right. I find it so stable and reli- 
able that it has become one of the hardest working 
tools on my bench. I hope you enjoy the same 
benefits. 

ham radio 
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neat packaging for 
vhf prescalers 

Novel packaging 
for K4GOK's prescaler 

uses readily 
available parts 

At least one thing is quite apparent from the pop- 
ularity of technical literature in amateur radio circles. 
A large part of the hamming community is putting 
certain minimums of time into electronic gear con- 
struction. To a big segment of talented do-it-your- 
selfers in hamdom, this kind of involvement is neces- 
sary to get maximum enjoyment from the hobby. It's 
not easy. Even those who live for the smell of hot 
rosin and solder soon learn that workbench time is a 
scarce luxury. One result of the paucity of time is 
that we get only the highest priority stuff to  the 
bench and quite simply, lean on the stories others tell 
(or write) to learn about out-of-reach or lower priority 
Items. 

It is pretty well known that not being in a position 
to build a super hot new receiver doesn't spoil the 
fun of reading about how the author did it. The buzz 

word for this, of course, is vicarious and we'd be in 
rough shape without being able to enjoy things 
vicariously. 

Even with the best intentions, many construction 
projects find their way into a file cabinet to await 
future action. Occasionally one may be pulled from 
the file and placed on the workbench for further 
thought, but every now and then lightning strikes 
and a construction article comes along to absolutely 
ruin your peace of mind until you can translate that 
writer's words into reality. 

K4GOKfs prescaler, as detailed in ham radio for 
February, 1976," was just such a bolt for me. It 
turned out so well and so easy to assemble that I 
thought it deserved a little extra mention in all the 
shacks where it is filed under projects - future. 

There is probably a great number of frequency 
counters in use which conk out at 50 MHz - or less. 
The need, however, for accurate frequency measure- 
ment in today's hamshack is in the order of 300 MHz, 
and if not a requirement for 2-meter fm, it is certainly 
a great convenience. 

"M. D. Kitchens, K4GOK. "VHF Prescalerfor Digital Frequency Counters." 
ham radio, February, 1976, page 32. 

- 

By Alan Smith, W8CHK, 3213 Barth Street, 
Flint, Michigan 48504 

92 june 1978 



There is no problem if you are in a position to se- 
lect your needs from a supplier's shelf, but if you are 
in the more common position and want to soup up a 
flea market special or your old reliable Heath 1101, 
this prescaler is for you. 

The construction approach recommended here is 
to build the prescaler as a separate unit. It will be 
easy on time and gentle on your pocketbook. You 
can even get several parts at your local Radio Shack 
store. 

The unit in the photograph was built by my son, 
WB8YOB, and is a self-contained copy of the circuit 
described by K4GOK. As shown in the photo, it is set 
up to prescale two-meter signals with a rubber duck 
antenna as the coupling element. 

The case is an Archer 270-250 ($2.98 from Radio 
Shack). You can get the transistors at Radio Shack 

Construction of the vhf prescaler showing the layout of the 
perfboard with the preamplifier and 95H90 decade scaler, 
left, and power supply components, right. Input and output 
coaxial connectors, left, give a good idea of the small size 
of the package. 

by substituting 2N706 for 2N5179 and MPS-6533 for 
2N5771. Otherwise the circuit can be assembled 
exactly as described in the original article. 

The power supply is conventional. It requires a 
circuit-board transformer with an output voltage of 
5.5 volts or more up to a maximum of 12 volts at 300 
mA, a standard 500 mA bridge rectifier, one 1000 pF 
electrolytic capacitor, and an LM309K IC voltage 
regulator. The LM309K will keep the supply voltage 
at the required 5 volts. 

These parts can be neatly fastened to a square of 
perf board and secured to the case, or the trans- 
former can be fastened to the base and the remaining 
components simply hard wired. Add an on-off switch 
and a miniature red indicator light and you'll be ready 
to start prescaling. 

ham radio 
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precision voltmeter calibrator 
It's always nice to have a high-accuracy, digital 
voltmeter around, but unfortunately they're very ex- 
pensive. To solve this problem, I decided to build a 
variable voltage source to accurately calibrate the dc 
voltmeters I had on hand. There have been many 
precision ten-volt sources described in current 
1iterature;l. 2.3 I have used the circuit shown in refer- 
ence 1 as the basis for my design. 

circuit details 
The circuit shown in fig. 1 will produce from 0 to 

10 volts with an error of less than 20 millivolts. In ad- 
dition, it's also accurate with meter movements that 
have an internal resistance as low as a few thousand 
ohms. The 10 volts developed by the LM308 appears 
across R4. In my case, I used a ten-turn potentiome- 

"7 
0-10 
VDC 

6" 
fig. 1. Schematic diagram of the 0 to 10 volt voltage stan- 
dard. The pin numbers for the op amps are for the 8-pin 
mini-DIP package. R4 is a 10-turn potentiometer with a 
linearity of 0.1 per cent. The resistor tolerances should be 
closely observed to obtain a precise 10-volt output from the 
LM308. 

By Hubert Woods, Calle Las Nubes, 1760, 
Guadalajara 5, Jalisco, Mexico 

ter and a suitably accurate ten-turn dial. The output 
from this potentiometer is fed into a 741 op amp con- 
nected for unity gain. In this way the op amp's high- 
input impedance will have negligible loading on the 
voltage source and its low output impedance will al- 
low the calibration of meters with low internal resis- 
tance. 

It will be necessary to null out the small dc offset 
error which appears at the output of the 741 op amp. 
This is accomplished by the 10k potentiometer, R5; 
ground the input of the 741 and adjust R 5  for zero 
volt output. The nulling procedure must be com- 
pleted before final calibration is attempted. Table 1 
shows the results of calibration against a known volt- 
age source. 

For operation, this calibrator requires plus and 

table 1. Calibration results for the 0 to  10 volt standard. 

nominal voltage 
as read on R4 

10.00 
9.00 
8.00 
7.00 
6.00 
5.00 
4.00 
3.00 
2.00 
1.00 
0.00 

laboratory potentiometer 
reading 

10.00 
9.00 
7.99 
7.00 
6.00 
5.01 
4.00 
3.GO 
2.00 
1.00 
0.00 

minus 15 volts, at less than 50 mA. The normally 
closed switch shown in fig. 1 is used to  start the 
calibrator by creating a transient through the 560 pF 
capacitor. If the power supply for the calibrator is 
already running, this switch can be eliminated. Final- 
ly, you should realize that this calibrator can not be 
used as a substitute for a variable voltage power 
supply. 

references 
1. W~l l iam Goldfarb, Electronics Circuit Designers Casebook, Electronics, 

June7,1975, page 107. 
2. David W .  Ishmael, WAGVVL, "Precision 10.000 V dc Reference Voltage 
Standard," 73, September, 1975, page 124. 
3. Linear Data Book, National Semiconductor Corporation, Santa Clara, 
California 95051, page 2-1. 
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the gyrator: 
a synthetic inductor 

Using operational amplifiers 
you can 

simulate inductors 
in LC filter design 

The Gyrator is an electronic device that inverts 
the impedance of a capacitor and therefore makes it 
take on the characteristics of an inductor. Through 
the use of such a device, some of the shortcomings 
of inductors can be eliminated. These shortcomings 
are large physical size, low 4, nonlinearity, and inter- 
winding capacitance. 

A properly designed Gyrator will provide a synthet- 
ic inductor with high 4, wide bandwidth, inductance 
value independent of frequency, and good stability. 
Filters for frequencies up to 50 kHz can be designed 
using Gyrators. 

LC filters 
Since a Gyrator can be inserted directly into an LC 

filter in place of an inductor, let's first review how an 
LC filter works. An LC filter is a reactive, two-port, 

doubly-terminated device that reflects power back to 
the source in frequencies that fall outside its band- 
pass. As the number of individual elements making 
up the filter is increased, the ability of any one com- 
ponent to greatly change the resonant frequency 
decreases. I t  can be said, therefore, that a coupled 

fig. 1. Basic Gyrator circuit and standard Gyrator symbol. 
Circuit is the basis for designing filters without inductors. 

LC filter is basically rather insensitive to changes in 
values of either capacitors or inductors. What will 
happen (when changing a component) is that the 
amount of power reflected to  the source will be 
decreased. As other component values are changed, 
the reflected power becomes less and less, and the 
stop bands become more and more poorly defined. 

By John Loughmiller, WBSATW, Route 1, 
Box 480C, Borden, Indiana 47106 
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designing a Gyrator filter 
To implement an LC filter without an inductor, first 

calculate the required inductive and capacitive im- 
pedance for the filter you have in mind. If desired, 
the filter can be built using standard inductances to 
check your calculations before actually building the 
Gyrator. 

Next, using the circuit in f ig .  1, construct a 
Gyrator replacement for the inductor. This circuit will 
simulate an inductor with the value of KC, where 
K is a constant derived f rom the resistors: 
K= (RI*R?*R4)/R2, and C is the capacitor whose 
impedance is being inverted (C1 in the circuit). 

The resultant number so derived can be treated as 
if it were the value of impedance of an inductor, and 
the actual inductor can be removed and replaced 
with the synthesized inductor just created. 

GYRATOR GYRATOR 
A a 

" 1 3 E 
fig. 2. Method for simulating an ungrounded inductor using 
two Gyrators. Resistor R4 is the resistor that determines the 
simulated inductance. 

A simpler approach is t o  make all four resistors the 
same value and use the formula RzC. (The imped- 
ance presented to the input of the Gyrator is very 
nearly jwRZC, hence the formula R2C). Use a value 
of R large enough that the op amps won't be loaded, 
yet slightly lower than the differential input im- 
pedance. 

The Gyrator circuit appears to be just another ac- 
tive filter circuit; however, there's a significant dif- 
ference: in other active filter circuits amplifier phase 
shift degrades circuit Q. In Gyrators, the Q is 
enhanced. When the phase shift is greater than 90 

table 1. Typical Qof various types of capacitors at 1 kHz. 

capacitor 
type Q a t l  kHz 

Mica 600 
NPO ceramic 1500 
Glass 1500 
Polystyrene 2000 
Polypropylene 3000 

degrees, the Q is actually higher than that of the ca- 
pacitor itself. 

Speaking of capacitors, table 1 indicates the Q to 
be expected (at 1 kHz reference) for various types of 
capacitors. You can see that a high-Q inductor can 
be synthesized by using one of the high-Q capaci- 
tors, since the Gyrator inverts its capacitive imped- 
ance into an inductive-type impedance. 

With regard to temperature, the NPO ceramic is 
least affected by changes of this variable. Higher sta- 
bility could therefore be expected if NPO-type capa- 
citors were used; however, there would be a tradeoff 
in Q. For high Qthe choice is polystyrene or polypro- 

fig. 3. Synthesized T filter using Gyrators, 
which performs as if it were constructed as a 
standard T filter using inductors. 

pylene, with the latter perhaps a better choice as it 
has a better temperature coefficient. 

floating inductors 
Perhaps the principal drawback to Gyrators is the 

fact that a floating (ungrounded) inductor can't be 
simulated by a single Gyrator. It's possible, however, 
to use two Gyrators as in f ig. 2 and successfully sim- 
ulate such an inductor. 

The formula is L= [(Rl*R3*C)/RZIR4, and R4 is a 
shared resistor between Gyrator A and B, as in f ig .  2. 
R4 is the resistor that determines the simulated in- 
ductance. So if R4 becomes a loaded port, the simu- 

fig. 4. T filter using in- 
ductors in the usual 
manner, which can be 
simulated by Gyrator 
techniques. 

lated inductance will be dependent on the value of 
resistance connected to the port. This being the 
case, resistor R4 could (if desired) be divided into 
sections and T or pi filters simulated, such as shown 
in f ig. 3. Here, a T filter is created synthetically, 
which would perform as if it were constructed in the 
manner shown in f ig. 4. 

When building multisection filters, a quad op-amp 
is recommended. A 4136 is the choice of Mr. Thomas 
Lynch, from whom much of the information in this 
article was obtained. 

bibliography 
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2. William C. Sutherland, "Op-Amp Gyrator Simulates High-Q inductor," 
National Aeronautics and Space Administration Tech Briefs, Vol. 2, No. 3, 
Fail, 1977, page 318. 

ham radio 

june 1978 97 



tebook 

pi-network rf choke ceramic capacitors are recom- 

The great majority of pi-network rf 
amplifiers use shunt feed for the high 
voltage dc to the plate. Therefore, 
great dependence is placed on the 
isolation properties of the rf choke. 
Most chokes are not suitable for this 
purpose due to resonances, especial- 
ly when the amplifier is a multiband 
unit. 

The most successful shunt feed rf 
chokes are single layer solenoid 
wound, preferably using resistance 
wire to lower the Qand damp out po- 
tential resonant frequencies. One of 
the best chokes was the one made by 
Collins for the ART-13 transmitter. 

mended. 
Gary Legel, W6KNE 

calculating feedline loss 
with a single measure- 
ment at the transmitter 

Much has been written about the 
amount of insertion loss of various 
types of feedline and connectors, and 
about how the loss in some types of 
coax increases sharply with age and 
exposure to the elements. What is 
not widely known in amateur circles 
is that the loss in any run of cable can 
be determined wi th only an swr 
bridge or wattmeter, a transmitter or 

RF C H O K E  

m 
I 

0 8 +  

i T U N I N G  L LOADING S A F E T Y  1 
C A P A C I T O R  C A P A C I T O R  CHOKE 

fig. 1. Suggested placement for rf choke in multiband rf 
power amplifiers. Since this is a low-impedance point in 
the output circuit, it reduces the performance require- 
ments of the rf choke. 

They are difficult to obtain, however. 
To avoid the problem, series feed 

at a low rf potential point as shown in 
fig. 1 is suggested. In this circuit any 
of garden variety rf chokes are suit- 
able. The plate blocking capacitor is 
now at the low rf potential part of the 
circuit; it must, however, be able to 
withstand the high voltage dc and be 
able to carry the tank circuit rf current 
without overheating. Transmitting 

other drive source, and a shorted 
connector. 

If a piece of cable is terminated 
with a short or an open circuit, the 
vswr measured at the transmitter will 
be infinite if the cable has zero inser- 
tion loss. In the real world, any cable 
has some loss, and this loss will cause 
the vswr measured at the transmitter 
to be less than infinity. The greater 
the cable loss, the lower the vswr. 

To determine the cable loss, dis- 
connect the antenna from the feed- 
line and replace it with a shorted con- 
nector. This produces the infinite 
vswr at the transmitter end of the 
cable more reliably than simply leav- 
ing the cable unterminated. Connect 
the swr bridge or wattmeter at the 
transmitter and measure the vswr of 
both forward and reflected power, 
using the lowest possible transmitter 
power to avoid possible damage to 
the final amplifier. The reflection co- 
efficient, p, is found by using one of 
the following formulas: 

or p= 
SWR-I 

SWRS.1 

This reflection coefficient is a numer- 
ical ratio which must then be con- 
verted to decibels: 

Note that a vswr of oc corresponds to 
p= 1 or p(dB) = 0 d B ,  and a vswr of 
1 . 0  c o r r e s p o n d s  t o  p = O  o r  
p(dB) = oc dB.  The cable loss is deter- 
mined by using the general equation: 

where P ( ~ B ) ~  is the reflection coeffi- 
cient at the transmitter, p ( d B ) ~  is the 
reflection coefficient at the load, and 
A, is the cable loss in decibels. Since 
p(dBjL = 0 in this case, 

This same general formula can also 
be applied if vswr or wattmeter read- 
ings are taken at both ends of the 
cable with the antenna connected in- 
stead of the shorted termination. The 
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advantage of using the shorted ter- 
mination is that it eliminates the need 
to  take readings at the antenna, 
which is usually a two-man job. 

Once the feedlirie loss is known, 
the antenna is reconnected, and it is 
now possible to accurately determine 
the vswr at the antenna based on the 
reading taken at the transmitter: 

For most accurate results with mul- 
tiband antennas, a feedline loss cal- 
culation should be made for each 
band. 

John E. Becker, K9MM 

R M  terminal 
modification 

After using the Mini Micro Mart 
RM Terminal Unit for a number of 
months, some deficiencies were 
noted which made it a little unwieldy 
to use, and sometimes downright dif- 
ficult! I decided to pull all the guts out 
of it, because I didn't know how it 
worked, and if it broke, about all I 
could do is use it for weight in the 
back of my car in the winter. This 
modification is used to convert the 
parallel output of the original key- 
board into special data for insertion 
into the loop of a RTTY system. In 
addition to this, i t  gives you end of 
line (EOL), letters, and figures indica- 
tions through the use of an LED. The 
EOL feature is especially nice if you 
are using a video display which has 
less than the 66 characters necessary 
for a complete line of hard copy. In 
addition to this, it provides parallel 
data out, still in Baudot code, just in 
case you need it to feed an ASCII 
converter. 

Looking at the schematic of the 
converter itself, the data from the RM 
terminal is fed into the UART and 
strobed into it through a 74121. The 
strobe from the keyboard is only a 
high, and it is necessary to have a 

pulse, so I used the 74121 to make it. 
The UART is clocked with a NE555, 
which can be set at any speed. The 
required frequency for various speeds 
Is: 

clock 
speed baud frequency 

60 45.45 728 Hz 
66 50.00 800 Hz 
75 57.00 912 Hz 

100 73.70 1179 Hz 

shown is used for indication of which 
shift you are in. 

This modification can be made 
quite easily, and the additional cir- 
cuitry can be put on perf board or a 
separate printed-circuit board. I built 
the unit on a wire-wrap card because 
i t  was incorporated into another 
system. 

Tim Ahrens, WA5VOK 

It can be seen that the clock speed switching inductive 
necessary for the UART is the Baud 
rate times 16. 

loads with solid-state 
Coming out of the UART is the ser- devices 

ial data, which is fed into a transistor Recently, while attempting to inter- 
driver, which keys an optical isolator. face my 8080A microprocessor to a 
These devices are good for more than model 26 Teletype machine, I 
20 mA, so if used in an application destroyed the 8080A and a 2N2222 

MICRO-  
PROCESSOR 

IN914 TTY MdGNETS 

fig. 1. Initial circuit used 
by WAGROC to interface 
an 8080A microprocessor 
wi th a teleprinter. This 
arrangement destroyed OPEN 

2NZZZZ 

both the expensive 8080A CoLLECrOR 

and the 2N2222. 

where the loop is less than this, no transistor. The following suggestions 
problems should be noted. Please may help others from encountering 
note the polarity. problems when trying to switch in- 

Also coming out of the UART from ductive loads w i t h  solid-state 
pin 24 is a terminal which says in ef- devices. My first attempt at a switch- 
fect, "one character is finished;" this ing circuit is shown in fig. 1. What 
is normally high, and when the char- happens is this: 
acter is complete, it goes low for a 1. Assume that the 2N2222 is con- 
moment. This pulse is fed into a ducting, the collector of the transistor 
CD4020 binary counter, which can be is at 0,2 volt (it is saturated,. 
set up for any count up to 214. In this 
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instance we are counting up to 64, +5v 5 6 V  
0 

which is close to the 66 count maxi- )- 
331 

mum. Fortunately, the CD4020 is also - 
I W  

equipped with a reset, and when the 
carriage return key on the keyboard is 
struck, a positive pulse resets the 
chip, and the process starts all over 
again. The output from the 4020 is 
used to drive a flip-flop made from a 

,, 

4 

7400, but in the configuration shown, Lq LOOP 0- 

+ 
another section is used to drive a LED fig, 2. Basic opto~isolator circuit used by 
or audible alarm to show that the end WAGROC to provide protection to the deli- 
of line has arrived. The other flip-flop cate microprocessor. 
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+ 5 V  5 6 V  

- ~ - - -  - -- + - 6OmA r167ii,4. &;-~ 60x60 

4 .:c The collector-to-emitter voltage of 
the keying transistor(s) is 

fig. 3. Since circuit of fig. 2 VBEZ + V C E ~ ~ T  f 167FA x 33k 
would not key low voltages, = 0.7 + 0.7 + 0.3 + 0.55 = 2.25 volts 
a Darlington pair was used, HEP244 !+ 
as shown here. Design of (versus 33.0 volts before). This circuit 

the circuit is discussed in 1 will satisfactorily key both low and 
the text. high voltage loops, and will handle 

quite a b i t  more current than 60 

2. The gate tries to turn off the appreciable voltage will exist from the milliamps. 

2 N 2222. collector to the emitter of the HEP244 
Now, as to the matter of protecting 

the keying transistor from secondary 
when it is turned on. Suppose the 

3. The inductor tries to maintain its voltage breakdown. The common 
current of 60 mA, thus the collector 

is supposed key a 60 mA 
trick is to clamp the collector of the 

voltage of the 2N2222 rises, as i t  
loop, let us further suppose it has a 

keying transistor to the magnet sup- 
turns off. 

current gain of 60. Therefore, to key 
ply. If you do this, be sure to follow 

the loop, the collector current will be 
these two precautions: 

4. When the collector reaches 12.7 60 mA and the base current must be 
volts the IN914 starts to conduct. 60 1. Use a diode capable of carrying 
The + 12 volt regulator, however, will --- I. = - 6 0 = l m A  

several amps, as the current through 
not clamp its output at + 12 volts the suppressing diode can be several 
(indeed most series-regulated power = j9 m A 1  I B =  m A ~  orders of magnitude greater than the 
supplies will allow the output voltage P=59)  magnet current, and small signal 
to climb if you try to force current To sustain conduction, the collector diodes (such as the 1N914) will often 
into the output). to emitter voltage must be be destroyed by the large surge. 

5. Thus, the collector voltage of 
the 2N2222 climbs very high, and it +5v 5 6 V  

0 

experiences secondary voltage break- P (A 

1 - 
LOOP 

1 ' 

down (fatal). Also, the + 12 volt line 3% - 
IW 

follows the collector voltage (but it is fig, 4, Final circuit con- 
one diode drop less). Thus the large f i g u r a t i o n  u s e d  b y  

spike on the + 12 volt line destroys WA6ROC to interface a 

use an opt0 insulator - to provide a time Of the print magnets. 

means of protection of the delicate 
microprocessor (or other solid-state Vbe(HEP244)+VcEsA~ (opto-isolator 2. Make sure the magnet supply 
parts). I tried the circuit which ap- transistor) + I mA x 33 kilohms has sufficient capacitance to  ade- 
peared in the November, 1976, issue = 0.7 + 0.2 + 33 = 33.9 volts. quately absorb the energy of the 
of ham radio* (see fig. 2). The obvious way to  reduce the spike without allowing the voltage to 

This circuit is optically isolated, but collector-to-emitter voltage is t o  climb. 
it has one problem: it will not key low reduce the voltage drop across the Sometimes, however, the clamp- 
voltages. Since all I had at the time 33k resistor. If the current gain of the ing diode will slow down the release 
was a low-voltage power supply, a HEP244 were higher, then it would time of the magnets (because the 
simple modification was made to  draw less base current, and the volt- diode allows the current flow to con- 
allow this circuit to key a considerable age across the 33k resistor would be tinue for some time). In a case where 
amount of current, over a wide range less. The best way to do this is to add this is important, an RC filter across 
of voltages. another HEP244 and make the two the keying transistor will usually solve 

The reason that this circuit will not transistors into a Darlington configu- the problem. Thus the final configu- 
key low voltage loops is that an ration asshown in fig. 2. ration (f ig. 4) is the circuit I now use 

"K Ebneter, KSGSC, and J. Romelfanger. KSPKQ, 
The effective current gain of the to key my teleprinter magnets. 

"RTTY  Test Message Generator," ham radio, Darlington pair is 0' SO the current Thomas C. McDermott, 
November, 1976, page 30. through the 33k resistor is about WAGROC 

the microprocessor (and maybe other teleprinter with an -A 

devices). microprocessor. The RC HEP244 

7701 

filter across the Darlington FROM MICRO- 
4 7 0  

I t  was at this point that I decided to pair speeds up the release SOLID-STATE DEVICE 
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satellite tracking 
Dear HR: 

The article in your September is- 
sue, "Tracking Oscar Satellites," 
was especially interesting, and I 
might make some comments regard- 
ing the nautical mile. Most Maritime 
nations, including the United States, 
have adopted the lnternational Nauti- 
cal Mile, wh ich  is exactly 1852 
meters, or 6076.10333 . . . U.S. feet. 

For most navigational purposes, 
the nautical mile is one minute of 
latitude or any other great circle. On 
the Clarke spheroid of 1866, used for 
mapping North America, the nautical 
mile varies from 6046 feet at the 
equator to 6108 feet at the poles. The 
length of one minute of a great circle 
of a sphere having an area equal to 
that of the earth is 6080.2 U.S. feet. 
This was the U.S. standard nautical 
mile prior to the adoption of the In- 
ternational Mile of 1852 meters. 

One of the first attempts to estab- 
lish a standard of length was made by 
the Greeks, who used the length of 
their Olympic stadium as a unit and 
called it, naturally, the stadium. It 
was 600 Greek feet (607.9 U.S. feet), 
or almost exactly one-tenth of the 
lnternational Nautical mile. The 
Romans got into the act with a 625- 
foot stadium (606.3 U.S. feet). This 
is quite close to the British Cable of 
608 feet. The Roman Mediterranean 
mile of 4859.59 feet was gradually 
replaced by the Greek unit and was 
probably the mile referred to in the 

Bible (Matthew 5:41). The word mile 
comes from the Latin rnille (thou- 
sand) - the one-thousand paces of 
the Roman mile. 

For convenience in  short-range 
plotting in the Navy and Maritime 
Service, the Radar Plotting Sheet 
and Maneuvering Board use a 6000- 
foot (2000-yard) mile, which differs 
from the Nautical Mile by slightly 
over 1 per cent. It greatly simplifies 
range instruments, gear ratios, and 
computations, and is within the range 
accuracy of most electronic naviga- 
tion systems. 

I have written several navigational 
programs for my HP-97 calculator, 
and, in great-circle distances and 
bearing calculations, I use the 1852- 
meter lnternational Nautical Mile. 

I. L. McNally, K6WX 
Sun City, California 

active filters 
Dear HR: 

I would like to compliment W41YB 
on the fine article concerning active 
RC filters in the October 1976, ham 
radio. He has presented three basic 
filter configurations, each with dif- 

ferent adaptations. Personally I prefer 
the second configuration; I have used 
it in thousands of modems sold to 
users of the telephone network. I ran 
off a computer tracing of the band- 
pass characteristics of the filters, 
both single and 4-unit combinations, 
based on a Q of 6. My curves come 

quite close to  what  is shown i n  
W41YB's f ig .  2. 1 should mention 
however, that the equations you 
presented are difficult for the average 
ham radio reader. I use the following 
simpler equations: 

where 
c=c1=c2 

g =  gain from input to output 
(usually set to 1 or 0.5) 

Q= not more than 10 or 20 for 
741s in the audio range 

f =  f requency in  the audio 
range 

Robert H. Weitbrecht, W6NRM 
Redwood City, California 

noise interference 
Dear HR: 

I ran across an unexpected source 
of interference not long ago. A noise 
sounding like a machine gun was 
creating tremendous interference. I t  
covered up to 900 kHz, and with mul- 
tiples of 900 kHz, up to 30 MHz. The 
source of the noise was finally found 
to be originating from the telephone 
lines, with faulty battery chargers at 
the substations being the cause. The 
intensity of the interference was 
great enough to cover local broad- 
cast stations, even though I live more 
than 6 miles (9km) from the sub- 
stat ion. Even after locating the 
source, it is very difficult to  solve the 
problem because the telephone com- 
pany is very reluctant to admit blame. 

Kei th Olson, W7FS 
Belfair, Washington 
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look 

In our modern day world of solid-state electronic gadgets and centralized urban living, it's the 
rare amateur who hasn't been troubled at one time or another by interference complaints. As often 
as not the interference is caused by some other source, but if you have a tower in your backyard, 
you're a likely suspect and the first one to whom they turn when the local taxicabs (or whatever) 
tear up your neighbor's favorite television show or come booming through their quadraphonic stereo 
system. 

As I have mentioned in this column several times in the past, the problem can be effectively cured 
only by proper design and construction of home-entertainment equipment at the manufacturing 
level. The consumer electronics business is highly competitive, however, so the manufacturers are 
reluctant to add filtering and lead bypassing that would increase the sales price of their equipment. 
For many years the manufacturers contended that less than 5% of home entertainment equipment 
operated in an rf environment which required special attention - but with the proliferation of two- 
way radio systems as well as higher power a-m and fm broadcasting stations and high-speed digital 
systems which can cause interference, I doubt that many consumers would agree. 

Several bills have been introduced into Congress which would give the FCC authority to regulate 
the manufacture of home-entertainment devices to reduce their susceptibility to interference from 
nearby radio transmitters, but none have passed. Now Senator Goldwater is sponsoring a Bill which 
would require better RFI rejection; the Bill, S-864, has been referred to the Senate Subcommittee on 
Communications and hearings began in Washington on June 14th. Among those invited to testify 
were the ARRL, FCC, Institute of High Fidelity, and Heath. Although there's no chance that the 
Goldwater Bill will make it to the Senate floor during this session, the hearings will help pave the way 
for speedier action on future RFI legislation. 

Consumers are becoming increasingly aware of the RFI problem, so the time is right for legisla- 
tion such as that proposed by Senator Goldwater. Radio amateurs have known for a long time that 
the majority of RFI problems are not due to interferenceperse, but are caused by the interception of 
signals by devices which were not designed to operate in today's strong rf environment. The only 
way to eliminate 90% of the RFI problems is through legislation such as S-864 which would eventual- 
ly require the manufacturers to correct those design deficiencies which lead to unnecessary inter- 
ference. 

Individual amateurs can help toward the eventual passage of a bill requiring better RFI rejection by 
letting their Senators know of their support for S-864, particularly if one of their Senators is a sub- 
committee member. In addition to Chairman Hollings (South Carolina), the members are Griffin 
(Michigan), Magnuson (Washington), Cannon (Nevada), lnouye (Hawaii), Ford (Kentucky), Durkin 
(New Hampshire), Zorinsky (Nebraska), Riegle (Michigan), Stevens (Alaska), Packwood (Oregon), 
Schmitt (New Mexico), and Danforth (Missouri). Letters to the Senators addressed to the United 
States Senate, Washington, D.C. 20510, will reach them promptly and may help considerably. 

The letters do not have to be long, although background information on your (or your neighbors') 
RFI problems could be important. Even a note to the effect that you support S-864 would be a val- 
uable contribution. Remember that previously introduced RFI legislation never made it through 
Congress - now that Senator Goldwater has started the ball rolling again, let's make sure it has 
enough momentum to become law. Now is the time to lend your support to this vital effort; write 
today and make your voice heard. 

Jim Fisk, W1HR 
editor-in-chief 



general-purpose 
vhf receiver 

Design details 
of a 

receiver 
that covers 
the popular 
vhf ranges, 

in one 
convenient package 

Any uhf enthusiast can appreciate a receiver that 
monitors all vhf frequencies and modes in one small, 
convenient package. Alas, this sort of receiver 
doesn't exist in the amateur marketplace. For years 
at my station, a Collins 75A2 - supported by a be- 
wildering array of converters - did the job. Soon 
after my station was remodeled, I developed a strong 
desire to replace the large, unwieldy (and ugly) 
receiver rack with smaller and modern equipment. 
I'm an avid homebrewer always looking for new pro- 
jects to occupy limited time and pocket money, so 
plans for a new receiver were soon germinating. 

I design features 
Hf operators and shortwave listeners alike have 

always enjoyed the convenience of general-coverage 
receivers, so why not something similar in nature, 
only intended for the vhf regions and tailored to 
today's needs for diversified vhf operation? Doug 
DeMawl was on this track some years back when he 
described a tunable i-f receiver for use with convert- 
ers. While its abilities fell short of my receiving 
requirements, several weeks of daydreaming pro- 
duced on paper a receiver better able to meet my 
goals, which would incorporate the following 
features: 

By Peter J. Bertini, KIZJH, 20 Patsun Road, 
Somers, Connecticut 06071 

16 july 1978 



1. Four-MHz coverage, through a 26-30 MHz i-f 
range, to allow full reception of the 6-, 2- and 1-1 14- 
meter bands without changing converter crystals. 
Dial readout was desired to at least I-kHz resolution 
with mechanical and electrical stability for smooth 
CW and ssb reception. 

2. Multimode detection for a-m, ssb, and fm with 
squelch to allow monitoring all the popular vhf 
modes. 

3. Several selectivity positions for mode compati- 
bility and operating convenience. 

4. All components self-contained in one neat pack- 
age including all converters, power supplies, and 
speaker. 

A pretty tall order to fill, and obviously some corn- 

promises must be reached' Adequate 'Overage of Bottom view of the author's receiver. The two boards in the 
MHZ was best done in four I-MHz segments, starting bottom right are the i-f amplifier and the agc detec- 
at 26 MHz and ending at 30 MHz. This allows for torlamplifier. In the upper left is the bfolproduct detector . . 
quick scanning across a band while maintaining a board. Mounted on the left side of the main chassis are the 

tuning rate ~ ~ m f o r t a b l e  enough for ssb reception. a-m detector and squelch boards. Below and to the right of 

The range of 26-30 MHz was chosen for the i-f the product detector is the audio amplifier board. To the left 
of the audio board is the fm limiter and detector. 

because many converters come equipped for this 
range and the i-f is also high enough for good con- 
verter image-rejection. 

Performance data for the basic receiver, covering 
the 26-30 MHz range, is presented in table 1. I'd like 
to point out that no pretense is made of using this re- 
ceiver as the nucleus for a moon-bounce, scatter, or 
other demanding station-receiver role. Those so in- 
clined will do better with a special-purpose receiver. 
Templates or board layouts are not available, and this 
receiver is not intended as a beginner's project. 

Schematics of the vhf receiver are shown in figs. 1 
through 10. The basic receiver, not considering the 
vhf converters, is a dual-conversion design using the 

table 1. Performance data for the basic receiver. 

frequency coverage 

circuit 

sensitivity 

noise figure 

stability 

spurious responses 

i-f rejection 

dial accuracy 

IMD performance 

agc range 

selectivity 

modes 

squelch 

vhf ranges 

standard frequencies of 10.7 MHz for the first i-f and 
455 kHz for the second i-f. Motorola MFE 121 dual- 
gate mosfets were used in the26-30 MHz rf preselector 
and in the first- and second-mixer stages. No peaking 
of the preselector is required across the range on any 
of the 1-MHz receiver bands. The vfo bandswitch 
also selects a set of preselector trimmers for each of 
the four bands; stagger tuning provides broadband- 
ing and uniform gain over each 1-MHz segment. 

The basic receiver input allows for direct monitor- 
ing of frequencies between 26-30 MHz should the 10- 
or I I-meter bands be of interest. Special attention to 

26-30 MHz in four 1-MHz bands 

superhet, dual conversion; 10.7 MHz first i-f; 455 kHz, second i-f 

0.12 pV detectable in a-mlfm mode; 
0.1 pV detectable in ssb mode 

not measured - estimated at =2 dB 

after I-hour warmup in stable atmosphere, less than 500 Hz per hour 

all greater than 50 dB down 

80 dB down 

1 kHz digital resolution. Dial mechanical backlash less than 200 Hz 

two I-mV signals separated 20 kHz required to produce a third order product equivalent to 1.5 pV 

agc action begins at 0.3 pV; i-f distortion at 15 mV 

2 kHz, 4 kHz, 8 kHz, 16 kHz (13 kHz actual) 455 kHz filters. 10.7-MHz IMD filter is 13 kHz 

fm, a-m, ssb and CW detectors 

noise operated, all modes f-m generator and Hewlett-Packard 608D a-m generator used for performance analysis 

2-meter, 6-meter, 1-1 14-meter, 430-434 MHz, 446-450 MHz coverage inboard; three external converter provisions 



adequate shielding and power-line bypassing is en- 
couraged. The recent proliferation of 27-MHz CB 
units increases the likelihood of annoying i-f break- 
through from strong signals in the 27-MHz range. 
Converters feeding the receiver should be of low or 
near unity gain to preserve receiver dynamic range. 
Modern designs without rf amplifiers, especially 
those employing hot-carrier diodes in double-bal- 
anced mixers or mosfet mixer circuits, are ideal. Of 
course, you can use your own converters; but con- 
verters with excessive gain should be followed by 
an appropriate T-pad attenuator to prevent receiver 
overload. 

An alternative to the i-f attenuator pads to bring 
the converters to or near unity gain was suggested 
by Hamtronics. The Hamtronics C25-series conver- 
ters produce between 10-20 dB gain, depending 
upon the band and device alignment. 

The cascade front-end stage in the C25 converters 
is broadbanded; slight stagger tuning of these stages 
yields the desired 4-MHz bandwidth. However, the 
i-f output transformer at 28 MHz has a comparatively 
narrow passband. Resistive loading of the i-f trans- 
former primary broadens the i-f passband while also 

decreasing converter gain, which eliminates the need 
for external attenuators. The approach used on the 
C25 converters should be adaptable to other makes 
of converter that exhibit a restricted i-f passband and 
excessive gain. 

The Hamtronics-series converters designed by 
Jerry Vogt, WA2GCF, were used for the vhf conver- 
ter front ends of this receiver. Kits are available at 
modest cost. Three Hamtronics converters cover the 
three vhf bands: a P25-50 for 6 meters, a P25-150 for 
2 meters, and a P25-220 for 1-1 I 4  meters. 

Since the 314-meter band is 30 MHz wide, two uhf 
converters were needed to  monitor this band ade- 
quately. One is for the 430-434-MHz DX segment; 
the other is for the 446-450-MHz range, covering the 
400-MHz fm repeater output channels for the north- 
east corridor of the U.S. These are unity-gain con- 
verters, and, when used without an external r f  ampli- 
fier, don't require the T-pad i-f attenuators. 

Receiver use is not limited to amateur frequencies. 
Suitable converters provide many enjoyable hours 
monitoring commercial and military air traffic, police, 
radio-telephone, weather bulletins, municipal and 
federal government, and much other interesting vhf 

RF AMPLIFIER 

SEL ECTOR 

*IOpF SELECT FOR 

VFO CAPACiTOR 

L1 - L5 wound on 13 mm (0.5 in.) OD type E toroid cores 14 30 turns0.5 rnrn (no. 24) wire 
L1 12 turns 0.5 rnrn (no. 24) wire L5 16 turns 0.8 rnrn (no. 22) wire; 
L2 12 turns 0.5 rnrn (no. 24) wire link to vfo is 1 turn 0.8 rnrn (no. 22) wire 

L3 12 turns 0.5 rnrn (no. 24) wire S1 6-pole, 4-position bandswitch (see text) 

fig. 1. Rf amplifier, first mixer. and vfo filter. The fets are MPF121, SK3050, or equivalent. 
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important for good vfo performance. The chassis 
was rigidly reinforced. The Eddystone dial assembly 
serves admirably. 

The use of polystyrene caps and good-quality cer- 
amic coil forms and trimmers help contribute to vfo 
stability. The vfo, built on 3-mm-thick (1 I 8  in.) glass- 
epoxy board, was mounted beneath the receiver 
away from heat-producing components and drafts. 
The jfet oscillator is powered by a dedicated 5-volt 

Top view of the receiver showing the rf amplifier and first regulator; the low voltage was helpful in reducing 
mixer. drift from rf component heating. The end result is a 

vfo exhibiting freedom from microphonics and drift, 
which permits extending monitoring periods without 

activity. Even the hf frequencies can be up-con- frequent and annoying retuning. 
verted, as DeMaw did in his "Receiving Package," Extensive filtering of the vfo second harmonic was 
reference 1, to produce a truly all-band receiver. necessary after a problem surfaced during monitor- 

mixers and filter arrangements 
Vfo injection from 15.3-19.3 MHz is supplied to 

gate 2 of the first mixer, (an MFElMPF121). A Piezo 
Technology Model 1433 crystal filter, which has 13- 
kHz bandwidth with a 10.7-MHz center frequency, 
follows the mixer and acts as an IMD filter, which 
protects the second mixer from strong out-of-pass- 
band signals. The 13-kHz bandwidth of this filter sets 
the maximum receiver selectivity. (It's electrically 
similar to the KVG XF9A filter. 

A 10.245-MHz crystal-oscillator signal, mixing with 
the 10.7-MHz i-f signals in the second mixer stage 
(fig. 4), produces the 455-kHz i-f. Four 455-kHz Col- 
lins mechanical filters follow, which select the 
desired 455-kHz i-f bandwidth. Selectivity positions 
of 16,8,4 and 2 kHz are provided by the four filters. 

The use of so many expensive mechanical filters 
may appear extravagant, but they permit versatility. 
The 4-, 8-, and 16-kHz filters were salvaged from a 
demolished R390A i-f strip purchased at a hamfest 
for $5.00. The 2.1-kHz filter was purchased at 
another for only $18.00. A 2- or 3-kHz filter will serve 
the majority of ssb and CW vhf requirements, and a 
simple LC bandpass filter, made up from i-f trans- 
formers, will be adequate for fm or a-m reception if 
inexpensive mechanical filters aren't readily avail- 
able. Note that in this receiver, the 16-kHz filter pass- 
band is limited to 13 kHz by the selectivity of the 
Piezo Technology filter. A 20-kHz, 10.7-MHz filter 
would have improved this situation, but I used mater- 
ials on hand. The additional cost of a new filter was 
not justified. 

The vfo (fig. 2) operates in the 15.3-19.3-MHz 
region in four bandswitched 1-MHz segments. 
Mechanical rigidity and electrical stability are para- 
mount watchwords for a vfo working this high in fre- 
quency. Careful mounting of all vfo components and 
elimination of chassis flexing and dial backlash are 

ing of 29.6 MHz. Instead of amateur signals, several 
local CB operators were heard. When monitoring 
29.6 MHz, the vfo second harmonic is at 37.8 MHz. 
When mixed with the 27.1-MHz CB signals spurious 
responses were produced at 10.7 MHz, the first i-f! 

frequency counter 
Despite the excellent performance of the Eddy- 

stone 898 dial, the 1-MHz spread didn't permit the 
desired 1 -kHz dial resolution, partially because of the 
physical limitations involved and also because of 
small inconsistencies in linearity between band seg- 
ments caused by the bandswitched vfo circuit. 

An ideal solution would have been a counter com- 

VFO FIL TEfi 

FERRITE IFIG I /  
BEAD 

TO VFO INJECTION 
FIL 1ER 

/FIG l i  

TO OEPLAY 

I. Pk COUN JER 
2 7 0  

/FIG. 31' 

*SILVER MICA 

C1 43 pF NPO (15.3116.3 MHz vfo; 26127 MHz receiver) 

C2 27 pF NPO (16.3117.3 MHz vfo; 27128 MHz receiver) 

C3 27 pF NPO (17.3118.3 MHz vfo; 28129 MHz receiver) 

C4 not used (18.3119.3 MHz vfo; 29/30 MHz receiver) 

L1 - L4 9.5 mm (318 in.) OD core ceramic. 7 turns 0.6 mm (no. 22) 
enamel wire 

fig. 2. Vfo and buffer amplifiers. 



puting the vfo, bfo, hfo, and vhf converter oscillator 
frequencies to give an exact frequency readout. The 
cost and complexity of such a counter, and the likeli- 
hood of generating spurious signals from the counter 
circuits, quickly ruled it out. The decision was made 
to use a counter, but to count and display only the 
vfo frequency (fig. 3) .  Up to the tens of kHz position, 
there is a direct correlation between the vfo and op- 
erating frequency, so a two-digit display supplies a 
direct readout of the tens of kHz and the receiver op- 
erating frequency (in kHz). Above 10 kHz, the Eddy- 
stone dial-calibration points and bandswitch position 
supply the hundreds of kHz and MHz readings. It's 
easy to include a third display for hundreds of hertz, 
but remember that, unless the other conversion 
oscillators are extremely accurate and set on fre- 
quency, the cumulative error makes this resolution 

meaningless. Of course, even a 1-kHz readout re- 
quires careful frequency setting and regulated power 
supplies. 

The basis for the counter was a circuit in the 
January 1976 issue of ham radio.2 Its simplicity, small 
size, and low cost made it appealing for this applica- 
tion. It's built on a small 102 x 102 mm (4 x 4 in.) 
square of glass epoxy vectorboard and is sandwiched 
between two aluminum plates that provide shielding 
and a ground plane for the counter. No birdies from 
the counter were heard in the finished receiver. 

I used an MD-640 incandescent -/-segment display 
in place of LED displays. The MD-640s are brighter, 
cheaper, and don't require current-limiting resistors 
for each segment as in the case of their solid-state 
counterparts. The display was also more uniform 
than that produced by most bargain-basement LED 

fig. 3. Frequency display. IC numbers refer to the article in the January, 1976, issue of ham radio (reference 2). 
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Overall top v iew o f  the receiver. The i-f filters are mounted 
in  the upper left. The ICs for the counter are mounted i n  the 
upper right. Note the shielding on both sides of the counter 
board. 

displays. A window for the readouts was carefully 
milled through the steel Eddystone dial plate. A piece 
of gray plexiglass behind the window provides con- 
trast for the display readouts. 

i-f strip, agc detector, and amplifier 
The output of the selected 455-kHz filter goes to 

our first 455-kHz stage, an MPF102 fet (fig. 5).  This 
stage provides some gain and a good termination for 
the relatively high filter impedance, but primarily it's 
an agc attenuator. 

The next two stages of i-f amplification employ 
two high-gain MC1550 ICs. The i-f interstage trans- 
formers, from the Radio Shack general replacement 
line, are resistive loaded rather heavily for stability 
and to ensure the i-f amplifier is broadband enough 
not to restrict the broader selectivity positions. 
(While aligning the i-f amplifiers, it may be necessary 
to remove the loading resistors to see the peak at res- 
onance.) The last i-f amplifier is a single 2N3904 tran- 
sistor stage. It is not under agc control and is design- 
ed to have sufficient output to drive the agc detector 
and demodulators. 

A pair of germanium diodes in a voltage doubler 
rectifies the i-f signal and presents a proportional dc 
level to a 2N3053 dc amplifier. The 2N3053 provides 
an increasing voltage potential during periods of agc 
action for reducing the MC1550 i-f stage gain and 
conversely, a decreasing dc potential for gain reduc- 
tion in the MPF102 i-f  amplifier and MFE121 
preselector. 

A selectable RC time constant controls the agc re- 
sponse; for simplicity the mode switch selects the 
agc time constant appropriate for the mode selected. 

Agc voltage is also used to provide the signal 
strength meter reference voltage. If the gains of all 
the converters are equalized, the meter may be cali- 
brated in microvolts instead of just providing a rela- 
tive signal-strength indication. My converter selector 
switch also provides agc voltage to the converters, 
but external agc was not advised for use with the 
Hamtronics converters. 

Ssb or CW reception is accomplished with a hot- 
carrier-diode product detector circuit inspired by 
another article.3 The bfo is on the same board. 
Because of the high cost of 455-kHz crystals and the 
advantages of a variable bfo, the tunable bfo route 
was taken. Use of Radio Shack transformers was 
again made in the product detector and bfo circuits 
(fig. 6). Note that several volts p-p of bfo energy are 
required for diode saturation and proper operation of 
the detector. The bfo signal is amplified to prevent 
pulling and to develop ample bfo injection voltage. 
Recovered audio is clean sounding and not fatiguing, 
indicating low harmonic distortion from this circuit. 

The a-m detector (fig. 6) is simple and requires lit- 
tle explanation. A half-wave rectifier, consisting of a 
slightly forward-biased hot-carrier diode for im- 
proved low-level signal detection, rectifies and 
detects the a-m signal. A low-noise audio preampli- 

FROM FIRST 
MIXER 

O(F1G. / i  

F1 - F4 Collins 455-kHz mechanical filters (2, 4, 8, and 16 
kHz used) 

IMD filter Piezo Technology model 1433; 6-dB bandwidth: 13 kHz 

L 1 wound on 13-mm (0.5 in.) OD type E toroid (red) core. 
26 turns 0.8 mm (no. 22) enameled wire; tap 10 turns 
from cold end 

S 1 4-position, 2 poles; shield between wafers 

53 filter switch; 2-pole, 4-position wafer 

fig. 4. Second mixer. 
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fier increases audio level. As with the product detec- 
tor, a-m audio is clean and pleasant sounding. 

fm detector 
The 455-kHz i-f signal directly feeds the fm detec- 

tor board, bypassing the mode-selector switch that 
feeds the a-m and ssb detectors (fig. 7) as selected. 
A single Motorola MC1355 i-f amplifier and limiter 14- 
pin IC performs all fm signal-processing functions. 

hybrid module designed for use in their Tac-Tec 
series vhf-uhf fm portable communication radios 
(fig. 8). Unfortunately, the exotic device is available 
only directly from RCA or one of their authorized 
two-way service centers. Distributor cost is around 
$28.00; user suggested price is close to $38.00. 

The 432141 is noise operated. A 390-pF coupling 
capacitor from the recovered fm ratio detector audio 
provides the high-frequency audio noise components 

TO F-M 

X Z l  AND I 2  ARE 180 OHM,I/ZW 
FERRITE BEAD OVER 
RESISTOR BODY 

fig. 5. I-f amplifiers and agc detector and amplifier. 

Originally I had planned to use the Miller type 8806 
discriminator transformer with the MC1355, but after 
a two-month wait on a back order my distributor 
shipped me the 8805 ratio detector as a substitute. 
Minor circuit changes will allow use of either trans- 
formers with comparable results. 

Both the ratio detector and discriminator circuits 
provide a plus or minus dc voltage to indicate proper 
tuning of the received frequency. The detector will 
drive a zero-center microammeter directly. The meter 
I used had a zero-center, + 6 V movement. A dc op- 
erational amplifier was necessary to drive it. 

Center-tune meters are commonly associated with 
tunable fm receivers, although they're useful in tun- 
ing a-m signals as well. For this reason, and for 
squelch operation, the fm detector is operational in 
all modes and isn't affected by mode-switch position 
except for the selection of fm audio. 

The squelch circuit centers around a single RCA 

for squelch operation. A 50k front-panel pot allows 
setting the squelch threshold point. 

The design of the LM-380 audio amplifier (fig. 9) 
provides a convenient method of squelch control. 
One pin of the LM-380 is for optional bypassing of an 
internal voltage divider supplying operating bias to 
early amplifier stages of the LM-380. The squelch- 
gate output (pin 12) of the 432141 module, fig. 8, 
holds this bias point at ground to mute the receiver. 
Because of the dc-coupling design of the LM-380, a 
simple RC time constant between the squelch mod- 
ule and audio PA prevents an annoying speaker 
"pop" during squelch action. External receiver rnut- 
ing is also provided by supplying an external ground 
to the same point on the LM-380. 

The versatile 432141 squelch module also has pro- 
visions for a time constant, provided by an RC net- 
work, to prevent receiver squelch action while receiv- 
ing rapidly fading signals from mobile stations. In this 
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SSB SELECT ON 

j 3  ;NOTE j irvp--- I r-T---- 

NOTES 

1 DENOTES POL rsr ~ R E N E  CAPACITORS 

2 RED CORE DENOTES BROADCAST-BAND LOCAL OSClLLATOR COIL 
3 MPFIO? SHOULD B E  HIGH GRADE A 2 1 5 4 8 6  CAN BE 

SUBSTI TUTED 

4 REDUCE FOR MORE AUDIO Q 

fig. 6. Ssb beat-frequency oscillator and product detector, 
A, and a-m detector, B. 

receiver the time constants are mode-switch selected 
for best performance. A 120 microsecond squelch 
dropoff is used for a-m and fm signals; an appreciab- 
ly longer delay is provided for ssb signals. Pin 4 of the 
432141 module is an inverted.output of the pin-12 
squelch gate, which mutes the LM-380 audio PA. I 
used pin 4 to  light a front panel call lamp through a 
dc amplifier to indicate band activity. 

Recovered f m  audio is fed through an active audio 
filter in the 432141 module (3 dB gain) for conven- 
tional 6-dB-per-octave de-emphasis audio processing 
of the received signal. Note that pins not shown on 
the schematic for the 432141 module are active and 
are used for special applications of the RCA radios: 
quiet channel and fast mute. All unused pins should 
be unterminated. 

As the 432141 requires only 10 volts for proper op- 
eration, a 5-volt Zener drops the 15 V dc supply bus 

I 
U 

455hHz  I - F  TRANSF ORMERS 
(RADIO SHACK 2 7 3- I 3 8 3 1  

to  a suitable level. The RCA-module pins are not 
keyed; refer to fig. 8 for pin alignment. Caution: The 
chip can be installed 180 degrees around, and will be 
damaged if done so. 

Since the receiver could be used for casual moni- 
toring of various citizen and amateur services over its 
basic 26-30 MHz i-f tuning range, sensitivity and 
noise figure were contributing factors in its design 
criteria. More often than not, converters for frequen- 
cies above 400 MHz employ passive mixing devices, 
often without the aid of an integral rf preamplifier. 
Since these converters exhibit negative gain, not 
only does the mixer noise figure play a large role in 
system performance, but also the noise figure and 

8 2 0  +15V CONTINUOUS 2 0 0  

I - 7  I I 

0 2  PINK BLUE 7 0  

+IS" MODE SELECT 
SWITCH 

NOMINAL 

/FIG. I01 HOT-CARRIER 
/NOTE 4 )  

I DIODE 1 1 BOTTOM VIEW 

I l N 3 4 A  
8 2 0  

3 3 0  

COIL 

BOTTOM VIEW 

5OOpA 

X PINS 2 , 3 , 4 , 6 , 9 . / 2 ,  I 3  MILLER 8 8 0 5  

F - M  RATIO DETECTOR 

/FIG 81 
fig. 7. Fm limiter and ratio detector. 



sensitivity of the i-f strip are important if optimum re- 
sults are to be realized. 

A single stage rf amplifier is used, using a Motorola 
MFE121 dual-gate mosfet (fig. 1). Agc control over 
the RFA is through the dc biasing level on gate 2. A 
small ferrite bead directly on the gate-2 lead inhibits 
parasitic uhf oscillations. The 20-30 MHz input and 
output coils of the RFA are resistive loaded to im- 
prove bandwidth, stability, and to reduce front end 
gain. While the resistive loading provides sufficient 
bandwidth to allow operation over each 1-MHz range 
without cumbersome preselector tracking capaci- 
tors, additional trimmers are bandswitched on the 

F-M AUDIO TO 
n MOOE SWI TCHo 

(FIG 10) 
IN914 

PIN I2  PIN 1 0.1 EXTERNAL MUTE 
rn 

fig. 8. Noise squelch circuit for fm, a-m, and ssb reception. 

lower three receiver ranges for proper RFA op- 
eration. 

A Minilabs MLA-1 double-balanced mixer was 
tried in the first version of the receiver. Exotic power 
fets for impedance matching, high local-oscillator-in- 
jection requirements, and cost soon eliminated this 
scheme. The old axiom "simplest is often best" was 
proven in the final circuit used for the first mixer. 
Another MFE121, using conventional gate-2 local-0s- 
cillator injection, is employed. A ferrite bead again is 
required on gate 2, as in the RFA stage. Impedance 
transformation between the mixer output and the 
10.7-MHz filter is through a capacitive divider across 
the mixer output tank circuit. 

Vfo injection to  the MFE121 mixer is filtered 
through a simple single LC toroidal stage, which 
reduces vfo harmonics and subsequent spurious 
receiver responses, as mentioned later. Because the 
vfo range covers 15.3-19.3 MHz in four 1-MHz steps, 
bandswitching of trimmers, as in the RFA stages, 
was required to resonate the filter on three lower 
ranges. The relatively low vfo injection frequencies 

FROM RCA SQUELCH 
O MOOULE MUTE LINE 

lF/G.BI 

A-F GAIN 

fig. 9. Receiver audio circuit. 

and the desired high circuit Q prevented broadband- 
ing of this stage. As a solution, a 3-10 pF variable ca- 
pacitor mechanically linked to the vfo main tuning 
capacitor provides filter tracking with the vfo fre- 
quency. The purpose of the 2-18 trimmer in series 
with the vfo tracking capacitor (fig. 1) is to set a 1- 
MHz tuning range for the filter. 

During alignment considerable back-and-forth tun- 
ing and peaking are required to adjust the vfo ranges, 
tracking, and LC-filter range. 

The 10 pF capacitor coupling the LO injection to 
the mixer was empirically chosen. At 29.6 MHz, the 

The right-angle gear drive is used to select an i-f filter 
mounted on the top of the chassis. The four trimmers, 
behind the dial assembly, are used in the main receiver vfo 
to select the different frequency segments. 
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fig. 10. Power supply and switching arrangements. 

vfo operates at 18.9 MHz. The second harmonic of 
the vfo is 37.8 MHz. If sufficient 37.8-MHz harmonic 
energy reaches the mixer, signals at 27.1 MHz are 
readily converted to the 10.7 i-f output. If the coup- 
ling capacitor is too large the harmonic injection 
becomes excessive; if it's too low mixer gain suffers. 
My receiver (worst case) has close to 50 dB of spuri- 
ous rejection, or a 300-microvolt signal on the spuri- 
ous frequency will produce a signal equivalent to 1 
microvolt on the operating frequency. 

construction 
The photographs show placement and mounting 

of the major receiver components. The cabinet and 
chassis is a LMB type CO-1 enclosure. The five Ham- 
tronics converters were mounted vertically on alumi- 
num plates for space conservation and rf shielding. 
The two uhf converters were mounted on the left top 
side of the chassis, while the three vhf units flank the 
right side. The vfo counter is mounted vertically be- 
tween the front panel and the uhf converters; the 
counter board is sandwiched between two aluminum 
plates for shielding. The chassis center was used for 
the 28-MHz rf amplifier and first mixer. The board is 
recessed below the chassis for access to the band- 
switch assembly. 

Behind the S-meter and the 455-kHz Collins filters, 
another vertical shield supports the PC-board assem- 

bly for the 10.7-MHz IMD filter, second mixer, and 
the second conversion oscillator. 

The bottom of the chassis is dedicated to  the 
power supply components, left rear; the 455-kHz i-f 
stages and agc detector, right side; the vfo compo- 
nents, front center; multimode detectors, the 
squelch, and bfo, left front. 

The chassis was reinforced along the cutout for 
the 28-MHz front end to minimize chassis flexing. 
The vfo tuning-capacitor supports are of heavy- 
gauge metal for mechanical rigidity. The bandswitch 
assembly transverses the entire width of the chassis, 
front to rear. It was constructed from several disas- 
sembled switches salvaged from flea markets. Low- 
loss ceramic wafers are recommended. The first two 
wafers are for vfo bandswitching; the third is for the 
vfo injection-filter trimmers. Wafers 4, 5, and 6 are 
for rf amplifier bandswitching. L-shaped aluminum 
brackets were placed between wafer sections 2 and 
3,3 and 4, and 5 and 6 for mechanical support and rf 
shielding. 
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subaudible 
tone encoders and decoders 

A review of the latest two-meter directory con- 
firms the impression I obtained from vacation trips 
and from amateurs visiting the greater Cleveland, 
Ohio area: Most amateur repeaters are still carrier ac- 
cessed. However, in localities where unoccupied 
two-meter pairs have become scarce and intermod 
problems on all bands more prevalent, some form of 
tone access is becoming more common. This situa- 
tion is particularly noticeable in the larger east- and 
west-coast metropolitan areas and along the Great 
Lakes. Some repeaters have optional guard systems 
that are turned on and off automatically or by the 
control operator, as conditions require. 

Both tone-burst and Touch- Tone access control 
are used, but the most popular method seems to be 
continuous subaudible tone, commonly known as 
PL, from the Motorola trade name for the system 
"Private Line." A selectable guard system' that uses 
PL has been in use on the Cleveland 16/76 repeater 
for some time and has led to considerable interest in 
various types of encoders and decoders. This article 
covers experiences that other club members and I 
have obtained about encoders and decoders we've 
bought or built, tried and discarded, or adapted to 
our use. 
First, let's look at some of the reasons for using PL. 
The advantages on a control or link frequency to 
which access is strictly limited are obvious. Anyone 
who is a repeater control operator in an area where 
more than one machine can be heard on the same 

frequency can appreciate the advantage of having an 
encoder on the repeater transmitter and a decoder on 
his monitor receiver. 

PL on the repeater input also helps to minimize in- 
terference caused by intermod and sources other 
than amateur transmitters. In crowded areas, in- 
dividuals or small groups looking for a frequency on 
which they can experiment or operate a special- 
purpose repeater, can share the same channel with 
much less distance between their stations than 
would be required without PL. My point is that many 
reasons exist for using continuous subaudible tone 
on input or output other than a wish to operate a 
closed repeater. 

( reed-type encoders 
The encoders most used on control and link fre- 

quencies, and by operators with converted commer- 
cial gear, are those in which a resonant vibrating reed 
establishes the tone frequency. The advantages of 
these encoders over other types of low-frequency 
oscillators include 1) reliability and stability under 
temperature extremes and supply voltage changes, 
and 2) ability to change frequency by merely plug- 
ing in a new reed. In addition, the reed encoder 
generates a pure sine wave, which does not need 
filtering. 

By Pat Shreve, W8GRG, 2842 Winthrop Road, 
Shaker Heights, Ohio 44120 
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Disadvantages include the cost of reeds (particu- 
larly if the user wishes to work several repeaters with 
different PL frequencies), and size. It is difficult if not 
impossible to  fit a reed encoder into many of the 
popular hand-held and mobile transceivers. 

Early popularity of reed encoders and decoders led 
to the adoption of the standard commercial subaudi- 
ble tone frequencies for amateur use, shown in table 
1. These have carried over into the design and pro- 
duction of other types of equipment. Two reed en- 
coders, a decoder, and a combination en- 
coderldecoder are shown in the photographs. The 
circuit of the Communications Specialists* miniature 
encoder is shown in fig. 1. With a Motorola 
Vibrasponder reed, it produces a clean sine wave to 
3.4 volts rms; it will go higher, but the wave peaks 
will be clipped. These test results and those that 
follow were obtained with a 12.5-volt regulated sup- 
ply voltage; Output was measured with a precision 
ac voltmeter, and the wave form was evaluated by 

fig. 1. Communications Specialists miniature reed encoder. 
CR1 and CR2 are silicon diodes. Q1, Q2, and Q3 are general- 
purpose npn silicon transistors. 

comparison with the output of a Heath IG-1B wave 
generator using a dual-trace oscilloscope. Tone fre- 
quency was 110.9 Hz. 

Fig. 2 is the circuit of a subminiature encoder built 
by our club according to a design used in some 
Motorola equipment. It is smaller than the original or 
the Com Spec unit. Where space is a problem, the 
reed and socket can be separated from the PC board. 
It produces an equally good waveform, but has much 
lower output: from 0.22 to 0.35 volt rms, depending 
on the reed. I t  works well if the transmitter has suffi- 
cient audio amplification between the PL injection 
point, which should follow any speech filters, and 
the modulator. 

tunable oscillators 
A number of tunable oscillator circuits have been 

"Communications Specialists, Inc., 426 West Taft Avenue, 
Orange, California 92667. 

I 1 1 OGNO 

fig. 2. Lake Erie ARA subminiature reed encoder. 

tried as PL encoders by repeater groups in or near 
Cleveland. The most popular was the twin-T circuit 
shown in fig. 3, which came to our club from the 
Great Lakes repeater group in Detroit. It is com- 
pact, inexpensive, and can be assembled from readi- 
ly available parts by anyone with a minimum of ex- 
perience or equipment. For satisfactory performance 
the frequency-determining capacitors must be mold- 
ed Mylar or polycarbonate components, and preci- 
sion 1 % resistors should be used where shown. Even 
then, the circuit needs to be retuned occasionally 
and will give trouble in a mobile installation parked in 
a Lake Erie winter or in a desert sun. The wave shape 
is satisfactory, but the load and bias resistors may 
have to be changed for different output frequencies 
to prevent distortion. 

I also experimented with tunable encoders design- 
ed around a function generator such as the lntersil 
8038. Several pilot units showed promise, but none 
fully overcame problems of rf sensitivity and need for 
a more stable supply voltage than was easily ob- 
tainable in a mobile installation. 

digital encoders 
Use of a crystal-controlled oscillator to generate a 

stable frequency is nothing new; but until multistage 
dividers on a single IC chip became readily available, 

fig. 3. Twin-T oscillator. C1 is not required in battery-pow- 
ered portables. Select R2 to give desired modulation level. 



Ceramic resonator and crystal-controlled encoders and Communications Specialists eight-frequency encoder, 
encoder-decoders. encoder-decoder, and sub-miniature encoder. 

Crystal-controlled encoder-decoders. Encoder-decoder designed by the author. 

Two reed encoders, reed decoder, and encoder-decoder. 

it was not practical to use high-frequency crystals to 
generate the low frequencies used in a subaudible 
tone encoder. Development of CMOS ripple count- 
ers, capable of division by factors in the thousands or 
millions, eliminated the need for bulky divider chains 
in low-frequency generators and timers and at the 
same time eliminated the need for a regulated 5-volt 
power source and sometimes difficult shielding 
against rf and external noise. 

Descriptions of the operation and application of a 
number of these dividers are found in manufacturers' 
p~blications.2~3 Those of most interest for PL use are 
the 4020 and 4060, both capable of division by 16,384 
(214). The 4020 will accept input frequencies to 7 
MHz; the 4060 to 4 MHz. The 4060 includes an 
oscillator circuit that can be crystal controlled. 

Two approaches to the use of a multistage divider 
to reduce a crystal frequency to the PL range are 
possible: Use the full range of the divider and select a 
crystal that will give the desired output, or program 
the divider to give any desired output from an 
available crystal. 

Let's look at the unprogrammed divider, in which 

Adcom crystal-controlled encoder-decoder. 

the crystal is selected for a specific output frequency. 
Only two ICs are needed, a 4020 divider and a 4030 
exclusive-OR gate, which serves as crystal oscillator 
and digital-to-analog (D-A) converter. The crystal 
frequency is the desired output multiplied by 16,384. 
The circuit in fig. 4 is such an encoder, designed and 
used by members of the Lake Erie Amateur Radio 
Association (LEARA), which operates the Cleveland 
16/76 and 28/88 repeaters. The choice of whether to 
use a 1.0- or 2.2-pF output-filter capacitor depends 
on whether you want a stronger signal (use 1.0 pF) 
or a cleaner waveform (use 2.2 pF). The unit leaves 
something to be desired in both respects. A better 
design could be worked out with a 4060 using the in- 
ternal oscillator and substituting an operational 
amplifier wired as a lowpass filter for the 4030 D-A 
converter. 

Some may ask why a D-A converter is needed at 
all. Certainly a square-wave digital output will 
modulate the transmitted signal; many solid-state 
CW identifiers use such an output. The trouble is, 
that on most amateur transmitters, square-wave 
modulation is far from subaudible. Many of the har- 
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monics in the square wave fall in the audible range, 
and the resulting signal can be very unpleasant. Reed 
encoders have a clean sine-wave output. 

Another device equivalent to crystal control is 
used in several Communications Specialists en- 
coders. It is a ceramic resonator much like an i-f filter 
operating between 250 and 500 kHz. The small size 
of the resonator and a special IC make possible the 
Com Spec microminiature ME-3 tone encoder, which 
is hardly larger than a postage stamp. The ME-3 cir- 
cuit is shown in fig. 5.  The special IC contains the 
oscillator, divider, and gates, which form a lowpass 
square wave to sine-wave converter. The output is a 
clean sine wave adjustable to any level to 3.2 volts 
rms. The output frequency can be changed by plug- 
ging in a different resonator. Similar circuitry is used 
in the ME-8 encoder, which provides for selection of 
one of eight frequencies by electronically switching 
the resonators, and in the combination encoder- 
decoder discussed later. 

16L 

"tl OUTPUT 

fig. 4. Lake Erie ARA crystal-controlled encoder. 

Encoders in which a single crystal is used to gener- 
ate multiple output frequencies can also be built with 
a 4020 or 4060 CMOS divider. Both these ICs can be 
reset to zero at any point in their counting cycle by a 
high-level input to the reset inverter. Since outputs 
are available from all divider stages from 4 through 
14, diodes can be used to combine outputs to give a 
reset pulse after any combination of 16 oscillations of 
the crystal. 

In my experiments, the range of crystal frequen- 
cies has been limited on the high side by divider 
capability and on the low side by crystal cost. For 
reasons explained later, the last divide-by-four step is 
performed by a separate device, so the divider output 
should be 4fPL, where fpL is the desired encoder 
output. 

The lowest of the standard tones in table 1 is 67.0 
Hz. The maximum capability of the divider is 214 or 
16,384, so the top limit on the crystal frequency is 
6 7 . 0 ~  4 x  16,384=4.391 MHz. 

My lower limit is 3 MHz, based on the price of an 
International Crystal general-purpose crystal, which 

Eight-frequency encoder with ceramic resonators. 

is lowest in the range between 3.0 and 10.99 MHz. 
To illustrate how the divider is programmed, assume 
a crystal frequency of 3.066 MHz and a desired out- 
put of 110.9 Hz. The division factor is 

subtract 213 4096 
281 6 

subtract 212 2048 
768 

subtract 210 512 
256 

subtract 29 256 
zero 

This example shows that when 09, 010, 012, and 
013 outputs are all high at once, the counter will 
have divided by exactly 6912. If four diodes are con- 
nected with anodes to these outputs of the IC, and a 
common cathode lead is connected to the reset in- 
put, the counter will reset to zero after dividing by 
6912. A similar calculation will show that diodes con- 

fig. 5. Communications Specialists micro-miniature en- 
coder. Values of C1, C2, and C3 and connection to pin 6 or 7 
of U1 depend on frequency. U1 is a custom-made IC; K1 is a 
ceramic resonator. 
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Reed encoder-decoder circuit board. 

nected to 010, 0 1  1, 012, and Q13 will result in a 
d i v i s i o n  f a c t o r  o f  6780 a n d  a n  o u t p u t  o f  
3,066,000 t 7680= 399.21 Hz, which is 4 x 99.8 Hz - 
well within tolerance of a 100 Hz PL. 

The reason for the external division by four is that 
a divider output programmed in this way is not the 
50% duty cycle square wave desired for easy conver- 
sion to a sine wave. If the counter output is used to 
drive a dual flip-flop, such as a 4013, it will divide by 
four and give the desired wave; or if the encoder is to 
be coupled with the decoder described later, the 
divide-by-four operation can be performed by the 
decoder shift register. 

One encoder of this type is made by Avcom*. No 
circuit diagram is available and the ICs are unmarked, 
but the encoder apparently uses a 4020 divider and a 
4035 shift register to divide the output of a 3.334- 
MHz fet crystal oscillator. A 50% duty cycle square 
wave from the shift register is converted to an ap- 
proximate sine wave by an RC lowpass filter and 
amplified by an npn output transistor. Maximum out- 
put of the unit I tested is 2.85 volts rms. The output 
waveform is reasonably good between 1 and 2.4 
volts, but peak clipping occurs at higher levels and 
distortion appears below 0.8 volt. 

decoders 
Only two types of subaudible tone decoder I've 

tested have given consistently satisfactory results: 
the reed and the digital. I've heard of designs that 
use a linear IC such as the NE567V, frequently used 
to  decode Touch Tone, but I've never seen one that 
will perform satisfactorily at PL frequencies. 

To work as a PL decoder, the circuit should be suf- 
ficiently sensitive to respond to  any signal that will 
quiet the receiver, have stability equal to a reed en- 

"Avcorn, Inc., P.O. Box29153, Columbus, Ohio43299. 

coder, and have a bandwidth sufficiently narrow not 
to be triggered by a PL on an adjacent standard fre- 
quency (table 1). The circuit should have a "hang- 
up" connection that will release the receiver squelch, 
so that the operator can receive signals that don't 
have PL and can also monitor the frequency before 
transmitting. Outputs that will permit use with either 
pull-to-ground or pull-to-V + squelch circuits are 
desirable. 

reed decoders 
The receiver on LEARA'S 16/76 repeater has two 

Motorola reed decoders. One is on the 110.9-Hz ac- 
cess tone and the other discriminates against the 
100-Hz PL used across the lake in Detroit, which 
minimizes interference f rom there when the 
Cleveland repeater is operating in the fully open car- 
rier access mode. The Motorola circuits are not 
reproduced here, bu t  part and circuit diagram 
numbers are given for those intere~ted.4~5 

Sensitivity is quite adequate for the excellent 
receiver with which they are used. Capture band- 
width is less than + 1 Hz on a signal with a low PL 
level; but once captured, the decoder will follow a 
shifting tone approximately 2 Hz either side of the 
nominal frequency. Tone filters are provided to  
eliminate the subaudible tone from the receiver out- 
put. The enableldisable function can be remotely 
controlled without difficulty. 

A reed decoder similar to the Motorola units is ob- 
tainable from Communications Specialists either as a 
separate miniature model or as part of a combination 
encoder-decoder using the same reed for both func- 
tions. The decoder circuit diagram is shown in fig. 6. 
Sensitivity is 2.5 millivolts at the reed frequency at 

table 1. Standard EIA subaudible tone frequencies. Higher frequen- 

cies not listed are not commonly used by amateurs. 

frequency frequency 
(Hz) code (Hz) code 

67.0 XZ 118.8 2B 

71.9 XA 123.0 32 

74.4 W A  127.3 3A 

77.0 XB 131.8 38 

79.7 S P 136.5 42 

82.5 YZ 141.3 4A 

85.4 YA 146.2 4B 

88.5 YB 151.4 52 

91.5 ZZ 156.7 5A 

94.8 Z A 162.2 58 

97.4 ZB 167.9 6Z 

100.0 1 Z 173.8 6A 

103.5 1 A 179.9 6 6  

107.2 1 B 186.2 72 

110.9 22 192.8 7A 

114.8 2A 203.5 M l  



which I tested it (nominally 110.9 Hz). Capture range 
is f 0.15 Hz at this signal level and t 1.5 Hz at 20 
millivolts. Once captured the decoder will stay locked 
to a 20 millivolt signal to within t 2.0 Hz. 

digital decoders 
Reed decoders generate a usable output when an 

incoming signal drives the reed at its mechanical 
resonant frequency. Digital decoders are not reso- 
nant circuits. They produce an output when the in- 
coming signal frequency matches that of a signal 
generated locally. The usual source is a digital en- 
coder such as those described earlier. I've not found 
any published material on how or why the circuits 
operate but have built one that works. The diagram is 
shown in fig. 7. Here is what I think it does: 

The output of the fet crystal oscillator, 01, is fed to 
U1, a 4020 divider, which is diode-programmed to 
output at four times the desired PL frequency. The 
diodes are on a plug-in matrix board, permitting 
quick and easy frequency change. A 4060 used for 
the divider would eliminate the need for a separate 
oscillator. The divider output drives U2, a divide-by- 
four flip-flop, which in turn controls the frequency of 
an 8038 function generator. The divider also drives 
U5, the decoder shift register. The shift register is 
wired to supply V +  to  each of the four control inputs 
of U6 in succession. Since its input is at four times 
the PL frequency, the shift register drives each input 
of U6 high for 114 of a PL cycle. 

U6 is a quad bilateral switch. When one of its in- 
puts is high, the corresponding l-pF capacitor is con- 
nected to  U7, which is a quad operational amplifier. 
The incoming audio signal from the receiver dis- 
criminator is filtered and amplified. It is a square 
wave at the point of connection to U6. When its fre- 

Miniature reed decoder. 

Miniature reed encoder. 

quency matches the rate at which U6 is being cycled 
by the shift register, U5, the third and fourth stages 
of the op amp act as a switch to  turn off 02, 
ungrounding the squelch connection. When the 
"hang-up" switch is closed, Q2 grounds the squelch 
connection unless a signal with PL is received. An  in- 
verter transistor can be added if V +  is required to 
control squelch. 

The Corn Spec encoder-decoder works substan- 
tially in the same way as that described above. It has 
several advantages, however - smaller size 
(because of the ceramic resonator and special ICs, 

fig. 6. Reed decoder. Transistors are general-purpose silicon npn. CRl  and CR2 are silicon signal diodes. With the monitor circuit 
connected, the receiver will respond to a signal without PL when the "hang up" terminal is ungrounded. 
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which combine several functions on one chip); lower 
cost; and a built-in audio filter to remove the PL tone 
from the receiver audio output. Instructions on how 
to connect it to most amateur equipment are fur- 
nished on request. Bandwidth of all digital decoders 
I've tested is comparable to the reed types. Sensitivi- 
ty is a little less but adequate for all the receivers on 
which I have tried them. 

decoder-detector and tunable encoder 
The encoder shown in fig. 7 uses a phase com- 

parator and function generator to provide a sine 
wave output. This is because I designed the circuit as 

a tunable PL detector, which permits the operator to 
match and retransmit an unknown PL frequency. 
The block diagram is shown in fig. 8. A 4PDT switch 
is added to the circuit of fig. 7, and the VCO portion 
of the 4046 is used. 

In the detect mode, the crystal oscillator is discon- 
nected. The VCO runs at four times the frequency of 
the function generator; this relationship is main- 
tained by the phase comparator, and the LED con- 
nected to pin 1 of the 4046 illuminates when the loop 
is in lock. The frequency-adjusting potentiometer on 
the 8038 function generator is accessible to the 
operator. 

fig. 7. Encoder-decoder with programmable divider. The encoder schematic is at top; LED indicates when phase comparator 
loop is in lock. The decoder circuit is below; the lOOk pot is used to adjust sensitivity. 



Communications Specialists encoder-decoder. 

To match a received PL frequency, the switch is 
thrown to detect and the frequency of the free- 
running function generator adjusted until the 
decoder output LED shows a frequency match. The 
encoder will then transmit the same frequency as 
that received. 

It's not ordinarily necessary to adjust the vco, 
which will hold its lock over a wide range of frequen- 
cies. Although the function generator is free-running 
it will remain within PL tolerances for several trans- 
missions. The LED will show the need for re- 
adjustment whenever the incoming tone is received. 

The greatest limitation of this system is that to ac- 
quire a repeater with an unknown access tone, you 
must be able to hear another station on the input fre- 
quency unless the tone is being retransmitted. With 
the switch in the crystal position, the unit operates 
as a normal digital encoder-decoder. 

Each of the subaudible tone encoders and 
decoders described has its advantages and disad- 
vantages. Where space restrictions are not a factor 
and frequencies are not changed often enough to 
make the cost of reeds prohibitive, a reed-type unit is 
hard to beat for stability and clean output. The units 
with ceramic resonators are much more compact, 
however, and are comparable in performance. They 
cost less overall if many frequencies are wanted. 

My tunable model is for the experimenter or those 
who enjoy something different. It's not really as 
valuable to the traveling ham as one might think - 
even if you succeed in matching the unknown PL on 
that closed repeater that has been tantalizing you, 
you probably won't get anyone to talk to you when 
you do get in! 

OSCILLATOR 

DIVIDER 

FUNCTION 

GENERATOR 

CRYSTAL 

TONE OUTPUT 

DETECTOR 

€ 3 7  
I 

DISCRIMINATOR 
AUDIO LED INDICATOR 

fig. 8. Block diagram of detector and tunable encoder based 
on encoder-decoder shown in fig. 7 .  
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pseudo=Iogarithmic display 
for the microwave 
spectrum analyzer 

This pseudo-logarithmic 
circuit for your 

home-bui It microwave 

spectrum analyzer 
provides good resolution 

and 40 dB dynamic range 

In a recent article I described a microwave spec- 
trum analyzer which covered dc to 2.5 GHz with up 
to 2 GHz of dispersion, 2 MHz resolution, and 50 dB 
of dynamic range.' This analyzer was built almost 
completely from surplus materials and has been well 
received by the amateur microwave community. 

I However, the instrument has one drawback: the dis- 
play graduations are linear rather than logarithmic. 
This limitation was discussed in the original article, 
and reader suggestions were solicited. 

Before my spectrum analyzer article appeared (but 
after the manuscript was finalized) ham radio pub- 
lished a very fine article by Jeff Walker, W3JW, on 
the design and construction of a high resolution 
high-frequency spectrum analyzer.* In that article 
Walker described a simple and effective circuit for 
providing his analyzer with a pseudo-logarithmic dis- 
play which allowed him to view 40 dB dynamic range 
at one vertical deflection setting. It seemed to me 
that this circuit would, with suitable modification, 
greatly enhance the performance of my analyzer. I 
am pleased to report that it did just that. 

circuit description 
Walker's circuit, shown in fig. 1, consists of an 

audio-frequency detector, lowpass filter, and a 
unique nonlinear diode limiter arrangement. My ana- 
lyzer already included an i-f detector diode, the out- 

By H. Paul Shuch, NGTX, Microcomm, 14908 
Sandy Lane, San Jose, California 95124 
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f ig. 1. Pseudo-logarithmic signal-processing circuit 
developed by W3JW for use in a high-frequency spectrum 
analyzer.2 

put of which I applied to Walker's filter/limiter cir- 
cuit. However, I found it necessary to change the 
value of C1 to achieve the desired video frequency 
response at high sweep speeds (a value of 1000 pF is 
acceptable for sweep speeds of up to 60 Hz), For the 
logarithmic shaper circuit I replaced the IN914 
switch diodes with general-purpose Hewlett-Packard 
hot-carrier diodes. The final circuit values are shown 
in fig. 2. 

Note that the detector circuit I used in my original 
analyzer provides a positive-going video output. If 
one of the more common negative-output detectors 
were used, it would be necessary to reverse the po- 
larity of the Schottky diodes in the logarithmic shap- 
er circuit. 

performance 
This shaper circuit enabled me to easily view 40 dB 

dynamic range ( + 10 to  - 40 dBm), with an unusual 
response which is very nearly logarithmic at 10 
dB/cm at very low ( - 20 to - 30 dBm) and very high 
( -  10 to + 10 dBm) signal levels. Intermediate ampli- 

Spectrum display of a 450-MHz signal source, as viewed on 
the microwave spectrum analyzer with logarithmic video 
processing. The desired signal is at + 10 dBm; second har- 
monic is down 23 dB at - 13 dBm. Fourth harmonic is clearly 
visible at 40 dB down (-30 dBm). Also visible is a third har- 
monic component at approximately -35 dBm. Total display 
dynamic range easily exceeds 40 dB. Note the non-uniform 
vertical deflection graduations, discussed in the text. 

FREQUENCY G H Z  

tudes are "stretched" somewhat, as seen in the 
scope photograph. However, it is possible to meas- 
ure signal amplitudes to within one or two dB over 
the entire 40 dB range, once you get the hang of it. It 
is possible to view spectral components as far down 
as - 40 dBm, but scale compression at the low end is 
so great that you can only guess at the actual am- 
plitude. 

calibration 
The display response indicated in the photograph 

was achieved on my analyzer with i-f attenuation set 
at a minimum and video sensitivity at  50 mV/cm. The 

VIDEO DETECTOR TO SCOPE 
(SEE REF I /  VERTICAL 

AMPLIFIER 

> 

fig. 2. Signal-processor circuit as modified by N6TX for use 
with his microwave spectrum analyzer.' 

display was calibrated with the aid of a stable 10 mW 
signal source and a calibrated step-attenuator, by ob- 
serving changes in the display amplitude as various 
amounts of attenuation were switched in. Since 
every analyzer is likely to exhibit its own transfer 
characteristics, it's a good idea to perform a similar 
calibration yourself if you duplicate this project. 

One further point: When I change from low-band 
(dc to 2 GHz) to high-band (500 MHz to 2.5 GHz) 
coverage, the vertical scale calibration changes con- 
siderably. This is due to the difference in i-f gain with 
the i-f amplifiers operating at 2 and 1.5 GHz, respec- 
tively. Once the analyzer is recalibrated, however, I 
find it possible to easily resolve signal amplitudes 
over at least a 40 dB range, with the analyzer operat- 
ing in either band. 

Any feedback from readers who attempt to apply 
this or other signal-processor circuits would be great- 
ly appreciated. All correspondence which includes a 
stamped, self-addressed envelope will be answered. 
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the weekender 

1.2 ampere variable-voltage power supply 
Whether you are a neophyte just getting started 
with electronics, an old-timer who hasn't built any- 
thing since the days of the 807, or an amateur in need 
of a handy bench supply, here is project that you can 
complete in a weekend, yet does not contain any ex- 
otic or hard-to-find parts. To make the project even 
easier, an etched and drilled printed-circuit board is 
available. The components are available from stand- 
ard parts houses such as Allied, James Electronics, 
Lafayette, and Radio Shack. This should take the 
hassle out of getting the parts together to start the 
project. The finished product is a neat package that 
you can be proud to put your call letters on, and will 
find extensive use in your shack or on your work 
bench. 

circuit description 
The power supply furnishes a regulated dc output 

that is variable from 1.5 volts to 24 volts at 1.2 
amperes. The regulation is excellent and the ripple is 
so low that you can power just about any type device 
with it, from a high gain op amp to a little QRP rig. 
Although the unit is configured as a bench supply, 
don't overlook its use for new equipment designs, as 
well as for powering portable or small mobile rigs in 
the shack. The little supply will even run the kids' HO 
trains as I found out last Christmas when their power 
pack went sour on Christmas Eve. They used the 
meter on the power supply for a speedometer to see 
how fast the trains would go before jumping the 
track. 

The circuit, depicted in fig. 1, consists of three 
basic sections: a standard dc supply, a modern three- 
terminal regulator, and a metering circuit. The ac in- 
put (1 17 Vac 60 Hz) enters through a three-wire cord 

By Ken Powell, WBGAFT, 6949 Lenwood 
Way, San Jose, California 95120 

for safety, placing the case of the supply at ground 
potential. A fuse is placed in the hot side of the ac 
line in case of a catastrophic failure, such as a short- 
ed power transformer. The power supply is turned 
off and on by S1, which is coupled to the output volt- 
age level control R3. With this arrangement you will 
not be so apt to connect a five-volt device to the 
power supply and flip on the power switch with the 
level control set at twelve volts. This feature can save 
a part or two from an unexpected smoke test. 

The power transformer steps down the 117 Vac to 
24 Vac and isolates the circuitry from the ac line. The 
transformer output is applied to a full-wave bridge 
rectifier circuit, CRI, which rectifies the 60 Hz ac and 
furnishes 120 Hz pulsating dc. The dc is then filtered 
by the input filter capacitor C1. The basic power sup- 
ply furnishes about 35 volts dc when lightly loaded. 

The output from the basic power supply is applied 
to the input of the voltage regulator, U1. The output 
of the voltage regulator is controlled by a voltage di- 
vider network formed by resistors R1 and R3. As the 

The author's completed power supply. 
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LINE G i: 
220-ohm %-watt resistor (RS 271-000) 

Wk-ohm trimmer resistor (RS 271-219) 

5k-ohm w/switch (RS 271-1714 8271-1740) 

1000 +F/35Vdc capacitor IRS 272-1 032) 

2.2 j~F/35Vdc capacitor (RS 272-1407) 

24 volt/l.2A transformer (RS 273-1480) 

2A/100 PIV bridge rectifier (RS 276-1152) 

0-1 mA meter (RS 22-052) 

Binding Posts (RS 274-662) 

FH1 Fuse Holder (RS 270-739) 

F 1 %-A slow blow fuse (RS 270-1288) 

HS1 Heat Sink (Allied Radio 957-2650) 

U1 LM-317K (James Electronics LM-317K) 

Case (RS 270-254) 

Spacers (RS 270-1 393) 

Heat Sink 
Compound (RS 276-1372) 

fig. 1. Schematic of the variable-voltage power supply. The lettered terminals are used to indicate where the leads enter and 
leave the printed-circuit board. All resistors are 112 watt tolerance; capacitors are rated at 35 volts dc. RS part numbers are 
available from Radio Shack. 

fig. 2. A full-size foil layout for the printed-circuit board. An etched and drilled board is available for $4.00, postpaid, from 
J. Oswald, 1436 Gerhardt Avenue, San Jose, California 95125. 



fig. 3. Parts placement diagram for the circuit board. 

value of R3 is varied, the output voltage from the reg- 
ulator varies accordingly; C2 is added to improve the 
performance of the regulator. A metering circuit is in- 
cluded to indicate the output voltage. A 0-1 mA 
meter was chosen since this seems to be the most 
common value available, with surplus units being ad- 
vertised as low as $1.50. 

A small variable resistor, R2, in series with the 
meter provides an accurate means of calibration. The 
power supply outputs, both plus and minus, are iso- 
lated from ground so the unit may be used as a posi- 
tive or negative power supply. A ground terminal is 
also brought out to the front panel should its use be 
required under certain conditions. 

A full-sized printed-circuit board layout is shown in 
fig. 2. This layout assumes the components are the 

same size as the ones specified in the parts list. If you 
etch your own board, I would advise using glass- 
epoxy board, rather than the lighter phenolic type 
board, since it must support the weight of the power 
transformer. The heavier board will provide a sturdy 
and stable package. 

When starting construction I temporarily mounted 
the four corner screws and standoff spacers to the 
board to protect the foil side of the board while it was 
handled during construction. Next, mount the power 
transformer as this will make a sturdy base to hold 
the board while the smaller parts are mounted and 
soldered. Coat the bottom side of U1 with heat-sink- 
ing compound to  form a good thermal junction be- 
tween it and the heat sink HSI, and mount them to 
the board. The remainder of the components can 

38 july 1978 



now be mounted and soldered. Fig. 3 illustrates the 
component layout and care should be taken to  
observe the polarity of C1, C2, and CRI. This com- 
pletes assembly of the basic board. 

If you are going to install the printed-circuit board 
in a chassis box as shown in fig. 4, it is best to install 
the interconnect wiring and the ac line cord prior to 
mounting the board. Slip a grommet over the line 
cord and solder the cord to the board. Next, solder 
the wires to the interconnect terminals at the front 
edge of the board and run them off to the left edge of 
the board and then double them back to the right 
edge of the board. Now, install the printed-circuit 
board in the chassis box and solder the wires from 
the front edge of the board to their respective com- 
ponents on the front panel, breaking them out at 
right angles to the board, parallel to their respective 
components. The loop left in the wiring between the 
terminals and the front panel components will allow 
the board to be removed and turned over for service, 
should it ever be requried. The ac line cord and grom- 
met are now placed in the cutout at the left edge of 
the rear panel. Again this is done to facilitate service 
to the board without unsoldering any wires. 

If you use the meter shown in the parts list, and 
wish to convert the scale to read volts rather than the 
original milliamperes, remove the plastic cover from 
the meter and the two small screws retaining the 
meter face. Then, you can erase the numbers with a 
typewriter eraser. With rub-on or decal numbers, 
replace the original markings as follows: change 0.2 
to5, 0.4to 10, 0.6to 15, 0.8to20, and 1 to25, leav- 
ing the zero digit alone. With a little care, you can do 
a very nice job on the meter and the neatly graduated 

Inside view of the power supply showing the printed-circuit 
board and most of the internal components. The bridge rec- 
tifier is mounted behind the heatsink for U1. 

NOTCH FOR LINE CORD GROMMET - I CIRCUIT BOARD \ 

RUBBER FEET  

fig. 4. Mechanical details of the enclosure. 

scale will be 0.5 volts per division. If you want to skip 
the meter work, install a 0-25 volt dc meter such as 
the Lafayette 99P51039V, but in this case be sure to  
set the calibration trimmer R2 to  its minimum resis- 
tance position. 

test and calibration 
The first step, providing you have used a 0-1 milli- 

ampere meter, is to set the calibration resistor to its 
maximum resistance position. Now set the meter to  
zero with the meter adjusting screw on the front plas- 
tic meter cover. Connect a VOM or VTVM, set to 25 
volts dc or higher, to the front panel output jacks. 
Plug the power supply into 117 Vac, advance the 
output level control to turn on the power supply, and 
adjust the control until the VOM or VTVM reads 25 
volts. Now, adjust the calibration trimmer, R2, for a 
full scale reading of 25 volts on the panel meter MI. 
Next, check the readings at 20, 15, 10, and 5 volts. 
The panel meter should track your VOM or VTVM 
readings quite closely, with the greatest accuracy be- 
ing achieved at the upper end of the scales. 

To check the load regulation, set the power-supply 
output at 6 volts and apply a load, such as three no. 
47 pilot lamps in parallel, to the output jacks. No 
change in the meter readings should take place as 
the load is applied and removed. If you have a scope, 
you can look at the power supply output under load, 
but under moderate load it is virtually ripple free. In 
the absence of a scope you can listen to the output 
with a pair of high-impedance headphones coupled 
through a 0.1 pF capacitor, with silence being the 
rule. The ripple on both of the supplies I've con- 
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fig. 5. Full-scale meter face after modification. 

structed was so low that I could not measure it with 
my old scope. If the supply meets the above param- 
eters it is time to put it to work; don't worry about 
hurting it because it can take just about all the abuse 
you can dish out. 

I have built two of these units and use them on the 
work bench, as I always seem to  need both plus and 
minus voltages at the same time. Both supplies have 
been excellent performers. The esthetics of the fin- 
ished product is proportional to the effort you put in- 
to it, but I found that you can actually build one of 
these supplies in a single weekend, have it look as 
good as a commercial product, and still have time for 
a late night QSO or two. 

There are many variations that could be made, 
such as placing two boards in a single enclosure and 
making a dual output supply, or adding a switch and 
a meter shunt to allow the reading of output current. 
The fact that all the components are easily obtained, 
a ready made board is available, and there are no crit- 
ical adjustments make this bench supply an enjoy- 
able project; I hope you get as much satisfaction 
out of building and using it as I have. 
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keyboard cleaning on the HP-35 calculator 

Owners of HP-35 and equivalent pocket calcula- 
tors may be experiencing some problem with key- 
board operation. Problems such as a double entry or 
intermittent function is usually due to dirt under the 
keyboard contacts and is easily corrected. 

The Hewlett-Packard series uses thin spring strips 
for key switches separated by a single, thin plastic 
sheet from the buttons. The sheet provides a barrier 
to prevent dirt and moisture from entering the con- 
tact area and will wear through after a year or two of 
operation. The sheet is the major source of trouble, 
not the contacts. 

Plastic sandwich bags of polyethylene are a good 
source of replacement material for the sheet and may 
be used in one or two-layer thicknesses.* A common 
problem is how to open the case. 

Models 35, 45, and 55 all use six screws for the 
main case. Two are easily accessible in the battery 
compartment, two are under the bottom feet, and 
the remaining two are hidden by the instruction label. 
The label is made of aluminum foil stock and its ad- 
hesive backing allows easy removal; if you have had 
one this long, you don't need the instructions. Keep 
the keyboard side down when removing the screws. 
When open, the small circuit board screws are easily 
visible but be careful of the double-wire contacts 
joining it to the main board. 

The main board is screwed to the case top and re- 
moval will expose the barrier sheet and key buttons. 
Use the old sheet for a pattern, tracing the outline 
and access holes with a felt marker (Sanford Sharpie 
or equivalent). Be sure to keep the old sheet for 
future repair. 

A clean, fine-bristle artist's brush is good for clean- 
ing the area between switch spring strips and contact 
surface. It is better to work "dry" than to use com- 
mercial cleaners since these usually leave a residue. 
lsopropyl alcohol is good and ordinary rubbing alco- 
hol is suitable even though it contains some water. 
Inspect the contact area with a magnifier for any 
stray hairs; a good artist's brush will have bristles 
firmly attached but some may break off. 

This is also a good time to clean the buttons and 
case front. A lattice-like frame of plastic holds the 
buttons from the back. Use extra caution in remov- 
ing this. Once removed, the buttons will simply fall 
out. Ordinary hand soap and water is an excellent 
cleaner and will not harm the plastic or markings. 
Use a bowl to contain the buttons and soapy water 
- all buttons are individual and it is too easy to lose 
one or two down a basin drain. The slide switch has a 
separate contact with special lubricant and the con- 
tact must be removed and set aside. 

On reassembly, check button locations with the 
owner's manual. Do not force the screws into the 
plastic case or use too much torque; the original 

"Mylar and Teflon sheet has been tried by some but does not work as well 
as the polyethylene sandwich bag plastic. Glad bags and Baggies material 

threads are quite adequate. 
has been very successful locally. Leonard H. Anderson 
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radio sounding system 
An unusual 

application of 
amateur radio for 

atmospheric studies 

H o w  many of you vhf enthusiasts have experi- 
enced the thrill of "an inversion DX contact" and 
later wondered just what caused it? Such a phenom- 
enon is caused by weather. Here's a sounding sys- 
tem that you can use to find out what's happening in 
your area. The heart of the system is called a radio- 
sonde. 

A radiosonde (or sonde) is a remote weather sen- 
sor that uses radio signals to furnish, by telemetry, 
data to  a ground-based receiver and recorder. A 
radiosonde is usually carried aloft by a helium-filled 
balloon. From high above it sends back atmospheric 
information. Weather services use such devices 
daily all over the world to develop weather forecasts. 
While the radiosonde described here is a scaled- 
down version of its bigger cousins, it will allow in- 
terested vhf experimenters to study the atmosphere 
up to several thousand feet (or kilometers). Maybe 
you can forecast the next big tropo opening! 

system description 
Fig. 1 illustrates the amateur weather telemetry 

system. It consists of the airborne radiosonde and a 
ground-based station that includes a uhf converter, 
i-f stage, oscilloscope, frequency-to-voltage (FIV) 
converter, and a chart recorder. 

Radiosonde. A schematic of this little unit appears 
in fig. 2. It consists of a sensor, modulator, and a 
uhf transmitter that operates in the 420-425 MHz 
portion of the amateur 70-cm band. 

Anything set aloft on a balloon doesn't stand 
much chance of being seen again, so I've kept the 
circuits simple and the costs down. This is especially 
important if you're planning to use these circuits in 

any quantity. (A  parachute design is included to 
help increase the odds of retrieval.) 

The sonde shown in fig. 2 was originally modeled 
after one built by the Argonne National Laboratory 
for use in the 403-406 MHz band. It operates around 
422 MHz and has few circuit modifications. The 
transmitter doesn't drift more than + 1 MHz, so op- 
eration near the band edge is quite safe. 

The sonde measures temperature changes and 
transmits the data to the ground station. A small 
thermistor, RT, changes value with temperature. 
Thermistor RT and capacitor CX form an RC circuit 
that provides an audio signal, which varies as a func- 

View showing the inside of the audio-processing stage and 
the frequency/voltage converter. 

tion of temperature. This tone modulates 02, the 
transmitter, which provides a uhf fm signal. Al- 
though power output is only milliwatts, when the 
sonde is several thousand feet (or several km) up, its 
signal can be heard for hundreds of square miles. 

The sondes are constructed on small epoxy PC 
boards (fig. 3). Half the board holds the compo- 

By Larry L. Jack, KL7GLKI3, 1 East Lake 
Drive, Bay Ridge, Annapolis, Maryland 21403 

42 july 1978 



nents, while the other half is a convenient place to 
tape the 9-volt battery that powers the sonde. 

Receiver. Now what's needed is something to re- 
ceive these interesting weather signals. I use an in- 
expensive fm broadcast tuner (Lafayette ST-22) for 
a variable i-f amplifier. It has afc and the wideband 

4 2 2  MHz 

R A D I O S O N D E  

/ 1 1 4  A O M N I D I R E C T I O N A L  
A N T E N N A  

R G - 8 / U  C O A X  

FV converter 
The next stage accepts the audio signals from the 

i-f amplifier and converts them to  a dc voltage. It's a 
model 4714 frequency-to-voltage converter made by 
Teledyne Philbrick and is driven by two audio stages 
that provide limiting and amplification. (See fig. 4.) 
A dc voltage from the FV converter drives a chart re- 
corder. The recorder should have a full-scale range of 
5 volts. When everything is working properly, a rise 
in temperature at the thermistor will cause an in- 
crease in voltage, which can be measured at the 
chart recorder. 

tune up 
An oscilloscope is useful for tuning the system and 

for general operation. The scope is connected to the 
audio output from the tunable i-f stage. With the uhf 

A U D I O  

( V A N G U A R D  LABS 
M O D E L  4 0 8 1  I - F  STAGE 

( L A F A Y E T T E  S T - 2 2 1  

4 AUDIO 

fig. 1. The amateur weather system, consisting of airborne 
telemeter and ground station. Radiosonde, lifted aloft by a 
helium-filled balloon, transmits temperature changes to the 
ground station on the amateur 70-cm band. 

F R E Q U E N C Y-  T O-  
VOLTAGE CONVERTER 

( T E L E D Y N E  P H I L B R I C K  

capability to receive the sonde's broad, drifting sig- 
nal. It costs less than the parts needed to build a 
comparable i-f; but if you have the urge, feel free to 
experiment. 

A Vanguard Labs model 408 uhf converter feeds 
422 MHz, which is down converted to 90 MHz, to 
the i-f amplifier. You now have a receiver over which 
you can hear the varying temperature-dependent 
tone from the radiosonde. 

V E R T I C A L  
I N P U T  

converter and the i-f stage on, a characteristic noise 
signal will appear on the scope. With the FV conver- 
ter stage on, a noise trace will appear on the chart re- 
corder. R1 (50k) in fig. 4 is adjusted to give a 2.5-volt 
trace for 200 Hz into the FV converter. This gives a 
noise trace at approximately 4.5 volts on the chart re- 
corder. R2 allows fine adjustments at the full-scale 
end of the chart recorder. 

Place the sonde on an elevated nonmetallic stand, 

C1 Johanson 9301 trimmer 

L1 on PC board 

Q1 2N4852 

a2 2N3563 
- 9 v o  

RT Fenwall thermistor GA45J1 
2 2 0  

Resistors are 5% tolerance 118 W B 2 k  

I 9 F  

fig. 2. Radiosonde schematic. Circuit 
was modeled after one built by the 
Argonne National Laboratory. Parts 

S I L V E R  S I L V E R  count and cost are kept low, because M I C A  M I C A  

retrieval chances are small. + 9 V O  

A N T E N N A  

NO. 12 f 2 . l m m l  
W I R E  
7 I N  f l 8 c r n l  LONG 



the thermistor will cause the trace to increase in am- 
plitude then decrease as the thermistor cools. 

If you wish to measure other weather data, other 
resistance-variable sensors can be used; for example, 
a hygristor can be substituted for the thermistor to 
measure humidity. 

calibration 
When the sonde and receiver are working proper- 

ly, the sonde is ready for calibration. Begin by using a 

Author KL7GLK filling balloon with helium before launch. 

such as a small cardboard box, and connect a 9-volt 
battery. Tape the battery in place on the sonde. Ad- 
just the transmitter output tuning capacitor (C1, fig. 
2) using an insulated tool. Watch the scope and chart 
recorder. At a point on C1 a sawtooth wave will 
appear on the scope. The recorder trace will smooth 
to a straight line between 60-70 per cent of full scale. 

Where each sonde operates in this range will be a 
function of air temperature and the tolerance of RT, fig. 3. PC-board layout, A, and component place- 
CX, and other components. A warm breath of air on ment, B, for the radiosonde. 

U1 HEPC6002 

U2 HEPC6008 

U3 Teledyne-Philbrick 4714 frequency-to-voltage converter 

power supply Teledyne 2212 + 15 - 0- 15 Vdc 100 mA 

AUDIO A M P L I F I E R  F / V  C O N V E R T E R  

fig. 4. Schematic of the audio amplifier and frequency-to-voltage (W) converter. The W converter drives the chart recorder. 
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thermometer t o  measure the room temperature that 
the sonde is monitoring. Mark this value on the chart 
recorder alongside the trace. Place the sonde in a 
chamber that can be cooled (by ice, for example) to 
68F (20C) below room temperature. When the sonde 
stabilizes at this new temperature, mark this value on 
the chart next to its corresponding trace. 

The system has a linear temperature response 
from 23 t o  86F ( - 5 t o  30C). Using the two calibra- 
tion points t o  form a temperature-to-voltage slope, 
any temperature point along this slope can be inter- 
polated. A calibration factor can be calculated by 
dividing the change in temperature by the change in 
voltage. For example, if the two calibration points 
were 36 and 75F (2 and 25C), for a voltage change of 
1.0 volt there would be a 36F (2.3C) change per 
100mV; i e . ,  25-2=23, and23/1.0=2.3. 

Most chart-recorder paper is divided into 100 lines. 
On a 5-volt range, each line is 50 mV, so a change 
of + 1 of these divisions is a change of f 3.6F 
(k2.3C). This number, (2.3C or 3.6F), is assigned to  
the sonde as its calibration factor. 

Before flying the sonde, measure the outdoor air 
temperature and mark i t  on the chart. Once the 
sonde is in flight, the calculated temperature can be 
subtracted from this point, giving the temperature 

The 422-MHz radiosonde without the 9-volt battery attached. 

the sonde is measuring. Because of differences in 
tolerances of each sonde's components, each sonde 
will have a slightly different calibration factor. It's 
therefore a good idea to  calibrate each sonde in- 
dividually. 

preflight 

The question of determining altitude for the cor- 
responding sonde data now arises. It's necessary to 
know the rate of the balloon's ascent, so that the al- 
titude can be calculated as a function of time, as 
measured by the chart recorder; i.e., chart speed = 

M A S K I N G  T A P E  
I  I N .  ( 3 c m  ) S O U A R E  

I, .I I k.' 'sl I;: \ 3 
L 

fig. 5. Construction details for I I 
the parachute. Sketches A 1- F T  ( I  M)-1 

through C show top and bot- T O P  V I E W  

tom views; D through F show 
assembly details. 

Q 
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Q 
B O T T O M  V l E W  
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2 inches (51mm) per minute. A rough rule of thumb 
is: A I-ounce (30-gram) helium-filled balloon, filled 
to just lift a 4.9-ounce (139-gram) weight, will ascend 
alone at 613 feet (187 meters) per minute. 

Attaching a sonde and a parachute will upset 
these figures, so if this method of determining the 
rise rate is used, some experimentation will be neces- 
sary. The best method of determining altitude is to 
double track the balloon with theodolites and cal- 
culate the altitude by triangulation. 

The balloons used to lift the radiosondes and their 
parachutes (there is a good reason for the para- 
chutes, by the way) are meteorological balloons." 

A 1-ounce (30-gram) balloon is overfilled to lift 
the sonde but it works. These overfilled balloons will 
burst sooner than others (that's why there's a para- 
chute), but usually long after they have drifted out of 
radio range. As mentioned before, the balloons are 
filled with helium. Small cylinders of helium are avail- 
able from firms selling compressed gases. 

the parachute 
When the balloon bursts, your little sonde could 

hurtle down through someone's property if the para- 
chute and sonde didn't descend nice and slowly. If 

B A L L O O N  

A P P R O X I M A T E L Y  
4 - 1 0  F T  1 1 - 3  M E T E R S )  

P A R A C H U T E  

A P P R O X I M A T E L Y  
4 - I O F T  ( 1 - S M E T E R S )  

R A D I O S O N D E  L )  
fig. 6. Telemeter assembly showing the balloon, parachute, 
and radiosonde. When the balloon bursts, the parachute 
opens, allowing the sonde to drift gently to earth. Your 
name and address attached to the sonde should increase 
the chances of its retrieval. 

you attach a return address label, maybe someone 
will mail it back. We get a good number returned 
this way. You can make your own parachutes with 
some paper folding and string (see figs. 5 and 6). 

flight 
The system is now ready for use. I'll describe the 

procedure my compatriots and I use to fly the sonde. 
First of all it's necessary to file a Notice to Airmen by 
calling the Federal Aviation Administration (FAA). 

Radiosonde balloon and parachute just before launch. This 
is the type of equipment used by the United States Weather "Available from Weather Measure Corporat~on.  P.O. Box 41257, 
Service (Beuker's Laboratory model 1207). Sacramento, Californta 95841. 
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INVERSION 
LAYER 

I 1 
40151 501101 601151 6Bf2OI 771251 

TEMPERATURE,  F ( C I 

fig. 7. Inversion sounding trace showing temperature 
changes as a function of altitude between 400 and 2500 
meters (1312 and 8200 feet). 

Look for a flight service station in your telephone 
book. They request you tell them the number and 
times of the flights and the location of the launch. 
There's nothing to get upset about, but be sure you 
file your notice. 

All right, the balloon is filled, and the train of 
string, parachute, and sonde is then attached. 

Turn on the receiving and recording equipment, 
attach the radiosonde battery, and tune the receiver 
to the sonde frequency. Make a note on the chart of 
the sonde's calibration factor. Then make a side-by- 
side comparison of the sonde temperature with that 
of a thermometer; mark the thermometer reading 
beside the chart-recorder trace. If theodolites are 
being used to track the balloon, alert the operators. 
Release the balloon and mark this moment on the 
chart recorder. As the sonde ascends tune the re- 
ceiver to follow any transmitter frequency drift. 

The chart recorder will begin to show the changes 
in the air temperature as it takes a cross section, or 
profile of the atmosphere. Depending on conditions, 
the temperature changes will range from mild to 
dramatic. 

For instance, the inversion phenomenon men- 
tioned in this article's introduction would look similar 
to the profile in fig. 7 .  

onward and upward 
From here on, I refer you to the vast number of 

meteorology books. As more experience is gained 
using radiosondes, your questions on weather phe- 
nomena will quickly outdistance the scope of this 
article. The system described won't put you in com- 
petition with the National Weather Service, but it 
will provide an interesting medium for a personal 
study of the atmosphere and an unusual use of arna- 
teur radio. Have fun with it. 

ham radio 



outboard LED f reauencv dis~lav 
for the 

Heath HW2036 

Operating the HW2036 
no longer 

has to be done 
in the dark - 

this outboard display 
shows the frequency 

set in the switches 

Picture yourself driving along the freeway one 
evening and your Heath HW2036 comes alive with an 
interesting QSO on the 01/61 repeater. Just before 
the punch line, the operator decides to move to 
147.18 simplex. If you want to hear the rest of the 
joke, you'll have to either turn on the dome light in 
your car so you can see where to set the thumbwheel 
frequency-selection switches on your rig or you can 
set the switches to a common starting point and 
count the clicks as you advance them to the correct 
frequency. By that time, though, the joke is past 
history. Having owned a HW2036 for a year now, I 
found that the only real problem was quickly chang- 
ing frequency at night. There are no lights provided 
on the front of the panel to illuminate the thumb- 
wheel switches. After many hours of fumbling in the 
dark with the frequency switches, it occurred to me 
that the switches must provide binary-coded infor- 
mation to program the synthesizer variable dividers. 
Why not use that same information to drive some 
LEDs, thus displaying the selected frequency? 

By Bi l l  Stephens, WBBTJL, 217 West Reed 
Street, Bowling Green, Ohio 43402 



circuit details 

Switches 53, S4, and S5 provide BCD information 
to the variable divider ICs (U401, U402, U403 respec- 
tively). If you are setting your frequency to 146.94, 
for example, you dial up 6 9 4, since the 1 and 4 re- 
main constant across the band. 

I found it was possible to tap off of the four leads 
at the rear of the three thumbwheel switches and use 
that information as inputs to the three 7447 ICs (see 

TO 
5 W T *  

REG 
LINE 

I I 
TO HWZO36 
HASH FILTER 

didn't find the prospect of wiring 42 resistors too ap- 
pealing. Therefore, I decided to limit the current go- 
ing to the common-anode connection of each LED; 
that required only six resistors. 

The only drawback to this technique is that as dif- 
ferent digits are displayed, using more or less 
segments, the overall intensity of that particular digit 
will be slightly brighter or dimmer than other digits. 
For instance, if the digit 1 is displayed, only two 
segments of the LED are lit (segments b and c). On 

I 
TO H W 2 0 3 6  

SYNTHESIZER BOARD 

fig. 1. Schematic diagram of the addition to the HW2036 to add an outboard frequency display. In- 
stead of using 7 resistors for each LED, a common current-limiting resistor is inserted in the anode 
line. The LEDs must be of the common-anode type. The Cvolt regulator is a 7805. 

fig. 1). The 7447s convert the BCD data from the 
switches into a seven-segment format necessary to 
drive the LEDs. This in no way alters the operation of 
the synthesizer, nor does it degrade the performance 
of the rig. All of the outboard components can be 
easily housed in a small box and set on top of or 
beside the HW2036. A flat cable containing 15 leads 
is used to  connect the HW2036 and the out- 
board unit. 

display LEDs 
Since LEDs 1 and 2 always displayed the digits 1 

and 4, it was decided to conserve costs and space 
and not use a 7447 decoderldriver. Instead, they are 
permanently wired to display 1 and 4. LEDs 3 thru 6 
are driven by U1 through 4, respectively. Each of the 
LEDs has a 100-ohm 112-watt resistor in series with 
pin 3 and the 5-volt line. This resistor limits the cur- 
rent to each segment to no more than 25 mA. It 
would be better to connect one resistor in series with 
each of the seven leads of each of the six LEDs, but I 

the other hand, if 8 is displayed, all seven segments 
(a, b, c, d, e, f, g )  are used and they must share the 
same amount of current as the two segments in the 
first example. With a 100-ohm resistor and a 5-volt 
line this works out to 25 mA per segment when two 
segments are on and 7 mA per segment when all 
seven are lit. In practice this poses no real problem 
because the change in intensity is barely noticeable. 

obtaining power 
Referring to the schematic of the HW2036, 12 

volts is obtained from lug 2 of the on-off switch S1. 
This line and a chassis ground are fed thru a cable to 
the outboard display unit's 5-volt regulator. An 
LM309K could be used, although the smaller pack- 
age TO-220 7805 was used in my unit. The 7805 is 
rated at one ampere of current and is capable of 
powering the four 7447s and the six display LEDs, 
although it does run a bit warm at times. Mounting 
the regulator on a small heatsink or bolting it to the 
display unit case should overcome this problem. 



Each switch has a I, 2, 4, and 8 lead coming from 
it; these are connected to pins 7, 1, 2, and 6, respec- 
tively, of the 7447s. When a thumbwheel switch is 
set to program the digit 6: it grounds the two unused 
leads of the 1 and 8 lines. With pins 6 and 7 ground- 
ed, the outputs ground the appropriate leads of the 
associated LED, causing it to form the digit 6. Each of 
the 7447s is connected to its associated LED by seven 
leads, one for each of the seven segments in the LED. 

If the operator decides to program in a split chan- 
nel, for instance 146.945, S6 is used to control U4. 
Within the rig, S6 grounds one lead of U405 when 
the frequency ends in a zero; it lifts that same lead 
above ground when a split channel is selected. To 
display the digit 5, when the switch is set in the 5 kHz 
position, bring a lead off of the unused side of S6 and 
tie it to pins 1 and 6 of U4. Thus, when the switch is 
in the 0 position there is no input to U4 and no digit 
appears. When the switch is thrown to the 5 kHz 
position, pins 1 and 6 are grounded, displaying a 5. 

construction details 
I built my unit on perf board with 2.5 mm (0.1 inch) 

hole spacings. One board, measuring about 9 cm2 
(3-1 I 2  inch square) contains the four 7447s and the 
voltage regulator. A second board, measuring about 
9 cm x 3.8 cm (3-1 I 2  inches x 1-1 12 inches), contains 
the six LEDs and is connected to the first board by 30 
jumpers. While perf board is entirely acceptable for 
this project, it is suggested that printed-circuit 
techniques be used due to the relatively large number 
of board-to-board jumpers and the small space in 
which to work. The many connecting jumpers tend 
to make the interconnecting harness very stiff and 
difficult to work with. 

My unit is housed in a homebuilt box measuring 5 
x 9 x 10.2 cm (2 x 3-1 12 x 4 inches) with a sloping 
front panel for easier viewing of the LEDs. The size 
and shape of your box will be determined by where 
and how you are going to mount it. Four-conductor 
flat cable was used throughout the construction. 
Four lengths of cable were used to bring the 15 leads 
out of the back of the HW2036 case (they fit nicely 
between the top of the PA board assembly and the 
case). Individual strands of the same wire were 
stripped and used for the &volt line and ground bus 
on the two perf boards. 

If the unit is to be mounted in an outboard case, it 
is recommended that a plug be installed to discon- 
nect the outboard unit from the HW2036 for ease of 
servicing. 

I wish to thank WB8NQW and K8TT for their help 
and thoughts in completing this project. 

ham radio 



phase-locked loops 
basic 

building blocks 
for frequency 
manipulation 

A basic discussion 
of phase-locked loops 

and how they 
are used in 

communications systems 

In electronic systems, information can be ex- 
pressed in four ways: voltage, current, frequency, 
and phase angle. In modern electronics, operational 
amplifiers have become the basic building blocks for 
circuits which manipulate voltages and currents. But 
what about frequency and phase angle? Enter the 
phase-locked loop or PLL. 

The first widespread use of the phase-lock system 
was in TV receivers to synchronize the horizontal and 
vertical sweep oscillators to the transmitted sync 
pulses. Lately, narrowband phase-locked receivers 
have proved to be of considerable benefit in tracking 
weak satellite signals. This is due to the superior 
noise immunity of PLL systems. Although it's not 
well known, the synchronous reception of radio sig- 
nals using the PLL technique was first described in 
the early 1930s; it was known as a "homodyne" 
receiver. 

In the early days, applications using PLLs had to 
be implemented using discrete components. Even 
after the advent of transistors, the PLL circuit was 
considerably complex. Thus, the use of PLL methods 
in most electronic systems was both expensive and 
impractical. 

In the late 1960s Signetics Corporation developed 
monolithic circuit versions of the PLL system. This 

development of single chip PLLs changed things 
considerably. A single package device, used with a 
few external components, offers all the benefits of 
PLL operation while making their use practical, 
uncomplicated, and economical. 

1 PLL theory 
Just what is a PLL and how does it do all this fre- 

quency manipulating? The op amp is a voitagelcur- 
rent feedback system; that is, a portion of the output 
is fed back to the input. In an op amp circuit, this 
feedback component is a current. The PLL is a feed- 
back system but in this case the component fed back 
is a frequency. Fig. 1 shows a block diagram of a 
feedback system. 

A phase-locked loop is basically an electronic ser- 
, vo loop. The function of a PLL is to detect and track 

small differences in phase and frequency existing be- 
tween the input and a reference signal. A block dia- 
gram of a basic PLL system is shown in fig. 2. In this 
circuit the voltage-controlled oscillator is driven in 
the direction that will minimize the error signal. Note 
the similarities between figs. 1 and 2. 

Like most other complex circuits, phase-locked 
loops have special terms associated with them; 
understanding their operation is easier when you 
become familiar with the language. The following is a 
brief glossary of terms encountered with PLLs: 

Capture range. The range of frequencies over 
which the loop can detect a signal on the input 
and respond to it. This is sometimes called the 
lock-in range (lock-in range refers to how close 
the signal must be to the center frequency before 
acquisition can occur; thus it is one-half the cap- 
ture range). 

Current controlled oscillator. An oscillator in 
which the frequency is determined by an applied 
current. 

I Damping factor. In a PLL this refers to the ability 
of a loop to respond quickly to an input frequency 
step without excessive overshoot. 

I Free-run frequency (f,). Also called the center 
frequency; it is the frequency of the vco with no 
input signal. 

By Bob Marshall, WBGFOC, Analog Applica- 
tions, Signetics Corporation, Post Office Box 
9052, Sunnyvale, California 94086 
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Lock range. The range of frequencies over which 
the loop will remain in lock; also called tracking 
range. 

Loop gain ( K , ) .  Product of the dc gains of all the 
loop elements; in units of sec- 1 .  

Loop noise bandwidth. A loop relating to damp- 
ing and natural frequency which describes the ef- 
fective bandwidth of the input signal. 

Lowpass filter. A filter which permits only dc 
and low frequencies to travel around the loop; it 
determines the capture range of the loop. 

Natural frequency. The characteristic frequency 
of the loop (not to be confused with free-running 
frequency ). 

Phase detector gain factor ( K d ) .  The conver- 
sion factor between the phase detector output 
voltage and the phase differences of the input and 
vco signals; expressed in volts-radians. 

Phase detector. A circuit which compares the 
relative phase between two inputs and produces 
an error voltage dependent on the difference. This 
error voltage corrects the vco frequency during 
tracking. Sometimes called a phase comparator or 
mixer. 

Quadrature phase detector. A phase detector 
operated in quadrature (90° out of phase) with the 
loop detector. 

VCO conversion gain (KO). Conversion factor 
between vco frequency and control voltage in ra- 
dians/sec/volt. 

Voltage Controlled Oscillator or VCO. An 
oscillator whose frequency is determined by an 
applied control voltage. 

loop operation 
As was mentioned earlier, the PLL is a feedback 

system; therefore, it can be characterized mathemat- 

INPUT 0 OOUTPUT 

FEEDBACK 

NETWORK 

fig. 1. Block diagram of feedback system shows the 
basic arrangement of both operational amplifiers and 
phase-locked loops. Current feedback is used in an op 
amp whereas a frequency component is fed back in a 
phase-locked loop. 

ically by the same equations that apply to other, 
more conventional feedback systems. However, the 
parameters in the PLL equations deal with phase 
rather than a current or voltage. 

A mathematical analysis of a PLL can get pretty 
hairy but a qualitative analysis will explain the basic 
principle of PLL operation. During the following dis- 
cussion, it will be helpful to refer to fig. 3. 

With no input signal applied, the error voltage Vd 
is zero. The vco will operate at a set frequency fo or 
the free-run frequency. When an input signal is ap- 
plied to the system, the phase detector compares the 
phase and frequency of the input with the vco fre- 
quency. This generates an error voltage V,(,) that is 
related to the phase and frequency difference be- 
tween the two signals; this error voltage is then fil- 
tered, amplified, and applied to the control terminal 
of the vco. In this manner, the control voltage Vd(t) 
forces the vco frequency to vary in a direction that 
reduces the frequency difference between fo and the 
input signal. 

If the input frequencyf, is sufficiently close to f,, 
the feedback nature of the PLL causes the vco to  
synchronize or lock with the incoming signal. Once in 
lock, the vco frequency is identical to the input signal 
except for a finite phase difference. This net phase 
difference 0, is necessary to generate the corrective 
error voltage Vd to shift the vco frequency from its 
free-running value to the input signal and thus, keep 
the PLL in lock. This self correcting ability of the sys- 
tem allows tne PLL to track frequency changes of the 
input signal once it is locked. 

Another way of describing the operation of the 
PLL is to observe that the phase detector is, in actu- 
ality, a multiplier circuit that mixes the input signal 
with the vco signal. The mixer produces the sum and 
difference frequencies (fi + f,). When the loop is in 
lock, the vco duplicates the input frequency so that 
the difference frequency component (f,- f,) is zero; 
hence the output of the phase comparator contains a 
dc component. The lowpass filter removes the sum 
frequency component (f, + f,) but passes the dc com- 
ponent which is amplified and fed back to the vco. 
Notice that with the loop in lock, the difference fre- 
quency component is dc and independent of the 
band edge of the lowpass filter. 

lock and capture 
What happens before the loop is locked? Let's 

assume for a moment that there is a frequency on the 
input to a PLL. The phase comparator mixes this in- 
coming frequency with the free running vco frequen- 
cy. If the difference frequency (fL- fo) is greater than 
the band edge of the lowpass filter, the input to the 
vco is still zero so the vco remains at its free-run fre- 



4. The transient response of the loop (the re- 
sponse of the PLL to sudden changes of the input 
frequency within the capture range) becomes un- 
damped. 

PHASE LOW PASS 4 I CONTROLLED VOLTAGE -, 

fig. 2. Basic phase-locked loop consists of a phase detector, 
lowpass filter, and voltage-controlled oscillator (vco). The 
vco is driven in a direction which minimizes the error signal. 

quency. As the input frequency approaches that of 
the vco, fi - fo decreases and approaches the band 
edge of the lowpass filter. Now some of the differ- 
ence component is passed to the vco control. This in 
turn decreases the frequency difference component 
which allows more information through the filter. 
This positive feedback mechanism causes the vco to 
snap into lock with the input signal. Thus, the cap- 
ture range is again defined as the "frequency range 
centered about the vco free-run frequency over 
which the loop can acquire lock." 

Once the loop is locked, f I  - fo  is essentially dc and 
thus unaffected by the lowpass filter. The lock range 
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This last effect also produces a practical limitation on 
the lowpass loop filter's bandwidth and roll-off char- 
acteristics from a stability standpoint. A detailed an- 
alysis of a PLL under lock condition using Laplace 
transforms will prove that if either the loop gain or 
the filter time constant is too large, the loop itself will 
break into sustained oscillations. 

The lock range of the PLL, fL,  can be shown to be 
numerically equal to the dc loop gain K,  

f~ - OSCILLATOR ?ILTER 

Since the capture range, f,, denotes a transient con- 
dition, it is more difficult to derive, but with a simple 
lag filter the capture range can be approximated as 

OUTPUT 

is limited by the range of the error voltage that can be 
generated and the corresponding deviation in vco 
frequency which is produced. 

It is important to distinguish the difference be- 
tween capture range and lock range. Lock range is 
defined as the frequency range, usually centered 
about the initial vco frequency, over which the loop 
can track the input signal once lock has been 
achieved. The total time required for the vco to ob- 
tain a locked condition is called the pull-in time. Pull- 
in time depends on the initial frequency and phase 
difference between the two signals and the overall 
loop gain as well as the lowpass filter. 

effects of the lowpass filter 
In the operation of the loop, the lowpass filter 

serves a dual function. First, by attenuating the high- 
frequency error component CfL + f,) at the output of 
the phase comparator, it improves the interference- 
rejection characteristics; second, it provides a short 
term memory for the PLL and ensures a rapid recap- 
ture of the signal if the system is thrown out of lock 
because of a noise transient. Reducing the lowpass 

where is the time constant of the loop and fL  is the 
lock frequency. Thus, the capture range increases as 
the time constant of the filter decreases, while the 
lock range is a function of the dc loop gain. 

Fig. 4 shows the typical frequency-to-voltage 
transfer characteristics of the PLL. The input is 
assumed to be a sine wave whose frequency is swept 
slowly over a broad range of frequencies. The ver- 
tical scale is the corresponding error voltage of 
the loop. 

Fig. 4A shows the loop error voltage with an in- 
creasing frequency. The loop does not respond until 
the frequency reaches f l ,  which corresponds to the 
lower edge of the capture range. At that time the 
loop suddenly locks on the input and causes a nega- 
tive jump of the loop error voltage. As the frequency 
continues to increase, the loop error voltage in- 
creases. Notice that Vd is zero when the incoming 
signalfi equals f,. The loop continues to track the in- 
coming signal until the frequency equals f2; this cor- 
responds to the upper edge of the lock range. The 
PLL then loses lock and Vd returns to zero. 

filter bandwidth has the following effects on system , +, 
' I  - '0  

performance: 
INPUT a OUTPUT 

T SIGNAL 
1. The capture process becomes slower and in- 
creases the pull-in time. v0 (0 

2. Capture range decreases. 
Ifo ,-pl, 1 

3. Interference-rejection properties improve since fig. 3. Diagram of a phase-locked loop showing the fre- 
the error voltage caused by an interfering signal is quency and voltage relationships in the system. See text 
attenuated further by the lowpass filter. for description of operation. 



The slope of LJd is equa! to the reciprocal of the vco 
gain ( l i K , )  measured in voltsiradianslsec. If the in- 
put frequency is swept slowly back (illustrated by 
fig. 4B), nothing happens until the incoming fre- 
quency reaches fJ. The loop continues to track until 
f4 where it breaks lock and the error returns to zero. 
The total lock and capture ranges of the system are: 

As indicated by the transfer characteristics of fig. 
4, the PLL has an inherent selectivity about the cen- 
ter frequency set by the free running vco frequency 
f,. It can also be seen that the loop will respond to in- 
put signal frequencies that are separated from fo or fL 
depending on whether the loop starts with or without 
an initial lock condition. The linearity of the frequen- 
cy-to-voltage conversion characteristics for the PLL 
is determined solely by the vco conversion gain. For 
most PLL applications, the vco is required to have a 
highly linear voltage-to-frequency transfer charac- 
teristic. 

functional applications 
Now that you are familiar with what a PLL is, you 

probably wonder what it all means and what it can do 
for you. As a functional building block the PLL is 
suitable for a wide variety of frequency related appli- 
cations. These applications generally fall into one or 
more of the following catagories: fm demodulation, 
frequency synthesis, frequency synchronization, sig- 
nal conditioning, a-m demodulation, and frequency 
modulation. 

fm  demodulation 
If the PLL is locked to an fm signal, the vco will 

track the instantaneous frequency of the input sig- 
nal. The filtered error voltage Vd,  which forces the 
vco to maintain lock with the input signal, then 
becomes the demodulated fm output. The linearity 
of the vco's voltage-to-frequency transfer character- 
istic determines the linearity of the demodulated sig- 
nal. Some typical fm demodulation applications are 
discussed below. 

Broadcast f m  detection. In this application, the 
PLL can be used as a complete fm i-f strip, limiter, 
and fm detector. It can be used to detect wide- or 
narrow-band fm signals with greater linearity than 
can be obtained by other means for frequencies with- 
in the range of the vco (presently up to about 50 
MHz). One increasingly popular use of the PLL is in 
scanning receivers where a number of broadcast 
channels may be sequentially monitored by simply 
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fig. 4. Frequency-to-voltage transfer characteristics of 
a phase-locked loop for increasing input frequency, A, 
and decreasing input frequency, B. 

varying the vco free-run frequency. (Scanning re- 
ceivers are also using a digital PLL technique which 
is, in principle, similar to linear PLLs). 

Fm telemetry. This involves demodulation of a fre- 
quency-modulated subcarrier. One example is the 
use of the PLL to recover the SCA (storecast music) 
signal from the combined signal of commercial fm 
broadcast stations. The SCA signal is a 67-kHz fm 
subcarrier which puts it above the frequency spec- 
trum of the normal stereo or monaural program 
material. 

Frequency-shift keying (FSKI. This is essentially 
digital fm. Frequency-shift keying is a means for 
transmitting digital information by a carrier which is 
shifted between two discrete frequencies (as in 
RTTY, for example). In this case, the two discrete 
frequencies correspond to a digital 1 (mark) and a 
digital 0 (space), respectively. When the FSK signal 
is connected to a PLL, the demodulated output (error 
voltage) shifts between two discrete voltage levels 
which correspond to the demodulated binary output. 

frequency synthesizer 
Frequency multiplication can be achieved with the 

PLL in two ways: locking to a harmonic of the input 
signal, or insertion of a counter (digital frequency 
divider) in the loop. Harmonic locking is the simpler 



AMPLIFIER 
- 

INPUTC---- 
PHASE 

DETECTOR 
- OOUTPUl  

tf. 

fig. 5. Phase-locked loop frequency synthesizer using a 
digital frequency divider. 

and is achieved by setting the vco free-run frequency 
to a multiple of the input frequency and allowing the 
PLL to lock. A limitation of this scheme, however, is 
that the lock range decreases as successively higher 
and weaker harmonics are used for locking. This 
limits the practical harmonic locking range. For large 
multiples, the use of a digital frequency divider pro- 
vides better results; the basic arrangement is shown 
in fig. 5. The loop is broken between the vco and the 
phase detector and a counter is inserted. In this case, 
the fundamental of the divided vco frequency is 
locked to the input frequency so the vco is actually 
running at a multiple of the input frequency. The 
amount of multiplication is determined by the 
counter. 

In frequency multiplication applications, it is im- 
portant to remember that the phase comparator is 
actually a mixer and its output contains the sum and 
difference frequency components. The difference 
frequency component is dc and is the error voltage 
which drives the vco to keep the loop in lock. The 
sum frequency components (basically twice the fre- 
quency of the input), if not well filtered, will induce 
incidental fm on the vco output. This happens 
because the vco is running at many times the input 
frequency. The sum frequency component appear- 
ing at the control voltage input of the vco causes a 
periodic variation of its frequency about the desired 
multiple. For frequency multiplication, it is generally 
necessary to filter quite heavily to remove this sum 
component. The tradeoff is reduced capture range 
and a more underdamped loop transient. The size of 
the loop filter limits the minimum input frequency. 

frequency synchronization 
Using a PLL system, the frequency of a less pre- 

cise vco can be phase locked with a low level but 
highly stable reference signal. The vco output repro- 
duces the reference signal at the same per unit accu- 
racy but at a much higher power level. In some appli- 
cations, the synchronizing signal can be a low duty 
cycle burst at a specific frequency. The PLL can be 
used to regenerate a coherent CW reference fre- 

quency by locking onto the short synchronizing 
pulse. An example of this is phase-locked chroma- 
reference generators in color television receivers. 

In digital systems the PLL can be used for a variety 
of synchronization functions. For example, two 
clocks can be phase locked to each other so that one 
can function as the backup for the other. Other pop- 
ular applications include locking to National Bureau 
of Standards' station WWVB to generate an inex- 
pensive laboratory frequency standard. 

signal conditioning 
By selecting the proper vco free-run frequency, 

the PLL can be made to lock to any number of sig- 
nals present at the input. The vco output tracks that 
frequency while attenuating the undesired frequen- 
cies of sidebands present at the input. If the loop 
bandwidth is sufficiently narrow, the signal-to-noise 
ratio at the vco is better than that at the input. 

a-m demodulation 
A-m demodulation can be achieved with a PLL by 

using the scheme shown in fig. 6. In this mode of 
operation the PLL functions as a synchronous a-m 
detector. The PLL locks onto the carrier of the a-m 
signal so the vco output has the same frequency as 
the carrier, but with no amplitude modulation. The 
vco will track the input but with a 90° phase shift; if 
the input is now sent through a 90' phase-shift net- 
work and fed into a multiplier, the output of the sec- 
ond multiplier will be directly proportional to the 
amplitude of the input signal. The PLL still exhibits 
the capture phenomenon; thus the loop maintains a 
high degree of selectivity centered about the free-run 
vco frequency. Since this method is essentially a 
coherent detection technique which involves the 
averaging of two companded signals, it offers a 
higher degree of noise immunity than a conventional 
peak-detector type a-m demodulator. 

fm modulation 
Since the PLL has a voltage-controlled oscillator, 

it's possible to inject a signal into the loop and cause 
the vco to change frequency. This signal can be in- 
jected at the lowpass filter or across the timing com- 
ponent; the per cent of modulation is controlled by 

AM r SHIFT DEMOWLATR) 
INPUT' WTWT 

L(sllIVCOI O U T W T  

fig. 6. Coherent a-rn detector circuit using a phase- 
locked loop. 
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the amplitude cf the injected signal - linearity is a expected input frequency range. Since the loop's 
function of the voltage-to-frequency transfer charac- capture ability is a function of the difference between 
teristics of the vco. the incoming and free-running frequencies, the band 

PLL design considerations 
edges of the capture range are always centered 
about the free-run frequency. Typically the lock 

Many integrated circuits use phase-locked loops range is also centered about the free-run frequency. 
along with specialized circuitry to form specialized By choosing a center frequency offset from the in- 
circuit functions. The versatility of these special sys- coming signal, the detection or tracking range of the 
tems has been sacrificed for convenience and circuit loop is limited to one side. This permits rejection of 
optimization. Circuits such as the pA758 Stereo Mul- an adjacent higher (or lower) frequency signal and 
tiplex Decoder, TDA2541 Video I-F System, and still permits wideband operation (narrowband opera- 
others have built-in PLLs which have been optimized tion reduces tracking speed). 

table 1. User's guide to phase-locked loop ICs. 

upper 
f req 

(MHz) 
30 
30 
30 
50 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

max 
lock 

range 
(%F, 
40 % 
40% 
40% 
30 % 

120% 
120% 
14% 
14% 

N / A  
N / A  

f m 
distor- 

tion 

0.3% 
0.3% 
0.5% 

0.2% 
0.2% 
5%" 
5%" 
0.2% 
0.2% 

output 
swing 
+ 5% 

deviation 
(volts p-p) 

1 
1 
1 

0.15 
0.15 
0.20 
0.20 

30%/V§ 
30%/V$ 

center 
frequency 
stability 

(ppml°C) 

f 600 
f 600 
i600 
1 200 
i- 200 
+ 100 

35160 
3 5 f 6 0  
2 200 
1 100 

A-m and fm outputs are available, but are not optimized for linear demodulation 
t Input biased internally. 
$ Figure shown is vco gain in per cent deviation per volt. 

to  perform best in those applications. But there are 
also PLLs which can be used as basic building 
blocks; these offer the most flexibility in circuit 
design. Signetics offers three basic classes of single- 
chip PLL circuits: the general purpose PLL, a PLL 
with an added multiplier, and the PLL tone decoder. 
National Semiconductor has a general-purpose PLL 
and a tone decoder. A more complete list of the PLLs 
available from various manufacturers is detailed in 
table 1. 

To obtain the optimum performance from a PLL 
circuit it is important that the user become familiar 
with the tradeoffs that can be made. To be more spe- 
cific, the following discussion will be directed at the 
560, 561, 562, 564, 565, 566, and 567 phase-locked 
loops. The tradeoffs and loop conditions, however, 
will hold true for all basic PLLs. Generally speaking, 
the user is free to select the frequency, tracking or 
lock range, capture range, and input amplitude. 

center frequency selection 
Setting the center frequency is accomplished by 

selecting one or two external components. This free- 
running frequency is usually set in the center of the 

frequency 
drift lw 

supply 
voltage 
(%/V) 

0.3 
0.3 
0.3 

0.16 
0.08 
0.7 
0.5 
0.16 
0.08 

input 
resist- 
ance 

2kt 
2k t  
2k t  

5kt 
5kt 

20kt 
20kt 

a-m 
output 
avail 

no 
Yes 
no 

no 
no 

yes" 
yes* 

typical 

supply 
current 

(mA) 

9 
10 
12 

8 
8 
7 
6 
7 
7 

supply 
voltage 
range 
(volts) 

+16 to  +26 
+16 to  +26 
+ 16 to +30 
+ 5 t o + 1 0  
f 6 t o  1 1 2  
1 6 t o  r t12 
+ 4.75 to + 9 
+4.75 to + 9  
+12 to  +26 
+12 to  +16 

As was mentioned earlier, the loop uses a multipli- 
er in which the input signal is multiplied by a unity 
square wave at the vco frequency. The odd harmon- 
ics present in the square wave permit the loop to lock 
to input signals at these odd harmonics. Thus the 
center frequency may be set to 3 times or 5 times the 
input signal. The tracking range will, however, be 
considerably reduced as higher harmonics are used. 

I t  should also be noted that the PLL can lock onto 
the harmonic of the desired signal. If this is not ac- 
ceptable, steps must be taken (such as prefiltering) 
to prevent undesired lockup of the loop to harmoni- 
cally related signals. 

In evaluating the loop for a specific application, 
compute the magnitude of the expected signal com- 
ponent nearest f,. This magnitude can be used to 
estimate the lock and capture range. 

The PLLs are stabilized against center frequency 
drift due to power supply variations and the 565 and 
567 are temperature compensated over the full mili- 
tary temperature range ( - 55 to 125OC). All of the 
loops are affected by external components which 
must have equal (or better) stability over the desired 
operating temperature range. 



Two things limit the lock or tracking range of a 
PLL. First, any vco can only swing so far; if the input 
signal frequency goes beyond this limit, lock will be 
lost. Second, the voltage developed by the phase de- 
tector is proportional to the product of both the 
phase and the amplitude of the in-band component 
to which the loop is locked. If the signal amplitude 
decreases, the phase difference between the signal 
and the vco must increase to maintain the same out- 

the lowpass filter should have a high cutoff frequen- 
cy. However, a lowpass filter with a high cutoff fre- 
quency will attenuate the sum frequencies to a lesser 
extent so the output contains a significant and often 
bothersome signal at twice the input frequency, (Re- 
member that the multiplier forms both the sum and 
difference frequencies; during lock the difference fre- 
quency is zero, but the sum frequency at twice the 
locked frequency is still present.) If necessary, the 
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fig. 7. 10.7-MHz fm demodulator using an NE560 PLL IC. Design details are given in the text. 

put voltage and, hence, the same frequency devi- unwanted sum frequency component can be filtered 
ation. out with an external lowpass filter. 

It often happens with low input amplitudes that 
even the full k 90' phase range of the phase detector 
cannot generate enough voltage to permit tracking 
over wide deviations. When this occurs, the effective 
lock range is reduced. Therefore, if the input signal is 
weak, you must give up some tracking capability and 
accept greater phase errors. Conversely, a strong in- 
put signal will allow you to use the entire vco swing 
capability and keep the vco phase (referred to the in- 
put signal) very close to 90° throughout the range. 

Note that tracking range does not depend on the 
lowpass filter. If a lowpass filter is in the loop, how- 
ever, it will have the effect of limiting the maximum 
rate at which tracking can occur. Obviously, the volt- 
age across the lowpass filter capacitor cannot 
change instantly, so lock may be lost when suffi- 
ciently large step changes occur. Between the con- 
stant frequency input and the step-change frequency 
input is some limiting frequency slew rate at which 
lock is just barely maintained. When tracking at this 
rate, the phase difference is at its limit of O0 to 180°. 

capture range control 
There are two main reasons for making the low- 

pass filter time constant large. First, a large time con- 
stant provides an increased memory effect in the 
loop so that it remains at or near the operating fre- 
quency during momentary fading or loss of signal. 
Second, the large time constant integrates the phase 
detector output so that increased immunity to noise 
and out-band signals is obtained. 

In addition to the lower tracking rates of large loop 
filters, other penalties must be paid for the benefits 
gained; the capture range is reduced and the capture 
transient becomes longer. Reduction of capture 
range occurs because the loop must use the magni- 
tude of the difference frequency component at the 
phase detector to drive the vco toward the input fre- 
quency. If the cutoff frequency of the lowpass filter 
is low, the difference component amplitude is re- 
duced and the loop cannot swing as far. Thus, cap- 
ture range is reduced. 

It can be seen that if the lowpass filter's cutoff fre- 
quency is low, the loop will be unable to track as fast choice of input level 
is when the lowpass filter's cutoff frequency is high- Whenever amplitude limiting of the in-band signal 
er. Thus, when maximum tracking rate is needed, occurs, whether in the loop input stages or prior to 



the input, the tracking (lock) and capture ranges 
become independent of signal amplitude. 

Better noise and out-band signal immunity is 
achieved when the input levels are below the limiting 
threshold since the input stage is in its linear region 
and the creation of cross-modulation components is 
reduced. Higher input levels will allow somewhat 
faster operation due to greater phase detector gain 
and will result in a lock range which becomes con- 
stant with amplitude as the phase detector gain 
becomes constant. Also, high input levels will result 
in a linear phase-versus-frequency characteristic. 

lock-up time and 
tracking speed control 

In tracking applications, lock-up time normally has 
little consequence, but occasions do arise when it is 
desirable to keep lock-up time short to minimize data 
loss when noise or extraneous signals drive the loop 
out of lock. Lock-up time is of great importance in 
tone decoder type applications. Tracking speed is im- 
portant if the loop is used to demodulate an fm sig- 
nal. Although tthe following discussion dwells largely 
on lock-up time, the same comments apply to track- 
ing speed. 

No simple expression is available which adequately 
describes the acquisition or lock-up time. This will be 
better appreciated after you have reviewed the fol- 
lowing factors which influence lock-up time: 

I .  Input phase 

2. Lowpass filter characteristic 

3. Loop damping 

4. Deviation of input frequency from center 
frequency 

5. In-band input amplitude 

6. Out-of-band signals and noise 

7. Center frequency 
Fortunately, it is usually sufficient to know how to 
improve the lock-up time and what must be traded 
off to obtain faster lock-up. Suppose you have set up 
a loop or tone decoder and find that occasionally the 
lock-up transient is too long. Remember all the fac- 
tors that influence lock, what can be done to improve 
the situation? 

1. Initial phase relationship between the incom- 
ing signal and the vco; this is the greatest single fac- 
tor influencing the lock time. If the initial phase is 
wrong, it first drives the vco frequency away from 
the input frequency so the vco frequency must walk 
back on the beat notes. The only way to overcome 
this variation is to send phase information all the time 

FREQUENCY -Hz 

fig. 8. Free-running oscillator frequency as a function of vco 
timing capacitance. 

so that a favorable phase relationship is guaranteed 
at t = 0. Usually, however, the incoming phase can- 
not be controlled. Using two TTLs with the voltage- 
controlled oscillators synchronized 90° apart reduces 
worst-case lock-up time by one-half because the in- 
put can never be more than 45' out of phase with 
one of the loops. 

2. Lowpass filter. The larger the time constant of 
the lowpass filter, the longer the lock-up time. You 
can reduce the lock-up time by decreasing the filter 
time constant, but in doing so you sacrifice some of 
the noise immunity and out-of-band signal rejection 
which caused you to use a larger filter in the first 
place. You must also accept a sum frequency (twice 
the vco frequency) component at the lowpass filter 
and greater phase jitter resulting from out-of-band 
signals and noise. In the case of the tone decoder 
(where control of the capture range is required since 
it specifies the device bandwidth) a lower value low- 
pass capacitor automatically increases bandwidth. 
You gain speed only at the expense of added band- 
width. 

3. Loop damping for a simple time constant low- 
pass filter is: 

Damping can be increased not only by reducing 7,  as 
discussed above, but also by reducing the loop gain 
K,. By using the loop gain reduction to control band- 
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with the reduced phase detector output (see 4 
Ic 1-1 above'. 

6. Out-band signals and noise. Low levels of ex- 
traneous signals and noise have very little effect on 
the lock-up time, neither improving or degrading it. 

Q @ 0 @ However, large levels may overdrive the loop input 

fig. 9. Typical RC lowpass filters. Approximate for- stage so that limiting occurs, at which point the in- 
rnulas describing their frequency response are band signal starts to be suppressed. The lower effec- 
presented in the text. tive input level can cause the lock-up time to in- 

crease, as discussed in 5 above. 

width or capture and lock range, you achieve better 7. Center frequency. Since lock-up time can be 
damping for narrow bandwidth operation. The penal- described in terms of the number of cycles to lock, 
ty for this damping is that more phase detector out- fastest lock-up is achieved at higher frequencies. 
put is required for a given deviation so that phase er- Thus, whenever a system can be operated at a higher 
rors are greater and noise immunity is reduced. Also, frequency, lock will typically be faster. Also, in sys- 
more input drive may be required for a given devi- tems where different frequencies are being detected, 
ation. on average the higher frequencies will be detected 

before the lower frequencies. Because of the wide 
4. Input frequency deviation from free-running 

variation due to initial phase, however, the reverse 
frequency. Naturally, the further an applied input sig- 

may be true for any single trial. 
nal is from the free-running frequency of the loop, 
the longer it will take the loop to reach that frequency In all of the above design considerations, it is im- 
because of the charging time of the lowpass filter portant to remember that the PLL is a dc loop. Any 
capacitor. Usually, however, the effect of this fre- dc level change injected into the loop will affect its 
quency deviation is small compared to the variation operation. The loop is also sensitive to temperature 
resulting from the inital phase uncertainty. Where changes because most voltage-controlled oscillators 
loop damping is very low, however, it may be pre- have a temperature coefficient of around 600 
dominant. ppm/CO. The resistors and capacitors used in the fre- 
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fig. 10. A-m detector for 455-kHz i-f using the NE561 PLL. 

5. In-band input amplitude. Since input ampli- quency determining network also have temperature 
tude is one factor in the phase detector gain Kd,  and coefficients which must be considered when design- 
since Kd is a factor in the loop gain K,, damping is ing circuits using the PLL. 
also a function of input amplitude. When the input 
amplitude is low, the lock-up time may be limited by design examples 
the rate at which the lowpass capacitor can charge Let's take a look at a practical design example 
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using the NE560 PLL as a 10.7-MHz fm demodulator 
(see fig. 7 ) .  

Supply voltage. Generally, the operating voltage is 
determined by the available power supply or the 
device data sheet. The manufacturers specify the 
Vcc at which the device parameters were measured. 
This simplifies the Vcc selection since the device is 
tested at an optimum voltage; for the NE560 this 
voltage is 18 volts. Capacitor C1 is a decoupling ca- 
pacitor for the supply and should be located as close 
as possible to the Vcc pin of the IC. 

VCO free-run frequency. Since this is a 10.7-MHz 
detector, the approximate timing capacitance can be 
found on the data sheet graph. This graph (fig. 8) 
shows that the timing capacitor should be about 22 
pF. An approximate value for the timing capacitor 
can be found from: 

where Co is in pF and fo is in MHz. Using this formu- 
la, the capacitor is calculated to be about 28 pF. The 
design example uses a 22-pF capacitor in parallel 
with an 8-pF trim capacitor for fine tuning. 

Lowpass filter. The output of the phase detector is 
the sum and the difference of the input fm signal and 
the vco frequency. The loop filter must remove the 
sum component. Because the modulation on the in- 
coming signal contains the information desired, it is 
necessary to retain the difference frequency. In addi- 
tion, the attenuation of the high-frequency compo- 
nent increases the interference rejection characteris- 
tics. To maintain loop stability at all signal levels, the 
loop cannot cause more than 12 dB per octave 
rolloff. 

Fig. 9 shows several lowpass filter configurations. 
The circuits of figs. 9A and 9B can provide 6 dB per 
octave rolloff at the desired bandwidth frequency; re- 
sistor R, in 9C and 9D will break the response up at 
higher frequencies. R, is typically between 50 and 
200 ohms. Because of the complexities of the trans- 
fer functions, which many designers use to charac- 
terize these filters, it is usually easier to use approxi- 
mation formulas for the lowpass filter. For fig. 9A 
and 9B the formula is 

26.6 C = --- pF f 
where f is the desired cutoff frequency. The lowpass 
filters of fig. 9C and 9D can be approximated by 

13.3 C = ---- pF 
f 

At frequencies greater than 5 MHz, the filters of fig. 
9C and 9D will provide greater loop stability. 

NE560 PLL 

VCO 
OOUTPUT 

MODULATIONO . 1 R6 
INPUT 

.01 
V, 15h 

fig. 11. 10.7-MHz fm modulator using the NE560 PLL. 
Resistor R8 provides + 10% variation of the center frequen- 
cy. For best waveform linearity resistors R4 and R5 should 
be equal; minimum value for R4 and R5 is 20k. 

Assuming that the desired frequency bandwidth of 
the demodulated signal is 15 kHz, the filter capacitor 
values (C2 and C3 in fig. 7 )  are 

or approximately 0.001 pF  

Resistors R1 and R2 were selected to be between 50 
and 200 ohms; I used 150-ohm resistors. 

De-emphasis filter. Standard fm broadcast stations 
use a de-emphasis time constant of approximately 75 
microseconds. According to the NE560 data sheet, 
the internal resistance into pin 10 is 8k. The 3 dB roll- 
off frequency is given by 

where RD is 8000 
/jdL3 = 2 i ,  

For a time constant of 75 microseconds 

In practice, we can use a 0.01 pF capacitor since the 
internal resistance has a f 20 per cent tolerance. 

Output. The output, pin 9, has a 15k dc load and ac 
coupled output. The detected output amplitude for 
75 kHz deviation, according to the data sheet, is 30 
mV minimum. The demodulated output is emitter 
coupled and requires a dc path to ground. 

Input level. The input level required for a constant 
tracking range is 2 mV. Also, the a-m rejection char- 



table2. Dedicated ICs w h i c h  use phase-locked loops. 

func t ion  

FSK modulator1 
demodulator 

CB synthesizer 

TV synthesizer 

Tone decoder 

Stereo decoder 

VCO function generator 

pa r t  number  

XR210 

HCTR0340 
MC15104 
MM55104 
NE575 
S P8920 

NC6410 

N E567 
LM567 
XR567 

pA758 
LM1310 
LM 1800 

N E566 
LM566 
11 C58C 
MC4024 

manufacturer 

Exar 

Hughes 
Motorola 
National 
Signetics 
Plessey 

Nitron 

Signetics 
National 
Exar 

Signetics 
National 
National 

Signetics 
National 
Fairchild 
Motorola 

acteristic for high input signal levels is reduced for 
signals greater than 30 mV, so the input signal should 
be between 2 and 20 mV. 

synchronous a-m detector 
Because the NE561 has a multiplier incorporated 

on the chip, it is possible to accomplish synchronous 
a-m detection; fig. 10 shows the circuit. The vco 
tracks the input to the phase detector with a 90° 
phase shift. By shifting the input signal 90° the vco 
and the input become in phase. These signals are 
mixed in the multiplier - the output is the a-m signal 
(due to the amplitude difference of the input, the 
constant amplitude of the vco, and the 90° phase dif- 
ference). 

To accomplish this phase shift of the input, a sim- 
ple RC lag network is used. The values of R1, C3, R2, 
and C4 are calculated using the relationship 

RlC3 = R2C4 = (assume R1 = 12k) 
2Tfo 

Thus C3 = C4 = 1 
2 ~ 4 5 5 x 1 0 ~ ~ 1 2 ~ 1 0 ~  

= 29pF 

(Use a standard value, 27 pF.1 

The timing capacitor is calculated as 

~ ~ = x ~ ~ ~ ( f ~  in MHz) 
f o  

C6" 660pF (use a standard value, 680 pF) 

By controlling the current into pin 6 the vco can be 
fine tuned so the absolute value of C6 is not critical. 
By injecting or loading current into pin 6, the vco fre- 
quency can be adjusted +20 per cent (with 4 mA 

control current). Since no information is taken from 
the lowpass filter, the filter capacitor, C2, is not criti- 
cal; the value is selected to maintain loop stability. I 
used a 0.01 pF for C2 which worked quite well. 

Capacitors C8, C9, and resistor Rc form a post a-m 
filter to eliminate carrier feedthrough; R3 is optional 
because that output is not used. 

frequency modulation 
Since the PLL IC contains a vco, frequency modu- 

lation is accomplished by summing a modulating sig- 
nal with the error signal or by changing the dc level to 
control the vco at the modulating rate. Referring to 
fig. 10, if the current into pin 6 becomes a variable 
current, the vco will change frequency at the modu- 
lated rate. The vco output is taken at pin 5. 

Another method of changing the frequency is to 
insert offset currents across the timing capacitor. To 
build a 10.7-MHz fm modulator, the circuit of fig. 7 
can be modified as shown in fig. 11. Note that the in- 
put is ac grounded and the vco output is taken from 
pin 5. Frequency deviation can be approximated by 
the formula given below. 

By incorporating a switching arrangement the circuit 
can be used as both an f m  demodulator and 
modulator. 

summary 
In addition to the basic PLL, many manufacturers 

have ICs for dedicated applications which incorpor- 
ate PLLs into the design. For example, the CA3089 is 
an fm i-f strip which contains all the functions of an 
i-f amplifier and audio detector. Because these parts 
are dedicated to a specific application, however, they 
lose flexibility. Table 2 is a partial list of parts which 
use PLLs in dedicated applications. This list is by no 
means complete, but is an indication of the various 
types of circuits which are presently available. 

In summary, the PLL is a versatile building block 
for use in frequency manipulating circuits. By careful 
design, an awareness of the PLL's limitations, and 
knowledge of the design tradeoffs, you will find them 
as easy to use as operational amplifiers. 
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repair age ranges is dependent upon the accuracy of the 
input voltage dividers in instruments of this type). 
Second, the DVM calibration voltages specified in the 
instruction book must be within 25 per cent of either 
100 millivolts or 1 volt; the voltage calibrator is 
designed to allow you to  choose one of these two 
calibration voltages. And third, the dc input resis- 
tance of the DVM must be at least 10 megohms, 
although lower input resistances can be accommo- 
dated at the expense of accuracy. 

In addition to the voltage calibrator, an audio-fre- 
quency generator having a low output impedance is 

Bob Stein, WGNBI 

semi-precision 
voltage calibrator for 
digital voltmeters 

If you are relying on your digital voltmeter for accu- 
rate voltage measurements, you may have a problem 
which you have never considered - how well is your 
voltmeter calibrated? The specifications for the in- 
strument tell you its guaranteed accuracy, and 
should also state the period of time that this accuracy 
will be maintained after calibration. Typically, the 
period is between three months and one year, 
depending on the manufacturer's tests or specman- 
ship. After that, you must accept the DVM's accura- 
cy on faith, or have i t  recalibrated. If you are 
fortunate enough t o  have access t o  a calibration- 
standards laboratory, recalibration is no problem. 
Otherwise, you must return the voltmeter to the 
manufacturer's service center at a cost of at least $20 
plus shipping, plus the inconvenience of being with- 
out it for several weeks. 

An  alternative is to build the voltage calibrator 
described in this article. Although it will not permit 
the same degree of calibration accuracy which can 
be achieved with precision voltage standards, i t  will 
indicate whether or not your DVM requires recalibra- 
tion and will allow you to perform the calibration if 
you are willing to accept about 0.3 per cent accuracy 
on dc and 1 per cent on ac. 

Because of its simplicity, the calibrator has several 
limitations, all of which are based on the assumption 
that most digital voltmeters owned by hams are inex- 
pensive, 3-1 12-digit types. First of all, both the ac 
and dc calibration adjustments on the DVM must be 
made by a single control for each, on the lowest ac 
and dc voltage ranges (accuracy of the higher volt- 

required. This generator must supply a voltage equal 
to the specified ac calibration voltage, at the frequen- 
cy specified by the manufacturer of the DVM. Other 
than that, the voltage calibrator is self-contained and 
self-calibrating. 

circuit description 
The voltage calibrator circuit is shown in fig. 1. 

Two LM308 op amps are used in a precision full- 
wave rectifier circuit to  obtain an ac calibrating volt- 
age by substitution. A reference voltage source, to 
be described later, provides the dc calibrating voltage 
and a reference for the rectifier circuit. Either a 100.0- 
millivolt or a 1.000-volt reference voltage source is 
used, depending on the requirements of the DVM 
undergoing calibration. I t  can be seen that when 
switch S1 is in the DC CAL position, the reference 
voltage source is connected directly to the DVM, per- 
mitting calibration of the dc voltage range. 

Since the precision full-wave rectifier is dc coupled, 
it will respond to dc as well as ac; its output can 
therefore be calibrated from the reference voltage 
source. The ac signal from the audio generator is ad- 
justed to provide an equivalent dc output from the 
rectifier, which is measured using the DVM (already 
calibrated on its dc range). Since the ac input is now 
known in terms of the dc output from the rectifier, 
the DVM is connected directly to the audio generator 
and calibrated for ac voltage. 

Let's now examine the precision rectifier, de- 
scribed by Dobkin in reference 1, in more detail. 
LM308 op amps were selected because of their low 
input-bias currents, ensuring that the bias current 
supplied from the reference voltage source would 
not exceed 14 nanoamperes. When an ac voltage is 
applied to the inverting inputs of both op amps, U1 
functions as a half-wave rectifier and produces the 
output shown in fig. 2B. The positive half-cycle of 
the input is inverted in the op amp and applied to the 
inverting input of U2 through CR1 and R6. The in- 
verted negative half-cycle of the input is clamped at 
approximately 0.7 volt by CR2, but is isolated from 
U2 by CRI. Therefore the output of U1 which 
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reaches U2 is a true half-wave rectified version of the 
input, having the same peak amplitude, epk. 

To simplify the explanation, it is best to consider 
the two inputs to U2 separately. The output of U1 is 
applied to U2 through R6. Therefore the gain of U2 
for this input is established by the ratio lR7 + R81/R6. 
If this gain is set at 2.222 by means of GAlN control 
R8, the output resulting from this input would be as 
shown in fig. 2C. Simultaneously, the original ac in- 
put is applied to U2 through R4, with the gain of U2 
for this input being determined by the ratio 
(R7+R8)/R4. Since R4 is twice the value of R6, 
within the tolerances of 1-per cent resistors, the gain 
becomes 1.111 for the same setting of R8; the resul- 
tant output is shown in fig. 2D. Waveforms C and D 
are summed (more rigorously, the input currents are 
summed), producing the actual output shown in fig. 
2E. Note that this is a full-wave rectified version of 
the ac input, but amplified by a factor of 1.11 1. The 
dc level at the output of the rectifier circuit is equal to 
the average value of the input signal times the gain of 
the circuit. Since the average value of a sine wave or 
a full-wave rectified sine wave is 0.6366 times the 
peak value, the dc output becomes 0.6366 x 

l.lllepk, or 0. 707epk, which is the rms value of the 
ac input. 

r--------- 
1 DC CAL 

irJ 
O V M  A F  GEN 

fig. 1. Schematic diagram of the semi-precision voltage 
calibrator. Switch S1 must be a nonshorting type rotary 
switch. The reference voltage source is shown in fig. 3. 

UI OUTPUT 

I -  '//%eokJ 

@ SUMMING 

C B D  

fig. 2. Waveforms of the precision full-wave rectifier circuit. 

Note that there are no coupling capacitors within 
the rectifier circuit, allowing it to operate as a dc am- 
plifier having a gain of 1.11 1. Therefore a known dc 
voltage, E, applied to the input will produce an out- 
put equal to 1.111E. It is this characteristic which 
permits ac calibration using a dc source. 

The input offset voltages of U1 and U2 are nulled 
by means of potentiometers R13 and R14, respec- 
tively, in order to establish zero output voltage for 
zero input. The entire circuit may be powered by two 
inexpensive 9-volt transistor batteries, or a dual-volt- 
age power supply can be used; total current drain is 
less than 2 milliamperes. 

The sequence of operation is as follows: The DVM 
is calibrated on its dc range, as described previously, 
when switch S1 is set to DC CAL. When S1 is set to 
NULL 1, the output of U1 is nulled by means of R13, 
and when S1 is set to NULL 2, the output of U2 is 
nulled with R14. In the GAlN position of Sf ,  the dc 
reference voltage source is applied to the rectifier in- 
put and GAlN control R8 is adjusted for a dc output, 
indicated on the DVM, of 1.11 1 times the reference 
voltage. Next, S1 is switched to its AC SET position, 
which connects the external af generator to the input 
of the rectifier. The amplitude of the audio-generator 
signal is then adjusted to provide a dc reading on the 
DVM which is equal to the dc reference voltage; 



therefore the rms value of this ac signal is now equal 
to the dc reference. Finally, S1 is set to AC CAL, 
which connects the audio generator directly to the 
DVM. Changing the DVM function switch to AC 
VOLTS then permits calibration of its ac range. 

reference voltage source 
As you may have deduced from the discussion so 

far, the accuracy of the voltage calibrator is depend- 
ent upon the accuracy of the reference voltage 
source. Fortunately, the source utilizes an inexpen- 
sive and commonly available 1.35-volt mercury cell. 
Suitable types, the most expensive of which costs 
about $2, are listed below. All are 1.35-volt reference 
cells. Mercury cells are also made with a 1.4-volt 
emf; they are not usable in this application. 

Mallory Eveready Burgess 

RMl2R E12N HG12R 
RM401R E401N HG401R 
RM502R E502 HG502R 
RMGOlR EGO1 HGGO1 R 

Although the battery voltage is specified to only 
two decimal places, it's been determined by a large 
equipment manufacturer that the terminal voltage of 
a new battery under about 0.1-milliampere load is 
within a millivolt or two of 1.354 millivolts. This value 
has been used as a basis for the reference voltage. 

Fig. 3A shows the circuit of the 100.0-millivolt 
source, and fig. 3B shows the 1.000-volt source. To 
establish a reference voltage with an accuracy of 
+ 0.2 per cent, it would be necessary to use selected 
or special values of 0.1 per cent resistors. To elimi- 
nate this obviously impractical requirement (for the 
average user), standard values of 1 per cent resistors 
have been specified. However, these must be bridged 
or measured on a calibrated digital ohmmeter which 
is accurate to within k0.1 per cent. Since it is the 
ratio of the two sections of the voltage divider across 
the battery, (rather than the absolute resistances) 
which determines the reference voltage, it is possible 
to calculate a value for resistor R when the values of 
R101 and R102 are accurately known. Selecting a 
standard 1 per cent value which is closest to the cal- 
culated value of R will always result in a divider with- 
in the required accuracy." 

For example, assume that you have borrowed a 
Wheatstone bridge and have determined that the 
values of RlOl and R102 for a 100.0-millivolt source 
are 9984.7 and 803.5 ohms, respectively. From 
fig. 3A, 

RlOl -9984.7- Rp= 12,540 - 796.2 ohms 

*Refer to the end of this article for a source of these resistors. 

Also from fig. 3A, 

R = 87 637 ohms 

The nearest standard 1 per cent resistance value is 
86.6k ohms, which is then connected in parallel with 
R102. If you recalculate R p  using the limiting values 
of an 86.6k, 1 per cent resistor (i.e., 85 734 and 
87 466 ohms), and then calculate the ratios of 
RlOl /Rp,  you will find that they are well within 0.1 
per cent of 12.540. This holds true for any value of R 
required for the ranges of R101 and R102. 

To simplify the selection of a value for R ,  R p  has 
been plotted against the resistance of R101 in fig. 4 
for both the 100.0-millivolt and 1.000-volt reference 
voltage sources. If the measured value of R102 is 
within 0.1 per cent of Rp,  R will not be required. If 
the value of R102 is higher than Rp, R can be 
selected as described above. If R102 has a measured 
resistance less than R p ,  it cannot be used, 
necessitating a change in either RlOl or R102. 

When the voltage calibrator is in use, either the 
DVM or the precision rectifier input is connected in 
parallel with the bottom section of the voltage 
divider. The effect of this on the 100.0-millivolt 
source is negligible because of the low value of Rp.  
However, the effect on the 1.000-volt source cannot 
be disregarded because of the relatively high value of 
R101 in that circuit. Thus the equation for the selec- 
tion of Rp in fig. 3B, as well as the graphical repre- 
sentation in fig. 4, has taken into account the shunt- 
ing effect of a typical 10-megohm DVM input 
resistance. 

The equivalent input resistance of the precision 
rectifier circuit (including the effect of the op amps' 

REFERENCE 

VOLTAGE * 

L = L - 1  
R Rp RIOP 

RP. 

0 lO0OmV REFERME VOLTAGE SOURCE 

REFERENCE 

VOLTAGE @ 

L . L - r  
R Rp RIOP 

0 IOOOV REFERENCE VOL TAG€ SOURCE 

fig. 3. Reference voltage sources for use with the voltage 
calibrator. In each circuit, R is selected so that it, in parallel 
with R102, will satisfy the equations shown next to each cir- 
cuit, within k0.2 per cent. R, in circuit B is the input 
resistance of the DVM. Refer to the text for suitable battery 
types. 
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input-bias currents) will be between 5 and 65 meg- 
ohms, depending on the individual devices which are 
used. When connected to the reference voltage 
source, the input voltage to the rectifier circuit will 
differ from that applied to the DVM by less than 0.1 
per cent, which is insignificant compared to the 1 per 
cent accuracy of the precision rectifier. 

Little need be said about building the voltage cali- 
brator. The parts layout and arrangement are not at 
all critical, allowing any type of construction to be 
used. Point-to-point wiring on perf or copper-clad 
board will suffice, as will a printed-circuit board. 

It is recommended that potentiometers R13 and 
R14 be multiturn types, because the nulling adjust- 
ments are critical. Since the calibrator will be used in- 
frequently, these controls as well as GAlN potentiom- 
eter R8 can be multiturn, screwdriver-adjust trimmer 
pots. 

One precaution - do not solder the mercury cell 
into the circuit. Rather, buy or build a suitable holder. 
A fresh battery should always be used for calibration; 
the battery must be easily replaceable. 

DVM calibration 
Connect the DVM to be calibrated to the DVM ter- 

minals of the voltage calibrator, and set it to the ap- 
propriate dc range. Connect an audio-frequency gen- 
erator to the AF GEN terminals of the calibrator, with 
the generator output turned down to zero. Apply + 9 
and - 9 volts dc to the calibrator, and allow the cali- 
brator and DVM to warm up for at least 15 minutes. 

The complete calibration procedure is as follows. 
The numerical values given in each step are based on 
using the 100.0-millivolt reference; equivalent values 
for the 1.000-volt reference are in parentheses. 

1. Set S1 to DC CAL and adjust the DVM dc calibra- 
tion control for a reading of 100.0 millivolts (1.000 
volt). 

2. Set S1 to NULL 1 and adjust NULL 1 potentiom- 
eter R13 for a reading on the DVM as close to zero as 
possible. 

3. Set S1 to NULL 2 and adjust NULL 2 potentiom- 
eter R14 for a reading on the DVM as close as possi- 
ble to zero. 

4. Repeat steps 2 and 3; the nulls should be within 
0.1 millivolt (1 millivolt) of zero. 

5. Set S1 to GAlN and adjust GAlN control R8 for a 
reading of 11 1.1 millivolts (1.11 1 volts) on the DVM. 

6. Set S1 to AC SET and adjust the af generator 
output for a reading of exactly 100.0 millivolts (1.000 
volt) on the DVM. Note that the DVM is still set to 
read dc voltage. 

7 .  Set the DVM to read ac volts and set S1 to AC 
CAL. Adjust the DVM ac calibration control for a 
reading of 100.0 millivolts (1.000 volt). 

The DVM is now calibrated within normally accept- 
able standards for most amateur work. As the title of 
this article indicates, the calibrator is only a semi-pre- 
cision substitute for a voltage calibration standard. 
But for most ham and experimental applications, its 
accuracy should suffice. 

source of precision resistors 
Precision resistors for the voltage calibrator can be 

supplied by Melvin Sales Company, Post Office Box 
5283, San Mateo, California 94402. The following 
sets will be made available: 

postpaid cost, postpaid cost via 
description USA 8 Canada air, other countries 

Matched set ( 2 0.2%) of 
voltage-divider resistors 
for 100.0-mV source $2.50 $3.00 

Matched set ( + 0.2%) of 
voltage-divider resistors 
for 1.000-V source 2.50 3.00 

Set of five 1 % resistors 
for precision rectifier 1.50 2.00 

"Set of five resistors 
(nominally 100, lk,  10k, 
100k, and 1M ohms) in- 
dividually calibrated to 
f 0 . 1 %  f o r  use as 
resistance standards 4.00 4.50 

"Not required for voltage calibration, but are suitable for checking or ad- 
justing resistance ranges of a digital volt-ohmmeter. 

reference 
RIOl (OHMS) 

1. Robert C. Dobkin, "Precision ACIDC Converters," Linear Brief LB-8, 

fig. 4. Values of Rp plotted against the measured resistance National Semiconductor Corporation, Santa Clara, California 95051, 

of R101, from the formulas given in fig. 3. R102 must be August, 1969. 

equal to or greater than R*, as explained in the text. ham radio 



multiband 
J Antenna 

Construction of a 
novel multiband J antenna 

for home or mobile use 
called the "J on a J" 

Need a tri-band, vertical vhf antenna? Does your 
car look like an excited porcupine? Do you have a 30- 
meter tower and want omnidirectional coverage from 
a single antenna structure for all the repeater bands 
without the nulling effects of side mounting? The an- 
tenna system described here can be made for 10, 6, 
and 2 meters, 220 and 450 MHz, or all five bands. An- 
tennas for the higher frequencies, 144, 220, and 450 
MHz, can also be mounted as a single antenna struc- 
ture on a plastic car (the antennas don't require a 
ground plane). Interested? Read on. 

J antennas 
The J antenna has been around a long time. It is 

primarily a ham antenna, never having gained accep- 
tance in the commercial world, although it has been 
sporadically manufactured by several companies. 
The J antenna is a half-wavelength radiator mounted 
vertically and end-fed with a quarter-wavelength res- 
onant transmission line (basically an end-fed Zep). Its 
angle of radiation and gain are the same as a half- 
wavelength antenna; electrically it is similar to the 
coaxial or sleeve antenna. The horizontal radiation 

pattern of the J antenna is almost a perfect circle, 
even when mounted on a metal roof of a car, 
because it doesn't require a ground plane and can be 
mounted well above the vehicle's roof. 

The J antenna is fed at the appropriate point on 
the quarter-wavelength resonant line portion of the 
antenna (see fig. 1). Since the impedance on a reso- 
nant quarter-wavelength line goes from zero at the 
shorted end to infinite at the open end, it's possible 
to provide a good match to almost any transmission 
line. For best isolation from the supporting mast, 
however, it's necessary to feed the antenna with a 
balanced feedline; if you use coax, this requires a 
balun. If a balun is too much bother, the antenna can 
be fed directly with coax at the proper impedance 
matching point. In this case there will be some inter- 
action between the antenna and the mast. 

multibanding 
After noting that the J antenna doesn't care 

what's below the shorting block at the bottom of the 
quarter-wave section, and it doesn't care about the 
diameter of the radiator (within reason), I concluded 
that a 450-MHz J antenna could be located on top of 
a 144 MHz J as shown in fig. 2. Chris Bushman, 
WBGEEQ, took me seriously and built just such a sys- 
tem. That was two years ago and it's still working 
very well. 

Expanding this concept to include other bands 
would give you a single antenna structure, to install 
in that critical spot on the top of your tower, that in- 

By Bob Thornburg, WBGJPI, 13135 Ventura 
Boulevard, Studio City, California 91604 



cludes 10 meters, 6 meters, 2 meters, 220 MHz, and the quarter-wave 200-ohm point is an arbitrary length 
450 MHz, Dimensions are given in table 1 for all of TV twinlead. Other forms of feedline can also 
these although only a 144-220-450 mobile version has be used. 
actually been built and tested by WAGVSK. The %-ohm coax may be directly fed to the stub at 

the appropriate 50-ohm point with the shield tied to 
design 

The design of the J antenna is very simple. The 
length of the quarter-wavelength matching section is 
given by 

1134 L = (c m) =- 2880 (inches) 
~ M H Z  ~ M H ~  

The half-wavelength radiator is approximately twice 
this length or 

The spacing between the mast portion of the quar- 
ter-wave section and the quarter-wavelength rod is 
not critical as long as the two are parallel. 

construction 
A mobile 144-220-450 MHz J antenna can be easily 

BALANCED 

built from a CB whip. A base station vhfluhf J that FEED 

includes 10 and 6 meters should be built with alumi- 
num tubing. Since the antenna should not be insu- 
lated, a push-up mast would work well for the 10 
meter and up antenna. 

The mobile J antenna is made from an ordinary CB 
whip. For strength cut 60 cm (2 feet) from the top of 
the antenna and use this piece for the 144-MHz stub. 
The shorting blocks are aluminum stock drilled as 
shown in fig. 3. The spacers to maintain the stub 
spacing for 144 and 220 MHz are made from plexi- 
glass, drilled the same as the corresponding shorting 
block. No plexiglass spacer is needed for the 450- 
MHz section. Cut the quarter-wavelength stubs 

fig. 1. Basic J antenna consists of a half-wavelength vertical 
radiator and quarter-wavelength matching section. The bal- 
anced feedpoint (use balun with coax feedline) is moved 
along the quarter-wave section until a match is obtained. 
Unbalanced feed may also be used, as described in the text. 
The base of the antenna (shorting bar) may be grounded. 

the opposite side. The stub could also be insulated 
from the shorting block and fed like a quarter-wave 
antenna (which it isn't). In general, the J antenna is 
relatively tolerant of the actual feedpoint or tech- 
nique. 

table 1. Construction dimensions for the half-wavelength J antenna. 

frequency 
( M H z )  A B C D E F 

29.0 7.52 rn 2.51 rn 15 crn 31.8 crn 6.4 cm 3.42 rn 
52.5 4.16rn 1.38 rn 10 cm 19.1 crn 3.8 crn 1.89rn 

147.0 1.49rn 49.5crn 5 crn 6.4 crn 1.9 crn 67.3 crn 
223.5 97.2 crn 32.1 crn 3.8 crn 4.1 crn 1.3 crn 44.1 crn 
440.0 48.9 crn 16.5 crn 2.5 crn 2.1 crn 1.3 crn 22.4 crn 

about 8-10 cm (3-4 inches) longer than necessary to The feedlines for the higher-frequency antennas 
allow tuning and as a convenient place to store the actually become part of the lower-frequency antenna 
balun (under the shorting block). system. For this reason they must be tied closely to 

The balun is simply a half-wavelength section of the main antenna pole. This provides capacitative 
50-ohm coaxial cable as shown in fig. 4. The feed to coupling through the coax jacket and ensures that 



the outer shield electrically follows the fields on the 
main antenna; for all practical purposes it becomes 
part of that structure. 

tuning 
As noted previously, the specific location of the 

feedpoints is not too critical. However, the length of 
the stub is very critical and by adjusting the stub 

PLEXIGLASS 
INSULATING 
BLOCK 

fig. 2. Multiband J antennas for 146 and 450 MHz, A, and for 
146,223, and 450 MHz, B. Antennas built by the author were 
fed with separate coaxial feedlines and baluns. 

length, nearly any antenna length or feedpoint can 
be matched. The recommended procedure is to fully 
assemble the antenna, connect an rf source to the 
highest frequency coax, and adjust the appropriate 
stub for minimum vswr. If the vswr at the edge of the 
band is less than 2:l  (and more-or-less symmetrical) 
move on to the next highest frequencylcoax and 
tune the stub. After adjustment is completed, re- 
check the lower frequency antenna because there is 
some interaction. 

DIAMETER AS STAINLESS STEEL 
REQUIRED SET SCREWS 

7 
- - - -  

I I 

I 

I 

C + 2 c m  f O 8 " )  

fig. 3. Layout of the aluminum shorting bars and plexiglass 
spacers. Dimensions C and E are given in table 1. 

If the bandwidth is too narrow for your application, 
load the tuned section more by moving the feedpoint 
toward the antenna portion. The 2: 1 swr bandwidth 
should be at least 10 MHz at 450 MHz, 4 MHz at 220 
MHz, and 3 MHz at 144 MHz. 

operation 
The original design of the multiband J antenna 

was intended to allow operation on one band at a 
time, with the unused coax connectors left open. 
There is a reasonable amount of coupling between 
the sections so that if you are transmitting on 144 
MHz, for example, some of this energy will be re- 
ceived by the 450-MHz antenna. Measurements have 
shown this coupled power to be 15-20 dB down, but 
that's still sufficient to damage a sensitive receiver 
frontend. 

I don't recommend you try two-band duplex oper- 
ation with this antenna system, although with the ex- 
cellent preselectors in the Motorola Motrac, it has 
been done on 450 MHz and 146 MHz without 
damage. 

ham radio 

- 2 0 0  OHMS ------r 

P i 

R G - 5 8 A / U  
COAX FEEDLINE 
ANY LENGTH 

A 
5 0  OHMS 

fig. 4. Construction of the half-wavelength coaxial balun. 
Length F is given in table 1. 



Colpitts oscillator 
design technique 

Concise, accurate 
design technique 

for Colpitts oscillators 
eliminates the need 
for empirical design 

Almost everyone interested in radio communica- 
tions has at one time been confronted with the need 
for a high-frequency oscillator. Unfortunately, little 
information is available to  help those individuals 
design their own oscillator circuits. This article 
describes a technique for the design of a Colpitts 
oscillator which is applicable to both crystal and LC 
oscillators. The technique to be described is simple, 
and yet has been proven to be more effective than 
empirical solutions. Basic oscillator design at the 
lower frequencies is covered in many textbooks and, 
therefore, will not be described in detail. 

Although this article will deal exclusively with the 
Siliconix U310, the design equations are also appli- 
cable to  bipolar transistors. For reasons to  be men- 

tioned later, bipolar transistors are not as desirable in 
some applications. Subjects such as oscillator noise 
and stability are covered elsewhere and will not be 
described in detail here. More specifically, what will 
be dealt with is what it takes to get the oscillator to 
start oscillating. The technique offered is simple 
enough so that you need not know how oscillators 
oscillate. Since scientific calculators are now selling 
for less than fifty dollars, it is justifiable to do away 
with some of the old "rule-of-thumb" solutions. 

basic assumptions 
The Colpitts oscillator is perhaps most commonly 

seen in the configuration shown in fig. 1. To simplify 
the analysis, those components necessary for dc 
operation have been omitted (fig. 2). To further sim- 
plify the ac analysis, the oscillator is redrawn in the 
configuration shown in fig. 3. This is the general 
form of a common-gate amplifier, with a feedback 
capacitor, C1, between the input and the output. 
The amplifier is considered with no signal applied 
from an external source; the input is shunted only by 
C2 and the source-bias resistor. Note that if the capa- 
citors were replaced with inductors and vice versa, 
the circuit would be the common Hartley oscillator. 
An analysis is somewhat easier with the circuit in fig. 
3 since it now appears as a resonant tank circuit with 
an amplifier connected to it. However, one more cir- 
cuit element needs to be added: the load resistance, 
RL. This is the element which will accept power from 
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the oscillator. For this circuit to  oscillate, all that's 
necessary is enough energy be tapped from the tank 
circuit, amplified, and routed back to the tank circuit 
to compensate for the energy absorbed by RL. 

The first step is to determine what output power is 
required. This, of course, depends upon the applica- 
tion, but in most cases it will be relatively low, partic- 
ularly when frequency stability is of prime impor- 
tance. Crystal oscillators generally have relatively low 
output levels, mainly to prevent the crystal from frac- 
turing. In one case, a crystal ordered from a promi- 
nent manufacturer had a rated power dissipation of 
one milliwatt. To obtain more power from an oscil- 
lator with a fixed-supply voltage, a lower load imped- 
ance is required. If a lower load impedance is applied, 
however, either the gain of the transistor has to be 
increased, or feedback has to be increased to main- 
tain oscillation. Since the crystal is in series with the 
feedback signal, care must be taken when consider- 
ing how much output power you can expect from the 
oscillator. 

Another consideration regarding output power is 
that inductors and capacitors do consume some 
power. They always have some associated series 
resistance which can be minimized by using higher- 
quality components. When rf current passes through 
these components, heat is generated from the power 
dissipated across the resistance. This heat causes a 
change in the values of the inductor or capacitor and, 
hence, a change in frequency. The effects of these 
changes and the changes associated with various 
components are covered in reference 1. 

The transistor also has power-limiting characteris- 
tics. From turn-on of the oscillator, until a steady- 
state condition has been reached, the transistor 
parameters will change. The amount of change must 

BYPASS 

fig. 1. Schematic diagram of a basic common- 
gate Colpitts oscillator. 

fig. 2. Ac model of the common-gate Colpitts 
oscillator shown in fig. 1. For analysis, the dc 
components have been eliminated. 

generally be determined empirically, but can be mini- 
mized by operating the transistor at relatively low 
power, limiting output from the oscillator. 

In this article, the Siliconix U310 jfet is character- 
ized at 9 volts drain-to-gate voltage and 2 mA of 
drain current in the common-gate configuration. This 
is thought to be a fair compromise between output 
power and parameter changes. Consider a class-A 
oscillator in which the drain current does not appreci- 
ably change from the oscillating to  not-oscillating 
condition. If optimized, it will be less than 50 per cent 
efficient, with a maximum output power of 9 milli- 
watts (9 V.2 mAl2) .  Oscillator design almost always 
requires some compromises, so there is nothing 
binding regarding the 9 volt, 2 mA operating point; it 
can be changed to  meet the needs of your appli- 
cation. 

oscillator design 
The first step to consider in oscillator design is the 

required output power; the second is to determine 
the load resistance necessary to obtain the required 
output. The load the oscillator requires is almost 
always different than the amplifier, buffer, or mixer it 
must drive. Initially, only the oscillator load will be 
considered. 

Only class-A oscillators will be discussed in  this 
article because the transistor parameter changes are 
more easily defined. If the supply voltage and drain 
current are known, the solut ion fo r  the  load 
resistance, RL, is 

VDs(sat) can be obtained from the data sheet; in  this 



case it is 2 volts. Earlier it was determined that 9 milli- 
watts would be a desirable output. Given the operat- 
ing point of 9 volts: 

Since VDs(sat) is only an approximation, rounding RL 
to 2700 ohms for use in the following calculations is 
justified. 

fig. 3. To further simplify analysis of the oscillator, 
this diagram shows the circuit redrawn into the 
general form of a comrnon-gate amplifier. 

The third item to consider is transistor selection. 
The Siliconix U310 has been demonstrated to oper- 
ate as an oscillator up to 900 MHz.2 It has an advan- 
tage over more commonly available vhf and uhf jfets 
because of its high zero-bias drain current and g, 
(forward transconductance). This means that the 
U310 has potentially higher output power and more 
stable characteristics when operated at a lower-drain 
current. Another distinct advantage of the U310 is 
that the gate lead, and in this case, the intrinsic bulk 
of the transistor, is connected to the metal case of 
the transistor package. Therefore, the U310 can be 
used with a heatsink, minimizing the change in tran- 
sistor parameters. Although not recommended by 
the factory, an alternative heatsink method is to 
solder the U310's case to the chassis. This is conven- 
ient only when used in the common-gate configura- 
tion (be careful when soldering, as the U310 can be 
destroyed by overheating). 

Perhaps the most critical parameter in amplifier 
design is the gain stability factor of the transistor 
itself.3 The Siliconix U310, when operated in the 
common-gate configuration at 20 volts and 10 mA, is 
unconditionally stable at almost all frequencies. In 
fact, when loaded with practical, somewhat lossy 
external components, the U310 could be considered 
unconditionally stable at all frequencies. Uncondi- 
tional stability, by definition, means the transistor will 
not oscillate when presented with any positive real 
source or load impedance; stability, therefore, is a 
measure of the transistor's ability to oscillate. 

It is desirable that the stability factor of the transis- 
tor is such that it will not oscillate. This may seem 

contradictory to the design goal, but is used to em- 
phasize that the source of feedback necessary to sus- 
tain oscillation should be the option of the designer 
and not the transistor. In the common-gate configur- 
ation, the U310 has been optimized to the point 
where the intrinsic feedback elements of the tran- 
sistor are so small that the values of feedback neces- 
sary to make the U310 oscillate are the choice of the 
designer. 

Most rf bipolar transistors, in the equivalent com- 
mon-base configuration, are only conditionally stable 
and tend to be so at many frequencies. Special pre- 
cautions must be taken to insure oscillation at only 
the desired frequencies. This requires more compo- 
nents, which increases cost and decreases reliability. 
Also, very few bipolars, designed for the common- 
base configuration, are available. 

The next item to consider is the operating or load- 
ed Q (&) of the resonant tank circuit. The value 
chosen for is very much dependent upon the 
application. In addition, there are upper and lower re- 
strictions on &. In an attempt to make (& low, the 
transistor's reactive components would assume a 
higher percentage of the total circuit values. This is 
undesirable in many applications since stability 
would be sacrificed as the transistor parameters 
change with temperature. Additionally, the harmonic 
content of the output increases as decreases. 
There are many applications where a should be 
very high. One example would be when a low-noise 
oscillator is required to drive a sensitive mixer or 
product detector. 

The upper limit for is established by the unload- 
ed Q (Qu) of the inductor and how critical the tuning 
adjustment can be; this is particularly true for crystal 
oscillators. 

fig. 4. A cornmon-source oscillator shown 
as an ac model. 

At very high frequencies, the Q, of the capacitor 
must also be considered, especially when using 
capacitors generally designed for use at lower fre- 
quencies. While QL is used as a starting point for cal- 
culations, the final value of will be different than 
the initial assigned value. In general, the small 
change will not affect circuit performance. 



The Q, of a reactive element is determined by the 
intrinsic resistive element. In circuits where higher- 
quality capacitors are used, this resistance generally 
can be disregarded. Inductors, however, with only a 
few exceptions, must always be considered as hav- 
ing some associated resistance. The unloaded Q is 
defined as: 

where Rs is the series resistance of the inductor, and 
XL is the inductive reactance at the operating fre- 
quency f,. Q, can be measured, but in those 
instances where it can't, assuming a Q, between 150 
to 250 is safe, if standard inductor winding tech- 
niques are used. 

In those cases where a QL of 10 or greater is 
chosen, it is beneficial to include 4, in the calcula- 
tions necessary to determine total RL, since the cir- 
cuit performance will be altered. When time permits, 
it is advisable to  include 4, for all designs. The 
effects of 4, can best be emphasized by the 
following: 

Insertion loss = 20 Loglo [I - +& (dB)] 

For a a of 10 and a 4, of 100, the insertion loss 
would equal 0.92 dB. This means that 0.92 dB of the 
total power is dissipated across the inductor rather 
than delivered to RL. A side effect is that as 4, gets 
smaller, the change in frequency from initial turn-on 
increases because the power dissipated across the 
inductor causes it to change reactance. This is 
especially true in those cases where a ferrite core is 
used for tuning.' Many of the commercially-available 
inductors, particularly the smaller molded variety, are 
not designed for use in frequency-determining appli- 
cations where stability is of concern. The Q, of many 
of the smaller molded inductors is as low as 50, 
which means with a = 10, the insertion loss of the 
inductor is 1.94 dB. The point to keep in mind is that 
wherever frequency stability is the prime considera- 
tion, 4, is very important, even though its effects 
may have to be determined empirically. 

y parameters 
This design technique will use what is commonly 

referred to as admittance, or y parameters. The oscil- 
lator designs presented here require the use of 
algebra and trigonometry with the y parameters. 
Review material can be found in any of the standard 
references.4.5 

One item which should be understood concerning 
y parameters is their relationship to ohms and reac- 

tance. Resistance is a measure of the opposition to 
current flow. Its counterpart in terms of admittance 
is conductance, which is a measure of the accepta- 
bility to current flow. They are simply related; one 
thousand ohms is equal to 111000 mho (the mho is 
designated as the siemens). 

Reactance is a measure of the opposition to  
changing current flow and its counterpart in terms of 
admittance is susceptance; these are also similarly 
related: 1000 ohms reactance is equal to 1/1000 sie- 
mens of susceptance. Just as inductors and capaci- 
tors have different signs attached to them in terms of 
reactance, they also have different signs in terms of 
susceptance. 

Inductors in terms of susceptance have negative 
signs placed in front of them and capacitors have 
plus signs in front of them. Therefore, a capacitive 
reactance of 1000 ohms is equal to + 1/1000 sie- 
mens, and an inductive reactance of 1000 ohms is 
equal to - 111000 siemens. Another simple relation- 
ship is that 1000 ohms equals 1 millisiemens or mS, 
(1 000 ohms = 1 /I000 siemens = 0.001 siemens = 1 
millisiemens). This article will use the term millisie- 
mens or mS often so it is important to  be familiar 
with the relationships. The relationships previously 
described regarding reactance and susceptance are 
correct and usable as relates to this article. 

Referring to figs. 3 and 4, the oscillator designs 
will determine the component values necessary to 
start the initial oscillations. For oscillations to start, 
the ac resistance measured at the junction of C1, L1, 
RL, and the drain of Q1 must be infinite.5 But, in 
terms of conductance, it would be zero. Therefore, 
the conditions necessary to start oscillations are: 

y21y12 
yt = y22 - = zero 

where 
yt = terminal conductance (junction of C1, 

L1, RL, and the drain of Q1) 
y22 = output admittance of the circuit 
y21 = forward transconductance of the 

circuit 
y12 = reverse transconductance of the circuit 
yll = input admittance of the circuit 

These parameters also include the y parameter data 
of the transistors, which in most cases are available 
from their data sheets. The parameters might be 
listed as shown in table 1. 

Listed below are the equations which relate com- 
mon source, gate, and drain parameters to each 
other. These equations also relate to bipolar tran- 
sistors, except the source becomes the emitter, the 
gate becomes the base, and the drain becomes the 
collector. To convert common-gate parameters to 
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common-source parameters: The 100 MHz y parameters, from table 1, for the 

where the non-subscript g represents conductance 
and the non-subscript b represents susceptance. To 
convert from common source to common gate, 
exchange sand g subscript values. That is 

~ 2 1 ~  = - Kgfs + go3 + jfbfs + b o d  

From this point on, unless stated otherwise, all 
numerical terms will be in millisiemens (mS); instead 
of using the term 1000 ohms or 111000 siemens, 1 
mS will be used. Further, in many cases the mS will 
be implied and, therefore, just the number with its 
sign will be used. If no sign is given, it is assumed to 
be positive. As an example: yll = + 7.66 x 10-3 
siemens + j 1.59 x 10-3 siemens will be shown as 
yll = 7.66 + j 1.59, where the first term is the con- 
ductance and the second term the susceptance. 

common source design 
This design example will use the common-source 

oscillator shown in fig. 4. Earlier calculations for the 
common-gate oscillator determined the RL to be 
2700 ohms, which will also be used in the common- 
source example in addition to an fo of 100 MHz. A & 
of 10 has been selected since it yields practical com- 
ponent values. Referring to fig. 5, 

therefore, XLI equals 270 ohms or - 3.7 mS. At 100 
MHz, this is an inductance of 430 nH, or approxi- 
mately 10 turns of no. 22 AWG (0.6 mm) enameled 
wire wound on a 6.5 mm (114-inch) drill bit. An ac- 
tual inductor was wound and found to be 422 nH for 
an XLI of 265 ohms. The number used for the calcu- 
lations is therefore -3.77 mS. The Q, of the in- 
ductor was measured to be 188, so the resistance in 
shuntwith theinductor is equal to0.02mS, [(XL)(Q,) 
= Rp (265)(188)= 5Ok ohms or 0.02 mS1. The induc- 
tive susceptance ( b L )  and conductance (gL)  can be 
added to the transistor's y parameters in the follow- 
ing manner: 

Y ~ I  = [(gzls - g d 1  f j[(b2ls - bd1 

Y I Z  = [(glzs - g d 1  f j [ (b12~ - b d l  

~ 2 2  = [(gZ2s + g d l  + j[(bzzs + bd1 

Siliconix U310 are: 

yl ls= - 0 .919+j3 .34  

yzIs= 8 . 5 - j 1 . 8  

ylzs= - 0.0455- j1.13 

y22s=0.129+j1.18 

Adding the inductive susceptance (bL = - 3.77) and 
shunt conductance (gL = 0.02) yields: 

y11= [(- 0.919+ 0.02)1+ ji(3.34) + (- 3.77)l 

y21= [(a. 5) - (0.02)] f j [ ( -  1.8) - (- 3.77)l 

Y 1 2 =  [(- 0.0455)- (0.02)l f j [ ( -  1.13)- (- 3.77)] 

y22= [(0.129+ 0 . 0 2 ) ] f j [ ( 1 . 1 8 ) +  (- 3.77)l 

or 
yl1= - 0.0899- j 0.435 

y21= 8.48 + j 1.97 

y12 = - 0.0655 + j 2.64 

y22= 0 . 1 4 9- j 2 . 5 9  

Any slight discrepancies noted can be attributed to 
round-off errors. All of these calculations were done 
with an HP67 programmable calculator with auto- 
matic rounding. 

table 1. y-parameter listing for the Siliconix U310 operated at 9 volts 
and 2 mA. The unit, in all cases, is mS. 

common gate common source 

yl, = yig input admittance y1 = yi, input admittance 
yzl = yfg forward transconductance yzl = yfs forward transconductance 
y12 = yrg reverse transconductance y12 = y,, reverse transconductance 
y, = yo, output admittance yu = yo, output admittance 

common gate 
freq. 
(MHz) Vlr Vzl V12 Vu 

100 7.66 +j 1.59 -8.62+j0.615 -0.0831 -j0.0512 0.129+j 1.18 
125 8.75 + j 1.92 -8.56+ j 0.824 - 0.0914- j 0.0714 0.11 1 +j 1.49 
150 8.98 +j2.34 -8.47+j 0.816 -0.0797-j 0.0861 0.129+j 1.81 
175 9.06 +j 2.80 -8.55+j0.646 -0.0669-j 0.0972 0.126+j2.13 
200 9.07 +j3.24 -8.84-j0.112 -0.0602-j0.119 0.124+j2.42 

common source 
freq. 

(MHz) V i  i Vz1 V12 V22 

100 -0.919+j3.34 8.50-j 1.8 -0.0455-j 1.13 0.129+j1.18 
125 0.209+ j 4.16 8.45- j 2.31 - 0.0197- j 1.41 0.11 1 +j 1.49 
150 0.563+j 4.88 8.34- j2.62 - 0 . W -  j 1.72 0.129+j 1.81 
175 0.576+j 5.48 8.42-j2.77 -0.0589- j 2.03 0.126+j2.13 
200 0.294+j 5.43 8.71 -j2.31 -0.0633-j2.3 0.124+j2.42 



The next step is to  add the load conductance In this design, the real part will be disregarded and 
(0.370 mS) togz2,  the real part of yz, only the imaginary part (43.3 mS) will be used. 

The bII t  value of 43.3 mS is the susceptance of the 
y22 =(0.149+0.37)-j2.59 

= 0.519-j2.59 
input shunt capacitance, C2. At 100 MHz, 43.3 mS 

Change the sign of the susceptance and record it as 
bZ2 = 2.59 mS. This is the starting value of suscep- i/ 42PnH 

tance which will be used to  tune the circuit to U310 

resonance, whereupon bz2 equals zero. The new set + 1 
of y parameters from the previous operations are: 

y ~ l =  - 0,0899-j0.435 C/ 

4.3 

yP1 =8.48+j1.97 

y12 = - 0.0655 + j2.64 li7 

fig. 5. A common-source Colpitts oscillator designed using 
the procedure described in the text. 

The next step is to find the value which when added 
to the input of the transistor will make the circuits out- susceptance is equal to an XC2 of 23. 1 ohms, 
put conductance zero. This can be found by solving: is69 pF. Add 43.3 mS (b l l t )  to b l l  for a new total b l l  

A 

of 42.8 mS. Subtract the load conductance, 0.370 
mS, from gZ2 for a new gz2 of 0.149 mS. And finally, 
solve the equation: 

YZIYlZ 
- - (gzlglz- b21b12) +j(gzlb12 +g1ib21) - (gll + j  bill Yout =Y22 -- Y I I  

g22 
= 0.149- [(g.xgiz - ~ Z I  b1.d + j (g21b12 + g12bz1) 

- - - 0.00576 + j 0.0222 - 0.899+ 42.8 
0.519 

- (- 0.899 - j 0.433) 1 

Since the solution produces a real part which is 
negative, the addition to the input of the transistor 
cannot be performed with passive components. The 
real part is not always negative; in many cases it can 
be a positive resistance, but if added to the circuit it 
increases the cost and adds complexity. I'll demon- 
strate that the real component of yl l t  can be 
neglected, with little error added to the calculations. 

*The numerator in the expression y21y13/g22 must be converted to polar 
form before it can be divided by gZ2. When a polar-to-rectangular conver- 
sion key is not provided on the calculator, the following rules must be ap- 
plied: If the real part of the numerator is greater than zero, the angle is equal 
to tan- ' ( l m / ~ e ) .  If the real part is less than zero or negative, the angle is 
180°+tan-1(1m/~e), where I m  is the imaginary part of y21y12 and Re is 
the real part. To divide, retain the angle of yI2yz1 and divide by 0.519. The 
polar form of this expression must now be converted back to rectangular 
form to subtract yl,. The imaginary part is (sin 105°)(0.0442)= 42.8 mS and 
the real part (cosine 105°)(0.0442)= - 11.1 mS. 

yo,, = - 0.373 - j 0.123 millisiemens 

To tune to resonance, change the sign of the 
imaginary part and add this value to the first recorded 
value of bZ2 (2.59+ 0.123 = 2.71 mS). This is the total 
susceptance of C1 at 100 MHz. The reactance of C1 
is 369 ohms, or 4.31 pF at 100 MHz. Note that the 
real part of yOut is equal to - 0.373 mS or - 2681 
ohms. The desired value was -2700 ohms, an error 
of less than 1 per cent. This is the error introduced by 
not using the real part of yll t .  

After all the calculations were performed, the cir- 
cuit in fig. 5 was constructed and tested. The value 
of C2 required to start oscillations was found to be 45 
pF instead of the calculated value of 69 pF. The feed- 
back network consisting of L1 and the dc blocking 



capacitor were removed, and the circuit  was 
measured again. The lead lengths, added value of 
the dc blocking capacitor, and the fact that the in- 
ductor was slightly distorted from its original shape, 
changed the total feedback circuit to  be equivalent to 

capacitor available. Since a 5-pF capacitor is general- 
ly more available, this value is used for C1 in fig. 6. 
Since both terminals of C1 are at some rf potential, a 
tuning tool will generally change the total value of 
the feedback capacitance b y  some unknown 
amount, therefore necessitating the use of a fixed 
value, instead of a variable capacitor. The 5-pF value 
is equal to 3.14 mS at 100 MHz, and can be added to 
the new y parameters in the following manner: 

~ 2 2  = g22 f j (b22 + bf) 
f ig. 6. A common-gate oscillator designed with the 
generalized design technique. which yields 

497 nH or -3.2 mS. This changes the calculated 
value of C2 from 69 pF to 53 pF. Further, if the value 
of g, (forward transconductance) were reduced by a 
factor of 10 per cent, a conceivable situation, the 
value of C2 would change to 48 pF, not far from the 
measured 45 pF. 

The previous calculations assume that  all 
measurements are absolutely accurate. Since this is 
not possible in practice, C1 and C2 should be variable 
to compensate for inaccuracies in measurements, as 
well as changes in transistor parameters. 

The values calculated for the passive components 
in the circuit are those values required to start oscilla- 
tion. As the circuit oscillates, the net parameters of 
the transistor change and consequently, the values 
of C1 and C2 will change. The equations presented in 
this article only provide a starting point, but are a 
preferred alternative to the empirical approach. 

common gate design 
The common-gate oscillator in fig. 3 is easily 

designed by starting with the values of C1 and L1 ob- 
tained from the common-source oscillator problem 
and adding them to the common-gate parameters. 
The common-gate y parameters for the U310 at 9 
volts and 2 m A  are: 

To the new value of y22, YOU should add the value 
of R L  (0.370 mS) to  gL and also XL1 ( - 3.77 mS) to  
bLl, yielding y22 =0.499+ j 0.551. The value of bZ2 
should be recorded for  future use. As  in  the 
common-source example, set b22 equal to zero and 
calculate yll t .  The calculated value of yll, (-23.4+j 
50.9) serves as a starting value for C2. The next step 
consists of adding 50.9 mS to b l l ,  subtracting the gL 
of 0.370 mS from gZ2, and solving for yo,,, which 
equals - 0.338- j 0.205 millisiemens. The final value 
for L1 can be determined by solving the following 
equation: 

which equals 243 ohms or 386 nH. 

Note that gout = - 0.338 mS ( - 2.95k ohms), which 
is not the desired - 2.7k ohms. The reason for the er- 

Add the source resistor (in this case 1000 ohms or 1 
mS) to  gl l ;  yll then equals 8.66+j 1.59. Using the 
value of capacitance for C1 obtained in the first fig. 7. The same oscillator shown in fig. 6, except designed 
design, select the closest standard value, fixed with the more accurate method. 
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ror b the same as before - the real part of yllt was 
disregarded. This can easily be compensated for by 
decreasing the susceptance of C2. As an example, 
by reducing the susceptance of C2 by 10 per cent, 
gout becomes - 2626 ohms which is sufficient to start 
oscillation. The circuit for the common-gate con- 
figuration, before adjustment of C2 for the necessary 
gout, is shown in fig. 6. In this solution, the inductor 
should be variable, or the inductance decreased and 
a variable shunt capacitor added for adjustment. 

For those cases when a more accurate result is 
necessary, the following procedure may be used. 
Use those component values determined in the 
design for fig. 5 as a starting point and proceed with 
the following steps. 

1. Start with the U310 common-gate parameters. 

2. Add thesource resistor to gll (in this case, 1 mS) 

3. Add the susceptance of C2 to bll 
yll=8.66+j44.9 

4. Add the susceptance of C1 to bll and b22. 

5. Subtract the susceptance of C1 from bzl and 
b12, which produces new y parameters of: 

6. Add the susceptance of L1 to b22 

7 .  Add the load conductance togz2 
y22 = 0.499 + j 0.124 

8. Record the value of ( - 1 ) ( bz2) or - 0.124 mS 

9. Set bZ2 equal to zero 

10. Solve the following equation forgf and by 

where 

C= (- l)(giz+ga~ + g i i  +g22) 

D =  (- l)(b12 + b21+ b22 + b i d  

11. Record the value of bf 

12. Add bf (0.220 mS) to bll and bZ2 

13. Subtract byfrom bZj and b12 to obtain 

14. Solve foryllt, which yields0.118+j 0.260 

15. Record bllt (0.260 mS) 

16. Add bllt to bll, y l l =  8.66+j48.1 

17. Subtract the load conductance 0.370 mS from 
g22, y22 = 0.129 + j 0.220 

18. Solve for yo,,, which equals 
- 0.371 + j 0.00109 mS 

19. Record the value (- I)(b,,d = - j 0.001 09 mS 

20. Final values for C1, C2, and L1 are determined 
as follows: 

C1 Starting value of C1 from fig. 5 2.71 mS 
value of bf 0.22 mS 

2.93 mS 

C1 final value = 2.93mS or4.67 pF 

C2 Starting value of C2 from fig. 5 43.3 mS 
value of bllt 0.26 mS 

43.6 mS 

C2finalvalue = 43.6mS or69.3 pF 

L1 Starting value of L1 from fig. 5 - 3.77 mS 
plus (- I)(bz2) from s tep  8 - 0.124 mS 

plus (- l)(bout) from s tep  19 - 0.00109 mS 

-3.9 mS 

L1 finalvalue = - 3.9 mS or409 nH 

The final circuit diagram, with component values, 
is shown in fig. 7. Note that gout from step 18 is 
within 0.32 per cent of the desired gout of - 0.37 mS 
or -2.7k ohms. Again, the reason for the slight 

I00 MHz 

fig. 8. A 100-MHz crystal oscillator which was designed 
using the same methods as the Colpitts oscillators. 



discrepancy is caused by disregarding the real parts when the input shunt capacitor is increased in value, 
of yll, and gf, and is of no consequence. the frequency of the oscillation is decreased, while 

crystal oscillators 
This oscillator design technique can be modified 

for use with crystal oscillators, particularly overtone 
crystals (fig. 8). When operated in the series- 
resonant mode, the crystal has some series 
resistance, which must be added to the transistor's 
common-gate parameters, along with the 1000-ohm 
source resistor. Given the common-gate y 
parameters: 

1. Add the source resistor to g l l  . 

2. Convert the y parameters to z parameters and 
add the series resistance of the crystal directly to 
the real part of zll. A typical value of crystal series 
resistance is 80 ohms for a seventh overtone 
crystal; this data is available from the crystal 
manufacturer. 

3. Convert the z parameters back t oy  parameters. 

4. Convert the new set of common-gate 
parameters to common-source parameters. 

5. Design the circuit using the technique describ- 
ed for fig. 5. 

6. Using the common-gate parameters from step 
3, and the component values determined from 
step 5, complete the design by using those steps 
outlined for fig. 7. 

X-SERIES 

fig. 9. A lowpass L network for 
matching between the high source 
resistance of the oscillator and a 50- 
ohm load. 

The necessary equations to convert y parameters 
to z parameters are: 

where 

the negative output resistance increases. Increasing 
the feedback capacitance lowers the frequency and 
also the negative output resistance. Changing the 
output reactance, theoretically, only changes the fre- 
quency and does not effect the output conductance. 

X -  SERIES 

fig. 10. A highpass L network, in 
addition to impedance matching, 
also provides dc isolation for the 
load. 

The tuning procedure for the oscillator is quite 
easy (refer to figs. 3 and 4). Apply dc power to the 
oscillator. If it immediately oscillates, tune the output 
shunt element to the desired frequency. If the 
oscillator does not start, or ceases oscillation when 
tuning, decrease the capacitance of C2, which ad- 
justs the output conductance. When it has been 
determined that the oscillator is tuned to frequency 
and oscillating, the input shunt element (C2) can be 
adjusted for the desired output level and the output 
shunt element tuned for the correct frequency. 

The crystal oscillator is tuned in the same manner. 
The exception is when the parallel capacitance of the 
crystal is relatively high. In that case the procedure is 
to increase the capacitance of C2 until oscillation 
ceases and then decrease the capacitance in small in- 
crements until the circuit oscillates again. This pro- 
cedure should be followed since in some cases, the 
parallel capacitance of the crystal provides enough 
feedback to allow the circuit to oscillate at frequen- 
cies very close to f,, but not as a function of the 
series-resonant mode of the crystal. For breadboard 
designs, it is easiest to insert a resistor, equal to the 
series resistance of the crystal, in place of the crystal; 
the same tuneup procedure is used except that the 
resistor is replaced with the crystal during the last 
stages of tuning. 

As an added advantage, when using the U310 in 
the crystal oscillator circuit, the inductor sometimes 
shunted across the crystal to prevent spurious 
oscillations is not necessary. This inductor is almost 
always necessary when using a bipolar transistor as a 
Colpitts overtone oscillator. 

impedance matching 
To convert z parameters back to y parameters, inter- Throughout this article, a load impedance of 2700 
change they and z values. ohms was used. The actual load will generally be 

It is helpful to know what effects the three circuit some other value. Quite often this load will be 50 
components have on the oscillator circuit. In general, ohms resistive. In this case, the 2700-ohm load 
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resistance necessary for oscillation will have to  be 
matched to the 50-ohm load. The simplest solution is 
the L network shown in figs. 9 and 10. The value for 
the series reactive element can be found with the 
following equation: 

where 
Rs = series resistance of load 
Rp = parallel resistance to be transformed 

In this example 

Xse, = 50j-= 364 ohms 

The value for the shunt element can be determined 
from: 

= 371 ohms 

Fig. 11 shows the highpass matching network 
(fig. 10) applied to the common-gate oscillator 
shown in fig. 6. The 364-ohm reactance at 100 MHz 
is equivalent to 4.37 pF. Any error introduced by us- 
ing the nearest standard capacitance value (5 pF) can 
be compensated for by L l  and C2. The shunt induc- 
tance of the matching network must be added to L l  
for a new total inductance for L l .  This is easily ac- 
complished by adding the susceptance of XpaTallel 
and L1 [-4.1 mS+(-2.7 mS)= -6.8 mS or 147 
ohms inductive reactance which at 100 MHz equals 
234 nHI. The circuit in fig. 11 was constructed and 
the test results for 100 MHz are: Value of C2 to start 
oscillation = 43 pF; final values after tuning are C1 = 5 
pF; C2=25 pF; and L1=215 nH. Maximum power 
output = 9.2 milliwatts. With C2 set to 12 pF, the cir- 
cuit oscillated with crystals ranging from 95 MHz to 

fig. 11. When the highpass L network is used for matching, 
the shunt inductor is combined with inductance in the 
oscillator. In this case, L1 is a slug-tuned 6.5 mm (114 inch) 
coil, wound with 6 turns of no. 18 AWG (1 mm) wire. The 
turns are spaced to occupy 12.5 mm (112 inch). 

116 MHz. The value of L1 was changed to accommo- 
date the different frequencies. 

concluding comments 
This article is not intended as a construction pro- 

ject. However, those circuits shown with inductance 
and capacitance values have been built and tested, 
and performed very close to predictions. This design 
technique has been used for many oscillator designs 
and has been found to be superior to  the empirical 
approach, particularly if a programmable scientific 
calculator is available. 

The techniques presented here appear to be equal- 
ly valid at the lower frequencies. The data necessary 
are g,, c,,, toss, and c,,. This information is almost 
always obtainable from the transistor data sheet. 
These parameters can be substituted in the common- 
source y parameters by assuming the input and out- 
put resistance of the fet is very high and can, 
therefore, be disregarded. 

Low-frequency oscillator design is available from 
many sources. This technique might not be as usable 
as others, but it does allow a close approximation for 
low-frequency design. 

Expressing an idea is often difficult for me. I am 
gratified by the many personal, and professional 
friends who have helped expand this idea and also 
provided the additional enthusiasm and necessary 
technical expertise, especially Ed Oxner, manager of 
Special Projects Engineering at Siliconix, Will Alex- 
ander, WAGRDZ, Earl McCune, WAGSUH, and Bon- 
nie (The Boss). 
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visual aids 
for working on 
microcircuits 

Devices are getting 
smaller and smaller - 

consider these visual aids 
before you give up 

on a construction project 
with today's ICs 

With the introduction of transistors and miniatur- 
ized circuits most everyone dealing with them has 
probably experienced difficulty seeing components 
and circuits because of their small size. Today, with 
integrated-circuit devices requiring even smaller 
printed-circuit-board design, the visual or seeing re- 
quirement is even greater. 

the problem 
When you consider the visual anomalies found in 

the general population such as nearsightedness, 
farsightedness, astigmatism, or combinations of 
these, and when you include problems of binocular- 

Reprinted with permission from the May-June, 1977, issue of 
RTTY Journal. 

ity (the ability or inability of the eyes teaming to- 
gether, such as one eye receiving a larger image 
than the other), poor eye-muscle coordination, cata- 
racts, and any ongoing or past history of ocular dis- 
eases, it's no wonder many of our IC projects end up 
with solder bridges, improper or unsoldered con- 
nections, and components mounted improperly. The 
fact is that many simply can't see well enough t o  
avoid these pitfalls. 

I recently completed a project that used 29 ICs, 
three of which were LSl devices, all mounted on four 
PC boards, three of which had circuit paths on both 
sides. Even though I have 20-20 vision at distance 
and near, and have never had any pathological prob- 
lem causing visual impairment, I experienced great 
difficulty seeing my work. I therefore came to the 
conslusion that if I were having these kinds of prob- 
lems with what's generally considered normal vision, 
there must be many electronic hobbyists who are 
having even greater problems. With this in mind, I 
offer the following observations to help in under- 
standing these visual tasks and to allow most to see 
with better efficiency. 

lighting and magnification 
First, realize that vision requires light. But it has to 

be useful light; that is, not too dim (below the visual 
threshold) or too bright (above the threshold and 
therefore saturating the visual system, especially the 
retina). Second, visual acuity (how well you see) 
depends on the image size impinged onto the retina. 
Visual acuity is directly related to object size. The 
conclusion is that, if you have the proper lighting 

By Dr. Robert Sullivan, Optometrist, KSSRL, 
410 NE 7th Street, Linton, Indiana 47441 



conditions and magnification, visual acuity generally 
improves, However, there are limiting factors. For 
example, as the image size on the retina gets larger, 
the field of view gets smaller. 

optical aids 
If you're nearsighted (can't see well at a distance 

without glasses or contact lenses), you might do bet- 
ter visually, at the near distances used in electronic 
construction, without your glasses or contacts. 
Since a nearsighted eye without correction in place is 
in effect too strong, removing the spectacles has the 
same effect as looking through a magnifying lens. 
You'll notice that near objects (within about 20 cm [8 
inches1 of your eyes depending upon your prescrip- 
tion) look larger. However, this might not work if you 
have astigmatism, as your vision could be distorted. 

If you're farsighted (can't see nearby objects well 
without glasses or contacts), you should wear your 
correction at all times for near electronic work. Since 
a farsighted eye is a weak eye without correction, 
wearing glasses or contact lenses, in effect, makes 
your eyes stronger. Also, far sightedness involves a 
problem with the eye's focusing mechanism and 
without correction, eye fatigue and headaches are 
more common. 

If you normally wear glasses full time, and if 
they're the bifocal or trifocal type, you should wear 
them for near electronic work. 

work glasses 
You might consider having a special pair of glasses 

made especially for electronic work. I made a pair 
with one lens having a + 16 diopter power and the 
other lens opaque, which forces me to use one eye 
only, since such a large prescription for both eyes 
creates a condition that makes binocularity impos- 
sible. This is a common problem with some of the 
available optical aids recommended for near visual 
tasks. These devices are usually binocular in nature 
(both eyes are used). To maintain this binocularity, 
weaker lenses are used and the resulting magnifica- 
tion is less. 

I put the + 16 lens on my right eye since I'm right- 
eye dominant. With these glasses, approximately 
4X magnification is achieved and the field of view is 
about 7 cm (3 inches). The focal point is 6.25 cm (2.5 
inches), so I must hold things close. I found that witt  
these glasses and a-handheld penlight (I use the pop. 
ular disposable type), I could examine PC boards f o ~  
errors in component mounting, find solder bridges, 
and perform general inspection with great ease. Jus 
one thing more: these suggestions should be imple. 
mented after you've checked with your eye doctor. 
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solving RFI problems 
in home-entertainment devices 

How to dispose 
of RFI problems 

quickly and easily - 
ideas from an 

overseas amateur 
that will work 

in your station 

Radio-frequency interference (RFI) from amateur 
transmitters to television, broadcast, and hi-fi sets is 
still a problem. Most such cases of RFI can be attrib- 
uted to fundamental overload of the home-entertain- 
ment device from the transmitter, especially if the 
transmitter is running high power (500 watts or 
more). 

The remedies are well known for this type of RFI, 
but I'd like to summarize some of the cures: 

1. lnstall a filter in the ac line to the device. 

2. lnstall a 0.01-pF capacitor across the speaker 
terminals. 

3. lnstall an rf choke in the speaker leads. Such a 
choke can be made by winding the speaker leads 
onto a ferrite rod. 

4. Make sure the home-entertainment device has 
a good rf ground. 

5. Use shielded cable for the speaker leads, and 
ground the shield. 

6. lnstall a good-quality 0.01-pF capacitor be- 
tween the device chassis and ground. 

7 .  Ground the device's antenna coaxial-cable 
shield. 

8. Wind 10-15 turns of the device's antenna coax 
cable onto a ferrite rod. This will form an effective 
rf choke. 

9. lnstall a good highpass filter directly at the 
device's antenna terminals. Make sure the filter is 
shielded, and ground the shield. 

By John DeVoldere, ON4UN, 215 Poelstraat, 
B-9220 Merelbeke, OV Belgium 
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In all cases of reported RFI, I've eliminated the 
problem by one or more of the methods mentioned 
above without having to make any changes inside 
the home-entertainment device. 

There's nothing original here so far, but I affer 
some other hints that you may find useful in your 
own RFI problem: 

I always keep a selection of filters available for any 
RFI complaint. The set of filters includes a good-qual- 
ity ac filter for the power line, a highpass filter for 
twin lead or coax-cable, ferrite-rod filters for speak- 
ers, an rf choke for coax cable, and some wires and 
clip leads for grounding purposes in tests 

Ferrite or powdered-iron toroid can also be used to form in- 
line rf chokes with loudspeaker leads. 

responding to RFI complaints 
Almost all interference complaints I receive are by 

telephone. Here's what I do. I ask the complainant to 
leave the phone off the hook and tell him I'll be right 
over to check the problem. Then I switch on my 
phone patch, turn down the receiver gain control so 
the receiver won't trip the VOX in my transmitter, 
and adjust my transmitter for VOX operation through 
the telephone. Then I grab my assortment of filters, 
hop into my car, and ring the complainant's door bell 
within minutes after his telephone call. 

Now here's where you need some diplomacy. 
Don't be aggressive, but explain that you're genuine- 
ly interested in resolving the RFI problem as a mutual 
endeavor. Tell the complainant you're there to inves- 
tigate the problem and want to use his telephone to 
put your transmitter on the air. He may raise an eye- 

N l  suggestions 
In cases of TVI complaints, proceed as follows: 

1. Disconnect the device's antenna feedline. If TVI 
continues, install a filter in the device's ac line. If this 
doesn't help, you're probably in big trouble, because 
you have a case of direct pickup by the device. 

2. If disconnecting the antenna feedline stops the 
TVl, try the following: 

A. Install a highpass filter 
B. Install a coaxial-cable rf choke (10-15 turns on 

a ferrite rod). 
C. Ground the antenna coax-cable shield at the 

TV-set chassis (through a 0.01-pF capacitor if 
necessary) to a good rf ground. 

brow at this remark, but pick up his phone and put suggestions for hi-fi RFI cures 
your transmitter on the air. Talking into the com- 
plainant's phone will trip your VOX, which makes it If you have to deal with a complete hi-fi system in- 
possible for you to make the diagnosis of the RFI cluding tuner, amplifier, turntable, and recorder- 
problem, if any. No help from the outside, and you deck, there's only one logical approach that can 
can do it right away. be used. 
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Disconnect all units from each other and from the 
ac line - except for the amplifier (just leave the ac 
cord and speaker leads connected). If interference 
still persists, disconnect the speakers and try the unit 
on headphones. If the interference disappears, the 
problem probably lies in pickup through the speaker 
cables (the RFI is being fed to the preamplifier stages 
through the audio feedback circuit). 

Install the ferrite-rod filters in the speaker leads 
(10-15 turns). If necessary, connect 0.01-pF capaci- 
tors across the speaker terminals to ground. In very 
stubborn cases you may have to go all the way and 
use shielded speaker cable and ground the cable 
shield to a good rf ground. 

In some cases interference can be reduced by winding ex- 
ternal audio input leads on toroidal cores. 

If disconnecting the speaker cables doesn't kill the 
RFI, the pickup must be coming through the ac line, 
so you must install a good filter between the set ac 
input and the house wiring. Again, a good rf ground 
may have to be connected to the ac filter. 

If the hi-fi amplifier plus the speakers (by them- 
selves) don't show any interference, connect all 
other pieces of equipment, one-by-one, to determine 
where the RFI is appearing. If connecting the tuner 
brings up the RFI, try highpass (or coax rf-choke) fil- 
ters on the antenna lead; then try an ac line filter. A 
similar approach can be used when connecting other 
pieces of equipment, such as tape decks. 

summary 
Using your phone patch to solve the RFI complaint 

quickly and independently; using a logical approach 
when checking the complainant's set; having a ready 
assortment of anti-RFl filters available at all times - 
all these will go a long way toward maintaining a 
good relationship with your neighbors. This ap- 
proach will also ensure keeping your amateur station 
on the air at all times. 
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tebook 

600 kHz offset 
for frequency 
synthesizers 

The circuit shown in fig. 1 is de- 
signed for use with any frequency 
synthesizer which uses a program- 
mable divider with outputs available 
from each flip-flop. The schematic 
shows its implementation in  the 
GLB 4008 synthesizer; only two ICs 
are needed to accomplish the func- 
tion. The output of the divider at the 

end of a count sequence pulses the 
phase comparator U1, and reloads 
the counters U7, U8, and U9 to the 
number determined by the frequency 
set switches. (All of this circuitry is 
not shown in the partial schematic of 
the GLB 400B.l When enabled, the 
offset circuit gates off this pulse until 
the 100 kHz counter U8 reaches a 
count of 6 which corresponds to 600 
kHz. At this time, a pulse is gated 
through to U1 and the counter load 
circuits. Other numbers could be de- 

REMOVE C19. ADD JUMPER 

UIO 

& A D D  JUMPER 

IDOKHz 10 KHz - 
+ FLIP -FLOP BITS PARTIAL SCHEMdTIC 

* - 4 A N D 2 . 6  

OFFSET LOGIC 

TO € 2 4  
COLLECTOR 

OFFSET 

OF 012 SIMPLEX 
O F F 0  PIN 14 =+5V 

PIN 7 i G N D  

fig. 1. Simple circuit for generating 600 kHz offset with a fre- 
quency synthesizer that uses a programmable divider; only two 
ICs are required. The circuit here shows how the circuit is used 
with the GLB 4008 synthesizer. 

coded from U7, U8, and U9 by using 
a similar gating arrangement for any 
desired offset, for application in syn- 
thesizers for 220 MHz and 450 MHz. 

In addition to its simplicity, one ad- 
vantage of this circuit is that it will 
only offset the synthesizer - 600 
kHz, and accidental operation above 
148 MHz is not possible. When op- 
erating, always select the higher fre- 
quency of a repeater pair on the fre- 
quency set switches. In the 146-147 
MHz segment offset Tx to  transmit 
on the repeaters input; in the 147-148 
MHz segment select offset Rx to re- 
ceive the repeater output. To operate 
reverse simply flip the switch the 
other way. With the center-off pos- 
ition of the switch, transmit and re- 
ceive will be on the selected fre- 
quency. The offset function is dis- 
abled in this position. The LED indica- 
tor will only light while offset is 
actually taking place, so it will go on 
and off between receive and trans- 
mit, always indicating the operating 
condition. 

Only two ICs are required for the 
actual offset circuit, and U7 must be 
changed to  an 8281, which is simply 
a plug-in substitution. Also, remove 
the Ik, 1.5k resistors, and the 150 pF 
capacitor from pins 1 and 2 of U10 
(R24, R25, C19). They are no longer 
required because the added circuitry 
always presents the proper TTL sig- 
nal level to this gate. Be sure to put a 
jumper in place of C19. 

Dave Sargent, KGKLO 



illumination 
lever action 

for approximately 2 mm (1116 inch) or 

switch so. Bend brackets, drill holes for 
mounting screws and for the lamp 

Having problems reading thumb- 
wheel or lever action switches in the 
dark? The new Heath HW2036 is a 
perfect example of a fine synthesized 
receiver at a price anyone can afford. 
One of its shortcomings is the lack of 
illumination on the lever action 
switches. Material used to make the 
light bar in fig. 2 came from the junk 
box of my model railroad. However, 
the brass and lamps can be obtained 
at any hobby shop for less than 
$2.00. 

wires in sleeving to pass through the 
right hand bracket; file smooth and 
paint. 

The brackets should hold the tube 
high enough above the top of the 
switch to clear the upper most posi- 
tion of the lever switch. One screw is 
sufficient to mount, and the wires in 
sleeving are passed through the hole 
in the panel and connected to ground 
and the meter lamp wire. Use grain or 
wheat lamps and carefully insulate 
the wires at the base with five-minute 

R E D  MODEL RAILROAD 16V 1, 
G R A I N - 0 -  WHEAT LAMPS 

fig. 2. Adding illumination so you can see the HW2036 thumbwheel 
switches in the dark. Brass stock is available in most hobby shops. 

Use a 3116-inch (4mm) diameter 
brass tube cut to the width of the 
switch assembly so that the brackets, 
when soldered to the tube, will fit 
snugly against the side of the switch 
bezel and mount under the existing 
screw. Cut two slots for the lamps, 
large enough for the lamps to pass 
through after soldering and painting. 
Rough trim the brackets, then solder 
so that the slots aim down and the 
tube is spaced away from the panel 
the thickness of the protruding bezel, 

epoxy. I used red lamps to cut the 
reflected glare from the switch. 

Another modification for the 
HW2036 which improves the opera- 
tion is to change the back panel and 
replace the RCA phone jack with an 
SO239 connector. Enlarge the hole in 
the printed-circuit board to take the 
stub of the SO239 and replace the 
remote speaker RCA phone connect- 
or with a miniature phone jack. 

Fred W. Snow, W21FR 

re-forming the oxide 
layer in electrolytic 
capacitors 

Electrolytic capacitors, including 
computer grades, which have not 
been used for any length of time 
should not be subjected to  full volt- 
age without first re-forming the inter- 
nal oxide layer. If this is not done, 
they may have high leakage which 
will result in rapid failure due to inter- 
nal heating. 

The oxide layer may be re-formed 
in the following manner: Connect the 
capacitor to a power supply set to the 
dc voltage rating of the capacitor 
with a series resistor to limit the short 
circuit current to around 10 mA. For 
example, for a 200-volt capacitor, the 
power supply would be set to 200 
volts and the series resistor would be 
20,000 ohms. If several capacitors are 
being re-formed simultaneously, they 
should not be directly paralleled. 
Instead, each capacitor should have 
its own current limiting resistor. This 
allows each capacitor to charge inde- 
pendently, at a rate dependent on its 
internal leakage. It also allows the 
voltage on each capacitor to be 
measured separately as an indication 
of its condition. It has been my exper- 
ience when re-forming large numbers 
of surplus computer grade electroly- 
tics in this manner that most of them 
will charge to close to full voltage in 
just a few minutes. A few will stabil- 
ize at a considerably lower voltage, 
indicating that they have a high leak- 
age and really need the re-forming 
procedure. 

I have not yet enountered a capaci- 
tor that would not charge to the same 
level as the others if left connected 
long enough, although this has taken 
as much as several days. When this 
finally happens, it means that the ox- 
ide layer is totally re-formed, and the 
leakage has dropped to  a normal 
level. 

John Becker, K9MM 
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In recent months there has been rising concern about the possible harmful effects to living t' issue 
due to heating by radio-frequency energy at 10 MHz and above. The weekly CBS TV news maga- 
zine, 60 Minutes, devoted a segment to this topic several months ago, numerous "rf radiation" 
stories have been published in newspapers and magazines, and now there is a best-selling book on 
the subject: Thezapping of  America, by Paul Brodeur. Although much of Brodeur's book is devoted 
to what he calls the "deadly risk of microwave radiation" and its "cover-up" by the government, he 
apparently doesn't know the difference between high-power radar or TV transmitters and high-fre- 
quency amateur and CB equipment. He would have you believe that little or no research has been 
done on the dangers of electromagnetic radiation; if your neighbors believe him, you may find your 
radio activities squelched by local citizens who are afraid of being "zapped" by your amateur trans- 
mitting equipment. 

Contrary to  what Brodeur says, microwave engineers have been aware of rf radiation hazards for 
30 years or more, and the scientific community has spent thousands of man hours investigating its 
effects and establishing safety standards. It is known, for example, that the internal body organs are 
susceptible to damage from heating caused by high-power radio energy in the range from 150 to 
1200 MHz, and that the eye is especially prone to damage from radiation above 1000 MHz. More im- 
portantly, it is known that power levels which cause damage are much higher than those found in the 
average ham shack. Kilowatt transmitters on the amateur uhf bands (432 MHz and above) are poten- 
tially hazardous, but if they are completely shielded they are not dangerous to your health. On the 
lower frequencies there is practically no danger, even if you're running 2000 watts PEP. 

Based on present knowledge, which is extensive, various government agencies have established rf 
radiation safety standards with recommended exposure limits referred to as Radiation Protection 
Guide Numbers (RPGN). The accepted RPGN value is 10 milliwatts per square centimeter of body 
area, the standard set by the Occupational Safety and Health Administration (OSHA). Although there 
are some scientists who disagree with this standard, most agree that rf power levels one-half the 
OSHA standard (5 mWIcm2) have little effect on the human body, and practically no one objects to a 
standard of 1 mWIcm2. Note that this is based on continuous exposure. 

If your transmitter is well shielded, and you use coaxial transmission line, the only possible danger 
is radiation from your antenna. Assuming a kilowatt linear with 65% efficiency and no feedline loss 
places about 650 watts at the antenna; what is the minimum safe distance? This depends on the 
directivity of your antenna, but for a half-wavelength dipole it equates to a distance of about 3 meters 
(10 feet) for a power density of 5 mWlcm2. If you're running less than a kilowatt, of course, the safe 
distance is less. Since most amateur dipoles are installed at least 8 meters (25 feet) above the ground, 
they obviously pose no radiation threat. 

What about multi-element Yagi beams and stacked arrays? Since most of the power is concen- 
trated in front of the beam, there is little danger above or below the antenna. Even with 650 watts in- 
put, the beam must have at least 15 dBd gain before the power density reaches 5 mWlcm2 in the 
center of the forward lobe, 10 meters (30 feet) in front of the antenna, Few amateur antennas have 
this much gain, and those that do are used on uhf where it's impossible to generate 650 watts into 
the antenna and stay within the legal power limit. 

On the high-frequency bands, if your beam is on a tower at least 10 meters (30 feet) high and not 
pointed into a building less than 10 meters away, there is absolutely no hazard at legalamateur power 
levels. Keep this in mind if you start getting grief from your neighbors. 

Jim Fisk, WIHR 
editor-in-chief 
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microstripline 
impedance 

ents 
The above discussion is derived 

directly from a consideration of the 
field cell concept and of field maps 
for the transmission lines. It also 
follows that a line of any shape can 
be either calculated from a map or 
measured very simply with an ohm- 
meter and resistance paper as 
described on page 492 of Electromag- 
n e t i c ~  by J .  D. Kraus and K. R. 

Dear HR: Carver (McGraw-Hill, New York, 
The formula W l H R  deduced for 1973). 

m i c r o s t r i p  i m p e d a n c e  i n  t h e  John Kraus, W8JK 
December, 1977, issue is interesting Director, The Ohio State 
because it can be rewritten in the University Radio Observatory 
following way: 

z = -.- 376'7 ohms ( 1 )  
w + h  

where Z = stripline impedance 
(ohms) 

h = height of stripline 
w = width of stripline 

(in same units as h )  
E, = relative permittivity of 

dielectric 

The number 376.7 ohms (per 
square) is the intrinsic impedance of 
free space which by coincidence is 
nearly equal to 1 2 0 ~ .  

If there were no fringing of the 
electric field at the edges of the 
stripline the characteristic impedance 
of the line would be given exactly by 

z = ---- 376' a h  ohms (2) 
JE, w 

In eq. 1 the w +  h in the denom- 
inator takes account of the fringing 
effect by considering that the stripline 
is effectively wider than its actual 
width w by the amount of the height 
h.  As the ratio of the width to height 
becomes larger, the effect of the 
fringing becomes less significant and 
for a very wide stripline its character- 
istic impedance would approach that 
of eq. 2. 

bandspreading 
techniques 
Dear HR: 

I read with interest Mr. Leonard 
Anderson's excellent article on band- 
spreading techniques in February, 
1977, ham radio. I would like to pro- 
pose an alternate to  his standard 
capacitor. By using a 3-wire guarded 
circuit, as shown in fig. 1, the cable 

I I I 

L - - - - - - - - -  
METAL ENCWSURE 

length will not cause the standard to  
read in error. This is due to the shield 
of the coax acting as a shield be- 
tween the two leads from the capa- 
citor, This method is used quite fre- 
quently by GenRad and other com- 
panies when measuring very accurate 
capacitance values. The main dis- 
advantage of the guard circuit is that 
the capacitor must be isolated from 
ground. 

Robert Heider, WBEJO 
Glendale, Missouri 

antenna 
noise bridges 
Dear HR: 

I found the recent article on RX 
noise bridge measurements very in- 
teresting. As the developer of the 
original antenna noise bridge I would 
like t o  point  ou t  that t w o  basic 
models were developed. The TE701 
used a similar output circuit to  the 
one shown in the article and worked 
well t o  over 100 MHz. The Model 
TE702 used a variation and worked to 
over 250 MHz. The bridge circuit was 
as follows: 

51 OHM 

CAWCITOR 

RECEIVER 

UNKNOWN 

FIXED 
CAPACITOR 

Note that the transformer does not 
need to  be accurately center tapped 
and that it can be bifilar wound. Also, 
with a 100-ohm variable pot the cali- 
bration range is zero to infinity. To 
make a reactance bridge, place a 
fixed capacitor across the unknown 
terminal and a variable capacitor 
across the reference resistor. With 
less effort a lot more accuracy is 
available wi th this network over a 
wider frequency range. 

Ted Hart, W5QJR" 
Richardson. Texas 

*W5QJR is the inventor of the Antenna Noise 
Bridge, and holds the patent on this very useful 
device. Readers who are interested can obtain 
copies of the patent (number 3,531,717, dated 
September 29, 1970) for 50 cents from the 
Commissioner of Patents, Washington, DC 
20231 . Editor 

(Continued on page 82.1 
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10-G Hz transceiver 
for amateur 
microwave 

communications 

Construction 
of a complete 10-GHz 

Gunnplexer transceiver 
with 30-MHz i-f and 

automatic 
frequency control 

A little over a year ago Microwave Associates in- 
troduced a new component for amateurs which 
greatly simplifies the construction of a 10-GHz trans- 
ceiver for operators who are interested in microwave 
communications but don't have experience with 

This article was translated from German by Konrad Benz, 
Microwave Associates, Inc., Burlington, Massachusetts 01803 

microwave construction techniques. Without special 
knowledge or an extensive test setup amateurs can 
now use a Microwave Associates MA-87127 Gunn- 
plexer to operate on the 3 cm (10 GHz) amateur 
band. No special mechanical work is required. The 
Gunnplexer is a complete transceiver which consists 
of a varactor-tuned Gunn diode rf source, a ferrite 
circulator which decouples the transmit and receive 
functions, and a Schottky mixer diode for the 
receiver signal.1 A diagram of the basic Gunnplexer 
system is shown in fig. 1; a block diagram of the 
complete transceiver is shown in fig. 2. 

The Gunn diode oscillator requires a regulated 10 
Vdc source which is capable of supplying 200 mA. 
The rf output power is approximately 20 mW;* a 17 
dB gain horn antenna is available from Microwave 
Associates. The frequency of the Gunn diode can be 
tuned with the built-in varactor diode over a frequen- 
cy range of 60 MHz minimum (100 MHz typical). The 
required varactor bias is + 1 volt to +20 volts and 
should be controlled by a good quality multi-turn po- 
tentiometer. 

The Gunnplexer can be easily frequency modulat- 
ed with a small modulating voltage (mV range) which 
is superimposed on the varactor's dc bias supply. 
Since a very small modulating voltage is required, the 

'Three models are available: the 15-mW MA-87127-1, the 25-mW MA- 
87127-2, and the 40-mW MA-87127-3. Units are stocked by Glen White- 
house, Newbury Drive, Amherst, New Hampshire 03031, and in Europe by 
Microwave Associates, Munich. 

By Klaus H. Hirschelmann, DJ700, Reger 
Strasse 4,6500 Mainz 31, West Germany 
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amplification factor of a single-transistor microphone 
amplifier is sufficient. 

i-f amplifier 
To complete the 10-GHz transceiver, an i-f ampli- 

fier is required. Because the antenna and Gunnplexer 
and its antennas are normally physically separated 
from the operating position (for roof or tower mount- 
ing), an i-f amplifier with a low noise figure should be 
connected directly to the Gunnplexer's mixer diode. 
A noise figure of 1.5 dB or less and a good imped- 
ance match (Z=200 ohms at 30 MHz) is requried to 
obtain an overall system noise figure of 12 dB or bet- 
ter. With careful design, a system noise figure of less 
than 10 dB can be achieved. 

The coaxial connection between the i-f preampli- 
fier and the post amplifierlreceiver at the operating 
position is not critical; a proven design is presented 
later in this article. When considering the noise figure 
of a Gunnplexer system it's important to remember 
that the receiver has no preselection so the two 
receiver sidebands (carrier plus and minus the i-f) 
contribute equally to the overall noise figure. 

Standardization of a single i-f system is essential 
for the operation of a 10-GHz system among a large 
group of amateur microwave enthusiasts. A 100- 

Construction of the 30-MHz receiver designed by DJ700. A t  
the bottom left is the mosfet input stage, followed by the 
40.7 MHz local oscillator and mixer, TDA1047 fm i-f strip, 
and TAA611 audio power amplifier. The two potentiometers 
are for squelch and audio gain. 

W A V E G U I D E  

G U N N  D I O D E  
O S C I L L A T O R  C I R C U L A T O R  

S U P P L Y  
+ I 0  V O L T S  

1 7 d B  
H O R N  A N T E N N A  

I I 

V A R A C T O R  I - F  OUTPUT 
DC V O L T A G E  ( 2 = 2 0 0  OHMS 

A N D  AT 3 O M H z I  

+ i  T O  + 2 0  V O L T S  

fig. 1. Basic Gunnplexer system showing the varactor-tuned 
Gunn-diode oscillator, ferrite circulator, and Schottky mixer 
diode. A portion of the rf power from the oscillator is 
coupled to the mixer through the circulator. The i-f output 
impedance at 30 M H z  is 200 ohms; a 4:1 transformer is re- 
quired to provide a good match to 50 ohms (see fig. 2). 

MHz i-f has been recommended by several German 
amateurs,2 but this is useful only if communications 
between two fixed stations is all that you want. The 
result is a full duplex system without transmit-receive 
switching where the Gunn oscillator operates simul- 
taneously as a receiver local oscillator and frequency- 
modulated transmitter. Each partner operates at a 
different frequency, which results in the intermediate 
frequency as shown in fig. 3. 

In most cases, however, amateurs want to contact 
as many other 10-GHz stations as possible. This re- 
quires that each station must be able to transmit and 
receive on either frequency. Since the varactor diode 
provides a maximum frequency tuning range of only 
60 MHz, the use of a 100-MHz i-f would require me- 
chanical tuning of the Gunn oscillator. Mechanical 
tuning of the Gunnplexer provides a tuning range of 
If: 100 MHz minimum, but this would unduly compli- 
cate a two-way communications set-up. By choosing 
a 30-MHz i-f, however, you can switch frequencies 
with a simple voltage change on the varactor diode. 

In the Rhein-Main area in West Germany various 
Gunnplexers are operated at 10350 MHz (transmit) 
with + 4 volts of varactor bias; with + 10 volts on the 
varactor the transmit frequency is 30 MHz higher at 
10380 MHz. If an operator knows whether the other 
station is using the lower (10350 MHz) or higher 
(10380 MHz) frequency, it is only necessary to tune 
the receiver over a small range of frequencies. 

The instability of the self-oscillating Gunn diode re- 
quires wideband frequency modulation; a transmit 
bandwidth of 75 kHz and an i-f bandwidth of 200 kHz 
gives satisfactory results. 
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fig. 3. Duplex operation of the 10- 
GHz Gunnplexer system, showing 
the oscillator frequencies for 100- 
MHz and 30-MHz intermediate fre- 
quencies. As discussed in the text, 
a 30-MHz i-f is preferred because 
of the 60-MHz tuning range provid- 
ed by the varactor: the use of a 
100-MHz i - f  w o u l d  requ i re  
mechanical tuning of the Gunn- M O D U L A T O R  

plexer. 

,- = 1 0 0  M H z  
( 3 0  M H z )  $ , 1 
I - F  M O D U L A T O R  

i-f post-amplifier 

The 30-MHz i-f post-amplifier and receiver shown 
in fig. 4 was developed by the Zweite Deutsches 
Fernsehen amateur group. More than f i f t y  of 
these receivers have been built and used on the air, 
and all operate well." 

The first 30-MHz amplifier stage uses a dual-gate 
W9GG MGSFET transistor (similar to :he 4CA 40673). 
The self-oscillating mixer is based on a Siemens 
S042P IC and translates the 30-MHz input signal 
down to the 10.7-MHz i-f. The parallel tuned circuit 

"Kits to build your own 30-MHz post-amplifier are available from Elektronik 
Laden, Wilhelm-Mellies-Strasse 88, D4930 Detmold 18, West Germany; the 
price is89 DM ($45) postpaid. 

(L1-C!) resonates at 40.7 MHz, the frequency of the 
third-overtone crystal. Without inductor L1 in the cir- 
cuit the oscillator has a tendency to run at the crys- 
tal's fundamental at approximately 13.56 MHz; this 
can result in  unwanted modulat ion products 
(13.56+ 10 .7=24 .26  MHz).  

The Murata SFW10.7MA ceramic filter determines 
the i-f response characteristics of the receiver; the 3 
dB bandwidth is 220 f 4Q kHz. The Siemens TDP.1047 
IC, which was developed for f m  broadcast radios, is 
used as an amplifier and f m  demodulator; it has ex- 
cellent limiter capabilities and includes a built-in 
squelch circuit - its symmetry guarantees trouble- 
free operation. 

An S-meter is connected to pin 14 of the TDA1047 

fig. 2. Block diagram of the complete 
10-GHz Gunnplexer transceiver 
described by DJ700. In  Germany 
these transceivers have been used to 
provide reliable communications up 
to  180 k m  (108 miles) or more. The 4:l 
transformer consists of 18 turns 
slightly twisted no. 28 (0.3 mm) wire 
on an Amidon T50-6 toroid core; 
remove the protective diode installed 
across the mixer output before con- 
necting the transformer. 
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G U N N P L E X E R  
M I X E R  - 

O U T P U T  

S Q U E L C H  
A D J U S T  

L1 15 turns no. 28 AWG (0.3mm) unsupported, closewound T2 Primary, 18 turns; secondary, 5 turns 
on 4 mm (5132 inch) diameter mandrel T3 Primary, 18 turns; secondary, 5 turns 

T I  Primary, 3 turns; secondary, 18 turns T4 8 turns 

All transformers wound with no. 32 AWG (0.2mml wire on Vogt D41-2520 forms. 

fig. 4. Schematic diagram of a broadband 30-MHz i-f post-amplifierlreceiver which features a MOSFET input stage, S042P self- 
oscillating mixer. 10.7-MHz ceramic filter. TDA1047 arnplifierldemodulator, and TAA611 audio power amplifier. The complete receiver 
is built intoa package measuring 14.7 cm long, 7.4 cm deep, and 2.9 crn high (5.8 x2.9 x 1.1 inches). A kit is available. 



Layout of DJ3KM's 10-GHz Gunnplexer system, as set up for 
display at a German club meeting. The 30-MHz receiver is 
mounted on the front panel, under the speaker; the avc cir- 
cuitry is built on a small board mounted next to the Gunn- 
plexer. An ac power supply for the system is in the right 
foreground (photo by DB3PR). 

amplifier/demodulator. This is a big help when align- 
ing antennas for maximum received signal. The in- 
herent noise of the TDA1047 produces a small current 
through the S-meter which can be nulled out by 
adjustment of the 4700-ohm ZERO ADJUST potenti- 
ometer. The output at pin 5 of the TDA1047 is a fre- 
quency-dependent dc voltage which can be con- 
nected to a carrier meter and/or an AFC circuit for 
t h e  Gunnplexer ( f i g .  5 ) .  The Fairchi ld  S G S  
TAA611B12 (or Texas Instruments 76001 serves as an 
audio power amplifier. 

The frequency stability of the Gunnplexer is impor- 
tant for successful two-way communication; the 

manufacturer specifies a drift of - 350 kHz per OC 
maximum. When the Gunnplexer is first turned on, 
the oscillator will drift a few MHz as the Gunn diode 
warms up, so the 220-kHz i-f bandwidth requires 
continuous tuning of the oscillator. The Gunnpiexer 
also continues to drift slightly after the initial warm- 
up period. A simple solution to this problem is to 
compensate for the drift of the free-running oscillator 
by changing the operating frequency of the station at 
the other end of the link. 

The AFC circuit  shown i n  f i g .  5 uses the 
frequency-dependent voltage available from the i-f 
post-amplifier, as discussed previously. During two- 
way communications only one operator has his AFC 
circuit switched on; the Gunnplexer at the other end 
of the link is allowed to run free. A three-position 
switch is used because the frequency change might 
be up or down (center position is AFC OFF). The 
coupling between the AFC circuit and the Gunn- 
plexer determines the system's holding range. 

performance 
The successful operation of various 10-GHz ama- 

teur stations in the Rhein-Main area, operating with 
the equipment described here, has proved the sys- 
tem's feasibility and reliability. The use of 17-dB horn 
antennas at both ends of the link allows communica- 
tions up to 60 km (35 miles) or more. The 3-dB 
beamwidth of the horn antenna is approximately 30 
degrees, so antenna alignment is not particularly 
critical. 

Some stations are using home-built 23 dB horn 
antennas or 2 meter (6 foot) parabolic reflectors, so 
there have been many 10-GHz contacts in the range 

fig. 5. AFC voltage for the 10-GHz Gunnplexer transceiver is derived from the frequency-dependent voltage available from 
the 30-MHz receiver (fig. 4). The value of resistor R1 (approximately 330 ohms) must be determined experimentally so that 1 
volt is measured at TP1. 
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QSL card used by DJ3KM showing his IO-GHz Gunnplexer and 30-MHz i-f receiver. 

of 100 to 200 kilometers (60-120 miles). Since a pair 
of Gunnplexers with these high-gain antennas has a 
calculated systems range of at least 400 km (240 
miles), we could work over distances greater than 
200 kilometers (120 miles) if we could find a non- 
obstructed path that long. 

When setting up the Gunnplexers it's helpful to 
have a secondary link on 144 or 432 MHz, but many 
contacts have been achieved without it. The opera- 
tion of a microwave transceiver with the aid of a map 

and compass is a new challenge and hobby for many 
amateurs in Germany. 

Activity on 10 GHz in Europe has now reached the 
point that a 10-GHz bandplan has been approved by 
amateur groups in Germany, Holland, and Switzer- 
land. In addition to providing space for communica- 
tions between individual amateurs, the bandplan 
accommodates beacons, repeaters, and narrowband 
modes (CW, RTTY, SSTV, and single sideband). 

Trial runs with higher gain antennas, narrower i-f 
bandwidths, and phase-locked loop circuitry for 
frequency stability are presently going on (reference 
3, which describes a phase-locked Gunnplexer 
system devised by WAGEXV, is available from 
Microwave Associates). 

I would especially like to thank DJGRW, DJ3KM, 
DK2DRX, DJ8QL, and DJ8CY for their help in the 
construction and planning of this equipment. 
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frequency-lock loop 

Oscillator stability 
can be improved 

by applying 
this simple 

but effective 
f requency-lock loop 

One of the main considerations in the design of 
radio communications systems is frequency stability. 
The objectives in the amateur radio service, how- 
ever, are often quite different from those of other hf 
services. Amateurs have band allocations, while 
most other users have spot frequencies to work on, 
and consequently the vfo is usually our preferred pri- 
mary frequency source. There are three basic fre- 
quency generation techniques in common use at the 
present time. The vfo is the oldest, offering simplicity 
and the very real asset of continuous tuning, but it is 
difficult to achieve high stability, especially in the 
long term. The crystal-controlled oscillator is also 
simple and very stable, but offers little flexibility, 
although such variations as the vxo and the "Rock- 
Mixer" have offered some help in this direction. 
Finally, there is the synthesizer, based on the phase- 
locked loop. At the expense of some complexity, this 
method offers excellent stability and can be very flex- 
ible. However, it is inherently a noncontinuously- 
tuned device, and, therefore, not as well suited to 
amateur applications - especially on the hf bands. 

The do, in all respects except stability, offers what 
we need. It seems a pity to throw away all the results 
of the continuing development which have made the 
vfo as good a piece of equipment as it is, and start all 

over again with the synthesizer. On the other hand, 
the approach I have taken with the frequency-lock 
loop (FLL) takes advantage of the positive points of 
the vfo and adds to it the stability of the crystal oscil- 
lator. Moreover, you can readily add an FLL as an 
outboard unit to an existing vfo without major modi- 
fication to your equipment. 

( basic principles 
If you have a good frequency counter with a read- 

out down to 1 Hz, you can, by manual tuning adjust- 
ments made suitably often, keep the vfo on the 
required frequency indefinitely. The stability in the 
medium to long term is that of the counter's clock. 
The function of the FLL is to automate this operation. 

The frequency-lock loop consists of a simplified 
counter with a crystal derived clock, an error detec- 
tor and latch circuit, a filter section, and a controlled 
reactance to compensate for drift in the vfo tank cir- 
cuit. The error detector may be compared with the 
operator's recognition of a significant change in fre- 
quency, the filter his decision on the magnitude of 
the correction, and the controlled reactance the ac- 
tion of his hand on the vfo tuning knob. 

counter 
The purpose of the counter in the FLL system is 

not to display frequency, but to control it. And, as 
there is no reason to operate in the decimal or BCD 
modes, the simple binary counter is used. Comparing 
the FLL with the manual control, it should be obvious 
that there is no need to consider the most significant 
digits of the count. It is hoped that the vfo will not 
drift so much that the tens and hundreds of kHz 
would ever change, and surely not the MHz! So, for 
compensation of drift instabilities, only a small por- 
tion of a counter is required, and that can be in binary 
form. 

The gate period is also of fundamental importance. 

By Crawford MacKeand, WA3ZKZ,  115 
South Spring Valley Road, Greenville, Delaware 
19807 
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fig. 1. Partiai schematic diagram of the basic frequency lock loop circuit. At this point, interpolation within the 256 cycle groups 
has not been taken into account. 

I originally decided on an updating frequency, based 
on my feelings for drift rate, of once every 3 seconds, 
(clock 4.2 Hz), arguing that no significant drift would 
occur in a gate period of 2.8 seconds. Although this 
is true, I have changed to a higher clocking frequen- 
cy of about 420 Hz and a gate of 28 mS. The longer 
period works fine, but the device takes so long to 
decide what to do next that the user rapidly loses 
patience with it. 

I I 
C O U N T  I S E T  1 I 

L A T C H  P E R I O D  I L A T C H  I 

R E S E T  ' I R E S E T  
I 

C O U N T E R S  / ' , C O U N T E R S  

a 1 2  C L O C K  

I E l  TS 1 1 :  I 2 C L O C K  a i r s  1 

E A C H  

fig. 2. Timing cycle of the basic FLL system. 

The counter gate logic is a modification of that 
presented by MacLeish.1 The crystal oscillator and 
dividers can be any arrangement that supplies the 
correct clock frequency, provided that it has the re- 
quisite stability. The counter preamplifier is also a 
standard circuit for sampling the output of the con- 
trolled oscillator.2 

one point of the 256 is available without any compar- 
ator at all: when the final stage of the 8-bit counter 
makes a transition, either 1 to 0 or 0 t o  1. This means 
that during the period the gate was open some multi- 
ple of 128 cycles of the input frequency has been 
counted i256 cycies if you are oniy iooking at the 1 to 
0 transition). Therefore, without any further circuitry, 
the basic FLL shown in fig. 1 would indicate when- 
ever the input frequency would satisfy these condi- 
tions. Assuming that we consider only 1 to 0 transi- 
tions, twosuccessive frequency groupsare related by: 

where 
k = counter total 
f, = clock frequency in Hz 

To complete the error detector, I used a latch to 
hold the output from one count to the next. The out- 
put of the latch is a TTL signal; one state indicates 
that the input frequency is too high and the other 
state indicates that the input frequency is too low. 

filter 
If the latch output were applied directly to the con- 

trolled reactance, the output frequency of the vfo 
would constantly be pulled one way and then the 

error detector and latch 
I 'g& 

A t  the end of each count period the counter will be 
in a state which is dependent on the frequency of the 
controlled oscillator. If the frequency does not vary, 
neither will the counter's state at that instant. I initial- 
ly felt that I would need to devise a circuit which 
would provide an output indicating whether the con- 
trolled oscillator was too high or too low in frequen- 
cy. The obvious way to do this was by the use of a 
binary logic comparator such as the 7485. However, 
this would entail the use of switched inputs to cover 
all the 256 possible states of the counter. Of course, 

I C O U N T  - C O U N T  S E T  
P E R I O D  

R E S E T  1 R E S E T  I 

C O U N T E R S  1 I , C O U N T E R S  / 
I 
I I 

I 
I 

I I I 
12 C L O C K  + I 

B I T S  I 
I 

I I 
I 

4 1 6  a i r s  +I 

fig. 3. Timing cycle of the frequency lock loop system with 
interpolation. The 74121 is used to shorten the count period. 
permitting resolution within a 256 cycle group. 

18 august 1978 



CORRECTION 
Hz 

TIME- MINUTES C O N T R O L  V O L T A G E  

fig. 5. Oscillator drift with, and without, the frequency lock loop system. The range of the correction voltage is 
shown at the right. 

other. However, the mean frequency would be cor- 
rect. Intuitively, it seems that some smoothing is 
required. The FLL is very similar to a "bang-bang" 
servo, and can be readily stabilized by a first order fil- 
ter or integrator composed of a single R C  stage. The 
optimum filter is probably worth some investigation; 
nonlinear circuitry may also offer some advantages (a 
possible approach is described in reference 5). 

The filter time constant tf should be long enough 

to reduce the f m  on the vfo to an acceptable amount, 
and yet not so long as to make the balancing time ex- 
cessive. M y  experiments in this area seem to indi- 
cate that somewhere in the region of 50 to  100 sec- 
onds is a good starting point. 

voltage-controlled reactance 
The obvious choice for the controlled tuning reac- 

tance is a voltage-variable capacitor diode (varactor 

fig. 4. Schematic diagram of the full FLL system, including interpola- 
tion. The clock input frequency is approximately 420 Hz. The input to 
the preamplifier comes from the oscillator to be controlled. 
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fig. 6. Circuit board layout for the frequency lock loop. Shown above is the back side 
of the board, with most of the interconnecting wiring; drawing on next page shows 
the top side of the board and the parts placement diagram. Although not included in 
fig. 5, this board contains an additional 7490 which is one of the input dividers from 
the oscillator. Also not shown in fig. 5 are the numerous O.l-CtF bypass capacitors in- 
cluded on the board. 

or varicap). Its application is dependent on the interpolation 
design of the vfo which is to be stabilized. The filter The basic FLL of f ig .  1 will stabilize a vfo at dis- 
output has a useful range of about + 1.5 to 3.5 V dc, Crete fixed frequencies, based on a fixed count peri- 
although it would be a simple matter to include an op 

od determined by the counter clock. The first 
amp if a greater swing were required. The va r i ca~  method of interpolation I considered was that of 
should be connected to the oscillator tank so that it varying the clock-oscillator frequency, using a vxo as 
produces, with this voltage range. a frequency varia- the clock oscillator. With this arrangement I 
tion greater than the drift which is to be corrected. found that 

In mv Hammarlund HQ215 receiver I have been 
able to stabilize the high-frequency oscillator by Afa/fa = Afxlfx (2) 
coupling into a diode frequency shifter, which is pro- where 
vided for resetting the calibration when changing fa is the basic clock oscillator frequency 
modes from USB to CW to LSB. Many transceivers Afa is the change produced by pulling the 
have RIT circuits which provide similar access to the 

VXO 
oscillator tank, while most transmitters and vfos can 
easily be modified as if you were providing for FSK 

A fx is the resulting change 

operation. fx is the controlled frequency 
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This places another constraint on the design, in 
that A fx must be at least as large as fn - fn_ I ,  the dif- 
ference between successive discrete stabilizing fre- 
quencies. But A fa is limited by the design of the vxo. 
Because of this factor, and also the decreased stabili- 
ty of a vxo compared with a regular crystal oscillator, 
this method was set aside for  future con- 
sideration in favor of an alternative which permitted 
the use of a fixed-clock frequency. 

The basic timing cycle is shown in fig. 2. It should 
be obvious that if the total counting period could be 
varied, by at least the time required to count one 
group of 256 cycles, then the problem of interpola- 
tion would be solved. A non-retriggerable one-shot 
multivibrator is used to create a noncounting period. 

The new timing diagram incorporating the interpo- 
lating one-shot is shown in fig. 3; the schematic dia- 
gram shown in fig. 4. 

operation 
The lock switch, S1, is initially set to FREE. In this 

position the oscillator will be at its nominal calibrated 
frequency, because R1 and R2 have forced the tun- 

ing voltage to its center value. The LED indicator will 
show the latch's output state. As the oscillator is 
tuned across its operating range, the LED will cycle 
on and off every time the frequency changes by 

fn- fn-  1. 
If we now choose an operating frequency, the 

interpolation control is adjusted until the LED flickers, 
showing that the FLL is ready to lock. The lock point 
may be either at a 1 to 0 or a 0 to 1 transition as the 
freqency increases. A t  this point S1 is moved to 
either LOCK A or LOCK B. You will know if you've 
selected the wrong one because the oscillator will 
rapidly drive off frequency. Initially it is useful to 
establish a rule such as: clockwise rotation of pot, 
lights the LED, S1 to LOCK A. After this is estab- 
lished, when you select S1, you're on frequency to 
stay. Minor frequency adjustments can be made with 
the potentiometer. 

A steady flashing of the LED is a good indication of 
continuing operation. Meter M I  is valuable in the 
lock mode to show how far you have drifted and how 
much corrective capacity you have left. While in the 
FREE position, it can be used to show which lock 
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position to use and also which way to move the inter- 
polation pot. 

performance 
In this system almost all of the stability is derived 

from the crystal clock, with the remainder determined 
by the RC product in the interpolator. Using the con- 
stants discussed, on 80 meters, this amounts to one 
group out of about 400. In other words, during the 
total gate period, about 400 groups of 256 cycles are 
passed, and therefore, only one four-hundredth of 
the period is dependent on the one-shot's stability. If 
this is as good as 0.1 per cent, the overall stability is 
close to one part in 400 000. There is, however, an 
interesting series of trade-offs between the various 
constants and values selected. A short-gate period 
makes the job of the filter easier and reduces the f m  
effect caused by ripple on the control voltage. A 
long-gate period, on the other hand, makes the unit 
difficult to  use, but reduces the dependence of the 
overall stability on the one-shot. Having decided on 
the gate period, the frequency difference f,- f n P l  is 
a function of the total count k .  Iff,- f n - I  is too 
small, jumping from one stable point to another 
could presumably occur. 

There are a number of points which can be further 
refined if greater stability were required, but I have 
found, for instance, that the present design has 
made it possible to operate unattended on 3600 kHz 
RTTY autostart, where a stability of + 10 Hz is 
desired. M y  actual achieved stability, as shown in 
fig. 5, is closer to + 5 Hz, which seems to indicate lit- 
tle drift in the one-shot. 

conclusion 
The frequency-lock loop provides a simple and 

effective way of improving the stability of a vfo, 
effectively competing with a crystal oscillator. Equip- 
ment modifications are minimal and can be largely 
outboard. The components of the FLL itself are all 
TTL, readily available and inexpensive, while the con- 
trol system is easy to use and has no tricky compo- 
nents or adjustments. Construction follows normal 
TTL practice and the simple double-sided layout 
shown in fig. 6 is suggested for the main board. 
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TVI locator 
Locating and correcting the source of TVI is per- 
haps one of the most difficult tasks facing a radio 
amateur, one which must be performed methodically 
if satsifactory results are to be obtained. Much has 
been learned and written about transmitter harmonic 
radiation and TV receiver overload, but often very lit- 
tle is said about another prevalent and frustrating 
source of TV trouble, nonlinear rectification TVI. 

Rectification TVI is caused by poor or intermittent 
contact between two conductors in the radiation 
field of a transmitting antenna. No amount of filter- 
ing or shielding at either the transmitter or TV set will 
correct the problem, since the interference is gener- 
ated in the TV spectrum as direct harmonics of the 
transmitter's fundamental frequency. 

In January, 1953, a fine article by Mack Seybold, 
W2RYI, was published in QST,' but I have seen 
nothing of a concrete nature on this particular prob- 
lem since that time. 

how do I know I have it 
Rectification TVI can be suspected when suddenly 

there is TVI on one or more channels where there was 
none before, and no changes have been made in 
transmitter operation. Any metallic discontinuity can 
cause rectification TVl. In 1947, when I was living in a 
small town and in the days before the blessings of 
TV, my next-door neighbor said he heard voices 
coming from his bathtub drain. Another neighbor 
heard voices coming from her electric kitchen range. 
Both voices were caused by detection of my 75- 
meter a-m kilowatt rig. These two phenomena, no 
doubt, were caused by rectification. 

The strength of the TVI will depend on the efficien- 
cy of the rectifier, the length of the "antenna" con- 

nected to the nonlinearity, the distance from the 
transmitting antenna, and the transmitter output 
power. Two signals on widely separated frequencies 
can also combine to produce a signal at a third fre- 
quency - the faithful 2 A +  B, or intermodulation 
products. For example, if two hams live near each 
other, and one is on 21 MHz and the other on 28 
MHz, interference can be caused on channel 4 
(2x21 + 2 8 =  70 MHz) or channel 5 ( 2x28+  21 = 77 
MHz) ,  or both, if a nonlinear discontinuity exists in 
the area. These two signals, of course, will exist only 
when both stations are transmitting. Also, each sig- 
nal alone can cause TVI on channel 2 (28x21, channel 
3 (21x3),  and channel 6 (28x3 and 21x4) .  

Visible TVI can be caused by an interfering signal 
as weak as 40 dB below the video carrier, depending 
on the frequency of the interference. A 1000 pV vid- 
eo signal, which is an adequate signal, can be inter- 
fered with by a 10 pV harmonic. If the amateur trans- 
mitter is running one-kW input, this does not leave 
much margin for harmonic generation. 

All 14-MHz harmonics through the sixth can cause 
trouble, but the greatest problem is caused by the 
odd harmonics, the third and fifth. Table 1 shows 
the harmonic relationships of the 14, 21, and 28 MHz 
amateur bands with respect to the TV channels. The 
worst interference is caused at or near the video 
carrier, 1.25 MHz above the lower TV channel edge. 
With all stations usingcolor, however, a particularly 
vicious interference is caused by a harmonic falling 
on or near the color subcarrier frequency, 4.8 MHz 
above the lower TV channel edge. 

By John E. Pitts, WGBD, 1068 Eden Bower 
Lane, Redwood City, California 94061 
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This effect was noted at WGBD on channel 4 when 
operating near 14.2 MHz. The interference appeared 
as wide diagonal color (rainbow type) bars on the 
screen. The fifth harmonic of the fundamental fell 
within 200 kHz of the color subcarrier at 70.8 MHz. 
Operation in the CW portion below 14.1 MHz caused 
no interference. Substitution measurements with a 
calibrated signal generator showed that color bars 
were caused by an interfering signal at 71.0 MHz 
with a signal strength of less than 300 pV. The 
desired channel 4 signal was 1500 pV. The cause was 
eventually traced to rectification TV! and was !ocated 
by the methods presented here. 

the fix for the hex 
The harmonic chaser used in this hex-pedition (an 

expedition to  find the hex) is simple to construct, 
easy to use, and will rapidly locate the source of the 
harmonic radiation. I t  is also, by today's standards at 
least, inexpensive. In this instance, the whole system 
was constructed and tested and the TVI source found 
in one weekend, so the work involved in the project 
is not great. 

table 1. Amateur-band harmonic relationships to low- 
frequency TV channels. All frequencies are in MHz. 

fundamental 
28 21 14 harmonic TVfrequency TVchannel 

harmonics frequency band number 
2 4 56 51-60 2 

3 63 60 - 66 3 
5 70 66 - 72 4 

76 - 82 5 
3 4 6 34 82 - 88 6 

Since the harmonic strength wi!! be a re!ati?re 
measurement, a narrow-band receiver, tuned to the 
harmonic frequency, will be used. The easiest ap- 
proach is to use a TV tuner whose i-f output is in an 
amateur band, This allows the selective station re- 
ceiver to become the i-f amplifier and detector. 

There are generally two types of tuners used for re- 
placement purposes, the turret type and the wafer 
type. Due to the coil arrangement of the wafer-type 
tuner, it is unsuited for this purpose because the tun- 
er's oscillator frequency must be changed. The most 
easily modified is the turret type, because the coils 

fig. 1. Schematic diagram of the Sarkes-Tarzian tuner and power supply. The coil marked CC is tuned for maximum signal into the 
receiver. You should not use more than about 60 cm (2 feet) of cable between the tuner and the receiver, otherwise the tuner may 
not cover the desired output frequency range. 
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for each channel are mounted on an easily removable 
bar. Present-day tuners have an i-f of 41.25 to 47.25 
MHz, out of the range of most ham receivers. The 
widest high-frequency amateur band is 28 to 29.7 
MHz. Therefore, the oscillator frequency needs to be 
iowered oniy about i O  to 12 MHz l o  produce an i-f 
output at 29.0 MHz. 

The tuner used is a replacement type, Sarkes- 
Tarzian MFT-1 preset replacement tuner (see fig. 
1). I t  is housed, with a small power supply, in an 
LMB 12.7 x 11.4 x 19.1 cm (5 x 4-1 /2 x 7-1 /2 inch) 
W-2F chassis cabinet. Except for the tuner and cabi- 
net, which cost about $27, all parts came from the 
junk box. Purchasing everything, and w ~ t h  a littie 
horse trading and typical ham ingenuity, the entire 
cost should not exceed $40. 

construction 
The original cut-and-try coil modification was per- 

formed using a frequency counter. A counter is not 
absolutely necessary, but if one is available, the job is 
much easier. If not, a reasonably accurate grid-dip 
oscillator (GDO) can help set the tuner's oscillator to 
the required frequencies. The oscillator was tuned to 
the high side of the desired signal because it did not 
want to oscillate on the low side. Therefore, as 
shown in table 2, the 10-meter receiver tunes back- 
wards. 

The only coil t o  be rewound is in the oscillator, the 
coil with the fine-tuning screw slug. Remove the 
snap-off shield from the tuner chassis. The channels 
to be modified are 2 through 6, since 7 and above are 

not normally subject to rectification TVI. Channel 5 
doesn't have to be modified, since no discrete ama- 
teur-band harmonic normally falls in this channel. 
Citizens band harmonics, however, d o  fall in  
channel 5. 

Rrjiaie ihe shaft tiiitil the bar ~v i th  :he greatest 
number of coil turns (channels 2 through 6), starting 
with the bar adjacent to the uhf strip, can be pulled 
out with the long-nose pliers. The uhf strip has no 
oscillator coil. The bars are easily removable, but use 
caution, as they can be broken. Pull at the pressure- 
finger point, the end with the tuning screw. 

Remove all turns from the oscillator coil and clean 
the soldered portion of the contacts. Use care not to 
get solder on the switch contact portion of the termi- 
nals. Rewind the coils as shown in table 2; number 
28 (0.32mm) AWG or number 30 (0.25mm) AWG 
enameled wire can be used. Wind on the number of 
turns indicated for each channel, observing the 
same winding direction as used on the other coils 
on the bar. Wind the turns close-wound, starting at 
the slug end. If necessary, the turns can be spaced 
later for the proper frequency range. Unscrew the 
fine-tuning screw about five turns out from full in. 
This will provide adjustment range later for the oscil- 
lator. Screwing the slug into the coil raises the oscil- 
lator frequency, and therefore raises the intermediate 
frequency to which the receiver is tuned. After each 
coil is rewound, return the bar t o  its original position 
in the turret to prevent mixing their positions. 

Install and wire the power supply, jacks, and split- 
ting filter as shown in fig. 1. Jacks and power supply 
may be whatever you have on hand in the junk box. 
Plate voltage for the tuner may be anything between 
110 and 140 volts dc. The bias voltage is obtained 
from a rectifier on the 6-volt ac filament winding. The 
values shown for the resistors give a minimum of 
- 0.8 volt and a maximum of about - 4 volts. Normal 
operation is at full negative, but, if desired, the bias 
may be permanently set at - 3  volts by selection of 
appropriate resistor values. 

Install the tuner in the cabinet, mounting it with 
screws and spacers to the panel. Three of the front 
holes (near the shaft) will conveniently accept a 6-32 
(M3.5) tap or a number 6 sheet-metal screw. For 
ease of fine-tuning adjustment, a piece of lucite 
(Plexiglas) - cut to 5.7 cm (2-1 14 inches) in diameter 
by a circle cutter - forms a good control wheel, sim- 
ilar to the fine-tuning control on a TV set. The center 
hole is sized for a force fit on the fine-tuning shaft, 
which is 9.5 mm (318 inch) in diameter. Mark the 
~ las t ic  shaft and then cut i t  t o  lenath with a hacksaw. " 

Interior view of the tuner section. Loop-antenna input con- after which the fine-tuning wheel may be forced onto 
nector is at the left rear, i-f output jack to the receiver in the 
center, and audio from the receiver is at the extreme right. the shaft. 

The 4:l balun, to match the 75-ohm line to the 300-ohm in- Mark the length required on the selector shaft, cut 
put, can be seen just below the type-F connector. it with a hacksaw, and smooth with a file. Rotate the 
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LOOP ANTENNA 

L I N E  TO TUNER 
50239 OR 

BNC 

SPLITTING FILTER 

fig. 2. Diagram of the loop antenna and splitting 
filter. The filter is constructed in a small box, such 
as an LMB-M-00. The capacitor at the top of the 
loop is a 50-pF compression trimmer and is used to 
tune the loop to the desired frequency. 

shaft with pliers so the uhf strip is in its operating 
position, then mount a skirt-type knob with the indi- 
cator mark toward the bottom of the panel. Channel 
2 will be at the first position to the left of bottom as 
the turret knob is rotated clockwise. 

loop antenna 
The loop is constructed of two 25-cm (10-inch) 

lengths of number 10 (2.6 mm) AWG wire formed in- 
to a loop about 18.5 cm (7-114 inches) in diameter 

(see fig. 2). The base of the loop is fastened to the 
shell of an SO239 uhf jack, with screws and nuts 
holding two soldering lugs onto which the loop wires 
are soldered. 

A 50-pF trimmer is soldered to the wires at the top 
of the loop. A piece of number 12 (2 mm) AWG or 
number 14 (1.6 mm) AWG copper wire is soldered to 
the inner terminal of the SO239 jack, formed to the 
contour of the loop with 6- to 9-mm (114-to-318- 
inch) separation, and soldered to the loop 13 cm (5 
inches) up its circumference. 

Using appropriate connectors and a very small 
metal box, the splitting filter is constructed for the 
earphone or telephone connection at the base of the 
loop. When connecting the filter to the antenna, ob- 
serve the connections shown in the figure. If con- 
nected backwards, the loop will work, but no sound 
will be heard in the phones. 

tuning 
Connect the tuner and station receiver together as 

shown in fig. 3. Temporarily connect the harmonic- 
producing network (fig. 4) between the tuner and 
transmitter output. Place the tuner on channel 2; 
tune the receiver to 29 MHz and the transmitter to 
28.000 MHz or 14.000 MHz. Only very low output is 
necessary, just enough to make the diode conduct, 
producing harmonics. Turn the transmitter on, and 
also the receiver bfo. Very slowly, rotate the fine-tun- 
ing control until the transmitter harmonic at 56 MHz 
is heard. Verify this frequency by using the GDO as a 
signal generator. If no signal is heard, tune the re- 
ceiver between 28 and 30 MHz and adjust the fine- 
tuning control until the 56 MHz harmonic is received. 
Do not confuse the desired signal with the funda- 
mental or second harmonic of the transmitter output, 
bypassed around the tuner. Then jockey the receiver 
tuning and fine-tuning control on the tuner until the 
second harmonic of 28 MHz or the fourth harmonic' 
of 14 MHz (56 MHz) is at 29 MHz on the receiver. 
Look up the signal frequencies for the various TV 
channel video and sound carriers in table 2. If chan- 
nel 2 exists in your area, it can easily be heard when 
an antenna is connected to the tuner input and the 

table2. LO coil winding and i-f frequency output data f o r m  tuner modification. All frequencies are in MHz.  

LO coil 
number LO TV video 

channel of turns frequency receiver i-f 

receiver dial 
TV sound frequency 

receiver i-f 31 30 29 28 27 26 25 
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receiver is tuned to the indicated i-f frequency. In my 
test set-up, a 3 pV signal on any of the converted TV 
channels could easily be heard in the receiver. 

Repeat the tuning procedure for the other chan- 
nels and amateur bands according to the table. Note 
that the video or sound carrier can be used as check 
points if they're within the tuning range of the station 
receiver. 1 use my old Hammarlund HQ129X. The vid- 
eo carrier is a strong signal with 15.75 kHz sidebands 
extending several hundred kHz each side. The sound 
carrier has distorted modulation, since i t  is fm. 

The loop is connected to the tuner via a conven- 
ient length of RG-58 or RG-59 cable equipped with 
suitable connectors. The most inexpensive connec- 
tors are F-type, used for TV cable connections. In my 
case, in order to reach the source of the rectification, 
60 meters 1200 feet) of cable was required. If you 
use F-type connectors, note that they are designed 
for coax with a solid center conductor. 

The loop antenna operates as a radio direction 

finder to locate the source of signal rectification 
causing generation of harmonics. In order to hear the 
effect of loop rotation on the signal, the audio output 
of the receiver is sent via the coax cable to head- 
phones or a telephone carried by the ioop-antenna 
operator. While slowly rotating the loop about its 
vertical axis, a distinct null, about 2 or 3 degrees 
wide, is easily heard. 

Although a loop is normally bidirectional, in this 
case, due to the tapped feed point, it exhibits about 
10 dB of front-to-back ratio when properly tuned. 
With the operator looking through the loop, he is fac- 
ing the signal when the deepest null is heard with the 
feed tap on the left side of the loop. Rotating the 
loop about its horizontal axis will indicate, by a deep- 
er null, the angle of elevation of the incoming signal. 
For maximum directivity, the trimmer capacitor must 
be tunned for maximum signal at the frequency of in- 
terest. 

Loop operation can be verified by tuning it and the 

COAX ADAPTER 
~ w n  rnim i M n C  ",.- " V V ,  -,,.-- 
AS REWIRED HARMONIC PROBE 

I TUNER) 

- 
2 F T  (BOCMI 11 7 VAC - 1 MAXIMUM 

FILAMENT TRANSFORMER 

FOR VOICE COIL TO LINE 
IMPEDANCE MATCH I 

6- 12 VOLT 
TALK-BATTERY 
FOR TELEPHONES 

fig. 3. Interconnection diagram of the loop, tuner, and receiver. The earphone and microphone of each handset are connected in 
series. The battery is not required if the earphones alone are used. 
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10 VOLTS ~ ~ ~ + ~ - * ~  
75 TO TUNER 

INPUT 

fig. 4. Schematic diagram of the harmonic-producing net- 
work. This circuit is used to produce harmonics to calibrate 
the tuner and receiver. A maximum of 2 watts should be 
applied. 

receiver to a TV station and observing the effect of 
rotation. This test may be invalid if many echoes 
exist from pipes, ducts, or other large metal surfaces. 
This same effect must be considered when looking 
for TVI . 
finding the hex 

Set up the equipment as shown in the block dia- 
gram, fig. 3. Tune the TV set to the channel having 
interference. Turn on the transmitter and verify that 
it is causing interference, then turn the tuner to the 
same channel. Use only sufficient transmitter power 
to cause TVI. Tune the receiver to 29 MHz and find 
the harmonic. Note that table 2 is based on the low- 
er edge of the 14-, 21-, and 28-MHz bands. Also note 
that the receiver, used as an i-f amplifier, tunes back- 
wards. For example, if 21 MHz interferes with chan- 
nel 3, the third harmonic is at 63 MHz and is tuned on 
the receiver at 29 MHz. If the transmitter is tuned to 
21.3 MHz, the third harmonic is at 63.9 MHz and will 
fall at an i-f frequency of 28.1 MHz on the receiv- 
er dial. 

Set the receiver controls for CW operation, and 
tune the harmonic so that its detected audio frequen- 
cy is about 1 kHz. It will be necessary to retune the 
receiver from time to time since the oscillator will 
drift slightly. Therefore, an operator should be at the 
receiver for periodic tuning, and to key the transmit- 
ter on request. If two telephone handsets or opera- 
tor's headsets are available, constant communication 
between the antenna and receiver operators is pos- 
sible. 

Go outside the house and take a preliminary bear- 
ing on the interference source. Note the direction (a 
rough sketch or map may be helpful). Go to a second 
location and take a second bearing. In all but the 
most elusive cases of interference, two or three bear- 
ings will suffice. Rotating the loop axis vertically, 
rather than horizontally, will indicate the elevation of 
the source above ground level. 

Under certain conditions, it may be advantageous 
to turn off the receiver agc and have the receiver op- 

erator control the signal level with the receiver's rf 
gain control. When nearing the interference source, 
or when using the probe as a "sniffer" for harmonics 
radiating from equipment, a coax plug fitted with a 
few centimeters of stiff wire will serve as a probe 
antenna. 

Due to the attenuated response of the loop anten- 
na at the normal amateur frequencies, a highpass fil- 
ter of the TV type was not found necessary. If one is 
used, it must be located after the splitting filter in the 
tuner, or the telephone extension will not work. 

where to look 
Many things can cause a rectification-harmonic 

problem. Some of these are rain gutters, down- 
spouts, roof flashing (the metal under shingles), cor- 
roded TV antennas, rusty TV masts, poor (unsol- 
dered) splices in TV feedlines (or in the station anten- 
na system both transmitting and receiving), poor 
electrical conduit joints and other metal junctions of 
this nature, all transistorized equipment, intercoms, 
pipes, telephones, concrete reinforcing bars - the 
list is almost endless. Any two touching pieces of 
metal more than a few centimeters long in the field of 
the transmitting antenna are suspect. The obvious 
solution to the problem is to permanently bond the 
two pieces, or, if no electrical continuity is neces- 
sary, to permanently insulate them. 

Three cases have been found and corrected at my 
location, galvanized-tin roof flashing and corroded 
TV antennas on two adjacent houses being the 
cause. In the latter case, good relations have always 
been maintained with the neighbors, so no problem 
existed in correcting the situation. In fact, one case 
resulted in a very nice Christmas gift as an expression 
of gratitude. The tin flashing problem was fixed by 
permanently connecting the two pieces with sheet 
metal screws and anti-corrosive grease, permanent 
separation being impractical. The corroded n/ an- 
tennas were scraped clean at the connection points 
and then painted with an anti-corrosive grease. 

About eight years ago, long before this equipment 
was built, I found a source of rectification in my own 
TV antenna so severe that a 75-watt transmitter on 
3.5 MHz feeding a dummy load caused TVI. A friend 
and I found the cause, wholly by accident, after a 
prolonged search. With the equipment described 
here, it would have been found in minutes. Now that 
you have the tools, good hunting, and may all your 
hexes be easy ones. 

reference 
1. Mack Seybold, "Harmonic Radiation from External Nonlinear Systems," 
QST, January, 1953. page 11. 
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a dream realized: 
the ultimate antenna array 

A 7-element quad 
on 40 meters? 

You'd better believe it! 
Here's an account 

of how one DXer 
solved the problem 

of big antennas 

Most of us at one time or another have fantasized 
about having the ultimate array: the antenna to make 
you king of the band; the supergain bone crusher. 
Usually these dreams are dashed away by the reality 
of circumstances, but sometimes someone will suc- 
ceed in getting one of these monsters up. Although, 
generally, this supreme achievement will go unno- 
ticed by most, the rewards of the labor are still col- 
lected in abundance by the ambitious amateur who 
undertakes the challenge and succeeds. 

The following account isn't meant to be a con- 
struction project but is presented with the hope that 
some of the ideas will convince others that, first, you 
don't need a lot of money to build a large array; and, 
second, some dreams can come true with a little 
applied ingenuity. 

how it all began 
Having been one of those few fortunates who've 

had the pleasure of operating at a large multi-multi 
station during DX contests, I've become appreciative 
of the merits of high-gain antennas. One day in early 
1973 1 was discussing various antennas with Jerry, 
WA7KYZ, when the subject of 40-meter arrays came 
up. Since 40 meters is generally considered to be the 
transition between wire dipoles and rotatable beams, 
we decided to experiment with some high-gain fixed- 
wire antennas on that band. Fortunately, we had a 
sizable piece of land on which to work. This property 
was dotted with 46-meter (150-foot)-high Douglas fir 
trees. 

initial attempts 
The first antenna we tried was a full-size four-sec- 

tion 8JK beam. On paper it looked really simple, but 
it turned out to be a real monster. We had to resort to 
using 2.6 mm (no. 10) copper-plated steel wire for 
the elements and 17-foot-long 1x6s (5 meters x 25 x 

By Paul Kiesel, K7CW, 3522 N. E. 11 5th Street, 
Seattle, Washington 98125 
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152 mm) for the spreaders. We finally got the thing 
up in the air by pulling up the ends with a pickup 
truck. 

The antenna worked reasonably well. It seemed to 
have a low angle of radiation, as it was supposed to, 
and it definitely had gain. But it petformed well in 
only two directions. It had a very narrow beamwidth. 
Additionally, we had a problem that we hadn't con- 
templated: we had to keep untangling the open-wire 
feedlines. Also, we had to use a transmatch, which 
made things even more cumbersome. The antenna 
eventually came down when an ambitious ten-year- 
old neighbor untied one of the support ropes at the 
base of the tree. We had mixed feelings about the 
array's demise. 

the grand experiment 
We fiddle-fumbled around for some time before 

we came up with the ultimate solution, the utopian 
array. It was to be a multi-element delta-loop quad. 
We decided to go with seven elements aimed at 
Europe. Every amateur in Washington state who 
works DX knows that the European path is the 
toughest nut to crack, because we have to battle the 
northern auroral zone. The east-coast guys have the 
same problem working into Japan. So we had to 
have a lot of gain; however, we didn't want to nar- 
row the pattern of the array too much. We could 
have put three times as many elements on the thing, 

2 6 mm (NO 10) 
COPPER-PLATED 
STEEL WIRE 
SUPPORTS LOOPS 

since the supporting wire was 137 meters (450 feet) 
long! We couldn't use the 2.6-mm (no. 10) wire fo'r 
all the elements and support because it would have 
made the antenna much too heavy, so we used 0.8- 
mm (no. 20) brass wire for the elements. Sounds 

t / pRl& ~" , " , " ,~~~  FIR 

TREE SUPPORT 

7 ELEMENTS 
10 EUROPE 

/ i '  
TREE SUPPORT 

fig. 2. The ultimate antenna farm, which includes three 
switchable monster arrays covering Oceania, Europe, and 
South America, including the long path to the Orient. 

flimsy, all right, but it works fine for a temporary 
effort. We really lucked out on the element wire. I 
picked up 1220 meters (4000 feet) of it at a surplus 
place for $4.00. We used 9 kg (20-lb) nylon fishing 
line to pull out the corners of the loops. Jerry picked 
up some 75-ohm coax remnants from the local cable 
television company, so we used some of this for the 
feedline. 

up she goes 

LIGHT NYLON 
CORD s w m  
WEIGHT OF COAX 

9 kg ( 2 0  LBJ 
NYLON FISHING 
LINE TO PULL 
CORNERS OF 

fig. 1. Details of the 
driven element for the 
7-element, 40-meter 

NYLON CORD 
SUPPORTING COAX 

delta-loop quad anten- 
na. High Douglas fir 
trees provided the sup- 
ports. Handbook data 
were used for loop HOSE CLAMP AROUND 

ALUMINUM JACKET 

dimensions and ele- 
ment spacing, which 
was 0.2 wavelength. ' E E J k J P  TAPE EVERYTHING 

The vswr was meas- 
ured at 1.5. DETAIL OF FEED POINT 

Now, back to the support wire. Our two support 
trees were 137 meters (450 feet) apart. We couldn't 
afford polypropylene or similar rope, so we decided 
to use some of the 2.6-mm (no. 10) wire left over 
from the 8JK project. We used no insulators to sep- 
arate the loops from the support wire as they were 
unnecessary. As soon as the array was secured, we 
checked the swr to find that it was only about 1.5:1. 
We used 0.2-wavelength spacing between elements 
and the customary formula for loop dimensions. We 
kept all directors the same size. We found that the ar- 
ray would sway freely but not excessively with the 
breeze. 

I wanted to photograph our antenna for posterity, 
but this proved impossible. All that was visible in the 
photos was a 137-meter-long (450 feet) wire, two 
trees, and a piece of coax reaching up into the air and 
seemingly terminating into nothing. There are defi- 
nite possibilities here for those who need to display 
as little antenna as possible. 
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It took Jerry, my brother, John (K7TU, ex- 
WA70TT), and me about a day and a half to build 
the antenna from scratch. As we secured each ele- 
ment, we pulled up the support wire a bit. We used a 
small butane torch to solder the loops to the support- 
ing wire. To support the coax so it wouldn't pull the 
loop out of shape, we ran a nylon cord down from 
the supporting wire to the feed point (fig. 1). 

performance 
I only use published gain figures as a ballpark 

method for deciding what kinds of array to consider, 
and I never tried to measure the gain of this antenna 
with respect to another antenna because of the many 
variables involved. My method of evaluation is to just 
get on the air and see how well the array works by 
communicating. 

With the antenna connected to the rig, we tuned 
through the CW band and came across several UAls  
and UA3s !Remember - this was on the 40-meter 
band.) Their signals were so weak the S-meter didn't 
move, but all were solid copy. The only other signals 
on the band were some rag-chewing W6s. It doesn't 
sound too impressive until I mention that this first 
check was carried out at 12 o'clock noon. 

A couple hours later we were able to work into 
Europe with consistent S4-S6 signals using only a 
barefoot T4X exciter. Later on that evening we were 
getting consistent 599 reports from all over Europe. 
The Europeans we worked were all solid copy. Our 
antenna was turning out to be a great performer. 

further experiments 
When we found out how well our antenna was 

performing, we decided to erect three more of similar 
type. We had enough material to erect three ele- 
ments centered on the CaribbeanISouth America 
region, four elements on Japan, and four elements 
on the VKIZLlEurope long path (fig. 2). By now we 
knew how to go about constructing the antennas, 
and the three new ones only took another day to 
erect. Upon trying them out we found that all three 
new antennas performed very well also. 

sidelights 
At  this point a small anecdote relative to our 

antennas is appropriate. Soon after we got the four 
arrays up I was stringing JAs at about 9 o'clock in the 
evening when Gordy, W7SFA (now Wi'FU), broke 
in. He wanted to know how well I was hearing 
Japan. I told him that signals were moderate. This 
revelation must have surprised him, because he 
asked me what kind of antenna I had. I told him I was 
using a 4-element quad and that it was working quite 
well. Upon being asked by him if I could rotate my 

quad, I replied that I could and told him to stand by. 
At  that point I paused and flipped the antenna switch 
over to the European 7-element job, which just hap- 
pened to be pointing directly at him. I hit the key 
again and asked him how i t  sounded. I won't repeat 
his reply here. And, quite frankly, his signals came up 
so much with the switch of antennas that their 
strength almost blasted me right out of my chair. 
Whew! 

As flimsy as the antennas appeared, they proved 
to be very durable. They remained erect through sev- 
eral storms and during both weekends of the CQ 
WW DX Contest. In fact they were still in the air 
when the location had to be vacated a couple of 
months later. 

Although we couldn't use the antennas on a per- 
manent basis, they were still well worth the effort. I'll 
never forget how much fun it was to tell the Euro- 
peans on 40 meters; "The antenna here is a 7-ele- 
ment quad." 

ham radio 

"Since you're afraid of heights I was sort of hoping for a 
brother to  help with my antenna." 
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I higher frequency resolution 
for an h f synthesizer 1 supplies correction pulses to the vco, through a low- 

pass filter, at a frequency equal to the reference fre- 

A unique method 
for obtaining 

10-Hz increments 
from an hf synthesizer 

using a 
dual vco system 

The advent of low cost phase-locked-loop fre- 
quency synthesizers has had considerable impact on 
vhf amateur radio equipment. Unfortunately, the fre- 
quency synthesizer is most adaptable to channelized 
systems, consisting of a finite number of discrete 
operating frequencies. Typical high-frequency ama- 
teur activity consists of tuning an analog-oscillator 
controlled radio to a clear frequency and making a 
call. To answer such a call, with single-sideband 
equipment, you must tune to within 50 Hzof the orig- 
inating station's frequency for near natural voice 
reproduction. This means that a practical, synthe- 
sized, hf ssb transceiver must be capable of continu- 
ously tuning in 100 Hz steps, and requires an internal, 
loop-reference frequency of 100 Hz in a conventional 
configuration. The loop filter cut-off frequency re- 
quired to effectively eliminate reference frequency 
sidebands from the synthesizer's output increases 
the loop lock-up time to several seconds after each 
frequency change. The ideal amateur CW receiver, 
equipped with narrowband i-f or audio filters, must 
be continuously tunable in 10-Hz steps, and this 
would have ten times longer lock-up time between - 
frequency changes. 

This article briefly describes a less common 
approach to an hf synthesizer which offers 10-Hz fre- 
quency steps from a 10000 Hz reference, and there- 
fore offers 1000 times faster recovery after frequency 
excursions. In addition, less rugged mechanical con- 

quency, until the vco is locked at a frequency equal 
to N times the reference frequency. A lower refer- 
ence frequency requires a lower filter cutoff for a 
given attenuation of the ac component of the refer- 
ence frequency. The filter is part of the closed loop 
and its response determines the maximum rate of 
vco frequency correction. 

Fig. 2 is a functional block diagram of a two-part 
synthesizer, offering 10-Hz steps with the advan- 
tages of a 10 kHz reference frequency. Note the use 
of two reference frequencies, 10.000 kHz and 9.990 
kHz. The output frequency is actually the difference 
frequency between two phase-locked oscillators. To 
change the atitpiit frequency. by 10 Hz, we move the 
first oscillator 10.00 kHz; next, we move oscillator 
number two 9.99 kHz in the same direction. The dif- 
ference between the oscillators' frequencies has only 
changed 10 Hz. 

In the following example, I have made provisions 
for high-side LO injection in  a super-heterodyne 
application, employing a 9.0 MHz i-f system. Also, 
sample calculations are shown for bfolcarrier fre- 
quencies of 8998.5 kHz for lower sideband and 
9001.5 kHz for upper sideband (remember the side- 
band inversion with high-side local oscillator injec- 
t ion). The actual operating carrier frequency is 
programmed in BCD into the circuit's adders. Func- 
tionally, the circuit is divided into two major sections. 
Section two covers a range of approximately 50 to 60 
MHz, with section one covering approximately 59 to 
99 MHz. 

To run section two at approximately 50 MHz, a 
divide ratio (programmed vco 2 offset) of 5005 is ini- 
tially chosen for divider 2. To the resulting frequency 

REFERENCE 0 
PHASE DETECTOR PROGRAMMAEL E DIVIDER 

fig. 1. Block diagram of a conventional PLL synthesizer. 

struction of system oscillators is possible because of 
loop correction of low-frequency f m  due to vibration. BY Wi 1 1  ism E.  Coleman. N4ES, E-Sys- 

Fig. 1 is a functional block diagram of a conven- tems1ECI Division, BOX 12248, MS 11, St. 
tional PLL frequency synthesizer. The phase detector Petersburg, Florida 33733 
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(49999.95 kHz) is added the bfo frequencies of ESTABI 8SH:NG VCI? STLQTING C9EOUENCIES A Y C  i - '  O t - C i E 7  

8998.5 kHz and 9001.5 kHz, producing the initial vco 5 0 0 5  49,999  95kHi 49,999.95hHr 1 9  99kH1 & & , 9 9 &  5OkUr - + 5.03 ~ ~ P H I  

49,999 95htfz 
-- . 

1 frequency. This procedure allows us to calculate 58,998 45kHz 59 ,001  45hH1 

VC? 2 !NIJ !ALLY SELECTED 
the final required programmed offsets for dividers 1 FeEOCIENCY N I T ! A L  FREoUEiVCY K O 1  L S B  :NITIAL FREOL'E'ICY vcn I USE 

and 2 (fig. 3) .  fig. 3. The initial frequency for vco 2 is determined by 
Therefore, for a programmed operating frequency assuming there is no programmed input frequency 

of 00000.00 kHz, divider 1 must divide bv 6744 for (00.000.00 kHz). For the vco to be at its proper lower fre- 

lower sideband, and 6045 for upper sideband as 
shown in fig. I .  Vco I will then operate a t  67440 kHz 
for LSB and 60450 kHz for USB (fig. 4).  

And, for a programmed operating frequency of 
iiiiG8G.W ktiz, divider 2 wiii divide by 58% for iSB 
and 5150 for USB. Vco 2 will operate at 58441.5 kHz 
for LSB, and 51448.5 kHz for USE (fig. 5).  

With a sample operating frequency of 14307.96 
kHz USB programmed into the synthesizer's data 
input, divider 1 would divide by 8271. Vco 1 would 

quency limit, the divider would have to have an initial divide 
factor of 5005, producing a 49999.95 kHz output. Vco 
number 1 will also start with the same frequency, except 
with the added offset required for either LSB or USB. 

operate a t  82710 kHz (fig. 6A). Divider 2 would 
divide by 5946, and vco 2 would operate at 59400.54 
kHz (figs. 66 and 6C). 

The i-f offset is implemented by separating the 
divide cycle of each programmable divide chain into 

- 
1 

0 9 -39 M H z  OUTPUT /DIFFERENCE) 

5 9  - 55 MHz 

MIXER 0 

I I 0  0 0  kHz REFERENCE 1 

CRYSTAL 

j - - - - - - - - - - - - - - - - - - - - - - 
1 

9.99 hHr REFERENCE 

: I 0 0 0  
I 

I I I 
u1 I I I 

j L _I 

I 
PROGRAMMABLE DIVIDER 1 1 PROGRAMMABLE DIVIDER 2 

! 0  n"HI / M H z  iOO kHz I 0  kHz 

DECADE DECADE DECADE DECADE 

4 4 4 4 

OFFSET 
SELECT 

C 

I I I 1 I I I 

BCD 
I 0  MHz I MHz I 0 0  kHz I 0  kHz / k H z  ! 0 0  H z  1 0  Hz 

DATA 

BCD SWITChE.5 O i  UP/DOWN COUNTER WITH READl"l/J 

OFFSET 
SELECT 

fig. 2. Functional block diagram of a high frequency synthesizer capable of 10-Hz steps, with a 10-kHz reference. 
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0 C L L C U L A T ~ N G  C.1VIDER i LS8  PRESET OC~LCULAT~N~ D l V i D E R !  USB PRESET 

<58.99,8 45kH2 

r - i s  

fig. 4. As seen in fig. 2, the data from the three most signifi- 
cant digits is added to the data from the fourth through the 
sixth significant digits. This number is then the final number 
which is used to  control the programmable divider number 
one. (B) shows the same divider calculation. except for USB 

instead of LSB. The divider then controls vco 1 in  10 kHz 
steps. 

two subcycles. During the first subcycle, the chain is 
loaded from and divides by the number programmed 
in a diode ROM (i-f offset data for the sideband in 
use). For the second subcycie, the chain is loaded 
with and divides by the data presented to the BCD 
frequency-select input lines. After both subcycles are 
completed, one pulse is sent to the phase compara- 
tor, and the entire cycle repeats. This approach may 
also be applied to single-divider PLL systems. 

The reference frequencies are derived by dividing a 
9.99-MHz crystal oscillator's output by 1000 and 999 
to obtain outputs at 9.99 kHz and 10.00 kHz, respec- 
tively. An  oven is recommended if the synthesizer's 
10-Hz resolution is to be used to full advantage. 

Vco 1 and vco 2 are combined in a mixer, which 
supplies the difference-frequency output through a 
50-MHz lowpass filter. The mixer is image terminated 
through a highpass filter to reduce any unwanted in- 
termodulation products which would result from an 
impedance mismatch at the vco sum frequencies. 

0 DIVIDER 2 LSB PRESET @ DiVIDER 2 U S B  PRESE7 

5 8 , 9 9 8  4 5 k H z  5 9 , 0 0 1  4 5 k H z  
7, -F- 

5 8 5 0  5 1 5 0  
r 9  99kH1 r 9.99kHz 

5 8 , 4 4 1  50hH1 5 1 , 4 4 8 . 5 0 h H z  

VCO 2 PROGRAMMED OFFSET VCO 2 PROGRAMMED OFFSET 

FREQUENCY FOR L S B  FREQUENCY FOR USE 

@ OFFSET CHECK 

6 7 , 4 4 0 . 0  kHz 
- 5 8 , 4 4 1  5  hHZ 

8 . 9 9 8 . 5  kHz (LSBI  

fig. 5. For vco 2, the same initial frequency, as determined in  
fig. 3, is preset into the counters, plus the three most signifi- 
cant digits f rom the data switches. The final divider 
number, times 9.99 kHz, produces the required vco frequen- 
cy, except now in  9.99 kHz steps. As a check, subtracting 
the value of the two vco frequencies will equal the sideband 
offset value (C). 

Both filters must employ T-input sections so they ap- 
pear invisible to the mixer in their cutoff regions. 

Because the high-reference frequencies used in 
this synthesizer ;?l!ow ! m p  correctio~! of \KO micro- 
phonics below about 1 kHz, this circuit is ideal for 
mobile applications where vibration would otherwise 
require the use of extremely rugged oscillator enclo- 
sures. 

This approach may be expanded to yield 1 Hz 
steps, or to utilize a 100 k l lz  reference, but either 
change would require a ten times greater frequency 

~ X A M P L E  OPER4TrNG F R E O d E h C :  EXAYPLC GfESa7!YG FF'EUvEP$C- 
(DIVIDER 1, ( D I V I D E R  P I  

@ EXAMPLE OPERATING FREQUENCY CHECK 

8 2 , 7 1 0  00kHZ ! V C O l I  
- 5 9 , 4 0 0 5 4 k H i  IVCO 21 
- 9 . 0 0 1  50hHz (USE BFOl  

14,307 96hHz (OPERATING FREOOENCY) 

fig. 6. With a sample operating frequency of 14,307.96 kHz 
(USB), the programmable divider, for vco 1, would have a 
value of 8271. The offset is that calculated in fig. 4B. This 
final value determines the frequency of vco 1. The program- 
mable divider for vco 2 uses the input from the data 
switches plus the offset from fig. 5B to determine the vco's 
frequency. Since this synthesizer is actually a local oscilla- 
tor in a transmitter or receiver, its output will differ from the 
actual transmitted (or receiver) frequency by the value of 
the i-f frequency. Therefore, the difference between vco 1 
and vco 2 will equal the operating frequency plus the i-f off- 
set. Or, subtracting both the i-f offset and vco 2's frequency 
from vco 1, will give the actual operating frequency (C). 

range of vco 2, and that much additional range add- 
ed to the upper frequency limit of vco 1. 

A recommended frequency programming scheme 
would incorporate thumbwheel switches to set the 
MHz range, with smaller frequency divisions being 
continuously tunable by an optically coupled, tuning- 
knob-controlled, up-down counter with readout. The 
high speed of this synthesizer makes it an ideal candi- 
date for use in an automated, microprocessor con- 
trolled station, in which case tuning could be imple- 
mented with the computer's ASCII keyboard, or even 
remote controlled via a modem. Wouldn't it be nice 
to have a remote 20-meter transceiver atop a 150- 
meter (500-foot) building? 

I would like to thank Fred Studenberg, W4CK, and 
Chuck Jackson for their technical advice and con- 
structive criticism of this article. 

ham radio 

36 august 1978 



repair may be used with one or more of these instruments, 
are the Hewlett-Packard models 343A, 345B, and 
349A, and the AIL types 7006,7010, 701 1, and 7012. 
Tables 1 and 2 list the pertinent specifications for the 
noise-figure meters and noise sources, respectively. 

With the exception of the AIL 75, which is proba- 
bly too new to show up on the surplus market, all of 
these noise-figure meters and noise sources are avail- 
able from time to time. Oftentimes a solid-state noise 
source also becomes available. If it is one of the AIL 
series 76, it is compatible with the AIL 75 noise-figure 
meter; if it is manufactured by another company, it 

Bob Stein, W6NBI 

automatic noise-figure 
measurements - 
fact and fancy 
One of the major attractions at the regional 
vhf luhf conferences is the noise figure measurement 
session. Everyone with a new converter or preamp, 
and especially anyone who does not possess or have 
access to calibrated noise-figure measuring equip- 
ment, anxiously awaits the measurement results. 
The session becomes a contest of sorts, in which you 
find out how your latest endeavor or purchase com- 
pares with the best of show. 

Invariably these measurements are made using 
automatic noise-figure equipment because of the 
simplicity and speed with which measurements may 
be accomplished. Given any one test setup, the com- 
parisons among the various units under test may be 
valid, in that the relative noise figures for each unit 
can be determined, as can the difference in noise fig- 
ure between any of the units. But what about a pre- 
amp whose measured noise figure was 1.5 dB at the 
West Coast Conference and another which yielded 
1.7 dB at the East Coast Conference? Is this a valid 
comparison, or going one step further, is either 
measurement really accurate? The discussion which 
follows will, I hope, provide these answers. 

In addition, this article becomes another in the 
series devoted to the use and application of available 
surplus test equipment. Automatic noise-figure 
meters, such as the Hewlett-Packard models 340A, 
340B, and 342A, and the AILTECH* types 74A and 
75, are typical of those in general use. Noise sources 
which are usable from 10 MHz to 5 GHz, and which 

may be adaptable to one of the aforementioned 
noise-figure meters, but detailed information must be 
obtained from the manufacturer. However, because 
of their relative scarcity and the fact that they may 
not be truly compatible with most of the available 
noise-figure meters, no coverage can be provided in 
this article for any solid-state noise source. 

As noted in table 1, many of the Hewlett-Packard 
instruments have beer! specia! versims \which accept 
one or more input frequencies different from those in 
the standard models. This should present no problem 
to the potential user, even if none of the instrument 
input frequencies corresponds to the output frequen- 
cy from his converter. Either the converter output 
can be heterodyned to the noise-figure meter input 
frequency, as explained later, or the noise-figure 
meter can be modified. This modification involves 
nothing more than retuning or replacing coils in the 
instrument's tuned amplifier, and is described in the 
appendix. 

noise-figure equations 
Before we can analyze the operation of automatic 

The Hewlett-Packard model 3408 Noise Figure Meter can be 
used with either a gas-discharge noise source or a 
temperature-limited diode source. Models 340A and 342A 
are similar in appearance (courtesy Hewlett-Packard 
Company). 

"AILTECH, a Cutler-hammer Company, was formerly Alrborne instruments 
Laboratory. Throughout this article, AIL will be used to identify equipment 
manufactured under either name. 
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noise-figure meters, it is necessary to understand the 
mathematical definition of noise figure insofar as it 
applies to  the noise-figure meter. 1 will skip the basic 
mathematical derivation, since this has been covered 
extensively in references 1 through 5. Instead, I will 
start with a mathematical definition of noise figure 
and proceed to  derive the relationships which permit 
the automatic noise-figure meter to function. 

To eliminate any confusion between noise figure 
expressed as a numerical ratio and the logarithmic 
equivalent expressed in dB, I will limit the use of the 
term noise figure (NF) t o  the logarithmic version and 
call the numerical ratio noise factor (F). 

The noise factor of a receiver is defined as the in- 
put signal-to-noise power ratio divided by the output 
signal-to-noise power ratio, and is expressed as 

output power when the noise source is on as N2, the 
output signal power, So, can be expressed as 

So= N2- Nl (3) 

and since 
No = NI (4) 

Rewriting eq. 1 by substituting eqs. 2 and 5, we get 

Converting eq. 6 to  the equivalent noise figure, 
(I1 whereNF=lOlogF, 

where Si is the input signal power, Ni is the noise 
power at the input, So is the output signal power, and - [ l o l o g  (s- 1)]171 
No is the output noise power. 

If a broadband noise source is used at the receiver Since the first term in eq. 7 is the logarithmic 
input equivalent of eq. 2, it is equal to the excess noise 

ratio (ENR), in d ~ ,  of the noise source. Therefore 
I*' ea. 7 can be rewritten 

where - - 

EN = excess noise power (generally ex- 
pressed in  dB, but the equivalent 

is often designated the Y-factor, 
qu~va~ent expression for eq. 8 is 

If we designate the output power from the receiver Thus we have arrived at an expression for noise 
when the noise source is off as Nl, and the receiver figure in which the only variable is Y when a noise 

table 1. Automatic noise-figure meter specifications. input frequencies bandwidth 
model NF ranges and accuracy (MHz) (MHz) 

Hewlett-Packard 0-15 dB: f 0.5 dB *30,60 1 (min.) 
340A, B 3-30 dB: f 0.5 dB from 10-25 dB 

f 1 .O dB from 3-10 dB 
f 1 .O dB from 25-30 dB 

Hewlett-Packard Same as 340A, B "30,60,75, 105,200 1 (rnin.) 
342A 

AIL 74A 0-25 dB: f 0.5 dB ""One of the following: 
23-36 dB: i 1 .O dB 10, tunable 20-60 2 

30 6 
30, tunable 40-180 2 
60 6 

0-15dB: f 0.15dBfromO-3dB 30 (other options 5 (min.) 
f 0.25 dB from 3-6 dB available) 

3-18dB: f 0.15 dB from3-6dB 
f 0.25 dB from 6-9 dB 

6-21 dB: f 0.15dB from6-9 dB 
i-0.25 dB from 9-12 dB 

12-27 dB: k0.5 dB from 12-18 dB 
18-33dB: f 1.OdB 

*Standard input frequencies are listed; many special models were manufactured with one or more different input frequencies. 
"'Depends on i-f amplifier installed in noise-figure meter. 

sensitivity age range 
(dBm) (dB) 
-60 50 
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fig. 2. Operational effect of the switching circuit in the 
auiornaiic noise-figure iiieter. 

source of known ENR is used. Furthermore, since Y 
is the ratio of N2/N1, we need only measure this 
ratio, without regard to absolute power levels, in 
order to obtain the receiver noise figure. 

automatic noise-figure meters 
Now that we have a simplified noise-figure equa- 

tion, let us investigate the actual method by which 
noise figure is measured automatically. Fig. 1 shows 
a simplified block diagram of a typical Hewlett- 
Packard noise-figure meter. The external noise 
source and receiver under test are included in the dia- 
gram so as to close the loop. 

The noise source, powered by the noise-figure 
meter, is connected to the antenna input of the 
receiver under test, and the i-f output from the 
receiver is connected to the input of the noise-figure 
meter. A switching circuit in the noise-figure meter 
gates the tuned amplifier, meter integrator, agc, and 

NOISE RECEIVER 

SOURCE 
UNDER 

noise source (via its power supply) on and off at a 
low audio-frequency rate. As shown in fig. 2, the 
noise source is gated on and approximately one- 
quarter cycle thereafter the tuned amplifier is gated 
on and the agc gate is opened. During this "on" time 
the receiver output, N2, consists of the amplified 
power from the noise source plus the amplified 
receiver noise. This is used to establish a standard 
reference level through agc action. 

After the noise source is gated off, the amplifier is 
again gated on, as is the meter integrator. During this 
time the receiver output, N I ,  consists only of the am- 
plified receiver and input termination noise, which is 
detected and integrated, and applied to  the meter. 
Since the noise-source ENR is known, and N2 is 
always amplified to a standard reference level, the 
only variable in eq. 8 is the metered value of Nl. The 
meter can therefore be calibrated to display noise fig- 
ure directly, as a function of NI. 

The tuned amplifier is gated on for only one-half of 
the noise-source on and off periods in order to be 
certain that the output from the noise source has 
reached its maximum level or has fallen to its quies- 
cent level. 

The AIL noise-figure meters function in a similar 
manner, although there are differences in the actual 
circuits used to achieve the resulting indication. 

noise sources 
Although both  coaxial and waveguide noise 

sources are available for use with automatic noise- 
figure meters, this discussion will be limited to the 
coaxial types, since waveguides presently have 
limited amateur use. 

The Hewlett-Packard model 343A VHF Noise 
Source provides a wideband noise spectrum from 10 
to 600 MHz and has a source impedance of 50 ohms. 
I t  generates an excess noise ratio of 5.2 to 6.6 dB, 
depending on the measurement frequency, at its 
specified current of 3.31 mA; refer to table 2. The 
noise source employs a special temperature-limited 

L ------ ------------------------------------- J 

fig. 1. Simplified block diagram of the Hewlett-Packard model 340A or 3408 Noise Figure Meter.  
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vacuum-tube diode (similar to the Sylvania 5722) 
whose plate and filament voltages are supplied by 
the Hewlett-Packard 340A, 3408, or 342A noise-fig- 
ure meter. The noise output of a saturated tempera- 
ture-limited diode is a function of plate current, 
which is set t o  an established value by means of a 
control on the noise-figure meter. 

The Hewlett-Packard model 3450 IF Noise Source 
produces an excess noise ratio of 5.2 dB from any 
one of four switch-selected source impedances: 50, 
100, 200, or 400 ohms. Since tuned circuits within 
the noise source limit its spectrum to either 30 or 60 
MHz, also switch-selected, it has limited amateur 
application and can be dismissed without further dis- 
cussion. 

Also usable wi th any of the Hewlett-Packard 
noise-figure meters are several 5722 noise generators 
whose construction has been described in references 
6 through 8. I t  should be noted that most, if not all, The Hewlett-Packard model 343A VHF Noise Source utilizes 

a temperature-limited diode, and can be used f rom 10 t o  600 of these homebrew noise sources suffer from imped- 
MHz (courtesy Hewlett-Packard Company,, 

ance mismatch problems when used above 400 MHz. 
However, it is possible to build a noise source which 
compares favorably with the Hewlett-Packard 343A 
to at least 450 MHz; its construction will be described 
in a future article. 

For receiver frequencies above 450 MHz, a noise 
source using a gas-discharge tube is generally used. 
Coaxial noise sources of this type may also be used 
at frequencies as low as 200 MHz. The Hewlett-Pack- 
ard model 349A UHF Noise Source and the AIL Type 
7010, 7011, and 7012 Coaxial Noise Generators all 
employ an argon-filled gas-discharge tube coaxially 
mounted in a helical transmission line. These noise 

sources produce excess noise ratios of 15.2 to 15.7 
dB over their specified frequency ranges, as shown 
in table 2. 

A simplified diagram of a coaxial gas-discharge 
tube noise generator is shown in fig. 3. The tube is 
alternately turned on and off by the switched power 
supply in the noise-figure meter. When a high-volt- 
age pulse is applied between the anode and cathode 
of the tube, the argon gas ionizes and noise is gener- 
ated. The noise is coupled into the helix and appears 
at the two coaxial connectors. One connector is used 

table 2. Coaxial noise-source specifications. 
frequency 

model range (MHz) excess noise ratio (dB) 
Hewlett-Packard 10-600 5.2*0.2from 10-30 MHz 
343A 5.5k0.25at 100 MHz 

5.8rt0.3 at200 MHz 
6.05k0.3 at300 MHz 
6.3F0.3 at400 MHz 
6.5f0.5at  500 MHz 
6.6k0.5at 600 MHz 

Hewlett-Packard 30 or 60, 5.2 
345B switch 

selected 

Hewlett-Packard 400-4000 14.6rt0.6 at 220 MHz 
349A (usable to 15.6F 0.6 from 400-1000 MHz 

2001 15.7f0.5from 1-4 GHz 

AIL 7 W  

AIL 7010,701 1 

operating 
current (mA) 

3.31 

output vswr 

10-400 MHz: 1.2 max. 
400-600 MHz: 1.3 max. 

50,100,200or400 ohm ( k 4 % )  
source impedance, switch 
selected 

200-2600 MHz: 1.35 rnax. fired 
1.5 rnax. unfired 

2.6-3.0 GHz: 1.5 rnax. fired 
1.5 rnax. unfired 

3.0-4.0 GHz: 2.0 max. fired 
3.0 rnax. unfired 

1.2 max. 

1.15 (nominal) fired 
1.3 (nominal) unfired 

1.5 (nominal) fired 
2.0 (nominal) unfired 
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ARGON FILLED 
GAS DISCHARGE 
TUBE 

CATHODE HELIX- ANODE 

fig. 3. Simplified diagram of a gas-discharge tube noise 
source. One connector is used for the noise output; the 
other must be terminated by a precision 50-ohm load. 

for the noise output, while the other must be termi- 
nated by a precision 50-ohm load. 

connecting the noise source 
to the noise-figure meter 

Obviously each manufacturer supplies noise 
sources which are compatible with his own noise-fig- 
ure meters. There is nothing, however, other than 
the problem of physically interconnecting the source 
and noise-figure meter, which precludes using one 
manufacturer's gas-discharge source with another's 
noise-f igure meter. 

The same interchangeability is not true for diode 
noise sources. The AIL type 7006 noise diode can be 
used only with the AIL 74A noise-figure meter, and 
the Hewlett-Packard diode noise sources can only be 
used with the Hewlett-Packard noise-figure meters. 
But, as previously mentioned, there are several 5722 
noise generators which can also be used with the 
Hewlett-Packard noise-figure meters. 

All of the Hewlett-Packard noise-figure meters dis- 
cussed in this article originally included an intercon- 
necting cable for that manufacturer's gas-discharge 
noise sources. Unfortunately, the cable is invariably 
missing when the instrument reaches your local sur- 
plus emporium. On the other hand, the interconnec- 
tions are rather simple, so that with the information 
which follows, you should be able to solve all of your 
interface problems. 

To connect the Hewlett-Packard 349A coaxial (or 
any of the Hewlett-Packard 347-series waveguide) 
gas-discharge noise source to any Hewlett-Packard 
noise-figure meter, a 6-foot (1.8-meter) type 340-16A 
cable was originally furnished. You can buy a re- 

CANNON C4NNON 

fig. 4. Interconnecting cable for use between a Hewlett- 
Packard 349P or 347-series noise source end s Hewlett- 
Packard 340A. 3408. or 342A noise-figure meter. The cable 
length should be limited to about 2 meters (6 feet). 

placement directly from Hewlett-Packard, but the 
price was $100 the last time I checked. A good alter- 
native is to make your own cable, as shown in fig. 4. 

If you want to connect a Hewlett-Packard gas-dis- 
charge source to either the AIL 74A or 75 noise-fig- 
ure meter, it will be necessary to modify the captive 
cables on the AIL instrument, as follows." 

1. Cut the high- and low-voltage cables at a point 
at least 20 inches (51 cm) back from the connector 
ends. 

The AILTECH type 75 Precision Automatic Noise Figure Indi- 
cator is the latest and most versatile instrument of its kind 
on the market. It can be supplied for use with both gas- 
discharge and solid-state noise sources, or for use with the 
latter type only (courtesy AILTECH). 

2. Wire the cables from the noise-figure meter as 
shown in fig. 5A. 

3. Wire the cable ends with the connectors at- 
tached as shown in fig. 5B. 

The instrument cables, now terminated in a single 
multipin connector, will plug into the connector on 
the Hewlett-Packard noise source. An AIL noise 
source can still be used by connecting the multipin 
connector on the instrument cables to the mating 
connector on the now separate cable assembly 
shown in fig. 5B, thereby restoring the original con- 
figuration. 

Fig. 6 shows the cabling needed to connect an AIL 
7010, 701 1, or 7012 noise source to any of the Hew- 
lett-Packard noise-figure meters. The high-voltage 
connector required to mate with the anode connec- 
tor on the AIL 7010 or 7012 is not available except as 
a part of the AIL 7003 cable set. Therefore it must be 
fabricated by using brass tubing of the appropriate 
size and suitable high-voltage insulating material 

"Taken from AIL Application Engineering Bulletin 70-15, dated 
August, 1961. 
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(teflon, polystyrene, etc.) between the inner high- 
voltage and outer ground conductors. WARNING: 
the anode lead and connector must be insulated for 
up to 5 kV; USE EXTREME CARE. 

The Hewlett-Packard 343A and 3458 noise 
sources each have a captive cable and connector to 
mate wi th the Hewlett-Packard 3408 and 342A 
noise-figure meters. If you intend to use any of the 
previously referenced 5722 noise generators, the 
appropriate connector wiring is shown in fig. 7. The 
5722 filament draws between 1.5 and 2 amperes, so 

The Hewlett-Packard model 349A UHF Noise Source is a 
gas-discharge type using an argon-filled tube. Its usable 
range is 200 M H z  t o  4 GHz (courtesy Hewlett-Packard 
Company). 

be sure to use wire that is large enough to minimize 
the voltage drop between the tube and the noise-fig- 
ure meter. 

Connecting any of the commercial or homebuilt 
diode noise sources to the Hewlett-Packard 340A 
noise-figure meter requires somewhat more discus- 
sion. The diode panel connector on the 340A was ori- 
ginally a 3-pin connector, rather than the 5-pin Can- 
non WK-5-31 S connector used on the later 3400 and 
342A models. ( I t  was intended to mate with the long 
obsolete 345A noise source.) However, Hewlett- 
Packard Service Note 340A-IA* described how to 
replace the old 3-pin connector with the later 5-pin 
connector, and virtually everyone who had a 340A 
made the change. In fact, I have never seen an 
instrument with the old connector still in place. 

If a new connector has been installed and you are 
going to use a homebuilt 5722-type noise source, the 
wiring information in fig. 7 applies. If the old connec- 
tor is still on the instrument, you will have to be lucky 
enough to find a mating connector or else change 

"Available from Hewlett-Packard Company, 1820 Embarcadero Road, Palo 
Alto. California 94303. 

CONNECTOR 

G K - R 7 - P I C - I / P  

" ,, 
HIGH VOLTAGf~ CABLE Q 

n i / . H  VOLTAGE 
CONNECTOR 

fig. 5 .  Modification of the AIL 74A or 75 noise-source cables 
which will permit use of Hewlett-Packard 349A or 347-series 
noise sources, (After AIL Application Bulletin 70-15, August 
1961). 

the connector on the instrument. The filament con- 
nections on the old 3-pin connector are pins 1 and 2; 
pin 3 connects to ground, 

The Hewlett-Packard 343A noise source can only 
be !sed with the 3WA if the 5-pin connectc?r has  
been installed. Before trying to use it, however, 
check the internal wiring to the connector to be sure 
that there is a connection to pin 4. If there is no wire 
on pin 4, run one from that pin to the black center- 
tap lead of transformer T101. (The transformer may 
be identified by tracing the leads from pins 1 and 2 of 
the connector, which are wired to the green and 
yellow leads, respectively, of T101.1 

measurement techniques 
We can now discuss the procedures and tech- 

niques of measuring noise figure with an automatic 
noise-figure meter. Because the actual operating 
procedures vary, depending on the instrument being 
used, no attempt will be made to describe the de- 
tailed operational steps. These appear in the instruc- 
tion manual for the specific instrument, available 
from the manufacturer at nominal cost. In general, 
operation of the noise-figure meter consists of the 
following steps: 

1. Connecting the receiver under test as shown in 
fig. 8. For the purposes of this discussion, the 
term "receiver" means any receiver or portion 
thereof (such as a converter, mixer, etc. ) which 
provides an output signal at the input frequency of 
the noise-figure meter. 

SWELDED WIRE/500Y INSULATION1 
FOR 7010 OR 7012 

NOISE SOURCE CATHODE 

(LOW VOLTAGE) CONNECTOR 
I N  AMPHENOL 8 0 - M C Z F I  

I A ,, (21 UG-59/U FOR 7010 FOR OR 7012 7011 

I 

RG-59 /U  FOR 7010 OR 7 0 1 2  

R G - 8 / U  OR R G - 9 / U  FOR 7011 

( I )  FABRICATE FOR 7010 

OR 701.2 

W UG - 5 9 / U  FOR 7011 

fig. 6. Interconnecting cable for use between an AIL 7010. 
7011, or 7012 noise source and a Hewlett-Packard 340A, 
3408. or 342A noise-figure meter. 
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fig. 7. Wiring a homebuilt 5722-tube noise source to permit 
its use with a Hewlett-Packard 340B or 342A noise-figure 
meter. See the text for additional information applicable to 
the Hewlett-Packard 340A. 

2. Energizing the noise-figure meter and establish- 
ing the fixed agc reference level. 

3. Setting the noise-source operating current. 

4. Calibrating the noise-figure meter to the noise- 
source ENR. (This step is not applicable to Hew- 
lett-Packard noise-figure meters. ) 

5. Reading the receiver noise figure on the meter, 
and correcting for noise-source characteristics 
and/or loss-pad attenuation. 

Although this generalized procedure sounds 
almost too simple to be true, it is just about as easy in 
practice. Any adjustments on the receiver can be 
made while it is under test by merely tuning for the 
best noise figure. Compare that to measuring noise 
figure by the manual twice-power method! 

Let us now examine fig. 8 block by block. Most 
important, there should be a direct connection be- 
tween the noise-source output connector and the 
loss pad, and between the pad and the receiver. This 
means no cables, and a minimum of adapters. 

The use of a loss pad between the noise source 
and the receiver is an absolute necessity when using 
a gas-discharge source, and is highly recommended 
for diode noise sources. One of the disadvantages of 
gas-discharge noise sources is that they require a 
high-voltage ionizing pulse, typically several kilo- 
volts. Because of capacitive coupling between the 
tube and the helix, this pulse appears as a spike in the 
noise output. Although the pulse is attenuated, the 
amplitude of the spike may still be several volts, 
which may be enough to  destroy your expensive low- 
noise transistor. Therefore, a 6- to 10-dB pad must 
always be used with a solid-state receiver to attenu- 

fig. 8. Measuring noise figure with the automatic noise- 
figure meter. The use of the loss pad and variable attenuator 
are discussed in the text. 

ate the spike. Even with a 10-dB pad, there may be 
sufficient spike voltage to destroy certain GaAs fets. 
A solid-state noise source should be used to check 
devices of this type. 

The use of a loss pad with a diode noise source is 
not absoiuteiy essentiai, but can minimize severai 
problems. First of all, most receivers (remember the 
general use of this term) do not present a %-ohm in- 
put when optimized for a noise match. Because the 
rated ENR of a noise source is based on a %-ohm 
load, there will be an indeterminate mismatch loss if 
the receiver vswr is greater than 1.0:1. A 3- to 6-dB 
pad will not eliminate the mismatch loss, but may re- 
duce it somewhat. 

A second reason for using a loss pad is to ensure a 
%-ohm source impedance for the receiver, since the 
vswr of the noise source also is not a perfect 1.0:l. 

I RECNVER UNDER TEST I 
I I 

SOURCE 

fig. 9. Using an external mixer and signal source to convert 
the receiver output frequency to that of the noise-figure 
meter input. The "receiver under test" corresponds to the 
equivalent block in fig. 8. 

Any tendency of the receiver t o  "take off" when 
looking into an impedance of other than 50 ohms will 
be reduced by use of a pad. 

Both of these reasons apply equally to gas-dis- 
charge noise sources, but are automatically realized 
by the absolute necessity of using a loss pad to pro- 
tect the receiver. In either case, the attenuation of 
the pad must be known to a fair degree of accuracy; 
remember that the loss, in dB, must be subtracted 
from the reading obtained on the noise-figure meter, 
since any loss ahead of a receiver adds algebraically 
to the receiver noise figure. 

In addition to providing an output at a frequency 
which is compatible with the noise-figure meter, the 
receiver must also provide enough gain to amplify 
the noise input to a level which exceeds the sensitivi- 
ty of the noise-figure meter. However, the difference 
in the receiver output levels with the noise source on 
and off must not exceed the agc range of the instru- 
ment and overload it. This means that the output 
from the receiver, when the noise source is off, 
shouid be only slightly above the sensitivity level of 
the noise-figure meter. This can be determined by 
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the use of the variable attenuator shown in f ig. 8. 
The amount of attenuation which is introduced 

NOISE 

should be 6 to 10 dB less than the value which causes SOURCC 6dB PAD LOSS , E 2 z N } ~ - ~ - l  METER 

the receiver output to fall below the threshold re- I 

I 
quired to establish the reference level. I 

Conversely, if the receiver has insufficient gain, it 
I 

SOURCE 

will not be possible to establish a signal reference L ! 
level in the noise-figure meter. In that case, a post- 
amplifier must be substituted for the variable attenu- fig. 10. Test setup to determine receiving system and 

preamplifier noise figures, using a receiving converter 
ator to provide sufficient overall gain. following the preamplifier. 

receiver configuration 
Thus far we have imposed two conditions which 

the receiver must satisfy - its gain must be compati- 
ble with the sensitivity requirement and agc range of 
the noise-figure meter, and its output frequency 
must match that cf the noise-figure meter input. We 

The AILTECH type 7010 Noise Generator covers the range 
from 200 MHz to 2.6 GHz. The similar appearing type 7012 is 
used between 2 and 5 GHz. Both noise sources utilize gas- 
discharge tubes (courtesy AIL TECH). 

have already discussed the first of these, and can 
proceed to the second. 

The typical vhf or uhf receiving converter provides 
an output which is applied to a communications 
receiver used as a tunable i-f amplifier, detector, and 
audio amplifier. This output can fall anywhere in the 
entire hf, vhf, or even uhf spectrum. On the other 
hand, the input to the noise-figure meter must be at a 
specific frequency which may not correspond to the 
output from the converter. The combination of a 30- 
MHz amplifier in most of the noise-figure meters and 
most receiving converters with a nominal 28-MHz 
output has sufficient bandwidth to permit meaning- 
ful measurements. 

For other converter output frequencies which do 
not correspond to the noise-figure meter input, an 
external mixer and signal source can be used to con- 
vert the output frequency of the receiving converter 
t o  the input frequency of the noise-figure meter. Fig. 
9 shows the connections for such a frequency con- 
version. Any type of mixer can be used, although a 

*Available from Mini-Circuits Laboratory, Merrirnac Industries, Anzac Elec- 
tronics, Hewlett-Packard, Cirnmarron, and others. 

packaged double-balanced mixer with coaxial con- 
nectors will prove to be the most convenient and ver- 
satile. These are available commercially;* a less 
expensive mixer can be packaged as described by 
Paiil Shuch.lo 

The signal source functions as a local oscillator for 
the mixer, and may be anything which generates a 
relatively stable unmodulated output, such as a sig- 
nal generator or vfo. The sum of the converter and 
signal-source frequencies, or the difference between 
them, must result in the input frequency required by 
the noise-figure meter. I t  makes no  difference 
whether the sum or difference frequency is used; 
however, the signal source must not be set to a fre- 
quency which is close to or is a subharmonic of the 
noise-figure input frequency. 

For example, if the receiving converter output is 14 
MHz and the noise-figure meter input is 30 MHz, a 
signal-source frequency of either 16 or 44 MHz would 
provide the proper output frequency from the mixer. 
In this case, the 16-MHz choice should be avoided 
because its second harmonic at 32 MHz may appear 
at the mixer output and fall within the passband of 
the noise-figure meter. This, of course, will render 
any measurements meaningless, since the noise-fig- 
ure meter cannot distinguish between the receiver 
signal and the spurious mixer output. 

If a signal generator is used as the signal source, it 
can function indirectly as the variable attenuator 
shown in f ig. 8. Varying the signal-generator output 
will vary the conversion loss of the mixer and permit 

MIXER 
75 dB NF 

NOISE 

SOURCE 

fig. 11. Test setup to determine receiving system and 
preamplifier noise figures, using a mixer following the 
preamplifier. In this case, a poor post-amplifier contributes 
significantly to the overall noise figure. 
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fig. 12. The system noise figure (NF,J can be found from 
these curves when the first- and sec~nd-stage noise figu:es, 
first-stage gain, and interstage losses are known (courtesy 
Daico Industries, lnc. ). 

control of the mixer output level. A post-amplifier 
has been shown in fig. 9 because the receiving con- 
verter gain, less the mixer conversion loss, will gener- 
ally be insufficient to provide the necessary signal 
level into the noise-figure meter. This post-amplifier 
can be any type, such as a surplus i-f strip or a broad- 
band amplifier, which will amplify the desired mixer 
output frequency. The mixer image frequency will be 
rejected by the tuned amplifier in the noise-figure 
meter. 

The configuration shown in fig. 9 will result in 
valid noise figures only if the gain of the receiving 
converter is 20 dB or more. If the converter gain is 
less than 20 dB, the indicated noise figure will be 
worse than the actual noise figure because of the 
noise contribution of the external mixer. The actual 
noise figure must then be calculated, as explained 
later. 

preamplifiers 
In order to measure the noise figure of a preampli- 

fier, the test setup of either fig. 8 or fig. 9 is used, 
with the preamp inserted between the loss pad and 
the receiver. To prevent any possible instability of 
either the preamp or the converter, in the event that 
either is not unconditionally stable, it is wise to use 
an additional loss pad between the preamp and the 
converter, directly at the converter input. This pad 
should provide about 3 dB loss; the exact value is not 
criticai nor need it be known accurateiy. Its effect will 
be incorporated into the measured noise figure of the 

receiver (without the preamp), since this measure- 
ment is necessary to calculate the true noise figure of 
the preamp, as explained in the following section. If 
only an overall system noise figure is of interest, then 
the second loss pad should not be used. 

A major consideration in the measurement of pre- 
amp noise figure is that of image response and the 
effect of filters on that response. I t  is mentioned here 
as a preliminary precaution only, and will be covered 
in detail under the heading image response error. 

cascaded stages 

The overall noise figure of any receiver depends 
primarily on the noise figure of the first stage. How- 
ever, the noise generated by succeeding stages will 
contribute to the overall noise figure and, if the gain 
of the first stage is not over 20 dB or so, have a sig- 
nificant effect. Since low-noise preamps seldom 
have gains in excess of 15 dB, taking the noise con- 
tribution of the following stages into account is of 
major importance in determining the preamp noise 
figure. 

The general equation for the noise factor of 
networks in cascade is 

where 
F, = system noise figure 

Fl,  Fz, F3 = noise factor of first, second, third 
stages 

fig. 13. Excess noise ratios for Hewlett-Packard and AIL 
coaxial noise sources which utilize gas-discharge tubes. The 
curve for the Hewlett-Packard 349A is subject to the ENR 
tolerances listed in table 2; those for the AIL noise sources 
are typical and take into account the gas-tube-variations 
and hot-cold insertion losses. 
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GI, G2 = power-gain ratio of first, second 
stages 

The system noise figure, NF,, is derived from the 
expression 

NF, = 10 log Fs (11) 

It can be seen from eq. 10 that the numerical value 
of the second and succeeding terms is a function of 
the first-stage gain; the higher the gain, the lower 
will be the values of those terms. If all stages are 
active amplifiers, only the second-stage noise will be 
of importance, and only the first two terms of eq. 10 
need be used in the calculation. Howevei, if any of 
the early stages in the receiver has a gain of 1 or less 
(e.g., mixers and loss pads), three or even four terms 
of the equation may have to be taken into account. 

As an example, refer to the test setup shown in 
fig. 10. Assume that the preamp gain (A1) and the 
converter gain (A2) have been measured at 12 dB and 
20 dB respectively; the measured converter noise fig- 
ure (NF2) is 4 dB; and the measured mixer noise fig- 
ure (NFj) is 7.5 dB. The system noise figure indicated 
on the noise-figure meter is 8.65 dB. What is the pre- 
amp noise figure (NFl)? 

First, we must subtract 6 dB from the noise-figure 
meter reading, since that is the increase in noise fig- 
ure caused by the 6-dB pad. Therefore the actual 
system noise figure (NF,) is 2.65 dB. Second, we 
must convert the noise figures and gains (in dB) to 
noise factors and numerical gain ratios, as follows: 

N F s  - 2.65 F, = antilog - - antilog - = 1.841 10 10 

N F 2  - 4 F2 = antilog - - antilog - = 2.512 10 10 

N F 3  - 7.5 - Fj = antilog - - antiloglO - 5.623 10 

A1 - 12 GI = antilog - - antilog - = 15.849 10 10 

A2 - 20 G2 = antilog - - antiloglll = 100 10 

By rearranging eqs. 10 and 11, and substituting 
the above values, 

fig. 14. Diode current required by the Hewlett-Packard 343A 
VHF Noise Source to maintain a nominally constant 5.2-dB 
excess noise ratio (curve by J. R. Reisert, W I J R ) .  

It can be seen from inspection of the above exam- 
ple that the third term is insignificant and can be ig- 
nored. However, suppose that the configuration 
shown in fig. 11 is being used to check out the same 
preamp, using the same mixer and a post-amplifier 
with a measured noise figure of 10 dB. Now the mix- 
er is the second stage, so that F2 = 5.623. Since, in a 
stage having a gain of less than 1, the noise figure is 
equal to the loss, the converse must be true. There- 
fore, the mixer loss ratio is also 5.623, making the 
gain (G2) the reciprocal of 5.623, or 0.178. The post- 
amp noise figure of 10 dB results in Fj being equal to 
10 (the antilog of 10 divided by 10). In this case, the 
receiver noise figure reading on the noise-figure 
meter is 13.2 dB. Subtracting 6 dB for the loss pad, 
we obtain an actual noise figure (NF,) of 7.2 dB, or a 
noise factor (F,) of 5.248. 

Again substituting the measured noise factors and 
gain ratios in eq. 12, we arrive at the following: 

= 10 log (5.248- ,292- 3.190) 

This is approximately the same noise figure as was 
calculated in the previous example, taking into 
account rounded-off numbers. Note that in this case 
the third term of the equation contributes significant- 
ly to the overall system noise figure, which leads to 
the conclusion that a low-noise post-amplifier should 
always follow a mixer when there is only one stage of 
amplification ahead of the mixer. If the post-amplifier 
noise figure were reduced to 1.0 dB, the system 
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values. Thus, the system noise figure is equal to the 
preamp noise figure plus 0.9 dB, or 3.3 dB. 

noise-source ENR corrections 
In our discussion of the noise-figure equations 

which govern the operation of automatic noise-figure 
meters, we estabiished that the only variabie in eq. 8 
was the ratio N2/N1,  and that the ENR term in that 
equation was a fixed value determined by the noise 
source. I t  follows, therefore, that the noise-figure 
meter calibration must be based on a known or pre- 
determined ENR. 

In the case of the AIL noise-figure meters, the 
operating procedures entail calibrating the instru- 
ment to the ENR of the noise source. For the AIL 

2 0  

RECEIVER IMAGE REJECTION (dB) 
7006 diode noise source used with the AIL 74A noise- 
figure meter, the ENR is 15.2k0.5 dB when the 

fig. 15. Noise-figure error as a function of receiver image 
rejection. diode current is set to 33.1 mA. If a gas-discharge 

noise source is to be used with either the AIL 74A or 

noise figure would improve from 7.2 to 3.3 dB. To 
paraphrase many textbooks, the calculation of this 
improvement is left as an exercise to the reader. 

An interesting graphical representation of the rela- 
tionships expressed in eq. 12 is shown in fig. 12. If 
the various stage noise figures, gains, and losses are 
known in dB, the difference between the system and 
first-stage noise figures can be read as 4 directly 
from the curves, which is added to the known first- 
stage noise figure to obtain the system noise figure. 

For instance, let's use the same preamp and mixer, 
and the I -dB post-amplifier from the preceding ex- 
ample. The first-stage gain plus noise figure is 14.4 
dB, and the interstage (mixer) loss plus second-stage 
(post-amplifier) gain is 8.5 dB. The curves of fig. 12 
show that Ais 0.9 dB at the intersection of these two 

75 noise-figure meter, the instrument is calibrated for 
the ENR of the source at the frequency of measure- 
ment. Fig. 13 shows typical values for the AIL noise 
sources and the nominal ENR for the Hewlett-Pack- 
ard 349Afor frequenciesbetween 200 and 5000 MHz. 

The meter scales of the Hewlett-Packard 340A, 
340B, and 342A noise-figure meters are based on a 
fixed ENR of 5.2 dB from a diode noise source and a 
fixed ENR of 15.2 dB from a gas-discharge noise 
source. There is no adjustment for other values of 
ENR; if the noise-source ENR is different from the 
value upon which the calibration is based, a correc- 
tion factor must be applied to the noise-figure read- 
ing. If the ENR exceeds the noise-figure meter cali- 
bration design value, the "excess" ENR must be 
added to the noise-figure readings. If the ENR is less 
than the calibration design value, the difference be- 

I 1 L 1 

FliTERS USED AT INPUT AND OUTPUT O f  PREAMP 0 NO FILTERS USED AT INPUT OR OUTPUT OF PREAMP 

FILTER USED ONLY AT OUTPUT OF PREAMP @FILTER USED ONLY AT INPUT OF PREAMP 

fig. 16. Simplified test setups for noise-figure measurements, using an untuned pre-amp and bandpass filters. The positions of 
the filters in each test setup are different. All configurations, except that at D, yield valid system noise figures. 
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tween the two values must be subtracted from the 
noise-figure readings. 

A n  examination of table 2 reveals that the only 
noise sources which match either of the Hewlett- 
Packard design values are the Hewlett-Packard 
343A, only when used below 30 MHz, and the Hew- 
lett-Packard 345B, which has little amateur applica- 
tion. This means that whenever the 343A is used 
above 30 MHz, the indicated noise figure must be in- 
creased by the difference between 5.2 dB and the 
noise-source ENR at the frequency of use. If the 
measurements were being made at 400 MHz, for in- 
stance, the indicated noise figure would be too low, 
requiring a corrective addition of 1 . I  dB to the meter 
reading. 

Fortunately, in the case of the 343A, there is a sim- 
pler method which allows use of the noise-figure 
meter readings without correction. This involves 
reducing the diode current from its specified 3.31- 
mA value to one which maintains a nominally cons- 
tant 5.2-dB ENR. Fig. 14 is a plot of the diode 
current versus frequency, which provides this com- 
pensation. 

Varying the current in a gas-discharge noise 
source has little effect on its ENR, typically only 
0.005 dB /  mA.  Therefore, the Hewlett-Packard 
noise-figure meter readings must be corrected if the 
noise-source ENR is not 15.2 dB at the frequency of 
measurement. See fig. 13 to determine the differ- 
ence between the ENR and 15.2 dB; remember that 
the difference is added to the noise-figure readings if 
the ENR exceeds 15.2 dB, and is subtracted if the 
ENR is less than 15.2dB. 

If measurements are being made with a Hewlett- 
Packard noise-figure meter at one or only a few fre- 
quencies, as is the usual case for amateur receivers, 
the need for making corrections to the noise-figure 
readings can be eliminated by the use of a selected 
loss pad. The graduations on the two scales of the 
Hewlett-Packard instrument meters correspond, dif- 
fering by exactly 10 dB. Therefore, if the noise- 
source ENR were exactly 15.2 dB, and a precision 
10-dB pad were used between it and the receiver 
under test, the noise figure could be read directly on 
the meter diode scale, which is based on an ENR of 
5.2 dB. Since the noise-source ENR is not 15.2 dB, a 
pad must be selected so that its loss is algebraically 
equal to the difference between 5.2 dB and the ENR 
shown in fig. 13. Thus for the 349A noise source, the 
use of a 10.35-dB pad at 432 MHz, or a 9.5-dB pad at 
220 MHz, will allow direct readout of noise figure on 
the diode scale of the noise-figure meter. 

image-response error 
Noise figure, as we have been using the term, is 

more correctly designated as the single-sideband 
noise figure. This has nothing to do with ssb as a 

MEASURED NOISE FIGURE /dB/ 

fig. 17. Noise-figure corrections, as a function of termina- 
tion temperature, for a typical gas-discharge noise source 
(courtesy AIL TECH).  

method of modulation; it refers to the fact that any 
superheterodyne receiver has both a signal and an 
image sideband (channel), and that we are interested 
in measuring the noise figure in only a single (the sig- 
nal) sideband. 

The image response of a system consisting of 
wideband amplifiers followed by  a heterodyne 
receiver (converter) can be an important factor when 
measuring noise figure. The image-channel signal 
adds to  the signal-channel signal and results in a 
measured noise figure which is lower than the true 
noise figure. The noise-figure error is a function of 
the receiver gain at the signal and image frequencies, 
as expressed by the following equation: 

ErrorNF (dB) = 10 log ( 1 + - ) (131 

where Gi is the image-channel gain ratio and G, is the 
signal-channel gain ratio. I t  can be seen that, for 
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fig. 18. Temperature corrections for the Hewlett-Packard 
model 343A VHF Noise Source (courtesy Hewlett-Packard 
Company). 

equal signal- and image-channel gains, the error will 
be equal to 10log2, o r3dB.  

Fig. 15 is a graphical representation of eq. 13, and 
shows the amount by which the measured noise fig- 
ure must be increased. It is apparent that the noise- 
figure error is negligible if the receiver image rejection 
is greater than 20 dB. However, the corrections, 
especially when measuring low noise figures, can be 
significant at image rejections under 20 dB. 

Which brings us back to the measurement of low- 
noise preamp noise figure. The prevailing concept in 
the design of low-noise amplifiers is to have untuned 
input and output circuits, and to rely on a separate 
high-Q filter ahead of the preamp to discriminate 
against unwanted signals. This is a valid design con- 
cept, but may lead to serious errors in the measure- 
ment of noise figure, especially at the aforemen- 
tioned vhfluhf conferences. 

Fig. 16 illustrates, in simplified form, the four pos- 
sible configurations of measuring preamp noise fig- 
ure, using a receiving converter and a noise-figure 
meter with a 30-MHz input. In the examples shown, 
measurements are to be made at 432 MHz, and both 
the noise source and the preamp are assumed to be 
flat from 372 to 432 MHz. The bandpass filters can be 
of any type - tuned circuits, cavities, stub tuners, 
etc. - and may actually be part of the input or out- 
put circuits of any of the individual blocks. However, 
the absence of a filter indicates that it does not exist, 
either separateiy or as a part of any circuit; thus, in 
fig. 16B, the preamp has no filter in either its input or 

output circuit, and the converter has no filter at its 
input. The converter output circuit has no effect 
on this discussion, and is assumed to be tuned to 
30 MHz. 

In fig, 16A, bandpass filters at the input and our- 
put of the preamp limit the overall system response 
to 432 MHz. This is the normal communications con- 
figuration, and yields valid noise-figure measure- 
ments. In fig. 16B, both filters have been eliminated, 
so that the preamp accepts noise inputs from 372 to 
432 MHz and, in addition, contributes its internal 
noise over the same frequency range. Since the con- 
verter produces a 30-MHz output from the noise 
power at both 372 and 432 MHz equal to 2N2/2N1,  
the ratio remains the same as from one channel only, 
resulting in a valid noise figure. 

Fig. 16C shows a test configuration in which a fil- 
ter is used only between the preamp and the conver- 
ter. It can be seen from the frequencies indicated on 
that diagram that only the 432-MHz noise signal 
reaches the converter, so that it too is a valid method 
of measuring noise figure. (It is equivalent to using 
an untuned preamp with a normal, tuned-input con- 
verter.) 

In fig. 16D, the filter position has been changed 
from the output to the input of the preamp. Notice 
that in this arrangement the noise input to the pre- 
amp is limited to 432 MHz. However, this amplified 
noise plus the internal noise generated by the preamp 
at both 372 and 432 MHz are converted to the 30- 
MHz input of the noise-figure meter. Therefore, the 
noise-figure reading will be erroneous. The conclu- 
sions to be drawn from this discussion are that mean- 
ingful noise figures will be obtained if no filters are 
used, or if a filter is used following the preamp, but in 
no case should a filter be used ahead of the preamp 
without an equivalent filter at the output. 

temperature error 
In the derivation of the noise-figure equations, To 

is equal, by definition, t o  290°K and represents the 
noise temperature of the noise source when de-ener- 
gized. It is therefore apparent that if the noise source 
is at a temperature other than 290°K (17OC or 
62.6OF1, an error will be introduced. Although such 
errors are of relatively small magnitude, especially 
over a limited ambient temperature range, it may be 
necessary to take them into account when measur- 
ing very low noise figures. Fig. 17 shows the noise- 
figure correction, as a function of measured noise 
figure and temperature, for a typical gas-discharge 
noise source. I t  can be seen that if a noise-figure 
measurement of 2.0 dB were made in a room where 
the iemperature was 80°F (approximateiy 27'C or 
300°K), a correction of -0.1 dB should be made, 
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making the corrected noise figure 1.9 dB. Extended 
use of a gas-discharge noise source also raises the 
cold temperature, so that the source should be al- 
lowed to cool down to room ambient when accurate 
measurements are required. 

The temperature-correction curves for the Hew- 
lett-Packard 343A diode noise source appear in fig. 
18. Since the diode heat will cause the termination 
temperature inside the noise-source housing to be 
somewhat higher than the ambient, this factor 
should be taken into account when establishing a 
corrected noise figure. 

Noise power obeys all power-transfer laws, but 
because noise is random in phase, mismatches cause 
ambiguous errors rather than known power losses. 
Because an automatic noise-figure meter measures 
the ratio N2/N1, a mismatch affecting both of these 
powers ha's no effect on accuracy, since the ratio re- 
mains unchanged. 

The major consideration in matching involves the 
excess noise power available from the noise source. 
The ENR of any of the noise sources discussed in 
this article, excluding the Hewlett-Packard 345B, is 
based on developing the noise power in a 50-ohm 
resistive load. If the load is not 50 ohms, the ENR will 
be indeterminate. 

The mismatch error must be calculated for each 
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fig. 19. Typical errors for several possible conditions of 
mismatch between the noise source and receiver (courtesy 
Hewlett-Packard Company). 

system by considering that noise power follows the 
power-transfer laws. A typical plot of error limits for 
a receiver swr of 2:l is shown in fig. 19; the actual er- 
ror can fall anywhere between the limits indicated. 

transmission-line (insertion loss) error 
This error is a function of the coupling of the gas- 

discharge tube to the helical transmission line (see 
fig. 3) and the attenuation of the transmission line, 
and always reduces the noise-source ENR. In fig. 
13, this error has been taken into account in deter- 
mining the excess noise ratios of the AIL noise 
sources. I t  has not been considered in the ENR curve 
for the Hewlett-Packard 349A, but according to  the 
published data, the error is less than 0.25 dB. This is 
well within the ENR tolerances specified in table 2. 

cumulative errors 
If all errors are in decibels, they accumulate addi- 

tively. Therefore, the total possible measurement er- 
ror will be the sum of the following: 

1. Noise-figure meter accuracy 

2. Noise-source accuracy, corrected for frequency 

3. Receiver image-response error 

4. Temperature error 

5. Mismatch error 

6. Transmission-line (insertion-loss) error, if a gas- 
discharge noise source is used. 

This is an imposing list, and could total well over 
1.5 dB if all errors were of the same algebraic sign. 
However, many of these errors will cancel because of 
opposite signs, and generally the accuracy of the test 
equipment is far better than the limits of its specifica- 
tions. Nevertheless, these possibilities of error are 
very real and cannot be ignored except for compara- 
tive measurements using the same equipment at one 
particular time. And even then, the mismatch errors 
between the noise source and the different receivers 
under test still exist. 

summary 
We have seen how automatic noise-figure meas- 

urements are accomplished, and have discussed 
their limitations and areas of inaccuracy. We can 
therefore answer the questions posed at the begin- 
ning of this article. A difference of 0.2 dB, or even 
0.5 dB, in the noise figures of two different preamps 
measured at two different times on two different test 
setups is meaningless. Furthermore, the accuracies 
of such measurements, especially outside of a labor- 
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atory environment, are subject to rigorous examina- 
tion. This is not a criticism of those amateurs who 
spend many hours at vhf luhf conferences petform- 
ing the tests; they know the limitations of their 
methods and equipment. Rather i t  is meant to warn 
those who accept noise figures as gospel that such is 
not the case. 

The same warning applies equally to the "typical 
noise figure" specifications on some transistor data 
sheets. Unless an accurately calibrated hot-cold 
noise source is used to determine the noise figure of 
the device (and I personally know of cases where this 
was not done), the published figures may be no more 
accurate than you or I could obtain with surplus 
equipment - caveat emptor. 

The automatic noise-figure meter can also be used 
t o  measure noise figure by the twice-power or 
Y-factor methods. However, since this article was 
intended to cover only the automatic mode of meas- 
urement, no attempt has been made to discuss man- 
ual operation. Gain measurements mav also be 
made, in a clever application described by Paul 
Shuch.11 

I sincerely hope that this article has taken some of 
the mystery out of automatic noise-figure measure- 
ments. More important, I hope that it will dispel any 
idea that you know your receiver or preamp noise 
figure to within a tenth of a dB. 

appendix 

To change the input frequency of a Hewlett-Packard noise-figure 
meter, only the frequency-determining circuits in the instrument's 
tuned amplifier need be changed to the desired frequency. If the 
new frequency is relatively close to  one already established in the 
instrument, it may be possible to  make the change merely by retun- 
ing the variable inductors in the tuned circuits. Otherwise, the coils 
will have to be modified or replaced. 

The Hewlett-Packard models 340A and 3408 employ a four- 
stage tuned amplifier. The front-panel input frequency switch 
selects one of two coils in each stage of the amplifier. In the stand- 
ard models, these coils and their inductance ranges are as follows: 

input 
frequency inductance 

IMHz) model 340A model 340B (pH) 

30 L1. L3. L5. L7 L6, L8, L10, L12 1.2- 1.75 
60 L2, L4, 16, L8 L5, L7, L9, L11 0.27-0.41 

Regardless of whether the standard model, having the above in- 
put frequencies, or a special model having different input frequen- 
cies, is involved, the coil designations will be the same. 

The coils resonate with approximately 20 pF. If the existing coils 
have sufficient inductance range to permit retuning, the procedure 
is simple. Set the METER FUNCTION switch to  NOISE FIGURE and 
turn the INF CALIBRATION potentiometer fully clockwise. Then, us- 
ing a signal generator, feed an unmodulated signal at the new fre- 
quency into the input of the noise-figure meter. Keep the signal 
level low enough so that the meter is never at full scale, and adjust 
the appropriate coils for maximum meter reading. If the meter 
reaches full scale, redl~ce the inp~ut signal before continuing the 
adjustments. 

If new coils are required for the desired input frequency, select 

four adjustable coils whose mid-range inductance will resonate 
with 20 pF at the new frequency. Coils in the Miller 4300 series or 
Cambion 556-3338 series will replace those in the instrument 
without any mechanical modifications. After replacing the existing 
coils in the noise-figure meter with the new ones, retune the 
amplifier as described above. If the new frequency is 30 MHz or 
iowei, a 3300-ohm composition resistor can be connected across 
each coil to broaden the amplifier response. 

The Hewlett-Packard model 342A has provisions for five input 
frequencies. Instead of switched coils throughout the tuned 
amplifier, a fixed-tuned 30-MHz i-f amplifier is used in conjunction 
with a mixer and local oscillator circuit, which heterodynes four of 
the five input frequencies to  30 MHz. The fifth input frequency is 30 
MHz, which is fed through the mixer with the oscillator disabled. 

In the standard model 342A, the following coils and frequencies 
are used in the mixer-oscillator circuit: 

input 
frequency 

IMHz) mixer coil 
30 - 

60 L10 ( 0 . 3 2 0  55pH) 
70 L9 10.32- 0.465pH) 

105 L810.156-0.228pH) 
200 L7 10.0392-0.0412pH) 

oscillator 
frequency 

oscillator coil (MHz) 

1100-ohm resistor) - 
L14 10.156-0.228pH) 90 
L13 (0.156-0.228pHl 100 
L12 10.32-0.465pH) 75 
L11 10.057-0.063pH) 170 

Special versions of the 342A will have one or more input frequen- 
cies which differ from those listed above. Therefore the coil 
inductances may also be different, but the designations will be 
the same. 

To change any of the input frequencies except the 30-MHz in- 
put, either retune the coils associated with the input switch posi- 
tion to  be changed, or use new adjustable coils whose mid-range 
inductance will resonate with 14 pF at the required frequencies. 
The mixer coil obviously must be tuned to the input frequency. The 
oscillator coil must be tuned to  a frequency which is 30 MHz above 
or below the input frequency; be sure that the oscillator frequency 
and its harmonics are well removed from the 30-MHz intermediate 
frequency. 

Set the local oscillator on frequency by means of a frequency 
counter or a dip oscillator. Then adjust the oscillator and mixer coils 
(but not the coils in the i-f stages) as previously described for the 
model 340A or 3408, using a signal generator at the new input fre- 
quency. 
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Company, Palo Alto, California, January, 1958. 
2. "Noise Figure Primer," Application Note 57,Hewlett-Packard Company, 
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electronic 
teleprinter keyboard 

This novel 
electronic keyboard 

uses toroids 
and a pulse generator 

to create the 
correct marklspace coding 

This project grew out of a desire to design an elec- 
tronic Teletype keyboard which would permit handi- 
capped people to communicate with others. I took 
an initial design suggested by Ed Brown, WBEPV, 
determined that it was feasible, and developed the 
circuit shown in this article. The keyboard itself 
would generally have to be custom designed for each 
particular individual; for amateur use any surplus 
keyboard with a simple, closing-type contact will be 
sufficient. 

circuit description 
The heart of the circuit is a set of eight shift regis- 

ters, composed of four 7474 ICs (see fig. 1 ). During 
static conditions, the 6 outputs of the shift registers 
are all high, forcing the 7430 NAND gate low. This 
low disables the clock, while also enabling the pulse 
generator. When a particular key is actuated (key line 
taken low), the pulse generator is discharged 
through the respective cores. For example, if the Y 
line went low, the pulse generator would be dis- 
charged through cores TI, T3, T5, T6 and T7. The 
pulse from each core sets its respective shift register, 
causing the 5 output to go low. Now that one of the 
inputs of the 7430 has been driven low, its output will 
change states, both enabling the clock and disabling 
the pulse generator. 

Prior to the change in the 7430, the magnet driver 
was held in a mark condition by the action of U2. 

By i. A. Stapp, W-QPHY, 2903 Ash Street, 
Hays, Kansas 67601 
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With both inputs to U2A now low, U2 pin 8 will go 
high, forcing the magnet driver into the space condi- 
tion. Since the clock has now been enabled, it will 
put out a pulse after 21 ms, moving the contents of 
the shift register down one increment. Each low 
state, on the Q, line, will create a mark, while a high 
forms a space. 

With the clock free running, as long as there is a 
low into U1, the shift register will receive pulses and 
move the data one increment for each clock pulse. 
After 8 shift operations, the registers will be clear and 
their high outputs will cause U1 to change states 
again, completing the character. 

construction 
Building this electronic keyboard is extremely 

straight-forward with the use of TTL circuitry.* 
Before operation, R5 should be adjusted with U1 pin 
8 high, to provide 1.6 volts on pin 6 of the NE555. If 

*A  copy of the circuit board layout and parts placement diagram isavailable 
by sending a self-addressed, stamped envelope to ham radio, Greenville, 
New Hampshire 03048. 

CLOCK 

O  T R Y  A  I m 

LOOP C U R R E N T  

4 0 0  
A D J U S T  
- 

7 W t,," i IPOV 

I 1 
+ 

BOO 

fig. 2. This power supply will provide voltages for both the 
keyboard plus the Teletype loop. The transformer is a 
Stancor 8626. 

the keyboard is to be used at 60 words per minute, 
R1 should be adjusted so the 555 oscillates at 45 Hz; 
for 75 words per minute, use 61 Hz. 

ham radio 

P U L S E  G E N E R A T O R  

C I  
R I  

CLOCK + 5  V 

fig. 1. Schematic diagram of the electronic keyboard. Each toroid is an Indiana General CF-102, 0-6, wound with a 10-turn 
primary. The wires from the pulse generator are fed through the appropriate core to form the mark periods for each character. 
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improved grounding 
for the 

1296mMHz microstrip filter 

Construction techniques 
for improving 

the performance 
of the three-pole 

1296-M Hz bandpass 
microstripline filter 

The 1296-MHz microstripline bandpass filter I 
discussed in a previous article has allowed dozens of 
uhf experimenters to "clean up their act" on the 23- 
cm band.? As shown in fig. 1, the filter consisted of 
three top-coupled parallel-resonant circuits with 
grounded microstripline inductors. The filter is easy 
to assemble and tune, but several amateurs who 
have built it experienced difficulties caused by erratic 
stripline grounding. The new design presented here 
eliminates those difficulties and provides lower inser- 
tion loss and steeper skirts that wiii not tend to 
degrade as the filter is used. 

The grounding of the microstriplines in the original 
design was accomplished by wrapping a thin brass or 
copper strap around the edge of the PC board, sol- 
dering it to the stripline on one side of the board and 
the groundplane on the other. Although this method 
of grounding worked well in the prototypes, the 
stripline inductance is a function of the placement of 
the grounding strap. Furthermore, the strap's place- 
ment on the edge of the board makes it extremely 
susceptible to physical damage, especially when 
installing or removing the filter board from its box. A 
third difficulty with wraparound grounding is that it 
forces the end of the microstripline inductor to ex- 
tend to the edge of the board, where stray coupling 
can cause the tuning of the filter to change when the 
unit is placed inside an enclosure. 

All of these difficulties can be easily eliminated by 
placing the grounded end of the microstripline induc- 
tors somewhat away from the edge of the board and 
drilling through the board for the installation of a 
grounding wire or post. With the ground connection 
running through (rather than around) the board, its 
mechanical integrity is assured, and the groundstrap 
inductance is more nearly constant from one filter to 
the next, especially if the diameter of the grounding 
wire or post is specified. 

By H. Paul Skuch, NGTX, Micrscornrn, i490S 
Sandy Lane, San Jose, California 95124 
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Although a short length of number 18 (1.0 mm) 
tinned copper wire makes an acceptable through- 
board ground connection, maximum grounding ef- 
fectiveness and mechanical integrity, I have found, 
can be achieved by installing small electronic eyelets 
through the board, setting them with a press, and 
soldering both sides. The eyelets I use are made of 
thin brass, measuring 0.47 inch (1.2 mm) diameter by 
0.093 inch (2.5 mm) long. They look something like 
tiny rivets. The eyelets are available from a number of 
vendors* and can be easily set using a center-punch 
(or sharp nail) and hammer. 

grounding the trimmer capacitors 
Another area of difficulty encountered by several 

readers is the grounding of the piston trimmer capa- 
citors. The capacitors I originally used were designed 
for chassis mounting, so it was necessary to modify 

3 - P O L E  FILTER 

C1 - C3 1.5-pF ceramic piston trimmer (Triko 202-08M or 
equivalent) 

C, Stray coupling capacitance between stator ends of 
trimmer capacitors 

J1, J2 SMA or equivalent microstripline launchers (E.F. 
Johnson 142-0298-001 or similar) 

L1, L2, Microstripline inductor, 0.5"(13 mm) long, 0.lf'(2.5 mm) 
L3 wide, spaced 0.3" (7.5 mm) center to center. Bottom 

ends strapped to ground plane with thin copper strap 

X I ,  X2 50-ohm microstripline, 0.1" (2.5 mm) wide, any length. 
Centerline tapped to L1 and L2 0.2" (5 mm) from 
grounded end 

fig. 2. Full-size printed-circuit layout for the three- 
pole 1296-MHz bandpass filter. Etched on double- 
clad 1/16"(1.5 mm) fiberglass-epoxy circuit board; 
the unetched side serves as a ground plane. 

08M, a German ceramic piston trimmer available in 
the required I-to-5-pF range." I find filters using this 
capacitor easier to tune up, although I caution the 
builder against repeated adjustments because the 
tuning mechanism loses spring tension and becomes 
erratic after a couple dozen adjustments. The best 
procedure is to set the filter on frequency once, and 
then place a dot of nail polish, epoxy paint, or Loctite 
on the tuning screw as a reminder to leave it alone! 

assembling the modified filter 
Fig. 2 is a full-size printed circuit layout for the 3- 

pole bandpass filter, modified for through-board 
grounding. The board should be etched from double- 
clad 1 / 16-inch (1.5-mm) fiberglass-epoxy printed-cir- 
cuit stock, with one side left unetched to serve as a 
ground plane. The board should be drilled in the 
same manner as the template in fig. 3 and the three 
eyelets installed at the bottom end of the microstrip- 
lines.$ Don't forget to remove a bit of ground plane 

fig. 1. Three-pole microstripline bandpass filter, 
which will tune the range from 1100 to 1500 MHz.  
Full-size printed-circuit layout for this filter is 
shown in fig. 2. 

,642 i P M M  (3/64 /NCHES 3 PLACES) k0 42 

them for circuit-board use by adding a bus-wire loop 
around the terminal nearest the adjusting screw (see 
fig. 4 of reference 1). It would have been better to 
use a trimmer specifically designed for PC use, with 
legs installed for grounding the rotor end through the 
circuit board. One such capacitor is the R-Triko 202- 

*One acceptable eyelet is part number F-4793.8, available from Internation- 
al Eyelets, Inc., 528 Santa Barbara Street, Santa Barbara, CA 93101. 

fig. 3. Full-size drilling template for the bandpass 
filter board. 

"These capacitors are available in the United States through Stettner- 
Trush, Inc., 67 Albany Street, Cazenovia, NY 13035. 

$Completely etched, drilled, and plated printed circuit boards, with the 
three eyelets installed, are available for $4.50 postpaid within the U.S.  and 
Canada, $5.00 elsewhere, from Microcomm, 14908 Sandy Lane, San Jose, 
CA 95124. Completely assembled, tuned, and tested filters are also avail- 
able. Send a stamped, self-addressed envelope for details. 
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work analyzer. The response curve for the modified 
filter design shows slightly reduced insertion loss (on 
the order of 0.5 dB) and slightly steeper skirts. Per- 
haps the most realistic indication of filter perform- 
ance is not its swept response, but the filter's 
behavior in an actual system. Fig. 4 shows the effect 
of installing the bandpass filter behind an extremely 
spurious local oscillator chain. Note that the numer- 
ous spurious components are all significantly sup- 
pressed, with the worst remaining spur reduced from 
- 5 dB to about - 25 dB, relative to the desired 
output. 

Fig. 5 shows the results when the filter is used to 
clean up the output of a previously published trans- 
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C2 GROUND THRU c: BOARD 
4 PLACES 

SHUNT STUB 
ETCHED ON \, 
PC BOARD \ 

L l  LZ  

D l  

J I JZ 
4 0 0  M H z  I200  MHZ 

CI 
GROUND THRU 
BOARDIZ PLACES) 

Cl 1-9 pF piston trimmer (Triko203-09M or equivalent) J1, J2 SMA coaxial connector (E.F. Johnson 142-0298-001 

C2. C3 1-5 pF pistion trimmer (Triko 201-01M or equivalent) or similar) 

CR! Step recovery diode (H-P WS2-O!M! L7, L2 Microstripline inductors (see fig. 2) 

fig. 6. Circuit and construction details for a local-oscillator multiplier which provides 0.5 m W  at 1200 M H z  from a 5-mW 400- 
M H z  drive signal. This circuit uses the same printed-circuit layout as the bandpass filter (see fig. 2). Output spectrum of this 
circuit is shown in fig. 7. 

image signal, and the intermodulation products are 
all suppressed below the dynamic range of the spec- 
trum analyzer. 

local-oscillator multiplier 
In a previous article I described a diode multiplier 

for developing local-oscillator injection for a 1296- 
MHz converter.3 As this multiplier used a microstrip- 
line output filter, it seemed reasonable to assemble a 
similar multiplier on the bandpass filter PC board, 
thus allowing one PC artwork to do the job of two. 
The circuit, which makes a rather nice low-level trip- 
ler, is shown in fig. 6. Note that the microstripline 
previously associated with the first filter pole is now 
used to support the multiplier diode and its input 
matching circuit. Do not install a grounding eyelet on 
this first stripline if you are building the multiplier! 
The other two filtering poles help reject the many 
other harmonic components generated by the step- 

recovery diode, as shown in the spectrum analyzer 
display of fig. 7 .  When driven by the 5-to-10 mW sig- 
nal from my uhf LO chain, this multiplier provides 
about 0.5 mW of third-harmonic output. This power 
level can be easily buffered in a 1296-MHz preamp,4 
applied to a 3-pole filter for additional spurious rejec- 
tion, and used to drive the LO port of a transmit or 
receive balanced mixer. 

I should point out that the circuit of fig. 6 provides 
no dc return for the anode side of the multiplier 
diode. A dc return is necessary for the diode to prop- 
erly develop self-bias; in my system this dc path is 
provided at the output of the uhf LO. If the driving 
stage does not offer dc continuity to ground, it will 
be necessary to install a dc return circuit on the multi- 
plier board. This can be most readily accomplished 
by adding a small (0.33-lrH) rf choke to ground at the 
location normally occupied by the first trimmer 
capacitor when this board is used as a filter. 

fig. 7. Output spectrum of the 400-MHz to 7200-MHz LO summary 
multiplier. Note that the tripler circuit provides some degree The printed-circuit layout can be used to fabricate 
of filtering of t h e m - ,  800-, and 1600-MHz components from high-quality bandpass filters and diode multipliers for 
the step recovery diode. 

the amateur 23-cm band. The designs are based 
upon previous articles, but the addition of through- 
board eyelet grounding significantly improves per- 
formance and reliability. Further details on construc- 
tion, tune-up and testing, and system application are 
discussed in reference 1. 

references 
1. H.  Paul Shuch, WAGUAM, "Microstripline Bandpass Filters for 1296 
MHz," ham radio, December, 1975, page 46. 
2. H.  Paul Shuch, WAGUAM, "Rat-race Balanced Mixer for 1296 MHz," 
ham radio, July, 1977, page33. 
3. H. Paul Shuch, WAGUAM, "Easy-to-build SSB Transceiver for 1296 
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simple scope monitor 
for vhf fm 

In the dark 
about those signal reports 

on two meters? 
This easy monitoring system 

pays off in 
increased versatility 

Add ing  an  inexpensive oscil loscope to your f m  
transceiver will make your base station much more 
versatile. You'll have a signal monitor capable of 
measuring ( + 0 - ) carrier frequency, peak-deviation 
modulation, per cent noise quieting, and Touch- 
Tone signal levels. You'll be able to tweak transmit 
crystals in other rigs (great for netting CD-MARS 
members on frequency) and much more. Now blow 
the dust off your old scope and put it to good use - 
or give the test scope a dual function, as I did. 

fm signal reports 
How often have you heard, "You're 40 per cent 

quieting but 0 5  copy," and wondered how the op- 
erator on the other end arrived at the 40 per cent 
figure? He must have been good at guessing, had a 
super trained ear, or maybe trying to be friendly. 

When I became interested in two-meter fm I was 
very much confused with per cent quieting signal re- 
ports (especially if I had to give one). The transceiver 
I used was an ICOM IC20 and it did have a relative 
strength S-meter. While working simplex, whatever 
the meter indicated would be the report I gave. How- 
ever, working through repeaters presented a whole 
new ball game. Unlike simplex, repeaters may come 
slamming into your location, but the signal on the in- 

put side may be cndei such ciic"m- 
stances the S-meter reading is invalid for a report, 

but a monitor scope would immediately show the 
per cent noise quieting into the machine. One day 
while working on a circuit and using my old ElCO 
model 460 scope, I saw the light for a per cent quiet- 
ing indicator. 

operation 
After examining the IC20 schematic for a good sig- 

nal pickoff point, I decided the best place would be 
at the output of :he discriminator stage (at TP3) and 
ahead of the audio control circuit (see fig. 1). 

S C O P E  
I N P U T  

T O  
A U D I O  C O N T R O L  

C I R C U I T  

fig. 1. Pickoff point in a typical amateur 2-meter transceiver for 
connecting a monitor scope. In this case it's at TP3 in the 
popular ICOM model IC20. The pickoff point should be made at 
the receiver discriminator output, but ahead of the audio con- 
trol circuit. 

Several advantages would be obtained by doing 
this: 1) I'd see the noise figure as it appeared, un- 
affected by audio and squelch-control settings; 2) 
I'd see peak deviation (modulation); 3) by connect- 
ing directly from the discriminator output to my 
scope's dc vertical input I'd be able to measure the 
dc voltage produced by the received-signal carrier. 
Most fm transceivers (or receivers) have a test point 
at the location mentioned for alignment purposes. 
Your manual or schematic should indicate if this 
point is available. 

connection 
Modification and wiring of the transceiver was 

simple (f ig. 1). Connection to the outside world was 
made using a small-diameter, single-conductor, 
shielded cable from the discriminator circuit to a 

By Ed Spabcni, \N1RHN, 31 Tower Street, 
Dedham, Massachusetts 02026 
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rear-panel-mounted phono connector (Radio Shack 
No. 274-3461 designated J4 in fig. I .  The shield was 
wired to J4  ground lug only. Next my scope was 
connected through a suitable length of shielded 
cable, with a male phono plug on the end, to mate 
with J4. 

calibration 
Scope control settings will vary depending on the 

types of scope used. M y  ElCO 460 control settings 
were as follows: Vertical attenuator in the DC-X1 
position, horizontal sweep at 100 Hz, and sync on 
INTERNAL. With the transceiver tuned to an inactive 
channel, adjust the vertical gain for 51 mm (2 in.) 
p-p noise level (fig. 2). The noise as seen on the 
scope indicates the total passband of the rig's receiv- 
ing section. My IC20 has a passband of better than 
16 kHz, which allows me to see signals + 8 kHz from 
the passband center with reasonable accuracy. A t  
present I can read 1 kHz = 2.5-mm or 0. I -in. division 
on the scope with good linearity to i 8 kHz. 

It's essential to  have your receiver properly aligned 
and your receiving crystals adjusted to the passband 
center. If you're synthesized, be sure the receive 
oscillator is also properly adjusted. I've found that a 
very convenient frequency reference source is a re- 
peater output signal. By tuning in several machines 
you can see if things are properly adjusted by noting 
if the repeater signals are located in the passband 
center. If not, a little trimming must be done. 

Working someone with a synthesized or vfo rig 
can prove very helpful in determining the linear por- 
tion of your receiver and its frequency limits. After 
determining the useful reading range of your trans- 
ceiver-scope combination, you should be able to 
read signals to + 1 kHz of your receiver passband 
center. 

using your scope 
Here are some samples of the more important 

waveforms observed while monitoring both simplex 
and repeater signals. 

1. 100 per cent noise quieting signal, either simplex 
or repeater, with a pause in modulation: 

I 
+ - 1 0 0 D / e  N O I S E  Q U I E T I N G  

0 - -- L - -- - - - - 
( S C O P E  B A S E L I N E )  

S i m m ( Z 1 N J  
R E F  

- - I 

2. 50 per cent noise quieting signal, either simplex 
or repeater, with a pause in modulation: 

- - - - - - f - - - - - - - - - - - - -  

7 

5 0 %  N O I S E  O U l E T l N G  I 

. . . . . . . . . . . . . . . . . . . .  A 
3. Normal signal showing deviation (modulation). 
Most transceivers and repeaters have their deviation 
set for a nominal peak of 5 kHz: 

L - - _ _ - - - - - - - - - - - - _ - - i  
E A C H  2 5 m m  ( 0 . 1  I N  1 ON V E R T i C A L  S C A L E  E Q U A L S  lkh ' z  

4. 100 per cent quieting repeater signal received at 
your location with a weak and noisy input signal. 
Horizontal sweep adjusted for expanded one or two 
speech waveforms: 

R E F  

- - 

( S P E E C H  W A V E F O R M  E X P A N D E D )  1 
5. Repeaters normally produce equal swings of de- 
viation, in both up and down directions, with most 
input signals. If a new station comes into the ma- 
chine and produces the pattern shown below, this 
means that the new signal's carrier frequency is off 

fig. 2. Scope presentation for calibration. peak-to-peak noise and higher than the repeater passband center. The 
should occupy the entire scope face, which represents the opposite would be true with a low-frequency carrier 
total passband of the receiver on noise. signal into the machine: 
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I I , ,  1 1 ,  I ,  I I I l l  I l l ,  1 1 1 8  

0 - Simm V l n c h l  
REF 

- - 

NOTE iNPUT SIGNAL-CARRIER FREOUENCY HIGH 

6. Hum accompanying signal. Frequency and ratio 
of hum to modulation can be determined. Hum fre- 
quency is referenced to 60 Hz. 

hum p-p  ,-, X100: Per cent of hum = J~~~~~~~~ 

- - 
HUM ON CARRIER AS S E E N  
DURING P A U S E  IN  M O D U L A T I O N  I 

7 .  Power supply whine accompanying the received- 
signal carrier has a constant amplitude and fre- 
quency. Mobile alternator whine is similar, except 
the amplitude and frequency will change as the ve- 
hicle is accelerated or decelerated. Whine appears as 
a high-frequency modulated carrier with or without 
voice modulation: 

- - 
C A R R I E R  DURING A PAUSE IN  M O D U L A T I O N  

. . . . . . . . . . . . . . . . . . . .  

8. Upper-channel interference from a strong simplex 
or repeater station. Many hams have experienced 
this condition and termed it (in error) intermodula- 
tion. Lower-channel interference is similar, except 
that the baseline would appear on the lower side of 
the passband with audio transients shooting upward: 

9. Checking and adjusting Touch-Tone signals. 
Preferably, use a simplex channel and have the op- 
erator close-talk into the microphone at a normal 
voice level. (Note the peak deviation.) Next, have 
the operator switch in the TTP, push buttons 1 and 
2 or 1 and 4, and observe the peak amplitude. Peak 
deviation and amplitude should be the same for both; 
if not, adjust TTP output level. Then have the opera- 
tor push all buttons to see if all levels are the same. 
When a single button is pressed a dual frequency is 
generated and is a normal function for a TTP, as 
shown below. Each button produces its own set of 
different frequencies: 

+ - 

I 
0 - -  - 5 l r n r n i P l N  1 

R E F  

- - I 

10. Frequency measuring. Using a scope with your 
transceiver gives you a limited-range frequency 
meter, allowing you to read up to + 8 kHz per chan- 
nel on 2 meters. The range is restricted only by the 
passband capability of your transceiver. 

+ - 7 CARRIER 4kHz HIGH 

J I 
CARRIER r3V - FREQUENCY AND 
EQUAL TO 

RECEIVER READOUT 

I 
5 1 m  (.?IN1 

REF 

I 

L CARRIER 6kHz LCW 

- - - - - - - - 1 
final comments 

You can leave the scope in the circuit without 
affecting transceiver performance. If you have sepa- 
rate receive-transmit capability, the scope can also 
be used to monitor your own transmitted signal. The 
waveforms illustrated are those most often encoun- 
tered and are therefore the most important. 

Scopes aren't difficult to come by. Try surplus 
houses, auctions, or build one from a kit. A monitor 
scope beats the cost of frequency counters and 
you see much more. Making this simple modification 
to your radio and adding a scope will allow you to 

+ - keep watch over other rigs (your hand-held; repeater 
output), especially the transmitted signals. The com- 

0 - I N  I 
R E F  bination becomes unbeatable when used with syn- 

- - thesized transceivers or those with + 5-kHz offset or 
with transceivers having a VFO and 1-kHz readout. 

. . . . . . . . . . . . . . . . . . . .  ham radio 
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singlemtone decoder 
for vhf fm 

Design and construction 
of a false-free device 

using a single tone 
to alert you 

on two-meter fm 

A single-tone decoder is adequate for many appli- 
cations on vhf fm, but very little practical information 
on these devices has been published. Several years 
ago K2OAW described the use of a 741 op amp as a 
carrier-operated relay (COR) and tone decoder,' but I 
didn't know what a COR was at that time. So I read 
the part about the tone decoder, and within 15 min- 
utes I was at the junk box struggling to put a reason- 
able fascimile together to see whether or not all that 
was claimed for this circuit was true. The claims were 
that the decoder would not trigger on noise, speech, 
or even singing but would activate immediately in 
response to the chosen tone. Beyond that, the de- 
coder bandwidth was not supposed to get any 
broader as the input amplitude increased. Also, the 
decoder was not supposed to trigger on the selected 
tone if that tone were accompanied by any other 
tone or noise. 

This article describes a single-tone decoder with 
hints on how to set it up. It has the advantage of be- 
ing free from falsing while coming on quickly enough 
to stop a scanner on the frequency where the tone 
was transmitted. An appropriate encoder, small 
enough to fit in most hand-held transceivers, is also 
described. 

!I? those days I had two CB had-held transceivers 
with built-in tone encoders for mutual noise making 
on 11 meters. I wanted to use the decoder (if it work- 
ed) with these units. Fortunately I had all I needed on 
hand to make the circuit on a perf board. When I was 
finished, lo and behold, i t  worked! I t  was so selective 
that it wouldn't false, even on channel 11 with the 
band open; when my tone came through, the decod- 
er came right on. 

I put it all together in a box with a speaker and 
some jacks and used it that way for several years un- 
til I got on 2-meter fm. I then discovered some prob- 
lems and shortcomings that needed solutions. Over 
the years I came up with a modified circuit that filled 
my needs and has been working well ever since. Be- 
fore going any further, let me explain why I used a 
single-tone decoder rather than Touch Tones, se- 
quential tones, or some other type of selective de- 
coding device. It's not really the decoder but the en- 
coder that makes the difference. A stable, singie- 
tone encoder can be easily and inexpensively built to 
fit into a hand-held transceiver, and that's exactly 
what I did. 

operation 
The radio is on at all times and tuned to a repeater 

frequency, but a relay directs the audio to a 10-ohm, 
2-watt resistor and the decoder input. When the de- 
sired tone is received the audio is directed through a 
7-second timer to both a local and an extension 
speaker. (The extension speaker, in my case, is lo- 
cated in the kitchen.) After seven seconds the unit 
resets, and the audio is removed from the speakers. 
My wife (the technician in the house) then goes to 
the shack and operates a toggle switch that defeats 
the decoder, disconnects the extension speaker, and 
supplies the audio at a conversational level to the 

By Steve S. Krarnan, MD. WA2UMY. 29016 
Candlelight Way, Lexington, Kentucky 40502 
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- 
fig. 1. Original circuit of the single-tone decoder, which 
forms the basis of the modified system. (From 73, July, 
1972.) 

local speaker. After two-way communications are 
completed, the same switch returns the unit to nor- 
mal operations. Nothing need be disconnected from 
the rig at any time. 

The original circuit is reproduced here (fig. 1) to 
demonstrate its operation. I'll dispense with a detail- 
ed description of how the decoder works. Briefly, the 
incoming signal is separated into two components - 
the desired component and all others. The two volt- 
ages so derived are rectified and fed respectively to 
the positive and negative inputs of the 741 op amp. 
The voltage at the positive input must exceed that at 
the negative input for the 741 to turn on. The band- 
width is set by R7, which determines the op amp 
bias. (A complete description of the circuit can be 
found in the original article.)' 

capacitors and a seven-pole, single-throw switch on 
a 14-pin DIP. (This is only a convenience to allow 
easy frequency change.) 

choosing capacitors 
Be sure to use only NPO capacitors for C1; that is, 

capacitors whose values do not change with tem- 
perature, otherwise you may find, as I did, that on 
warm or cool days the decoder will not respond to 
your tone. A drift of only a few hertz can prevent the 
decoder from working. If you're not sure of your 
capacitors but have access to a capacitance bridge, 
connect the chosen capacitor across the bridge, take 
a reading, and then coo! the capacitor with freeze 
mist and take a second reading. If the change is more 
than slight (say about 10 per cent), don't use it. 
You'll find that most disk ceramics will change value 
by as much as 50 per cent under these conditions. 
Mylar or tantalum capacitors are usually good. 

My unit is set up to decode frequencies between 
300-600 Hz using a 150-pH toroid; an 88-pH toroid, 
as originally described, is fine. Experiment with val- 
ues of C1 to see where you are and work up or down 
from there. If you have a low-band rig, connect the 
audio output to the decoder and use the crystal cali- 
brator to generate a test signal. Of course, an audio 
signal generator may be used, but remember that 
the amplitude must be similar to that of an audio 
power amplifier since these are the conditions under 
which the decoder was designed to work. 

adjustment and tests 
If the decoder doesn't operate at first, test the fre- 

modified decoder quency determining components by placing a dc 
Fig. 2 shows the modified circuit. C1, the fre- voltmeter across the 741 positive and negative in- 

quency-determining capacitor, is replaced by seven puts. Sweep an audio-frequency generator over as 

fig. 2. Modified decoder featuring easy frequency change using 7 NPO capacitors and a -/-pole, single-throw switch on a 14-pin 
dual in-line package. Unit decodes frequencies from 300-600 Hz. The universal 741 op amp does the work; bandwidth is set by 
resistor R7. 
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wide a band as possible. The voltage will peak at one 
frequency and remain negative at all others. Play 
around with the bandwidth while you are doing this. 

The 555 timer is set to keep the speakers on for 
about seven seconds, but you can substitute a pot 
for R2 to give different lengths of time. 

The meter across K1 is used to adjust the encoder 
to the decoder frequency. The meter will read high- 
est at the decoder's most sensitive frequency. The 
meter is also useful for quick checks and adjust- 
ments. Almost any sensitive meter can be used with 
the appropriate series resistor to keep it in range. I 
used a tape recorder VU meter. 

encoder 
I tried several circuits as an encoder, but by far the 

best is the "Twin-T Oscillator" taken from the Radio 
Amateur's VHF Manual. While the output ampli- 
tude is low and must be fed into the transmitter mike 
input, the frequency is completely independent of 
the supply voltage over its operating range. When 
NPO capacitors are used, a very stable source of 0s- 
cillation results, which is mandatory if the encoder- 
decorder pair are to work reliably. It's best to set up 
the encoder with an oscilloscope to try to achieve a 
near-perfect sine wave. Other waveforms contain 
harmonics, which will tend to desensitize the de- 
coder. Keep this in mind when you operate through 
a repeater. The repeater's audio shaping, or your 
own overdeviation, may cause tone distortion. 

suggested improvements 
This unit has worked well for several years, but, 

for still further usefulness, the following may be 
done. A scanning board can be added to the receiver 
and connected so that the decoder, when coming 
on, will inhibit the scanner and lock the receiver onto 
the tone frequency. This may be accomplished by a 
second 555 timer set to lock on for about one min- 
ute. The manual defeat switch would also inhibit the 
scanner. This setup will allow you to use whichever 
repeater or simplex frequency is most convenient at 
the time, especially if your favorite repeater happens 
to be down just when you want to make the call. The 
decoder can be used in this way because it triggers 
almost instantly on the appropriate tone. Other sin- 
gle-'tone decoders using the 567 chip require a pro- 
longed tone to achieve freedom from falsing. A scan- 
ner would pass by too fast to decode the tone in this 
case. Other modifications will come to mind I'm sure. 
I hope you find this project useful and fun. 

reference 
1. Peter Stark, KZOAW, "741 Op Amp COR and Tone Decoder Circuits," 
73, July. 1972, page83. 
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electronic bias switching 
for the 

Henry 2K4 and 3KA 
linear amplifiers 

Easy modifications 
you can make 

to these popular linears 
to increase efficiency 
in CW and ssb modes 

Two excellent articles have appeared in the ama- 
teur literature dealing with electronic bias switching 
(EBS) for high-power linear amplifiers.l.2 Why elec- 
tronic bias switching? It's a great saver of tube life. It 
reduces tube dissipation, ambient noise, and your 
power bill. EBS, in general, is a way to make your 
amplifier operate more efficiently in whatever mode 
you choose, ssb or CW. 

The EBS method described here may be used by 
those amateurs interested in CW only operation or by 
those using ssb with or without signal processing. 
Using the basic circuits described in references 1 and 
2, a very efficient EBS circuit can be built into the 
popular Henry 2K4 or 3KA linear amplifier. The cir- 
cuit can be adapted to your home-brew linear with a 
little ingenuity. 

Henry rf decks 
First of all, for those not knowing it, the rf decks in 

the 2K4 and the 3KA amplifiers are almost identical. 
The only difference is the use of wider-spaced load- 
ing variable capacitors in the 3KA (two 350 pF in- 
stead of two 500 pF, plus three additional 100-pF, 5- 

kV doorknob fixed capacitors). A 2K4 rf deck can 
easily be modified to a 3KA rf deck by simply chang- 
ing these components. Of course, the 3KA uses 
higher plate voltage (3.6 instead of 2.8 kV). A 2K4 
can be driven to 2 kW PEP with 100 watts rf, while 
the 3KA needs at least 150 watts of rf drive to run at 
its full rated output. 

The EBS circuit will not be dealt with in detail. The 
referenced articles discuss the principles of operation 
of the circuit. The circuit components can be mount- 
ed on the aluminum panel covering the compartment 
that houses the swr bridge, Zener diode, etc. 

4 i 
FILAMENT 

fig. 1. The bias and transmit-receive switching circuits in the 
Henry 2K413KA linear amplifiers. Dashed line (upper right) 
shows a 50k resistor added to the circuit through a +50-100- 
volt power supply to effect complete amplifier cutoff during 
receive mode. 

Fig. 1 shows the original bias plus transmitlreceive 
switching circuit as used in the 2K4 and 3KA ampli- 
fiers. During receive, R21 is switched into the cath- 
ode circuit, whereby the tube is biased to a point very 
near cutoff. Simply adding a 50-k resistor (fig. 1) and 
connecting it to a + 100-volt supply (50-150 V) will 
improve the circuit; the tube will then be completely 
cut off during reception ( + 100 volts on the cathode). 

I By Michael James, WlCBY 
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improved bias circuit 

Fig. 2 shows the EBS circuit as developed 
especially for the 2K4 and 3KA linears. R1 through 
R4 are well over-dimensioned resistors (in wattage), 
where a parallel combination is used for added safety 
(if one resistor opens, the system will still function on 
the remaining resistor). These resistors can be 
mounted on the bottom side of the cover p!ate. The 
Darlington transistor and the thyristor can be bolted 

dition; that is, without the EBS circuit. It also allows 
you to check tube idling current. 

operation on ssb 

Using signal processing. One general disadvan- 
tage of running a great amount of clipping (10-20 dB) 
is the objectionable background noise that may oc- 
cur between words, especially if you have some 
noisy fans or if room acoustics are not the best. 

First it's essential that, when using speech proces- 

fig. 2. The electronic bias system circuit that can be added to the Henry 2K413KA linear amplifiers - an 
easy way to improve operation on CW or on ssb modes with or without signal processing. 

to the plate using mica washers. All other compo- 
nents should be wired point-to-point on wiring strips. 
The rf choke (2.5 mH) in the integrator circuit be- 
tween the Darlington transistor collector and base 
was necessary to prevent rf from getting into the 
base circuit and being rectified. This was the case 
with one particular unit in which the circuit func- 
tioned even without rf applied to the diode rectifier 
from the exciter input. Installing the rf choke cured 
the problem. 

operation on c w  
If you're a CW-only man, the time constants on 

the make and break side of the switch can be made 
much shorter. Change the 0.47-pF capacitor to 
0.047-pF and the 20-nF to 2 nF. This will turn the am- 

sing, you speak very closely to the microphone (lips 
almost touching). When doing so the amount of clip- 
ping permissible wi th a processor such as the 
Magnum Six, Comdel, Vomax, DX engineering, or 
Datong, in a noisy shack, is determined by the ac- 
ceptable signal-to-background noise ratio. An ac- 
ceptable ratio is -25 dB. This means that, if your 
average power output with the processor, on a 
steady, stretched-out "Aaaa;" is 1 kW (on your out- 
put meter), the background noise should be no more 
than 3.2 watts on the same output meter (that is, 25 
dB down from 1000 watts). Adjustment procedure: 

1. Switch off the EBS circuit by closing S1. 

2. Tune up the amplifier in the normal way. 

plifier on and off much faster and still further reduce 3. Adjust the clipping level in the prescribed way, 
tube dissipation between dots and dashes. Closing but certainly no iurther than to the point where 
S1 allows you to run the amplifier in its original con- the background noise, as indicated on your 
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wattmeter, is at least 25 dB down from your 
steady "Aaa. . ." (3.2 watts versus 1000 watts). 

4. Open S1, without changing any setting to your 
transmitter or processor. If the background noise 
(at - 25 dB or better) trips the EBS circuit (mean- 
ing that if you see the background on the scope or 
output meter, or if your plate meter does not drop 
to zero) then the EBS-circuit input sensitivity is 
too high. Increase the value of the 22k resistor un- 
til you find a value where the background noise 
just does not trip the EBS circuit. This value 
should be such that a drive of a little higher than 
-25 dB (say 5 watts or -23 dB in our example) 
turns on the EBS circuit. 

If, when first switching on the EBS circuit, your 
- 25-dB background noise does not trip the EBS cir- 
cuit, reduce the value of R 9  (22k), and determine the 
value where a - 25-dB signal will not trip the EBS cir- 
cuit, while a - 23 dB signal does. 

Once you've determined the correct value of R9, 
you've not only installed a good working power saver 
but have achieved total elimination of all bothersome 
background noise, while running 15 or 20 dB of 
processing in a noisy environment. Nobody 
(especially the locals) will hear the blowers and 
accuse you of running excessive power! 

Ssb using no signal processing. Using the EBS 
circuit with a value of R 9  as determined above but 
driven by a nonprocessed ssb drive signal will result 
in too-low sensitivity of the input circuit. This will 
cause the circuit to switch on syllables. The result will 
be a distorted signal (similar to a vox dropping in and 
out while you talk because of too-short vox delay). 

To work properly, the value of R 9  must be 
decreased until switching does not occur between 
syllables. The best way to find out is to listen to your 
own signal using headphones and adjust R9 until the 
breaking up on syllables disappears. A value of 1.5 - 
3.3k seems to be a good starting value. 

If you want the EBS circuit to be fully flexible for 
both ssb modes (processed and nonprocessed ssb 
drive signals), a small switch (S2) or relay can be 
installed, which switches a second resistor in parallel 
with R 9  to reduce its value when operating with a 
nonprocessed drive signal. 

references 
1. Marv Gonsior, W6VFR. "Electronic Bias Switching for Linear Amplifi- 
ers," ham radio, March, 1975, page 50. 
2. J. A. Bryant, W4UX. "Electronic Bias Switching for RF Power Amplifi- 
ers," QST, May, 1974, page 36. 
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tebook 

rejuvenating 
transmitting tubes with 
thoriated-tungsten 
filaments 

Many amateur high-powered 
linear amplifiers are designed around 
the popular Eimac family of tubes, 
such as the 4-250A, 4-IOOOA, and the 
3-5002. All these tubes use thoriated- 
tungsten filaments. All other things 
being equal, the life of these tubes 
depends on the filament, which 
should be treated with care if you 
expect your tubes to last. 

Filament emission is a complex 
process. As the chemical composi- 
tion of the filament changes, the 
electron emission changes. As soon 
as the tube is turned on, it starts to 
lose electron emission, which finally 
drops below a value determined to 
be the "end-of-life" point. This pro- 
cess generally takes several thou- 
sand hours. 

Once the end-of-l ife point is 
reached, the filament's chemical 
composition is so changed that noth- 
ing can be done by the user to restore 
the filament emission. The tube is 
then said to be "decarburized." The 
ditungsten carbide on the filament 
surface has thus evaporated or has 
combined with residual gas, and the 
carbide surface layer on the filament 
is gone. 

Theoretically, it's estimated that a 
four per cent increase in filament volt- 
age will result in a 20K increase in 
temperature, a 20 per cent increase in 
peak emission, and a 50 per cent 
decrease in life because of filament 
carbon loss. This, of course, also 

works the other way. For a small 
decrease ir! temperature and peak 
emission, life of the filament carbide 
layer, and hence the tube, can be in- 
creased substantially. 

For the Eimac 4-1000A and other 
tubes of this filament voltage, broad- 
cast stations run the tube at 7.2 volts 
instead of 7.5 volts. The reason is 
extended life. The 3-5002 filament 
should be run at 4.8 volts instead of 
5.0 volts, and so on. The filament 
voltage should be checked with a 1 
per cent meter to achieve these 
values. 

If the tube filament is contami- 
nated, or if electron emission is other- 
wise inhibited (perhaps a grid has 
been overheated and has liberated 
gas, or filament chemistry has been 
upset by running the filament at a 
very low voltage), the tube can be 
rejuvenated by increasing the fila- 
ment voltage by about 15 per cent 
and running it for a time at this over- 
voltage (filament power only; no 
other voltages on the tube elements). 
This filament overvoltage action will 
cause emission material in the fila- 
ment to "boil" out from the filament 
interior and form a new emissive 
surface. 

The "cooking" time depends on 
the filament condition - the time 
may be only a few minutes or it may 
be longer. The only way to tell is to 
test the tube at intervals for emission. 
If the tube has been cooked properly, 
and the filament is in the right condi- 
tion chemically to begin with, normal 
electron emission will be restored. 

If you have a power tetrode or 
triode tube that has lost filament- 

emission (evidenced by decreased 
power output), it's certainly worth a 
try to get the tube back to near-new 
condition. Make sure that you meter 
the "cooking" circuit properly and 
that adequate cooling for the tube 
envelope and filament connectors is 
allowed. 

These large tetrodes are expensive 
to replace, and you haven't anything 
to lose by cooking the filament of one 
that's lost emission. However, don't 
expect miracles. If your linear has 
used tubes, ye:: prehably dcn't knew 
the history of the tube's operation 
and the cause of filament emission 
loss. If's worth a try, though, and you 
may be pleasantly surprised. 

Alf Wilson, WGNIF 

audio rolloff 
Many people find that their ex- 

ternal Touch-Tone* encoder lvil l 
not access some systems. Many 
times, this is not the fault of the 
radio or the encoder, but actually 
the interface between the two units. 
What often occurs is that the signal 
from the encoder is connected into 
the audio input. Most radios incor- 
porate a small-value capacitor (0.001 
to 0.0033 pF is typical) between the 
microphone input and the first audio 
IC. This capacitor rolls off the low 
frequencies from the Touch- Tone en- 
coder, yet passes the high frequen- 
cies relatively unattenuated. 

One possible solution to this prob- 
lem is to change the value of the in- 
put capacitor to 0.1 pF. If this is not 
practical, another remedy would be 
to directly inject the signal from the 
encoder into the input of the first 
audio IC. In this case, connect a 0.01 
pF capacitor between the encoder 
and the IC. The capacitor should be 
mounted as close to the circuit board 
as possible to preclude any problems 
with rf getting into the audio stage. 

Joe Olivera 

"Touch-Tone is a registered trademark of the Ameri- 
can Telephone and Telegraph Company. 
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polarized properly, i.e., the grid must more as indicated on the meter. Note 
tester for 6146 tubes 

Since many popular exciters and 
transceivers use 6146 tubes, and 
since it is not easy to find a tube test- 
er to accommodate this tube, there is 
a need for a simple tester to evaluate 
the condition of 6146 transmitting 
tubes. This is particularly important 
when speech processors are used - 
they tend to raise the average power 
input, thus shortening tube life. The 
circuit shown in fig. 1 uses junk box 
parts, but will provide a very accepta- 
ble 6146 tube tester. 

In this tester an ac bias for the grid 
is provided from the filament wind- 
ing. It must be polarized. It must be 

programmable 
accessory for 
electronic keyers 

Since completing the program- 
mable accessory for electronic 
keyers, August, 1975, ham radio, 
I've struggled to get it operational 
with my WB4VVF keyer,? achieving 
only intermittent success. The prob- 
lem has always centered around the 
memory address and the READ/ 
WRITE control line. 

As I've discovered, the READ/ 

READ I 

be going positive as the plate is going that this meter indication is the aver- 
positive. To check this, reverse the age of half-wave rectified current. 
filament connections. Choose the Tubes providing 90 mA or less should 

0 - 200 mA OC 

i 
i 

CAP 

l l 5 V  
60 Hi 

I S 0  mA 

fig. 1. Simple tester for 6146 
transmitting tubes is easily 
built from junk-box parts. 

one which yields the greatest plate 
current. The tester is then ready 
for use. 

A good tube will draw 115 mA or 

Therefore, since it turned out that 
the clock pulse from 02's collector 
will directly drive U9A, both U8 and 
Ul1A are no longer required. The 
READ/WRITE switching is still done 
with S3 as seen in fig. 2. 

Another problem was that the out- 
put pulse from U l  I B was fast enough 
to feedthrough the first binary count- 
er in U12 and trigger the second 
binary counter simultaneously. This 
prevented full address of the memor- 
ies. Bypassing pin 4 of U l  I B with a 
1000 pF capacitor cured the problem. 

WRITE line of the memories does not Since programmable memory aa 
have to  be synchronously pulsed dress was not required, 7493s were 
with the address locations, merely substituted for 74193s. Additionally, 
taking the R/W line to  + 5  volts sockets must be changed from 16 
during the READ is sufficient. pin to 14 pin. The 7493 is somewhat 

cheaper and more available from sup- 

1. James Garrett, WB4VVF, "The WB4VVF Accu- pliers' 
Keyer," QST, ~ u g u s t ,  1973, page 19. John M. Korns, KSWGNIWBUSL 

be discarded or, at most, kept for 
emergency spares. The tester is also 
useful for balancing pairs of tubes. 

Gary Liegel, W6KNE 

simple frequency 
counter 

The frequency counter described 
by K4JIU in February, 1978, ham 
radio, page 30, has proven to be a 
simple, but useful, design. Unfor- 
tunately, after building the counter 
on the board supplied by Mr. Borde- 
Ion, the counter wouldn't operate 
above about 30 MHz on the %-MHz 
range, or above 300 MHz on the 500- 
MHz range. Discussions with the 
author indicated that the problem 
probably revolved around the wave- 
form presented to the 7208. The In- 
tersil data sheet stated that the opti- 
mum input waveform should have a 
50 per cent duty cycle. This is the 
case in the 5-MHz range. But, when 
using the 74196 prescaler, the QD 

output has an 80 per cent duty cycle. 
One possible cure is to use the 

Qc output from the 74196 to drive 
the counter. This will give a duty 
cycle of 60 per cent. This change 
also requires that the nonscaled 5- 
MHz input be loaded through Data 
lnput C instead of Data lnput D. The 
change is accomplished by cutting 
the foil runs at pins 12 and 13 of U3 
and using pieces of insulated wire to 
connect the foils to pins 2 and 3 
respectively. After the change, there 
will be no connections to pins 12 
or 13. 

Carroll Hamlet, WZQBR 
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ALL-OASS cluded in the article (VK2ZTB1s fig. 

PHASE DIFFERENCE 
11 uses op amps, but there are no RC 

INPUT 

ALL PASS 

not use the more state-of-the-art 
active filter approach? One realization omments The Q o f  both filters is chosen to of this type of circuit uses two 

be 0.2252. w ,  of all-pass filter 1 is 2a Steffen all-pass filters. 
(428 Hz); w ,  of all-pass filter 2 is 2a 
(2104 Hz). 

I PHASE 

PHASE TRANSFER OF F ILTER NO I OOUTP 

g s , WASE TRANSFER OF FILTER NO 2 INFUT 0 

phasing networks oa 

Dear HR: 
In regard to VK2ZTB1s article sum- Note that even though the phase 

marizing ssb phase shift networks in shift of each filter changes with fre- The general transfer function for 
the January, 1978, issue, several quency, the phase difference be- the Steffen circuit is: 
comments are in order. First, a review 
of the many existing broadband audio I 
phase-shift networks is fine, but the 
underlying theory common to each Lt = 

should also be presented. 
vzn I I I I 

+ ----- + - + -  ---- + - + -  
In general, the type of networks -W2+'u[m RICl (d2 d j )A  R:clJ :I)] R1C1C2(d2 R 

employed are called all-pass filters 
(the attenuation is constant, and the tween the two outputs is 90 degrees The resulting audio phase shift 
phase changes montoroically with over a wide band of frequencies. network for ssb generation (300 to 
respect to frequency, over the entire No active filter examples were in- 3000 Hz) is as follows: 
frequency band of interest). All-pass 
filter characteristics: 

ATTENUATION 

E L : .  

. .. 
FREQUENCY f, FREWENCY 

SCALE) 

where w =2nf and w O  and Q are 
constants. 

I f  two  all-pass filters are con- 
structed with the proper Q and w ,  
(for each), an audio phase shifter for 
ssb generation results. This is done as 
follows: 

OUTPUT NO 2 

Tom Apel, WBSYEM 
Madison, Wisconsin 
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The editor of an amateur radio magazine must wear several different and diverse hats. In fact, I 
could use up several pages describing all the details that need attention to keep the magazine running 
smoothly. However, I'd like to talk for a moment about one very important task that sets the tone of 
the magazine: selection of articles. 

Most of the articles published in ham radio are contributed by readers who want to share an idea or 
the details of a particularly successful project. Authors range from enthusiastic hams who have never 
written anything more than a short story for their English professor to fellows with engineering back- 
grounds who make their livings in front of a typewriter; all want to share an idea. I welcome the out- 
put of anyone who is interested in contributing something that will benefit all amateurs. 

Prospective authors often ask, "What kind of articles are you looking for?" That's difficult to an- 
swer because new manuscripts arrive in the mail every day, so our needs are continually changing. 
However, I'm always on the lookout for simple construction projects that can be put together in one 
or two weekends. Larger projects are also welcome, but most of our readers must divide their leisure 
time between amateur radio and other interests, so they don't have time to build a Chinese copy of a 
complex piece of equipment. I'm also interested in good technical articles that cover any facet of 
radio communications. 

Although I can accept only technical or construction articles for ham radio, articles for our sister 
publication, Ham Radio Horizons, can focus in on any aspect of amateur radio. In addition to simple 
construction projects for the beginner, I'm looking for DXpedition travelogues, adventure tales, 
articles on getting started in ham radio, and human interest stories with an amateur radio theme. If 
you have something you think would be of interest to our Horizons readers, I would like to have the 
opportunity to consider it for publication. 

Once a month we set aside one or two days to go over all the manuscripts that have come in dur- 
ing the previous month. Since I seldom use more than a dozen articles in any issue, I don't accept 
more than that during any one-month period. This is sometimes a nearly hopeless task because there 
may be three-dozen or more to be considered. The first things I look for are originality and interest 
value. If the contribution passes this test, the next thing I look for is technical accuracy and attention 
to detail. 

The contributed article doesn't have to be a literary masterpiece to be accepted. If you have a 
good idea and it's well documented, if the illustrations and technical discussion are clear and ac- 
curate - you may have a winner! On the other hand, if the article rambles from one topic to another, 
or presents inaccurate or misleading information, you will receive a rejection slip. 

If your article has been accepted for publication, don't expect to see it published in the very next 
issue. The production times for a monthly magazine are probably much longer than you ever imag- 
ined. The articles for this issue, for example, were being prepared for publication during the month of 
May. As you are reading this we are putting together material for the December issue of ham radio. 

In addition to writers, I am always on the lookout for new and unusual ways of looking at amateur 
radio, especially for Ham Radio Horizons. If you are an illustrator, painter, photographer, or sculptor, 
I would like to have an opportunity to review drawings, slides, or pictures of artwork for possible 
future consideration. Media can include airbrush, pen and ink, wash, watercolor, oils, collage, paper 
sculpture, ad infinitum; subject matter includes full-color covers and lead artwork for articles cover- 
ing every aspect of amateur radio: antennas, hamshacks, satellites, vhf fm, DXing, field days, etc. 
Obviously, all artwork which is submitted for publication must be of professional caliber. Artwork 
done on consignment involves preliminary layouts or sketches, and must follow a regimented dead- 
line schedule. If the prospect interests you or any part-time Rembrandts you know who enjoy ama- 
teur communications, write directly to our art editor, Jim Wales, for more information. 

Jim Fisk, W1HR 
editor-in-chief 
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calculator design 
Dear HR: 

I just have to tell you how much 
I've enjoyed and appreciated your 
articles in the last six months or so on 
various kinds of design approaches 
suitable for use with pocket cal- 
culators. 

The Whyman pi network article in 
the September, 1977 issue; the 
Anderson circuit analysis article in 
the October issue; and the Ball satel- 
lite tracking article in the February 
issue were very good indeed; and you 
really hit the jackpot with the Ander- 
son, Hoff, McNally-Keen, Fisk, and 
MacCluer articles, in March, 1978 
ham radio. While I'm still digesting 
this last batch, you come along with 
several more juicy items in April and 
May; so unless you slacken up a bit, 
I may never catch up. 

I acquired a TI-59 calculator just 
about the time this string started and 
have really enjoyed the task of dig- 
ging into all the design methods and 
programming them for my TI ma- 
chine. Having to "translate" the HP- 
25 program listings into the corre- 
sponding algorithms only added to 
the spice. And, with the 480-step/ 
60-memory capacity of the TI-59, 
there was plenty of room to expand 
and improve the programs. I recall 
that one of the articles mentioned 
that the calculations were awkward 
to handle on non-RPN calculators, 
but I found them to be very straight- 
forward and easy on the TI -59. 

It is a bit ironic that I no longer have 
any real need for any of this. I retired 

from my engineering career about 
three and a half years ago at age 
67, so have no use for it professional- 
ly. I got back on the ham bands at 
about the same time (after being off 
some forty-four years), but am not 
particularly interested in doing my 
own building or design work. There is 
just a very high degree of simple intel- 
lectual pleasure in finding out what 
really goes on in networks, transmis- 
sion lines, and the like. 

The orders of magnitude improve- 
ment in the speed and accuracy with 
which one can do complicated cal- 
culations can really make all those 
equations in our musty old engineer- 
ing textbooks come alive in a way 
they could never do when one had to 
struggle with manual calculations, 
slide rules, and log tables. What an 
incalculable boon the calculators 
must be to  young engineers just 
starting out and facing the awesome 
potential range of engineering knowl- 
edge and techniques. 

These marvelous little calculators 
can also be used in ways which were 
never contemplated by their de- 
signers. I've come up with one such 
use for my TI-59, a fairly simple 
little program that will convert the 
TI-59 into an ID timer to let me know 
when it is time to send my call sign 
during a QSO. 

Robert F. White, W6PY 
Palo Alto, California 

noise bridge 
construction 
Dear HR: 

I have just finished constructing 
and compensating the noise bridge 
described in the February, 1977, 
issue of ham radio. I had not ex- 
pected that a major source of trouble 
would be the 180 pF capacitor. First, 
I used a ceramic capacitor, since I 
assumed it would be the least induc- 
tive. But, after a long and often dis- 
appointing search for the source of 
the erroneous behavior of my bridge, 
I found that this capacitor had 1 or 2 
ohms of effective series resistance. 

Since the equivalent parallel resis- 
tance at 28 MHz, was only 500 ohms, 
the Rp reading was too low at the 
higher frequencies. Several different 
types of capacitor were tried, but 
most of them gave the same poor 
results. The only good results were 
obtained with a Philips 82 pF ceramic 
capacitor, and later with a 180-pF 
"micropoco" capacitor of the same 
brand. The latter type is a miniature, 
tubular-molded film capacitor with a 
polystyrene dielectric. 

With this capacitor, the compen- 
sation of the bridge was completed 
as described, It certainly pays to give 
some attention to this detail before- 
hand, as it took me quite a long time 
to find out what was wrong with my 
bridge. 

I built the series range expander in 
a UG-2601U and a UG-10941U screw- 
ed together. The dielectric and the 
center conductor of the UG - 10941U 
have to be shortened, and a little 
hole is drilled into the remaining part 
of the center conductor. The two are 
locked with the large nut from the 
UG-1094lU. 

Arjen Raateland, OHZZAZ 
Helsinki, Finland 

micoder matching 
Dear HR: 

In your May, 1978, issue of ham 
radio, Wesley Johnson presented a 
circuit in the ham notebook for im- 
pedance matching of a Heath HD- 
1982 micoder. It works beautifully. 
However, he specifies miniature 
Calectro coupling capacitors. Like 
many hams, I just couldn't find these 
parts anywhere. I eventually sub- 
stituted 0.47 pF and 4.7 pF Radio 
Shack tantalum caps; they are small 
enough and can easily be purchased. 
I made a 2.5 x 2.5 cm (1 x 1 inch) 
printed circuit board and as he de- 
scribed, it fits perfectly between the 
top mounting posts and the case. 
Using the micoder with a Yaesu 
FT227R yields very good audio re- 
ports. 

R .  A. Stellarini, WB8VUN 
Canton, Ohio 
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simple and efficient 
broadband balun 

Construction of a 
new, improved balun 

which introduces 
no reactive components 

to the antenna 
feed system 

Balanced versus unbalanced, balun or no balun - 
how many times have you heard long, philosophical 
discussions on this subject? I must admit I have had 
many sessions on the subject myself. Some of the 
pros and cons on baluns will be discussed in this arti- 
cle; then a new and improved broadband balun de- 
sign will be described. 

Balun vs no balun 
It seems obvious that a ground-plane antenna is an 

example of an unbalanced antenna and therefore can 
be fed directly with an unbalanced feedline such as 
coaxial cable. It also seems obvious that a center-fed 
dipole is a balanced antenna and therefore requires a 
balanced feed system. This could be twin lead, open- 
wire line, or a balun fed with coax cable. 

Judging from discussions heard on the air, it isn't 
obvious why a balanced feed system is required or 
what it "buys" the user. Reading the advertisements 
of some manufacturers could lead you to believe that 
a balun is required to prevent TVI or to lower your 
vswr. This is nonsense, as you will see later. 

By J o e  Reisert, W I J R ,  17 Mansfield Drive, 
Chelmsford, Massachusetts 01824 
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ent, will most likely be in the vertical plane. Hence, 
some of the transmitted signal will also be radiated 
vertically. Below 14 MHz this probably won't de- 

INNER 
grade performance because the antenna pattern is 

DIEL EC TR/ probably already distorted - a little vertical radiation 
may fill in some nulls as well as radiate some power 
at lower angles. Another effect will be to cause rf 
feedback or a "hot" rig. 

SHIELD' 'I3 
When balanced, directional antennas are fed with 

II CURRENT ON CENTER CoNWCmR coax, however, especially on 14 MHz and above, the 
I2 CURRENTON IkSIOE OF SHIELD 

I3 CURRENT ON OUTSIDE OFSHIELO 
feedline re-radiation as described above can be dev- 

fig. 1. Three-wire representation of a coaxial feedline. 
I I 
I ~ 

Over the years, coaxial feedline has become very 
popular while open-wire lines have practically vanish- 
ed. One erroneous and often-heard story is that 
open-wire lines radiate, while coax does not; this is 
not true. The main reasons coax cables are popular 
are that they do not require special mounting tech- 
niques and they are easily monitored for both power 
and vswr. This has often led to the use of coax cables 
to directly feed a balanced antenna, especially on the 
amateur bands below 14 MHz. 

There is a simple way to look at this situation;l,2 a 
coaxial cable can be viewed as a three-wire feed sys- 
tem since the skin effect will allow one current to 
flow on the inside of the shield and another, a differ- 
ent current, on the outside (see fig. 1). The current 
on the inside of the shield is equal and opposite to 
the current flowing on the center conductor. The 
current on the outside of the shield, however, is a 
function of the currents induced by the field of the 
antenna (see fig. 2). This current is affected primarily 
by the geometry; the least current on the outside of 
the coax occurs when the feedline is at a right angle 
to the antenna, a rather unlikely situation. 

How does feeding a balanced antenna directly 

UNBALANCED 

fig. 3. Construction of the improved broad-band balun. 

with a coaxial cable affect the antenna's perform- 
ance? The most obvious point is that when a horizon- astating, since it may cause undesirable high-angle 

tal antenna is used, the feedline re-radiation, if pres- 
signal off the back of the antenna or strong, local, 
vertically polarized signals which interfere with weak 

I Z I  
COAXIAL 

FEEDLINE 

DX signals. Therefore, if coax cable is to be used to  
feed a balanced antenna, always use a balun. 

balun types 
The most common baluns are the toroid and fer- 

rite-rod types.l.3 The biggest problem with all these 
baluns is that they are all frequency sensitive to one 
degree or another, especially if a wide frequency 
range (3 to  30 MHz) is desired. Personally, I have had 
the best luck with the ferrite-rod type. 

fig. 2. Current on the outside of the coaxial shield, I,, is af- 
fected by relationship of the feedline to the antenna. I3 is There are several other problems with toroid and 
minimum when the feedline is located at right angles to the ferrite-rod baluns: they all have some loss and, if not 
antenna. perfectly constructed, can introduce a mismatch; a 
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fig. 4. Measured vswr of a THGDXX antenna on 20 meters 
with a ferrite-rod balun compared to vswr with the im- 
proved coaxial balun. The ferrite-rod balun contributes reac- 
tive components to the feed system, as discussed in the 
text. 

less understood problem is the effect of using a 
toroid or ferrite-rod balun with a mismatched anten- 
na, a common situation since a 1:l vswr is only pres- 
ent at one discrete frequency on any band. This led 
me to search for a new type balun which did not suf- 
fer from these problems. 

new type of balun 
In the search for a better balun, I studied the coil of 

coax approach which is recommended by several an- 
tenna manufacturers. This type of balun solves some 
of the difficulties with mismatch loss, since the impe- 
dance is constant, but the thought of using 6-10 
meters (20-30 feet) of coax with its loss was not too 
appealing. 

Looking at fig. 2, it seems that all we have to do is 
prevent rf current from flowing on the outside of the 
coax. In other words, we must devise an rf choke on 
the outside of the coax shield. This can best be ac- 
complished by wrapping the feedline on a ferrite rod 
or a toroid core, but some external field will still be 
present. 

Then I saw an article on a super toroid, one that 
had almost no external field. Voila, an answer to my 
prayer! I quickly wound some RG-581U coax on a 
Micrometals T-200-2 toroid, but results were disap- 
pointing. I reckoned that an inductive reactance of 
500 ohms on the outside shield should be a minimum 
requirement. But the permeability of this powdered- 
iron toroid is so low that 14 turns were required on 10 
meters - the toroid was barely large enough for that 
many turns, and 40 turns were required on 3.5 MHz! 
Hence, a search was conducted for a better core. 

Then I looked at lndiana General's Ferramic cores 
and noted that the permeability of their Q'l material 
was 125 and suitable for operation from 3.5-30 MHz. 
The F568-1 core* also has a larger inside diameter - 

35.5 cm (1.4 inch) versus 28.5 cm (1.25 inch) for the 
T-200 toroid. With the higher permeability, a suitable 
balun could be built at 3.5 MHz with only 12 turns of 
coaxial cable. Also the strays are lower, since the 
balun is based on coax which has the same impe- 
dance as the antenna. 

construction 
The new toroid balun construction is shown on 

fig. 3. Note that an even number of turns is pre- 
ferred, with half the turns going on one side and the 
other half in opposition. Note also that the ends of 
the coax are on opposite sides of the toroid, which is 
very desirable mechanically. 

For a kilowatt balun for 3.5 to 30 MHz, the Indiana 
General F568-1 type core is preferred. RGSIU coax 
is too large and RG-581U is undesirable except for 
levels below 200 watts. A check of available coax 
cables narrowed the choice to RG-141/U, which is 
approximately 6.35 cm (0.25 inch) OD with a Teflon 
dielectric and can easily handle 1000 watts. How- 
ever, RG-142lU is also acceptable but is quite costly, 
since it uses a double silver-covered braid. W2DU 
has also suggested RG-303lU. A 12-turn balun re- 
quires approximately 90 to 100 cm (36-40 inches) of 
coaxial cable. 

Table 1 shows the minimum required turns versus 
frequency. Hence, a 10-turn coil would suffice for 
7-30 MHz, but 12 turns are desired for 3.5-30 MHz 
and should also work at 1.8 MHz with slightly poorer 
performance. For lower frequencies the type TC9 
core material would be a better choice with an appro- 
priate number of turns as discussed above. 

Photograph of the improved broad-band balun. The cast 
aluminum box is a Bud CU234 or similar. 

"Indiana General toroids and coaxial cable are available from G. R.  White- 
house, 10 Newbury Drive, Amherst, New Hampshire03031. 
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The finished toroid can be placed in an aluminum 
or plastic box. I mounted mine in a Budd-type CU234 
cast-aluminum box with a connector at one end and 
two insulated, ceramic feedthroughs on the sides. 
The coax shield should be debraided at each end and 
then twisted for insertion in the connector and solder 
lugs as shown in the photograph. 

performance 
I reasoned that a simple lab test would be to ter- 

minate the balun in its characteristic impedance, 
measure the vswr, and then measure the vswr with a 
short from the center pin side of the load to ground. 
If the balun is truly balanced, the short circuit should 
not affect vswr to a large degree. Indeed, a 10-turn 
balun tested at 10 MHz showed only negligible 
change when either of the output leads was ground- 
ed. Similar results were noted at frequencies with 
proper turns. Loss was negligible. 

table 1. Minimum number of turns vs. lowest frequency of 
operation for the improved broad-band balun (assumes 500 
ohms reactance for 50-ohm system). 

turns turns 
frequency inductance T-200-2 F568-1 Q1 

3.5 MHz 22.74 H 40 12 
7 MHz 11.37H 28 10 

14 MHz 5.69 H 20 6 
21 MHz 3.79 H 16 4 
28 MHz 2.84 H 14 4 

The supreme test was to replace my ferrite-rod 
balun on a THGDXX tribander to see if the vswr 
wouldchange. You will note from fig. 4 that the orig- 
inal balun had a higher vswr at resonance and a 
somewhat lower vswr at the high end of the band 
than the new improved balun. This confirms that the 
ferrite-rod balun introduces a mismatch at reso- 
nance. The lower vswr at the high end of the band is 
probably due to the increased loss of the ferrite-rod 
balun, which tends to make the vswr look lower than 
it really is. Additional baluns are also now in use on a 
160-meter dipole and several G5RV slopers on 80 and 
40 meters. 

other variations 
This balun is not restricted to 50 ohms; indeed, any 

impedance coax could be used if the turns are calcu- 
lated to yield a reactance at least 10 times the impe- 
dance. Smaller or larger cores or coax can also be 
used if lower or higher power is required. In addition, 
this type of balun is not frequency-limited to the high 
frequencies; it also works well at vhf if attention is 
paid to layout and lead length. The beauty of this 
type of balun is that it does not introduce any addi- 
tional reactive components to the feedline. 

fig. 5. Smith chart plot of a 10-turn broad-band balun built 
by WIJR, as measured by DJ2LR over the frequency range 
from 1 to 30 MHz. Vswr is 1.33 or less on all high-frequency 
amateur bands. 

I would like to express special thanks to Walt Max- 
well, WZDU, and to Ulrich Rohde, DJ2LR, for their 
encouragement and assistance in preparing this 
material. 
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20 meter 
delta-loop array 

The use 
of a scale model 

and simple, 
but effective, 

construction techniques 
produces an effective 

delta-loop array 

The cubical quad type of loop antenna has been a 
very popular and effective antenna for amateur use 
between 14 and 30 MHz. The Yagi antenna is prob- 
ably the most popular of all amateur antennas, and 
both types have their avid defenders for the most 
"effective" antenna on a particular band. An excel- 
lent comparison of the two antennas is presented in 
an article by Lindsay, W0HTH.I There is another 
type of loop antenna, however, which is generally 
overlooked in amateur publications - the delta loop. 
The delta loop is simply another configuration of a 
full-wavelength loop antenna like a quad, but the del- 
ta loop offers certain advantages: plumber's delight 
type construction and extremely good vswr band- 
width. 

There have been few articles written on either the 
design or the construction of the multi-element delta- 
loop antenna,2.3 and none describe the antenna for 
use on 20 meters. After reviewing the available infor- 
mation, I concluded that the reasons for neglecting 
the delta loop on 20 meters were the physical size of 
the antenna and the resultant problems with suc- 
cessful construction. I hope that my results will bring 
to light a successful construction technique and a 
proof of performance that will encourage other ama- 
teurs to experiment with and use this antenna. 

delta loop vs quad 
Consider the current distribution of the familiar 

quad loop antenna shown in fig. 1. A current rever- 
sal occurs at the junction of each half wavelength 
section, so there is a current minimum in each verti- 

cal leg and a current maximum 180 degrees from the 
feedpoint. The electric field polarization of the quad 
loop is derived from the fact that the vertical compo- 
nents of the current elements produce radiated fields 
that tend to cancel each other, yl + y p  = y3 + yq=  0, 
and the horizontal components of the current ele- 
ments produce radiated fields that are additive, 
xl + xz + x3 = XO,  where xo  is the effective field-pro- 
ducing current of the loop. The polarization of the 
electric field is a plane perpendicular to the plane of 
the loop. This same explanation of the properties of 
the full wavelength loop apply whether the loop is a 
square, a diamond, a circle, or a triangle. 

For the case of the triangular or delta loop anten- 
na, the current elements are shown in fig. 2. Again, 
the current reversal occurs at the junction of each 
half wavelength. Each current element can be broken 
into vertical and horizontal components. The vertical 
components of the current elements produce radiat- 
ed fields that tend to cancel each other. Unlike the 
square loop, diamond, or circle, the delta loop pro- 
duces a horizontal field component (proportional to 
xl +x4) which is 180 degrees out of phase with xo, 

C U R R E N T  

X 3  M A X ' M U M  

I I 

I 
fig. 1. Current flow in a one-wavelength square loop pro- 
duces two current nulls, one at the center of each vertical 
side. However, the horizontal current components do not 
cancel, producing horizontal polarization. 

By Glenn Williman, NPGW, 145 Whalepond 
Road, Oakhurst, New Jersey 07755 
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the effective field current. Due to the geometry of 
the delta loop, however, the magnitude of this com- 
ponent, when compared with the magnit~tdes of all 
other horizontal components, yields the same overall 
effective field component as the other types of loops, 
so. Therefore, although the shapes of different full- 
wavelength loops vary, the effective field produced is 
of the same magnitude and of the same polarization 
when fed at corresponding locations. Admittedly, 
the preceding discussion is a simplistic view of elec- 
tromagnetic field theory, but, without getting 
bogged down in the math involved, the concepts are 
adequate to subjectively describe the radiation of the 
loop antenna. 

It is interesting to note that there is evidence that 
for a simple full-wavelength loop, the gain is approxi- 
mately 4 dB above isotropic. In other words, assum- 
ing 2.15 dBi gain for a half-wave dipole, the full-wave 
loop shows a gain of 1.85 dBd (dB above half-wave 
dipole). This predicted gain differential has been ex- 
perimentally supported by Lindsay's results.' The ef- 
fect of this differential is to say that, for a given boom 
length, the loop parasitic array will exhibit a 1.85 dB 
gain above a Yagi array. Stating it another way, Lind- 
say's results show the array length of a Yagi must be 
about 1.8 times as long as the length of the loop par- 
asitic array. This explains why an optimally spaced 2- 
element loop array is comparable in gain to an opti- 
mally spaced 3-element Yagi array. 

antenna model 
Since I was unfamiliar with the delta loop when I 

began this project, I decided the easiest way to ex- 

--- G A M M A  4 1 BALUN MATCH .?lo'\ OLB / 1.50' 

MO' 

fig. 3. E-field patterns from the scale-model 2-element delta 
loop. This test was performed a t  147 MHz and produced a 
front-to-back ratio of 22 dB and a front-to-side ratio in excess 
of 30 dB. The half-power beamwidth measured 65 degrees. 

periment with a design for the antenna would be to 
build an operating scale model. A model design fre- 
quency of ten times the intended frequency reduced 
the dimensions by a factor of ten. I chose 147 MHz 
for the model because the dimensions were manage- 
able and measurements could easily be made on 2 
meters. 

The generally accepted formulas for element 
length worked very well. 

CURRENT 
X 5  M A X I M U M  driven element = --- 306'3 meters 

~ M H Z  

= 1005 feet 
~ M H ~  

reflector = meters 
~ M H ~  

An element spacing of O.17X was chosen, as there 
was no noticeable difference between that and 0.2X 
as seen using the model. Also, O.17X translated very 
closely to a 3.7 meter (12 foot) boom length on the 
full-size antenna. The model was constructed using 
6.5 mm (1 I4  inch) copper tubing for the sides of the 
loops and wire for the tops of the loops. The size of 

fig. 2. In a full-wavelength delta loop, the electric field is the the copper tubing was a poor choice for the model 
same as that of the other configurations due to cancellation because it presented an unrealistic element-diame- 
of the current components. ter-to-wavelength ratio. But, as it turned out, the 
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Scale model of the 2-element delta loop. This model was 
used for measurements at 147 MHz. 

performance of the model accurately predicted what 
I would eventually find with the 20-meter antenna. 

Two methods of feeding the antenna were also 
tried. Measuring a single circular loop of wire showed 
the resistance to be between 140 and 150 ohms. 
With a 4:1 balun feeding the driven element, the 

vswr was about 1.4:1, as would be expected. A bet- 
ter match was obtained with a conventional gamma 
match, and a vswr of 1.1 :1 was easily obtained. Both 
matching schemes provided an extremelv wide vswr 
bandwidth. At the design frequency of 147 MHz, the 
vswr remained below 1.5:1 for 18.4 MHz (- 9.4 MHz 
to +9.0 MHz), or a bandwidth of slightly greater 
than i 2  per cent. E-field patterns were also measured 
with both versions of the scaled antennas, with the 
\results shown in fig. 7. Using laboratory grade test 
equipment, the gain was measured on both versions 
and found to be 8 dBd at the design frequency. I was 
very encouraged with these results, and while I 
worked on the design of the full-size version, the 
model was used on 2 meters (vertical polarization is 
obtained by rotating the array 90 degrees - on its 
side). 

construction 
Each delta-loop element consists of two arms of 

aluminum tubing joined together at one end of the 
boom, with a third arm of wire completing the loop. 
As determined from an unsuccessful construction at- 
tempt, the critical part of the design is a reliable 
method of attaching the delta elements to the boom 

'I' t 

fig. 4. Drilling template for the element mounting plates. 
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- a method which will be stable in high winds and 
remain as light in weight as possible. I devised the 
following solution: 

Two triangular aluminum plates are cut from 6.5- 
mm (114-inch) stock and shaped into the form 
shown in fig, 4: These plates are then welded onto 
the boom. (Any local welder with the ability to work 
with aluminum should be able to do the job inexpen- 
sively.) Care should be taken to ensure that both end 
plates are perfectly parallel and are not skewed 
around the boom. This would tend to make the as- 
sembled antenna unbalanced and will also degrade 
the front-to-back ratio. 

Next, using fig. 4 as a guide, holes for the galvan- 
ized pipe clamps are drilled in the end plates. The 19- 
mm (314-inch) pipe clamps work very nicely, and are 
a good deal less expensive than 25.5-mm (I-inch) U 
bolts. With respect to the end plate vertical center- 
line, each leg is angled 40 degrees, making a total 
angle of 80 degrees between the two legs. After both 
end plates are drilled and the pipe clamps are loosely 
mounted, one pair on each side of the plate, most of 
the work is done. All that remains is to make up the 
individual arms. 

Each of the four arms is identical, consisting of a 
2.7-meter (g-foot) section, a 2.4-meter (8-foot) sec- 
tion, and another 2.4-meter (&foot) section, with re- 
spective diameters of 25.5 mm (1 inch), 22 mm (718 
inch), and 19 mm (314 inch). Since this tubing is usu- 
ally supplied in 3.7-meter (12-foot) lengths, the extra 
1.2-meter (4-foot) section of 22-mm (718-inch) tub- 
ing is inserted into the bottom of the 25.5-mm ( ? -  
inch) tubing. One end of the 25.5-mm (I-inch) and 
22-mm (718-inch) tubing is slotted, with hose clamps 
securing the three sections together. In addition, two 
sheet metal screws are used to secure the piece of 
22-mm (718-inch) reinforcing tubing. All the alumi- 
num should be type 6061 -T6. 

fig. 5. Final dimensions for the two-element delta- 
loop array. 

Details of the gamma match system. Moving the tap point 
of the gamma arm and changing the amount of coax insert- 
ed in the gamma arm will allow you to adjust for minimum 
vswr. 

After the four arms are completed, the top of each 
is drilled to accept a small eyebolt. The wire legs are 
then cut to the appropriate lengths and wrapped and 
soldered to the eyebolts. If the eyebolts are cleaned 
and well fluxed, a small blow torch will ensure a well- 
soldered joint. 

The last item to be made is the plate that is used to 
attach the boom to the mast. This should be made of 
6.5-mm (1 14-inch) aluminum or 3-mm (1 18-inch) 
steel. The boom is attached to the plate with 5.1-cm 
(2-inch) muffler clamps and the mast is attached us- 
ing U bolts of the size required for the mast. The 
boom is a 3.7-meter (12-foot) length of 5.1-cm (2- 
inch) OD tubing with a 3-mm (118-inch) wall thick- 
ness, also of 6061-T6 material. Fig. 5 shows the di- 
mensions of the assembled antenna. 

final assembly and testing 
The antenna should be assembled either on the 

ground, using a ground-rigged mast, or in a position 
where it can easily be reached. I assembled mine on a 
I-meter (3-foot) roof tower, but only after I had prov- 
en to myself that everything would fit. 

Fix the boom to the mast and tighten all the 
clamps securely. Then, with someone to help sup- 
port the boom, insert one leg at a time into the end 
plate and tighten the securing clamps. After both 
legs are in place, the completed element will be weli- 
balanced and self-supporting. Finally, move the 
other end of the boom and complete assembly of the 
other element. The basic antenna is now complete, 
and all that remains is to add the gamma match as- 
sembly shown in fig. 6. 

The gamma-match assembly is a length of 9.5-mm 
(318-inch) aluminum tubing, slotted at one end and 
bent at the other to the dimensions shown. The outer 

september 1978 19 



braid of the coax feedline is stripped away (about 1 
meter [3 feet]) and the center conductor, with its in- 
sulation, is inserted into the gamma rod. The center 
conductor of the coax and tubing form the gamma 
capacitor, with the coax center-conductor insulat~on 
forming the capacitor dielectric. The length of coax 
inside the gamma rod is adjusted for minimum vswr 
and then secured by a small hose clamp at the bot- 
tom of the gamma rod. This is a trial-and-error proce- 
dure, and successive lengths of the center conductor 
can be cut off until the right amount of capacitance is 
obtained for resonance. Best results will be obtained 
if the vswr is measured right at the antenna while the 
adjustments are being made. 

One obvious advantage of working with the scale 
model is the ease with which performance tests can 
be made. The measurements are more difficult to 
make with the full-size array, but the agreement in 
results obtained between the model and the full-size 
version was very good, and convinced me of the per- 
formance of the full-size version. Fig. 7 shows the 
vswr and the front-to-back ratio measured at a dis- 
tance of about 300X. The reflector is easily tuned by 
loosening the pipe clamps and sliding the tubing 
down, thus shortening the overall circumference of 
the reflector loop. The initial dimensions for the re- 

fig. 6. Details of the gamma match for feeding the delta loops. 
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Boom length 

Turning radius 

Weight 

Wind load 97 kmlh  
(60 mph) 

Forward gain 

Front-to-back ratio 

1.5: 1 vswr bandwidth 

Impedance 

Half-power beamwidth 

Cost 

3.7 meters (12 feet) 

4.3 meters (14feet) 

18.1 kg (40 pounds) 

36.3 kg (80 pounds) 

8 dBd 

>20 dB 

1 MHz 

52 ohms with gamma match 

65 degrees horizontal 

$100 price range 

fig. 7. Front-to-back ratio and vswr curves for the full-size 
delta loops. 

flector were purposely made long so that tuning 
could be accomplished. 

conclusion 
The 2-element delta loop has been a real performer 

for me. It's allowed me to compete in several DX pile- 
ups and compare favorably with others using full-size 
3-element Yagis and 2-element quads. Even after 
my linear was recently sidelined, I was still able to 
work out very nicely just using my exciter. Also, the 
low vswr allowed me to bypass my antenna tuner 
and still enjoy a vswr of less than 1.5: 1 across the en- 
tire band. 
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impedance 
matching 
to coaxial 
feedlines 

Design of a 
five-band T-network 

for matching antennas 
to 50-ohm 

transmitters 

The output circuits of almost all high-frequency 
transmitters, transceivers, and power amplifiers are 
designed for use with coaxial transmission lines. 
Most have a nominal impedance rating of 50 ohms; 
this means the equipment would like to see 50+j0  
ohms at the output terminals. The transmitter or 
amplifier is then matched to  the antenna for any 
length of line; maximum power is transferred and 
loading is easy because the net effect is equivalent to 
connecting a %-ohm non-inductive resistor across 
the output terminals. Reciprocally, this optimum 
condition also applies to receivers designed for 50 
ohms input - maximum power transfer occurs from 
antenna to receiver. 

It is not difficult to achieve the matched condition 
at a single frequency in a single high-frequency ama- 
teur band, but few amateurs limit their operation to a 
single frequency. Two simple antennas with low 
feedpoint impedance (when cut to resonance) that 
have an input resistance close enough to 50 ohms to 
make a reasonably good match with direct coaxial 
feed are shown in fig. 1. The quarter-wavelength 

I vertical operated against a good ground has an input 
resistance near 35 ohms, and the half-wavelength 

, center-fed dipole has an input resistance near 70 
ohms. In both cases the standing wave ratio is less 
than 1.5: 1 when 50-ohm coaxial cable is used and the 

I 

tuning circuits in the transmitter can easily compen- 
sate for this small amount of mismatch. 

By Jack M. Shulman, WGEBY, 789 Garland 
Drive, Palo Alto, California 94303 
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In practice there are two considerations which 
make the simple direct coaxial feed scheme of fig. 1 
unsatisfactory. First, many low feedpoint impedance 
antennas have an inpiit resistance not equal to o: 
even near 50 ohms. In fig. 2A for example, if input 
resistance R, is 17 ohms, a 3:l swr will exist at termi- 
nals JK. The impedance at the sending end of the 
line, terminals AB, will then be a function of line 
length,* and, depending on this length, may contain 
both resistance and reactance. Fig. 3 shows impe- 
dances at all line lengths away from antennas which 
have an swr of 2, 3, and 4. These are determined 

fig. 2. Equivalent circuit of an antenna at resonance (A), 
above resonance (B), and below resonance (C). With%-ohm 
coaxial line, if the antenna resistance R, is not near 50 ohms 
at resonance, the impedance at AB is a function of line 
length and the match may be unsatisfactory with direct co- 
axial feed. 

from the constant swr circles which cross 2.0, 3.0, 
and 4.0 on the resistance axis of a Smith chart.' na impedance at terminals JK look like 50+jO ohms 

The second consideration is that operation over an at terminals AB. The T network is ideally suited for 

entire amateur band is usually desired, not just on doing just that. Moreover, the T network can be 

one frequency. When an antenna with a low feed- made extremely simple with only two active compo- 
nents, one coil and one variable capacitor. The oper- 

I TRANSMITTER C A B L E  

1 OHMS 
Ro 

ANTENNA TERMINALS 

BALUN 

fig. 1. The quarter-wavelength vertical (above good ground) 
and half-wavelength horizontal dipole are two popular an- 
tennas which provide a suitable match to %-ohm coaxial 
cable (R, = 35 to 70ohms). 

point impedance is operated away from its resonant 
frequency, resistance changes at a slow rate but 
reactance departs from zero at a rapid rate as shown 
in fig. 4. This is discussed in detail in reference 2. For 
any given antenna the actual value of R, and antenna 
reactance X ,  above and below resonance will de- 
pend on many variables: the conductor length-to- 
diameter ratio, antenna height above ground, orien- 
tation (horizontal or vertical), number and spacing of 
elements (if more than one), and proximity to con- 
ducting objects. Figs. 2B and 2C show the equiva- 
lent circuits of an antenna when operated above and 
below resonance. A typical set of swr measurements 
taken at terminals AB is shown in fig. 5. 

Whatever the exact values of R, and X ,  for any 
low feedpoint impedance antenna at any particular 
frequency in a band, the important point is they are 
low - probably less than 200 ohms in all cases over 
the frequency range of interest. It's the job of the 
matching network to make some low value of anten- 

'The impedance at the input of any transmission line is a function of the 

ational fundamentals and design of such a network 
will be described in this article. 

impedance matching fundamentals 

Assuming that the impedance at the point on the 
line near AB where the matching network will be 
inserted contains both resistance and reactance, the 
matching process consists of two steps: 

1. Inserting opposite reactance at the output end 
of the network to result in a net reactance of zero 

2. Transforming the remaining resistance value to 
50 ohms 

The reactance initially present, as represented by 

length of the line and the impedance at the load end. If the load resistance is 
purely resistive and equal to the characteristic impedance of the line, how- fig. 3. Effect of transmission line length on impedance for 

ever, the impedance at the input end is equal to the load impedance, re- swr of 2:l. 3:l. and 4:l. Concentric circles are constant swr 
gardless of the length of the line. values of R + jX along the transmission line. 
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% ABOVE f r  

fig. 4. Typical change in resistance and reactance of an an- 
tenna as the operating frequency is moved away from reso- 
nance. The scales show the corresponding widths of each 
of the high-frequency amateur bands with resonance at the 
center of the band. 

+jX or - jX in series with R at terminals AB, will be 
low as indicated by fig. 3. To compensate for this 
reactance a low equal value of capacitive or inductive 
reactance must be inserted either in series or in paral- 
lel. If inductive reactance is needed, it can easily be 
provided with a small coil. If a small amount of capa- 
citive reactance is required, however, the size of the 
capacitor may be impractically large. 

A simple way to take care of the reactance com- 
pensation for either case is to incorporate a series in- 
ductance leg at the output end of the matching net- 
work, and vary that inductance a small amount 
above and below the design value. This can be done 
by adjusting a tap on the output end. A T-network 
inherently provides this series inductance leg. 

Having compensated for reactance at the output 
end of the network, the second step is to transform 
the remaining resistance to 50 ohms. A network con- 
taining inductance and capacitance is capable of do- 
ing this because for any series circuit containing R, 
and X,, fig. 6, there exists an equivalent parallel cir- 
cuit containing Rp and Xp where in general Rp is dif- 
ferent from R,. 

By definition, equivalence is the case where both 
series and parallel circuits exhibit the same magni- 
tude and phase angle of impedance to an external 
circuit. To state this another way, both circuits must 
have the same external circuit Q where Q is defined 

as X,/R, for the series circuit, and Rp/Xp for the par- 
allel circuit. 

The equations relating Rp to R, and Xp to X, for 
any value of Qare as follows: 

If Q is 5 or more, eqs. 1 and 2 can be simplified to 
the following with less than 4 per cent error. 

The L network in fig. 7 is the basic matching net- 
work for transforming one resistance at terminals AB 
to another at CD. The pi network and T network in 
fig. 8 can be thought of as two L networks con- 
nected in series. Because of the practical limitations 
on the size of capacitors for Xp, L networks are best 
suited for matching a low resistance to a high 
resistance or vice versa. The pi network is best suited 
for matching a high resistance to a high resistance, 
and the T network for matching a low resistance to a 
low resistance. 

If a pi network is best suited for matching one high 
resistance to another high resistance, you might logi- 
cally question why it is so universally used in the out- 
put stages of transmitters and amplifiers where the 
output resistance to be matched is 50 ohms. One of 
the reasons the pi network is popular is that, if a set 

\ 
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fig. 5. Plots of standing wave ratio as measured at the trans- 
mitter output terminals for an 80-meter inverted vee (11, 40- 
meter inverted vee (2). and three-band Yagi for 14 M H z  (3). 
21 MHz (41, and 28 M H z  (5). 
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of fixed coil taps is used for all high-frequency bands c-A x, 
xs 

and if the resistance on the input side is near 50 ohms 
Re * 

and there is little or no reactance, adjustment of the 
capacitor on the output side is noncritical for proper 0-E 

Q L NETWORK 0 L NETWORK 

loading. R P ~ R S  
Rs < RP 

!f, however, the resistance is not near .XI ohms, or 
if considerable reactance exists on the output side 
(as occurs when changing frequency away from 
resonance), the pi network may not be able to pro- 
vide satisfactory loading. Adding a series inductance 
leg on the output side to form a pi-L network is one 
way to take care of this problem. 

T network external to transmitter 
A T-network assembled as an individual unit can 

be inserted in a coaxial feedline at any convenient 
distance from the transmitter, as shown in fig. 9. 
Any reactance which exists initially at AB can be 

fig. 6. Equivalence of series and parallel circuits containing 
resistance and reactance. The equivalent element values 
may be determined from the relationship X, /R,  = R p / X p  

fig 7, 1 networks are very useful for transforming one resis- 
tance value to another. Design formulas for L networks are 
found in reference 3. 

Xp is one half of XsI; Rpl is equal to Rp2, and their re- 
sultant, Rp, is one half of Rpl. 

T network with single 
center-tapped coil 

The two series inductance legs of the T network, 
Xsl and Xs2 (fig. 91, don't have to be separate coils. 
Use of a single center-tapped coil not only simplifies 
construction but also increases the effectiveness of 
the network in its operation as a lowpass filter to at- 
tenuate harmonics. Each of the two series legs must 
have a larger inductance than two separate coils 
would have for a given value of Q, and the extra in- 
ductive reactance additionally impedes the flow of 
harmonic currents through the network. 

Fig. 10A shows a center-tapped coil with connec- 
tions a and c at its ends, and b at the center tap. The 
equivalent circuit is shown in fig. 10B and the coil 
assembled into a T network in fig. 10C. When con- 
nected as in fig. 10C, the coefficient of coupling k is 
negative and the effective inductance of each coil 
half is less than L. 

Inductance of the coil alone, measured between a 
tuned out by moving the coil tap on XsI. Elements 

and c, is greater than twice the inductance between 
Xpl and Xp2 of fig. 7D are combined into a single 

a and b or b and c by the factor ZLk, where k is 
value of Xp equal to 

xpl xpz defined as the ratio of mutual inductance M to L. To 
X - obtain a desired value of L for a T network, a relation '- xpi + xpa between k and coil dimensions is needed. A curve of 

The right-hand side of the T network transforms 
k vs the length-to-diameter ratio of a center-tapped 

the low resistance at AB to a high resistance at CD. 
coil is available,' but the same data can be obtained 

The left-hand side then transforms the high 
directly for any given set of coil parameters by using 

resistance at EF to 50+ jO ohms. The high resistance 
an ARRL L/C/F calculator Type A." 

at CD to EF is referred to as the virtual or "appar- 
ent" resistance, transformed from AB and GH, 

--..-- 

respectively. The resultant virtual resistance across 
@ P I  NETWORK Rps + 

Xp is RP.?>RSCRP, 

RPl R ~ 2  

R ~ =  Rpl +Rpz 

If the resistance at AB in fig. 9 is 50 ohms, and the 
effective resistance at GH is also 50 ohms, the T net- 0 TNETWORK Rs2 4 

R S Z ~ R P  >@sl 

work becomes symmetrical; XSl is equal to Xs2, and 

fig. 8. L networks may also be combined into a pi network 

*The ARRL LICIF Calculator Type A is available for $3.00 from the Ameri- (A) or a T network (B). The design of pi networks is dis- 
can Radio Relay League, 225 Main Street, Newington, Connecticut 061 11. cussed in references 4,5, and 6. 
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There are only two active components to be con- The effective inductance of L,  L,, is L(1 + k). 
sidered in designing a practical single-coil T network: 
the variable capacitor C1 and the full coil ac center- Le= 12.8 (1 - 0.21)= 10.1 p.H 

tapped at b. Determination of both depends on the If the resistance at G H and A 6  is 50 ohms, and the 
lowest frequency at which the network is to be used, full coil is in the circuit at 7.0 MHz, the network com- 

fig. 9. A T-matching network 
inserted in the line at or near 
the transmitter output termi- 
nals. 

1 I I I f r i i N N A  

I I TERMINALS 

I 
I 
I 
I I I 

so you must decide whether this will be 3.5 or 7.0 
MHz. If you choose 3.5 MHz, a second decision must 
be made as to whether a very large coil should be 
used to give a network Q of 8 to 10 at that frequency, 
or a more reasonable sized coil to give that Q at 7 
MHz. In the latter case an additional fixed capacitor 
must be switched across C1 for operation on the 
3.5-4.0 MHz band. 

An air-wound coil 6.35 cm (2.5 inches) in diameter, 
10.2 cm (4 inches) long, and 8 turns per inch (3 turns 
per cm) is readily available (BBW 3030). It is of rea- 
sonable size, and nearly optimum for 7 MHz, so it 
was chosen with the option of using additional 
capacitance at 3.5 MHz. A transmitting type variable 
capacitor should be used for C1 because the rf volt- 
age across it will be Q times that at the input termi- 
nals GH. The capacitor should be calibrated so that 
values of X,  can be readily determined from the dial 
settings. A 30-220 pF transmitting unit was selected 
in my case. 

ponents, fig. 7D, are as follows: 

XsI  = Xs2 = 2 j L e  = 444 ohms 

Q = 444/50 = 8.88 

Xpl  = Xp2 = 444 ohms 

(Xp = 222 ohms (CI at 7 MHz 

= 1 / 2 j X p  = 102 PF) 

Rpl = Rpn = 78.85 x 50 = 3942 ohms 

Rp  = 1971 ohms 

At 3.5 MHz the network Q is 4.44 and Xp is 11 1 
ohms, requiring a total capacitance at C1 of about 
400 pF. A fixed transmitting capacitor of 0.0002 pF in 
parallel with the 220 pF variable may be used. 

T network for five-band coverage 
Fig. 11 shows the schematic of a tapped-coil net- 

work built from the above design data. Construction 

- 2 L ( l + k ! -  
L ( l + k ! U L ~ I + k !  

r------- 1 
I I 

fig. 10. Inductance of a center-tapped coil is 
O b C  

shown at (A)  with its equivalent circuit at (B). 
A two-component T network with a center- 
tapped coil is shown at (C). @ @ @ 

Using a Type A calculator the inductance of half details are omitted because of the large number of 
coil L is determined as follows: possible options in components and additional con- 

Lac = 31 p H  venience features such as tap switches. You may 
also want to add a coaxial switching scheme to by- 

L a b Z L b c = L =  1 2 . 8 a  
pass the network so that operation with a given 

Lac= Lab + Lbc- 2M= (2L- 2M) antenna can be quickly compared with and without 
the matching network. The main construction criter- 

M =  - 2.7 
ion is to preserve electrical and mechanical symmetry 

k = M / L  = - 0.21 between the input and output sides of the network. 
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A good method of determining coil tap locations is 
to connect a transmitter with a nominai 50-ohm out- 
put impedance at J1 and a %-ohm dummy load at 
J2. An swr indicator should be inserted between the 
+v.,nc--;+ n. ".-.A uan lallll~trsl a, J?. With a W-ohm load the netvmrk 
will be symmetrical. For all bands higher than 7 MHz 
where the full coil is used, a set of taps can be found 
which give a 1 : I  swr at any desired Q. The calculated 
values of X p ,  X,, and Qfor the coil taps of fig. 11 are 
listed in table 1. 

With the antenna and coaxial feedline combina- 
tions which produce resistance at J2 anywhere be- 
tween 25 and 100 ohms, the capacitor dial settings 
X p  will be close to the values in the table and the indi- 
cated swr will be at or very close to 1.0:1. At frequen- 
cies off resonance, where reactance appears at J2, 
the swr will still be close to 1 :I except at the edges of 
the widest amateur bands. 

Maximum swr readings for antennas 2, 3, 4, and 5 
of fig. 5, without moving any of the coil taps, were 
1.2:l on the 7 MHz antenna and 1.7:l on the 28 MHz 
antenna. It is possible to get a 1 . I  swr reading with 
any of these antennas on any frequency in the band 
by moving coil taps slightly, but this is not normally 
necessary. 

With a 3.5-MHz antenna you should not attempt 
to use the antenna and network combination at fre- 
quencies where the swr is greater than 3:l without 
the network. A broadband or two-frequency antenna 
should be used if full-band coverage is routinely 
required. 

conclusions 
Use of a T network in the manner described here is 

new only in the sense t b t  its advantages have long 
been overlooked. I have been using a network similar 

table 1. Calculated capacitance, inductance, and Qfor the 
network of fig. 11, with 50 ohms at both input and output. 

frequency C1, or (C1+ C2) 
(MHz) (pF) 

3.50 394 
3.75 342 
4.00 302 
7.00 102 
7.15 98 
7.30 94 

14.00 41 
14.175 40 
14.35 39 
21 .OO 49 
21 225 48 
21.45 47 
28.00 45 
28.85 43 
29.70 40 

x~ 
(ohms) 

115 
124 
132 
222 
227 
232 
277 
28 1 
284 
155 
156 
1 58 
126 
128 
1 34 

x5 

(ohms) 

230 
248 
264 
444 
454 
464 
554 
562 
568 
310 
312 
316 
252 
256 
268 

to fig. 11 at WGEBY for more than 15 years, and it 
has been used successfully on all frequencies in all 
five bands with a kilowatt amplifier. In fact, the ac- 
quisition of the amplifier and the distressing events 
which occurred when its !cad departed too , ~ u c h  

C1 30-220 pF transmitting type variable 
capacitor 

C2 200 pF, 5000 Vdc 

J1, J2 SO-239 coaxial socket 

L1 31 pH air-wound coil, 6.35 cm (2.5") 
diameter, 10.2 cm (4") long, 3.2 turns 
per cm (8 turns per inch), BBW 3030 
or equivalent. 

coil taps 1 2 3 4  

Band, MHz 3.5, 7 14 21 28 
Active turns 32 26 14 10 
Turnseach leg 16 13 7 5 

fig. 11. Tapped-coil T matching network for the five high- 
frequency amateur bands, 3.5 through 29.7 MHz.  

from 50 + j0 ohms were the motivations which origi- 
nated the matching network in the first place. 

The network can be just as useful, even essential 
in some cases, with lower power transmitters. Some 
of the new units with solid-state final stages are not 
tolerant of an swr greater than 3:l and they are 
designed to shut themselves off when confronted 
with high swr. T networks, although they can't 
improve the performance of the antenna, will at least 
allow operation with the antenna as it is. 

references 
1. J.  R. Fisk, W l H R ,  " How to  Use the Smith Chart," ham radio, March, 
1978, page 92. 
2.  H. Jasik, Antenna Engineering Handbook, McGraw-Hill, New York, 
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1974, page 26. 
4. E .  W .  Whyman, W2HB. " P i  Network Design and Analysis," ham radio, 
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5. L. H. Anderson, "Pi Network Design," ham radio, March, 1978, page 36. 
6. 1. M.  Hoff, WGFFC, " P i  Matching Networks - Tables of Values," ham 
radio, June, 1977, page 
7. R.  W .  Johnson, WGMUR, "Multiband Tuning Circuits," QST. July, 
1954, page 25. 
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75=ohm cable 
in amateur 

installations 
Making use of 

75-ohm CATV cable 
results in 

lower line loss, 
which means more 

power to the antenna 

Many hams are not aware of one of the best coax- 
ial cables available, the 75-ohm, solid-aluminum 
sheathed cable made specifically for cable television 
(CATV). The coax used in these systems is character- 
ized by a minimum attenuation loss, minimum ran- 
dom-signal pickup, excellent weather resistance, and 
high structural return loss. All this not withstanding 
the fact that it can usually be obtained as scrap for 
next to nothing. 

"The number assigned to each cable is actually the outside diameter of the 
aluminum sheath in inches. With cable of primarily U.S. manufacture, this 
number has become the generic name of the cable. 

Leading the list of features is low attenuation toss. 
As a result, a 100-watt-output, 420-MHz transmitter, 
feeding power through 30.5 meters (100 feet) of 
0.750" hardline, will deliver 75 watts to the antenna; 
this is quite an improvement over the 40 watts 
delivered by a comparable length of RG-8/U! 

To further illustrate, fig. 1 shows the loss exhibited 
by several different types of cable, starting with the 
relatively lossy RG-58 and ending with 0.750 cable. 
With CATV cable, even at the lower frequencies, 
impressive gains are available to people who use long 
cable runs. 

0 1  I 1 1 8 1 1 1 1 1  1 

10 20 30 4050 IW P W  300 500 / O W  
FREOUENCY MHz 

fig. 1. Loss vs. frequency for several types of cable. The 
C A N  cable examples refer to cable manufactured by Sys- 
tems Wire and Cable, Inc., of Phoenix, Arizona. Cable from 
other manufacturers may have different attenuation values, 
but as a rule will be very close to these figures. 

In addition to its lower attenuation figures, solid 
aluminum sheath also reduces random-signal pickup 
and leakage. The best military braid specifications re- 
quire only 96 per cent shielding, as compared to the 
100 per cent provided by seamless CATV cable. And, 
as it turns out, most braided cable used by amateurs 
has a braid coverage in only the 75 to 90 per cent 
range, and sometimes as low as 60 per cent (see 
photograph)! 

Weather resistance is also greatly improved by 
using cable with a seamless sheath. After a period of 

By Gordon K. Woods. W N K ,  6022 North Sec- 
ond Avenue, Phoenix, Arizona 85013 
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connectors 
The major problem encountered by amateurs 

using 75-ohm CATV cable has been finding suitable 
connectors to use between the cable and ordinary 
UHF fittings. (Special cable connectors which mate 
with type N and F fittings are available, but they are 
difficult to locate and buy in small quantities.) There 
is a practical soltition to :his problem, however. This 
is the use of standard CATV "feedthrough" connec- 
tors, which, fortunately, end up with 6.5 mm (114 
inch) of male 518 x 24 (M16-2) thread, the same 
thread as standard UHF connectors. 

Making the adapter begins, as shown in fig. 2, 
with the installation of the appropriate feedthrough 

As seen in this photograph, braid coverage can vary radical- 
connector on the end of the cable. To mate with the 

ly. The two examples are both RG-59/U, except that the top UHF connectors, a PL258 female-to-female adapter is 
cable is normally used in CAN installations. Use of the bot- slipped over the end of the exposed center conduc- 
tom cable may result in unwanted signal pickup and/or 
emission. 

exposure to sunlight and air, the copper conductors 
in ordinary braid become corroded; they do not form 
an electrical bond to one another, but function more 
as insulated wires, increasing random-signal pickup 
and radiation losses. This can be easily checked by 
terminating a well weathered RG-8 line and noting 
the background noise level. Then, change to CATV 
cable, equally terminated, and your receiver will 
be dead. 

CATV cable is normally bare, but it is also produced 
with a black polyethylene jacket if the cable is to be fig. 2. As shown in this photograph, adapting CAN cable to 
exposed to salt spray, fog, or industrial ~0ntami- a normal UHF connector requires the use of a CATV feed- 

nants. It is also manufactured with a "flooded" poly- through connector attached to the end of the cable. The 

ethylene jacket for underground or underwater 0.500 cable in this illustration has the brass tubing sweated 
over its center conductor. The threaded coupling cut from a 

installation. PC259 connector attaches the PC258 adapter to the feed- 
throuah connector. 

Different examples for using the adapters between 75-ohm 
C A N  hardline and standard UHF connectors. 

tor. Joining the adapter and feedthrough connector 
is accomplished by using the threaded portion of the 
barrel from a PL259 connector. 

On the 0.412 and 0.500 cable, you will have to 
sweat solder a piece of 4-mm (5132-inch) OD brass 
tubing over the center conductor. (The brass tubing 
is available in short lengths from most hobby stores.) 
The center conductor of the 0.750 cable is heavily 
tinned to increase its diameter from 3.7 to 4 mm 
(0.146 to 0.156 inch). 

If you want to directly hardwire the CATV cable to 
an SO-239 chassis connector, prepare the cable end 
as shown in fig. 3. Then, connect the SO-239 to the 
feedthrough connector, prior to inserting the cable. 
The final step consists of inserting the cable into the 
feedthrough connector, making sure that the center 
conductor mates with the SO-239, and tightening 
the cable ferrule. Generally, connectors are available 
from CATV equipment supply sources, although they 
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are not enthusiastic about small-quantity orders. (Try 
these sources only if you can't con the local CATV 
system installer out of a few.) 

installation 
When installing solid-sheath aluminum cable, note 

that all bends should be made over a grooved form 
block. Also ensure that all bends are never made to a 
radius of less than ten times the cable diameter. 
Observing this precaution will prevent wrinkling the 
sheath, which can cause impedance bumps. Too 
tight a bend may also force the center conductor to 
one side, since the foamed dielectric is soft and sub- 
ject to cold flow. 

fig. 3. Attaching the hardline to a chassis-mounted SO-239 
can be accomplished in the same manner. In this case 
though, the feedthrough connector and the SO-239 are 
mated before the cable is attached. 

Another item available from equipment supply 
stores is special heat-shrink tubing that slides over 
the entire connector assembly. These tubes are usu- 
ally about 23 cm (9 inches) long and have a special 
sealant inside that is effective against moisture. 

summary 
Before changing to 75-ohm transmission line, it is 

best to ensure that your transmitter and antennas will 
match the higher impedance. In general, most trans- 
mitters with a pi network will match the impedance 
presented when using 75-ohm cable. Even gamma 
matches on Yagi arrays can be readjusted to match 
the new cable. Unfortunately though, it can be an 
expensive proposition if you try to change your pow- 
er meters to read correctly in a matched 75-ohm 
system. 

Even with the small problems presented by con- 
nectors and, in some cases, matching, the use of 75- 
ohm CATV cable has one big advantage: more power 
at the antenna at a highly economical price. 

ham radio 

30 september 1978 



matching 
75-ohm CATV hardline 

to 50-ohm systems 
The previous article by W7VK pointed out the sig- 
nificant attenuation differences between the more 
commonly used RG-8 type coaxial cables and 75- 
ohm CATV type "hardline." In some amateur installa- 
tions, changing to  hardline could mean large 
increases in the power delivered to the antenna, 
especially where long cable runs are being used. As 
Woods pointed out, switching to this type of cable 
usually involves only antenna rematching and retun- 
ing the transmitter. Unfortunately, in some cases, 
rematching the antenna to 75 ohms is not possible, 
and the resultant swr may be intolerable; the ultimate 
isolation between sections of a repeater duplexer, for 
example, can be degraded by a high swr on the line. 
The matchable bandwidth of an antenna can also be 
reduced, since the output pi network was originally 
designed for 50-ohm loads. And finally, 75-ohm 
power meters are not commonly available. 

matching 
The standard quarter-wavelength transformer or Q 

section, one of the most popular forms of matching, 
is unfortunately not readily suited for this task. The 
impedance of the matching section has to be the 
geometric mean between the two impedances to be 
matched, or in this case Jm'= 61.3 ohms, not a 
common coax impedance value. 

One little-known matching technique, the nonsyn- 
chronous impedance matching transformer, does 
offer a solution to the problem. W5TRS originally 
described this method in ham radio,l though only 
providing basic design information (see fig. 1). In a 

subsequent letter,2 W3DVO briefly discussed the 
bandwidth in relation to a standard quarter-wave- 
length transformer. Until now, however, nothing has 
been published on the use of the nonsynchronous 
transformer. Since the required sections are the 
same impedance as those to  be matched, this 
method would seem to be an easy solution to the 75- 

I to-50 ohm matching problem, and warrants further 
examination. 

fig. 1. Diagram of the basic nonsynchronous match- 
ing transformer as described by WSTRS. The lengths 
of the two matching sections will vary according to 
the impedance ratio. 

To evaluate this method, I decided to compare the 
nonsynchronous transformer to another technique, 
stub matching. Fig. 2 illustrates the situations that 
were considered. (If the load were replaced by an 
antenna, the system would not be too different from 
a typical antenna installation.) The main feedline was 
considered to have a 1 dB insertion loss and be 0.25 
wavelength long at the center frequency. Since there 
will be a perfect match at only one frequency, having 
the feedline 0.25 wavelength long provided the maxi- 

By Charles J. Carroll, K l X X ,  ham radio, 
Greenville, New Hampshire 03048 
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table 1. Impedance values along the lines shown in fig. 1. afforded by the 2-meter frequencies (approximately 

nonsynchronous transformer 1.5 per cent), calculations were carried out for 80 
frequency, MHz point A point B pointc finalswr through 10 meters, with the 80-meter extreme of 6 

144 74.63+j0.63 75.34-jo.50 49.86-jo.44 1.0093 per cent bandwidth. Table 2 shows the results for 
145 74.82+j0.31 75.15-10.24 49.93-10.21 1 .W the nonsynchronous transformer when applied to 
1 46 75.01 -j0.02 74.99+j0.02 50.00-jO.O1 1.0002 fig. 2A, 
1 47 75.20 - j0.36 74.85 + j0.29 50.08+ j0.22 1.0047 
148 75.37- j0.70 74.72+ j0.56 50.16+ j0.41 1.0089 As a final test, the line was terminated with eight 

different reactive loads. each selected to  be on the 
stub matching 2:l swr circle on a Smith chart (see fig. 3). The inner 

frequency, MHz point A point B point C final swr 
points represent the same impedances, but as seen 

1 44 75.60- j0.12 75.75- j0.18 50.02+j0.86 1.0173 
145 75.31 - j0.06 75.39- j0.09 50.00+ j0.42 1.0084 at the generator (transmitter) end after the different 
1 46 75.02- jO.OO 75,03- jO.O1 50.00- j0.02 .0004 rotations. Table 3 lists the actual computed values. 

The nonsynchronous impedance matching trans- 
former can be an extremely valuable tool. With a 

mum impedance change at other than the center fre- bandwidth basically comparable to either stub or 
quency. This, along with the low insertion loss, will 
provide close to the worst-case swr. The matching table 2. Swr values for the nonsynchronous transformer 

sections were considered to be lossless lines. when used for 80 through 10 meters. 

test results 
frequency, MHz final swr frequency, MHz final swr 

3.5 1.0571 14.3 1.0048 
Table 1 shows the different impedance values as 3.6 1.0322 14.4 1 .0091 

the 50-ohm load was rotated back-toward the gener- 3.7 1.0091 21 .o 1.0063 
ator. In actuality, the values were determined with 3.8 1.0086 21.1 1.0029 

3.9 1 .OD4 21.2 1.0003 
the aid of an HP-25 programmable calculator; the use 4.0 1.0319 21.3 1.0034 
of the Smith chart was precluded since the final dif- 7.0 1.0150 21.4 1.0059 
ferences were extreme~~small, and bevond the accu- 7.1 1.0045 28.0 1.0097 
rate resolution of even an expanded chart. 

Because the initial results proved so favorable, 
another set of calculations were performed. This 
time, instead of the relatively narrow bandwidth 14.2 1.0003 
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fig. 2. Schematic diagram of the system used to evaluate the bandwidth of the two matching systems. The main feedline, 
as used in both systems, has 1 dB loss. Points A, B, and Ccorrespond to the impedance values listed in the tables. 
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fig. 3. Smith chart presentation of the eight reac- 
tive loads used to terminate the line. The inner 
points represent the final impedances as seen at 
the transmitter end. 

Q-section matching, it has the added advantage of 
requiring one-third less coax than the quarter-wave- 
length section and one-half less than a stubbed sys- 
tem. Though these differences may not be signifi- 
cant at vhf, they can save a considerable amount of 
cable on 80 through 10 meters. In addition, the con- 
struction of a nonsynchronous transformer appears 
to be inherently easier than that of a stub system 
because of the difficulty in correctly placing a T-type 
connector. Probably the two biggest disadvantages 
are that the feedlines have to be dedicated to a par- 

table 3. Computed swr values at 14 MHz with the line ter- 
minated in reactive loads. 

termination 

25.00rt j0 
28.09 + j14.90 
40.02+ j30.01 
69.53 + j36.84 
100.0+ j0 
69.39- j36.86 
39.95 - j29.96 
28.06- j14.85 

computed impedance values 

34.17+ j15.90 
48.40 + j26.48 
74.23 + j22.41 
83.89- j10.66 
59.09- j28.80 
39.16- j22.24 
30.58- j9.84 
29.21 + j3.11 

final swr 

1.7097 
1.7040 
1.7080 
1.7193 
1.731 1 
1,7367 
1.7327 
1.7215 

ticular band (since each transformer length is fre- 
quency dependent), and the requirement that the 
coax be the same impedanceas those to be matched. 
These factors certainly prevent its qualifying as an 
all-encompassing matching method, but it more than 
adequately will handle the problem of matching 75- 
ohm CATV hardline to a 50-ohm system. 

references 
1 .  Hency Keen, W5TRS, ham notebook, ham radio, September, 1975, 
page 66. 
2. Raymond Aylor, W3VDO. comments, ham radio, May. 1976, page 63. 
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RM-300 Modem 
RTTY modulator. 

demodulator 
for vhf operation 

Design and 
construction details 

for the hardware 
to get started 

in the RTTY mode 
on the vhf 

amateur bands 

Operating R l T Y  on vhf fm is a joy. Bothersome 
fading, static crashes, interfering signals, and drifting 
VFOs don't stand between you and a QSO. Whether 
across town on simplex or across the state through a 
repeater, vhf RTTY is a reliable, trouble-free mode 
ideally suited for rag chewing or unattended oper- 
ation. 

The ingredients for a vhf RTTY station include a 
standard fm transceiver, a Teletype machine, a ter- 
minal unit (demodulator), an AFSK oscillator (modu- 
lator), and a means of sending your call in Morse 
code as required by the FCC. 

The RM-300 Modem (Modulator-Demodulator) 
was developed to provide a simple way for those in- 
terested in vhf RTTY to get on the air. The RM-300 
contains a phase-locked loop (PLL) demodulator to 
convert the 212512295-Hz tones from your transceiv- 
er speaker terminals to Teletype keying pulses, a 
stable AFSK modulator to feed the microphone input 
of your transceiver, a read-only memory CW identi- 
fier, and auto-start logic - all on a single 114 x 152 
mm (4.5 x 6 in.) circuit board. A second board, the 
RP-400, contains loop and low-voltage power sup- 
plies and loop keying circuits. 

A schematic diagram for the RM-300 is given in 
fig. 1. The three major functions mounted on the cir- 

"A complete kit of all parts is available from Eclipse Communications, 5 
Westwood Drive, San Rafael, CA 94901. The RM-300 kit less PROM costs 
$71.25. A PROM programmed with one or two call signs (specify) costs $7. 
The cost of the RM-300 circuit board alone is $21.25. (The board is double- 
sided with plated-through holes and a solder mask on both sides. The com- 
ponent side is screened with part numbers and component values.) Add $1 
for postage and handling with all orders. California residents add 6 per cent 
sales tax. 

By Howard L. Nurse, WGLLO, 665 Maybell 
Avenue, Palo Alto, California 94306 
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fig. 2. Schematic of the RP-400 power supply. The design features an auxiliary - 12 V dc supply in addition to power re- 
quired for the RM-300 Modem. Kits are available. 

cuit board are grouped on the schematic. The 
demodulator portion is shown in the top third, the 
AFSK modulator in the middle third, and the CW 
identification circuitry in the bottom third of the 
schematic. Detailed descriptions of connections 
to and from the RM-300 circuit board are given in 
table 1. 

demodulator and autostart 
Audio from the transceiver is fed to the XR2211 

PLL through pin 18 on the board edge connector. 
The PLL output on U1 pin 7 is at a TTL-compatible 
high level when the input tone is 2125 Hz (MARK) 
and low when the input tone is 2295 Hz (SPACE). 
The frequency at which the PLL switches from high 
to low is the PLL center frequency as determined by 
center-frequency potentiometer, R3. 

The PLL output signal is inverted by U4 and ap- 
plied to the antispace circuit (U5 and U6-C) and the 
keying inhibit gate, U2-A. 

The antispace circuit prevents space tones longer 
than approximately 200 milliseconds from keying the 
loop. The output from U5 pin 8 clamps the voltage 
across C11 near ground as long as the PLL is detect- 
ing a mark tone. A space tone allows the voltage 
across C11 to rise at a rate determined by R18. If the 
voltage rises above 5 volts, the output of U6-C goes 
low, which forces the loop into mark-hold. 

The autostart circuit and standby logic can also be 
used to force the loop into mark-hold. The PLL con- 
tains a carrier detector, which has a TTL-compatible 
output on pin 5 of U1. This output is low when a sig- 
nal within the lock range of the PLL is detected. The 
carrier-detect output, after inversion by U4, can be 
used to control the fast or slow modes of the auto- 
start. The fast mode allows the Modem to respond 
immediately to a detected signal, which is desirable 
when operating fast break-in. The slow mode yields a 
0.5-second delay before the Modem responds, which 
gives sufficient noise immunity on vhf circuits. When 
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a carrier is detected by the PLL, the lock output 
(edge connector pin S) goes low. This output can be 
used to control an LED on the Modem front panel. 

If the auto off input (edge connector pin V) is 
grounded or a carrier has been detected, and the 
standby input (pin X) is high, the loop can be keyed 
by the PLL because pin 13 on U2-A will be high. 

The opeii-coiiectoi loop outpiit from U5 pi:: 2 is 
high for mark and low for space. It can be connected 
directly to a loop keying transistor or to the serial in- 
put of a UART. 

The motor output (pin P) is low when a signal has 
been detected, the standby input is grounded, or the 
motor input (pin Y) is grounded. The motor output 
will remain low for approximately 25 seconds after a 

SELECTOR 

MAGNETS 

R P - 4 0 0  

KE YEOAR0 

TO R M - 3 0 0  
PIN L a 

fig. 3. Two suggested ways of connecting your RTTY 
machine to the loop supplies and keying transistors. Sketch 
A shows the usual connection. Separate selector magnet 
and keyboard connections are shown in B. 

Interior of the RM-300 Modem. A solid-state motor-control 
relay is near the power cable at the rear of chassis. The 
RM-300 board is below the RP-400 power-supply board. 

signal has dropped. This timing is determined by the 
RC time constant of R21 and C12. 

AFSK modulator 
The heart of the AFSK modulator is an XR-2206 

function generator integrated circuit. It produces 
low-distortion sine wave tones at a frequency deter- 
mined by capacitor C15 and the resistance between 
pin 7 or 8 and ground, depending on the control in- 
put on pin 9. When pin 9 is high (mark), R27 sets the 
ouput frequency to 2125 Hz; and when pin 9 is low 
(space), R31 sets the output frequency to 2295 Hz. 
The output frequency can be monitored at the audio 
test output (pin TI, which provides a TTL-compatible 
square-wave replica of the function generator output 
waveform. 

The AFSK modulator output level should be 
adjusted to match the requirements of your transmit- 
ter's audio circuit using potentiometer R32. The out- 
put amplitude can be adjusted to a maximum level of 
approximately 5 volts peak-to-peak. 

All control inputs to the AFSK modulator are TTL- 
compatible. The teleprinter keyboard signals are 
applied to the keying input (pin L). Consistent with 
the design convention used throughout the board, a 
high input yields a mark tone, while a low input yields 
a space tone. Mark and space override inputs are 
provided on pins U and M respectively. These inputs 
can be used to force the AFSK modulator to either 
state despite information present on the keying in- 
put. The remaining control input to the AFSK modu- 
lator is from the CW identifier. 
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CW identifier 

The RP-400 power-supply board. The board is 114 x 152 m m  
(4.5 x 6 in.). See text for kit information. 

table 1. RM-300 R lTY Modem input-output descriptions 

namelpin number description 

AUDIO IN118 

PLL LOCKIF 

MOTORIY 

STANDBYIX 

AUTO OFFIV 

AUTO SLOW115 

AUTO FASTIW 

MARKIU 

SPACEIM 

+ 1212, B 

+5/1, A 
START IDIJ 

MSG MSBID 

MSG CONTROLIC 

LOOPIR 

MOTORIP 

LOCKIS 

AUDIO TESTIT 

AUDIO OUTIK 

Audio from receiver. 680-ohm impedance. 
Input level 10 mVrms to 3 Vrms. 

TTL high when PLL locked to input signal. 

When grounded causes MOTORIP to go 
low. 

When grounded causes MOTORIP to go 
low and LOOPIR to go high (MARK level). 

When grounded forces Modem into receive 
mode without control by the PLL LOCKIF 
function. 

0.5-second Autostart control line. 

Instantaneous Autostart control line. 

When grounded forces AFSK modulator to 
MARK. 

Normal RTTY keying line. MARK (2125 Hz) 
is high and SPACE (2295 Hz) is low. This in- 
put is overridden by CW IDENT cycle. 

When grounded forces AFSK modulator to 
SPACE. 

+ 12Vdc at 20 mA maximum. 

+ 5 Vdc at 200 mA or less. 

Momentary ground starts CW IDENT cycle. 

Logic low for first 128 cycles of CW IDENT. 

When grounded enables first half of CW 
IDENT memory. When high, enables second 
half. 

Loop control output, high for MARK and 
low for SPACE. Can sink 40 mA at 15 volts. 

Output goes low to turn on motor. Can sink 
40 mA at 15 volts. 

Output goes low when PLL has locked. 

AFSK oscillator test output, 5 V p-p. 

AFSK modulator output, 600-Ohms, 6 V p-p 
maximum. 

Output goes low during CW IDENT. 

Output goes low during each IDENT key 
closure. 

The CW identifier output signals include the CW 
keying line, which provides full-shift keying, and a 
CW on control line, which precludes all other keying 
when active. The CW identifier, started by momen- 
tarily grounding the start ID input (pin J), causes 
either 0 or . characters to be printed by the receiving 
station. The timing and memory programming re- 
quired to accomplish this format were described in 
reference I. 

One new feature, available with the "0" option, is 
the ability to have two call signs in the read-only 
memory. One call sign is accessed by grounding the 
message control, pin C, while the other is obtained 
by leaving pin C open. If your call is too long to fit in- 
to half of the memory (128 bits), the whole memory 
can be used by connecting the MSG MSB output, 
pin D, to pin C on the edge connector. 

On-off control of the CW identifier is accomplished 
with U9, an XR-2240, which contains an oscillator, 
an eight-stage divider, and a control flip-flop. The 
timing of the CW output is established by adjusting 
the ID timing potentiometer, R36. Five of the eight 
divider outputs from U9 address the 32 bytes of 
memory in U10, while the remaining three extract the 
CW characters from the selected bytes with multi- 
plexer U11. Decade counter U12 monitors the CW 
output for consecutive "blanks;" after it detects 
eight, it turns off the control flip-flop in U9. Compa- 
rator U6-A and its associated circuit resets the dec- 
ade counter so that the counter will start with the 
correct count when power is first applied. 

adjustments 
Proper adjustment of the Modem requires a fre- 

quency counter and a voltmeter or oscilloscope. The 
Modem can be adjusted with help f r ~ n  another sta- 

The RM-300 Modem circuit board, which is the same size as 
the RP-400 power supply board. Kits are available (see text). 
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tion which has a counter or an AFSK oscilla- with R36 until the other machine prints the encoded 
tor/demodulator that has a known calibration. message correctly. 

AFSK generator. Connect a counter to audio test, power supply 
pin T. Ground mark, pin U. Adjust R27 (MI to obtain The RP-400 power supply was designed to furnish 
a counter reading of 2125 Hz. Move the ground lead the voltages required by the RM-300, in addition to  

FRONT PANEL MODEM BOARD POWER SUPPLY REAR PANEL 

TIP 

RING 
AUTO FAST f 5  
AUTO SLOW +I2 SLEEVE 

R L  LOCK GND 

1 'CW EQUIPMENT ON' TO EXTERNAL 

I A m 0  FROM RECEIVER 

I AUDIO TEST 

fig. 4. Interface wiring for the PC boards, front-panel controls, and rear-panel connectors. 

from pin U to space, pin M. Adjust R31 (S) to obtain an auxiliary - 12 Vdc supply for other circuits you 
a counter reading of 2295 Hz. Use a voltmeter or may wish to add, such as a UART. Included on the 
oscilloscope connected to audio out, pin K, to adjust board are the following: 
the output to a level compatible with your transmitter 
audio input using R32 (A).  Remove the ground lead. 

Phase-locked loop (U1). Use a jumper to connect 
audio out, pin K, to audio in, pin 18. Connect an 
oscilloscope or voltmeter to hex inverter U4-8. (This 
voltage will swing between ground and approximate- 
ly 3 volts.) Ground mark, pin U, and adjust R3 (CF) 
until the hex inverter output goes high. Remove the 
ground from mark, pin U, and ground space, pin M. 
While counting turns, adjust R3 until U4-8 just goes 
low. (R3 should be adjusted in a ccw direction.) 
Divide the number of turns by two and adjust R3 in a 
cw direction by that number. 

CW identifier timing. This adjustment is most easi- 

two 80 Vdc, 60-mA loop supplies 
one + 12Vdc, 100-mA supply 
one + 5 Vdc, 300-mA logic supply 
one - 12 Vdc, 100-mA auxiliaw supply 

A high-voltage loop keying transistor is also lo- 
cated on the RP-400 power-supply board. A sche- 
matic for the board is given in fig. 2." 

The loop supplies run from a voltage doubler con- 
sisting of C101, CR101, and CR102. The resulting dc 
is filtered by C102 before being sent to the adjustable 
wirewound resistors, RlOl and R102. 

Two suggested ways of connecting your Teletype 
machine to the loop supplies and keying transistor 
are shown in fig. 3. The usual connection, with the 

ly made with the aid of another station. Initiate an 
ident while the other station monitors your signal "A complete ktt of all the parts for the RP-400 power supply is available 

from Eclipse Communications, 5 Weshvood Drive, San Rafael, CA 94901. 
with his printer. When the timing is adjusted Correct- The RP-400 kit costs $71.25. The cost of the RP-400 circuit board alone is 

ly his printer should print OOOOO&. . .-with the num- $21.25. (The board is double-sided with plated-through holes and a solder 
mask on both sides. The component side of the board is screened with part ber of zeroes determined by your call sign. If you've numbers and component values.) Add $1 for postage and handling on all 

selected the Baudot ident option, adjust the timing orders. California residents add 6 per cent sales tax. 
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selector magnets and keyboard contacts in series, is 
shown in A of the figure. Resistor R104 provides a 
TTL-compatible low level when the loop is open. If 
you desire separate selector magnet and keyboard 
connections, use the wiring diagram shown in B of 
fig. 3. Split wiring might be used when you wish to 
use the output of a repeater .to provide local copy 
through a demodulator. By operating in this manner 
it's possible to tell instantly if you aren't making it 
through the repeater. 

The low-voltage power supplies are similar in 
design. Each has a half-wave rectifier, filter capaci- 
tor, and three-terminal regulator. 

construction 
The RM-300 Modem board, the RP-400 power 

supply, the solid-state motor-control relay, and the 

power supply fit nicely inside a 30.5 x 30.5 x 8 cm (12 
x 12 x 3 in.) Moduline enclosure. 

Fig. 4 is a schematic showing one way to connect 
the boards, front panel controls, and rear panel con- 
nectors. Variations on this wiring will be determined 
by your requirements. 
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ham radio 

stressed quad 

As you can see by the photo, I have a problem. To 
eliminate this problem in the future, I have devised a 
means of stressing a quad (see fig. 1). As seen in fig. 
1, the ends of the spreaders are connected together 
with 3 meter (10 foot) lengths of 45 kg (200 pound) 
test mono-filament fishing line. In addition, three 3 

line connect the ends of the spreaders to the extend- 
ed ends of the conduit. With the lines tight, the quad 
now has the general appearance of a Zeppelin, but is 
stressed to withstand a large wind load. I also at- 
tempted this method with nylon cord, but it had too 
much stretch; the monofilament fishing line does 
not. Had I used fishing line first, I would not have this 
picture. 

Ira Hargis, W5TIU 

meter (10 foot) lengths of conduit are connected 
fig. 1. Diagram of the stressed quad as described by the 

with sleeve and extended through author. The fishing line is almost invisible, yet keeps the 
the boom approximately 3 meters (10 feet) beyond spreaders under stress, increasing its survivability during - - 
the ends of the boom. Additional lengths of fishing high wind loads. 
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integrated circuit arrays 

Using IC arrays 
permits the designer 

to reduce size 
and component count - 

without sacrificing 
performance 

Integrated circuits have been around for a decade 
or so; starting off with just a few transistors on a 
single chip, inter-connected in amplifier arrange- 
ments, they have developed into complex circuits in- 
corporating many transistors, diodes, Zeners, and 
other components in a single package, often requir- 
ing a minimum of external parts to perform the func- 
tions of any linear, digital, or logic application. Most 
hams are familiar with the smaller, linear ICs de- 
signed for specific applications. And generally, many 
would not bother to use discrete transistors for an i-f 
amplifier or audio power output stage when a single 
TO-5 can or 14-pin dual inline IC makes construction 
simpler and more reliable. The majority of ICs are 
"committed" devices, developed to  perform a 
specific function. Their popularity in amateur con- 
struction projects has long been established from the 
proliferation of articles published on amplifiers, bal- 
anced modulators, and phase-lock-loops, in receiv- 
ers, transmitters, and test equipment. 

Much less apparent is the constructor's use of the 
"uncommitted" IC. These devices are independent 
diodes and transistors on a single chip, individually 
connected to the package pins. Known as IC arrays, 
they are widely used in commercial and industrial 
equipment for minimizing space and assembly effort. 
There are also "semi-committed" arrays, in which 
only two of the transistors have internal connections 
(such as a differential or darlington pair). 

For building equipment, there are several reasons 
why using IC arrays, instead of discrete transistors or 
diodes, can be an advantage. 

I 
1. In many cases, the IC will cost about the same, 
or less, than the equivalent discrete components. 
Due to broad commercial use, many types are fair- 
ly inexpensive and easy to find - even at bargain 
prices from some surplus outlets. 

2. The individual transistor and diode parameters 
are much more closely matched than discrete 
components of the same type, and also retain 
matching over wide temperature variations, due 
to the individual devices being etched on a com- 
mon substrate. Some arrays have two specially 
matched transistors, ideal for balanced-circuit ap- 
plications. 

3. Printed circuit board layout may be simplified, 
using less space than with discrete devices. 

I 
4. By using low-profile IC sockets, troubleshoot- 
ing and repair can be as simple as plugging in a 
new IC. 

Most of the major solid-state device manufacturers 

By Peter A. Lovelock, KGJM, Hughes Aircraft 
Company, P.O. Box 90515, Los Angeles, Califor- 
nia 90009 
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fig. 1. Pinout diagrams for the CA3019 and CA3039 are shown in A and B, respectively; C and D show two configurations for the 
CA3019, a balanced modulator and a double-balanced ring mixer. A 3-voltage regulator or reference, E, is obtained by using the 
forward-voltage drop across the diodes. By connecting the diodes back-to-back. they will also function as clippers (F). A typi- 
cal application for almost the entire CA3039 package, including temperature compensation, emitter bias, and output limiting is 
shown at G. 
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produce transistor arrays. For the purpose of review- 
ing the more commonly available types, reference is 
made only to the RCA numbers. When a pin compat- 
ible equivalent is made by other manufacturers, the 
RCA number has an asterisk, and the equivalents will 
be found in table 1. Also, this review is divided into 
four logical categories, for easy future reference. 

1. Diode arrays. 

2. Uncommitted-transistor arrays. 

3. Semi-committed transistor arrays. 

4. Hybrid arrays (incorporating transistors and 
diodes, both uncommitted and semi-committed). 

table 1. Pin compatible IC array equivalents 

RCA National Fairchild 

CA3019 LM3019 pA301 9 
CA3039 LM3039 pA3039 
CA3018 LM3018 pA301 8 
CA3086 LM3086 pA3086 

The review includes only essential information, and 
some basic applications circuits for each type, to 
assist device selection. The reader should refer to 
the manufacturers specification sheets, data manual, 
and application notes for complete information on 
any specific device. Some complete IC array circuits, 
both amateur and commercial, are included after the 
device review. 

diode arrays 

1. CA3019" 
Configuration: Six silicon diodes, four internally 

connected as a quad, t w o  
independent. 

Package: 10 pin, TO-5 (fig. I A ) .  
Applications: Modulators, mixers, analog 

switches (figs. 1C and I D ) .  

2. CA3039" 
Configuration: Six ultra fast, low capacitance 

silicon diodes, independently 
connected. 

Package: 12 pin, TO-5 (fig. 16). 
Applications: Balanced modulators, demodu- 

lators, voltage reference and bias 
regulators, clipper limiters, (fig. 
I D ) .  

diodes can be connected as a "ring" in a double-bal- 
anced mixer. Since this involves paralleling the quad 
diodes, (CRI, CR2 and CR3, CR4) connecting pins 2 
and 6, and using the independent diodes CR5 CR6 to 
complete the ring, balance will not be as perfect as 
with four individual diodes, though adequate for 
most purposes. If the circuit in fig. I D  is used as a 
product detector, it is recommended that the LO be 
fed into T2 and audio output be taken from the cen- 
ter of TI'S secondary. 

The CA3039's independent diodes lend themselves 
to any circuit requiring up to six fast silicon diodes. 
Figs. IE, IF, and 1G show these diodes used for 
low-voltage regulation, varistors, or transistor ampli- 
fier biasing with temperature compensation and out- 
put limiting (clipping). Note that the voltage regulat- 
or is for low current, limited to the maximum forward 
current of the diodes. It is best applied as a voltage 
reference, rather than high current applications in 
which reverse-polarity Zener diodes are used. By us- 
ing one to six diodes in series, low current, stable ref- 
erence voltages of 0.7 V, 1.4V, 2.1 V, 2.8V, 3.5 V, 
and 4.2 V can be derived from one CA3039. As 
shown, regulated positive voltages are obtained, but 
by reversing the supply and diode polarity, negative 
voltages for fet or mosfet device biasing can be 
achieved. 

uncommitted transistor arrays 

Specification: Five general-purpose silicon NPN 
transistors, independent substrate 
connection. Two transistors (QI, 
Q2) matched. I,,,, 100 mA, hFE 
76 typical. 

Package: 16 pin, plastic DIP (fig. 2A). 
Applications: Signal processing/switching from 

dc to vhf, lamp and relay driver, 
differential amplifiers (fig. 2E). 

2. CA3127 

Specification: Five high-frequency general- 
purpose silicon, NPN transistors, 
with independent substrate con- 
nection. DC to 500 MHz. Low 
noise (3.5 dB at 100 MHz). High 
power gain (30 dB at 100 MHz). 

Package: 16-pin plastic DIP (fig. 26). 
The inherent advantage of the diode arrays (figs. 1A Applications: vh f  ampl i f ie rs ,  mixers  and 
and 16) is the close matching of the diodes when oscillators. I-f amplifiers, syn- 
used as single or double-balanced mixers or product thesizers, synchronous detectors 
detectors. While the diodes in the CA3019 and (fig. 2F). 
CA3039 do not have identical characteristics, they 
are essentially interchangeable in many circuits. Fig. 3. CA3096A13096AE 
1C shows the CA3019 quad as a balanced modula- Specification: Three general-purpose high- 
tor. For this application, the diode "ring" is more voltage silicon NPN transistors, 
commonly used. Fig. I D  shows how the CA3019 and two general-purpose, high- 
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fig. 2. Pinout diagrams for different transistor arrays are shown in A through D; typical applications are shown in  E through H. In  
H, the parallel time constant, from the base of Q2 to ground, causes K2 to open only after K1 has opened. This delay is adjustable 
according to  the values used for the resistor and capacitor. By using S2 and the drive line from K4, the relays can be activated by 
S1 and de-energized by S2. 



voltage silicon, PNP transistors, capacitor; minimum time is varied by changing the 
independent substrate con- value of the I-megohm fixed resistor in series with 
nection. the pot. The lamp indicator may be replaced by a 

Package: 16 pin, plastic DIP (fig. 2C). relay or audio reminder (such as NE555 oscillator), so 
Applications: D i f ferent ia l  ampl i f iers,  dc long as 05's collector current does not exceed 50 

amplifiers, timers, lamp and relay mA, or a load of less than 30 ohms at 1.5 volts. 
drivers (fig. 2G). Since the CA3724 was meant to be a high-current 

4. CA3724G 13725G 131 38G 

Specification: Four high-current silicon NPN 
transistors. I,,,, 1 A fast switch- 
ing (30 ns at 0.5 A). 

Package: 14 pin, plastic DIP (fig. 2D). 
Applications: High-speed switching, high- 

voltage switching, high-current 
LED, lamp and relay drivers (fig. 
2H). 

The first two devices in this group, the CA3083 
and CA3127, have a lot in common, both having five 
independent NPN transistors which can be used in a 
very wide variety of circuits. However, the transistor 
characteristics in each type are quite different, even 
though there may be some circuits in which either 
could be made to work. The CA3083 has higher 
I,,,,, and is suited more for hf and audio circuits 
which require transistors with high-signal level 
parameters. Fig. 2E is a typical application for a final 
i-f amplifier (untuned), second detector, and first 
audio amplifier, using all five transistors in the 
CA3083. Q1 is used for bias stabilization of the first 
i-f amplifier. If 02 was conventionally biased with 
two resistors, 01  could be applied to some other 
function. 

In contrast, the CA3127 incorporates transistors 
specifically designed for small signal, high power 
gain characteristics up to 500 MHz, making it ideal 
for receiver front-end use, including rf amplifierlmix- 
er/oscillator combinations.1 Fig. 2F is such an appli- 
cation, using all five transistors for the rf amplifier 
and mixer stages of a front-end suitable for vhf. 
Needless to say, with the high power gain of the indi- 
vidual transistors, considerable care should be exer- 
cised in the layout of such circuits to avoid building 
only oscillators. 

The CA3096 is an interesting IC which contains a 
mixture of three NPN and two PNP transistors. The 
CA3096AE has more closely matched parameters 
between transistors, useful for complementary pair 
circuits. 

Fig. 2G is the circuit of a ten-minute interval timer 
using all the transistors in the CA3096 - a handy 
device as an identification reminder for ragchewers. 
The time constants allow adjustment of the timer 
from 1.6 to 10 minutes by changing the 5-megohm 
potentiometer. The maximum time can be changed 
by increasing or decreasing the value of the 100 pF 

driver, an appropriate application is shown in fig. 
2H. Many times it is necessary to close and release 
relays in proper sequence. Closing S1 turns on Q1, 
which closes K1, but two normally-open contacts on 
K1 are employed to put forward bias on 02. Thus, K2 
can close only after K1. Opening S1 will cause both 
relays to release at almost the same time. 

If reverse sequencing is required, a parallel RC time 
constant, from 02's base to ground, will cause K2 to 
open after K1. K3 and K4 are driven by the emitters 
of 03  and Q4, with the voltage across the coil of K3 
used to drive Q4. This technique eliminates the need 
for a pair of normally open relay contacts as in the 
Q1, Q2 arrangement. The single capacitor, from base 
to ground of Q4, provides for a time-delay release of 
K4; the time constant is dependent on the value of 
C, the 10-k ohm base resistor, and the resistance of 
K3's coil. 

If a latching relay combination is desired, the nor- 
mally open contacts of K4 can be used to connect 
drive through S2 (momentary pushbutton, normally 
on) to the base resistor of 01. S1 should be changed 
to a momentary pushbutton, normally off. Push S1 
to activate the relays and push S2 to release. 

The circuits in fig. 2G and 2H can be combined by 
connecting the optional drive output, from pin 8 of 
the CA3096, to the optional drive input of the 
CA3724. With this combination, the timer will acti- 
vate the relay driver circuit after a preset time delay, 
initiated by the timer ON switch. This arrangement 
would be useful for a high-voltage time delay turn on 
in tube-type linears. S1 would, of course, be elimi- 
nated in this arrangement, but S2 may be left as an 
emergency OFF switch. 

semi-committed transistor arrays 

1. CA3018/3018A/3118/3118A* 
Specification: Four general-purpose silicon NPN 

transistors, two independent; two 
internally connected as a Dar- 
lington pair. Independent sub- 
strate connection. 

Package: 12 pin, TO-5 (fig. 3A). 
Applications: General use in signal processing, 

dc through vhf range. Suitable for 
use in circuits similar to CA3083. 

2. CA308613146/3146A/304513046* 
Specification: Five general-purpose silicon N PN 
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fig. 3. Pinout diagrams for transistor arrays which have internal connections between the transistors (semi-committed ar- 
rays). Various applications for the arrays are illustrated in E through I. Using the CA3600 mosfet array in I wil l  l imit the up- 
per frequency to approximately 5 MHz. Even though the CA3600 has protected inputs, normal precautions should be exer- 
cised while working wi th the IC. 
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transistors, three independent; 
two internally connected as a dif- 
ferential pair (common emitters). 

Package: 14 pin, DIP package type varies 
wi th type number. CA30861 
3146/3146A are plastic package 
(fig. 3B). 

Applications: General purpose use for signal 
processing in the dc to 120 MHz 
range. 

3. CA3081 and CA3082 

Specification: Seven high-current silicon NPN 
transistors. (CA3081) All emitters 
internally connected in common. 
(CA3082) All collectors internally 
connected in common. 

Package: 16 pin, plastic DIP (fig. 3C). 
Applications: Lamp, LED, and relay drivers. 

4. CA3600 

Specification: Complementary mosfet array of 3 
N-channel and 3 P-channel 
enhancement mode mosfets, gate 
protected. 

Package: 14 pin, plastic DIP (fig. 3D). 
Applications: High input-impedance linear 

amplifiers, low-power oscillators. 

As mentioned earlier, this group of arrays has two 
or more of the transistors internally connected in a 
partial circuit, but this does not eliminate their use as 
independent transistors, though there are more limit- 
ations than the undedicated group. 

The characteristics of the individual transistors in 
the CA3018 and CA3086 families are sufficiently 
close to the CA3083 so that RCA specifies the same 
application note for all three. The CA3083 has an 
I,,,, of 100 mA, while the CA3018 and CA3086 have 
I,,,, of 50 mA. Otherwise, the parameters are close 
enough to make these three devices interchangeable 
in almost any circuit where the partially committed 
arrangement of the latter two permits. In both the 
CA3018 and CA3086, the four transistors may be 
used independently by allowing the pins of the fifth 
device to float unconnected. Or, in the CA3086, the 
pins of the differential pair may be jumpered (5-1 and 
4-2) creating a single transistor with an I,,,, of 100 
mA. Also, the darlington pair in the CA3018 may be 
used as a single, super-beta transistor by using pins 
11 and 12 as the collector, 9 as the base, and 1 as the 
emitter. Since applications for the CA3018 and 
CA3086 are similar to the uncommitted CA3083, no 
basic circuits are shown for these types, 

The CA3081 and CA3082 both incorporate seven 
NPN transistors having identical characteristics, the 
CA3081 having all collectors connected together, 

and the CA3082 with all emitters connected. These 
devices were designed to drive seven-segment dis- 
plays as shown in fig. 3E. However, these devices 
can be used for low-current, remote driving of a vari- 
ety of other components including relays, LEDs, in- 
candescent lamps, power transistor switches, fet 
switches, SCRs, and complex devices such as an 
NE555 oscillator. The only constraint is that current 
supplied to the driven device does not exceed the 
I,,,, of 50 mA for each transistor. If a higher current 
rating is required, two or more of the transistors may 
be paralleled. 

The CA3081 may also be used as seven indepen- 
dent amplifiers in circuits where grounded emitters 
are appropriate. Likewise, the CA3082 may be em- 
ployed as seven emitter followers with independent 
inputs and outputs. Such circuits may be used as 
buffer mixers (separate inputs, common output) or 
distribution isolators (common input, separate out- 
puts). 

The CA3600 may be one of the less familiar ICs. 
This device has three pairs of complementary mosfet 
transistors, with the input gates of each pair con- 
nected. Each pair has one P-channel and one N- 
channel enhancement-mode mosfet. The N-channel, 
depletion-mode mosfet is familiar to most, appearing 
frequently in single- or double-gate versions for rf 
amplifiers and mixers. The depletion-mode devices 
have channels which are normally ON in the absence 
of gate bias. Enhancement mode mosfets have chan- 
nels normally OFF until bias is applied to the gates, 
positive bias for P-channel and negative bias for N- 
channel. Using an ac input signal as bias, the linear 
amplifier shown in fig. 3G will have the P-channel 
transistor conducting on positive half cycles, and the 
N-channel device on negative half cycles. The output 
from C2 will be a complete, amplified replica of the 
ac input. 

One nice thing about complementary amplifiers of 
this type is that they maintain a high-linearity output 
swing, over almost the entire limit of supply voltage. 
Therefore, you can obtain close to 10 V p-p output 
with a 10 Vdc supply. In addition, the input imped- 
ance is very high, with the circuits requiring a mini- 
mum of external components. Fig. 3H shows the 
basic amplifier expanded into a crystal oscillator, and 
fig. 31 illustrates the entire IC connected as a com- 
plete, cascaded 100 dB amplifier. The high input im- 
pedance and high off-resistance of the P and N chan- 
nel enhancement-mode mosfets make them highly 
suited for switching circuits where the load current 
does not exceed 10 mA. For those who are hesitant 
to use CMOS devices, considering their sensitivity to 
static voltages, the CA3600 device has resistor/zener 
diode-protected gates to minimize the chance of 
static damage. 
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fig. 4. Pin diagrams for the hybrid integrated circuit arrays are shown in A through D. Applications for this group of arrays include 
voltage regulators and a low-noise preamplifier, as shown in E thorugh G. The amplifier in G has a voltage gain of 30 dB and a 
noise factor of 2 dB at 10 Hz, decreasing to 0.3 dB at 1 kHz. 
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fig. 5. Schematic diagram of a product detector, a-m detector, and noise limiter using the CA3039. T1 and T2 are Q2 ferrite cores 
wound with 12 turns of no. 26 AWG (0.4 mm) enameled wire. The individual wires should be twisted approximately 1 turn per 
centimeter (3 turnslinch). The carrier oscillator signal ( + 7  dBm) must be off when the detector is used for a-m. 

hybrid arrays 
1. CA3093 

Specification: Three independent general- 
purpose, high-current silicon NPN 
transistors - two independent 7- 
volt, 114-watt zener diodes; one 
general-purpose silicon diode. 
Two of the transistors, Q1 and 
Q2, are closely matched at 1 mA. 

Package: 16 pin, plastic DIP (fig. 4A). 
Applications: Signal processinglswitching from 

dc to vhf. Temperature compen- 
sated voltage and current regula- 
tors. 

2. CA3097 
Specification: One independent silicon NPN 

transistor. An NPN and PNP tran- 
sistor pair, one zener diode, one 
programmable unijunction tran- 
sistor, and one silicon-controlled 
rectifier. 

Package: 16 pin, plastic DIP (fig. 48). 
Applications: Voltage regulators, timers, cons- 

tant current source, oscillators, 
multivibrators. 

3. CA3084 

Specification: T w o  independent  general-  
purpose silicon PNP transistors, 
two PNP transistors connected as 

a Darlington pair, combination of 
two PNP transistors and one 
diode connected as a "current 
mirror." 

Package: 14 pin, plastic DIP (fig. 4C). 
Applications: General signal processing, low 

power, low frequency; double- 
balanced mixers/modulators, pro- 
duct detectors. 

4. CA3095 

Specification: Three independent high-voltage 
silicon NPN transistors, five NPN 
transistors, differential amplifier 
array, two of which (Q1 and 02) 
are super-beta types. 

Package: 16 pin, plastic DIP (fig. 4D). 
Applications: Super-beta preamplifiers, high- 

impedance dc meter amplifier, 
low-noise video amplifier. The in- 
dependent transistors are usable 
for signal processing from dc to  
vhf. 

This group of arrays will test your imagination for 
using different solid-state devices. However, the 
manufacturers were not arbitrary in selecting the dif- 
ferent devices. 

Fig. 4E, one example of a use for the CA3093, is a 
temperature compensated, series voltage regulator, 
adjustable from 8.5 to 15 volts at a maximum of 100 
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fig. 6. Schematic diagram for a vox/semi-break-in system using the CA3086. 0 6  is an external transistor which must have a 
collector current rating sufficient to control the external relays. CR2 is a 6.2 volt, I -watt  Zener diode. CR3 and CR4 must be ger- 
manium diodes. 

mA. Fig. 4F is a shunt voltage regulator using the 
CA3097, leaving one transistor, SCR, and a program- 
mable UJT for other use. 

The CA3084 includes four general-purpose PNP 
transistors, with 0 3  and 0 4  connected as a darling- 
ton pair. Also included is a "current mirror" arrange- 
ment of two PNP transistors and a diode. The two in- 
dependent PNP transistors are closely matched, and 
can be employed in separate circuits, or as part of a 
balanced complimentary circuit with NPN transis- 
tors. The darlington pair, having three basic connec- 
tions (base, collector, emitter), can be considered as 
a single super-beta transistor with an hFE of 1250. 

The PNP current mirror is suited as an active load for 
differential amplifiers which use NPN transistors. In 
general, the CA3084 device is used to furnish circuit 
sections for other ICs or discrete devices, rather than 
providing a complete circuit function. 

Three independent general-purpose NPN transis- 
tors are contained in the CA3095, in addition to a dif- 
ferential-amplifier array of five NPN transistors and 
two diodes. Two of the transistors (01  and Q2) are 
super-beta types with an hFE of more than 1000. The 
differential amplifier and independent transistors may 
be used separately, or combined (fig. 4G) into a very 
high-input impedance, low-noise amplifier. 
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fig. 7. Schematic diagram of a squelch circuit using the CA3018. 

getting the most from practical circuits 

The basic circuits, illustrating the use of each type 
array, were intended as examples of the versatility of 
these devices. Many different uses will be found by 
the enterprising builder. Some of the array devices, 
such as the uncommitted transistor arrays, will find 
many more applications than the more specialized 
types. 

Determining whether to build a project with an IC 

array or discrete components is a matter of planning 
and trade-offs. Once you have a circuit to construct, 
research the available devices to see if one of them 
incorporates all, or most, of the active components 
required. After all, it doesn't make sense to use a 
CA3093 to use only two transistors, leaving the third, 
plus two zeners and a diode as spares; though on oc- 
casions, one unused section can come in handy for 
later modifications. The real trick is working all of the 
active IC sections into a construction project, and 

I 
I 0 AGC I N  

1 5 0 k  

MODULATOR 
O U T P U T  

fig. 8. The CA3086 has been used to its fullest advantage in the Atlas series transceivers. This schematic shows the micro- 
phone/modulator amplifiers. and S-meter amplifier in the transceivers. 
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this article would not be complete without including 
some practical amateur and commercial circuits 
where this has been achieved to advantage. 

Fig. 5 is a double-balanced, diode-ring product 
detector, a single-diode detector, and a series-gate 
noise limiter, using all the devices in a CA3039. The 
TO-5 package occupies less space than individual 
diodes flat on the b a r d .  I:: additlm, ?he matched 
diodes give superior performance in the product de- 
tector. A module of this type, to replace the triode 
product detector in a tube receiver, has been built on 
a printed-circuit board measuring only 4 x 4 cm 
(1-112 x 1-112 inch). 

Fig. 6A is the circuit of a complete vox and semi- 
break-in CW module, including sidetone using a 
single CA3086 IC. One external transistor, 06, is 
used as a solid-state switch to energize the transmit- 
ter relays. 

The output from Q1, the input audio amplifier, is 
rectified by CRI, applying bias to 02. This emitter 
follower (02) with a variable RC time constant in the 
emitter lead, sets the vox delay. The differential pair 
0 3  and 04, are connected as a Schmitt trigger, with 
0 4  normally conducting, its collector voltage is about 
+2  volt and the 6.2 volt zener (CR2) cannot conduct. 
When rectified audio causes the Schmitt trigger to 
switch, Q4 conducts and the resultant 10-volt collec- 
tor voltage causes CR2 to conduct, turning on Q6. 
0 5  is an RC coupled, phase-shift audio oscillator, 

with an output from 700 to 800 Hz. When its emitter 
resistor is grounded through the key jack, the tone 
output is fed to the transceiver (or receiver) audio 
output stages, providing a sidetone in the CW mode. 
The oscillator's output is also fed to 01, causing the 
vox circuit to function in the same manner as with a 
normal microphone input. A manually operated 
mnde is provided hy grounding the base of 03. CR3 
and CR4 rectify the speaker output, providing the 
anti-vox control. 

Fig. 7 is the circuit of a squelch module, based on 
the CA3018,2 for use with fm receivers. The entire 
circuit was built on a board measuring only 2 x 3.5 
cm (0.8 x 1.4 inches). 

The circuit for the microphone amplifier, balanced- 
modulator audio driver, and S-meter amplifier stages 
used in the popular Atlas Radio 2101215 series trans- 
ceivers is shown in fig. 8. This is an excellent exam- 
ple of making full use of an IC array. Q1 is a high 
impedance emitter follower, Q2, a voltage amplifier, 
0 3  and 04, a differential pair strapped to form a 
single low-impedance emitter follower. 

references 
1. Bill Hoisington, KlCCL, "Two High-Gain R F  Stages in One IC for 2- 
Meter FM," 73, May, 1974, page47. 
2. Peter Lovelock, KGJM, "The Postage Stamp Squelcher," 73, May, 1975, 
page 103. 

ham radio 



tracking down 
repeater jammers 

I 
ing," or may lead users to believe that a rig or 

Malicious interference repeater malfunction has occurred. 
Amateur clubs (and stations) should have the abili- 

is increasing ty to track down and identify these jamming 
sources. * For one thing, this can lead to the recovery 

on the amateu r bands, 1 of a stolen rig and to the word being passed to stay 
off ham equipment. Also, besides leading to a better 
repeater operation, the track and identification capa- 

particularly On meters - 1 bility should be of major value in a manmade noise 
program. This can help all hams, not just repeater here are some ideas I users. 

I 
Although the operations involved require individu- 

for concerned al effort, it's probably better to  undertake such a pro- 
gram as a club effort. Some reasons for this are dis- 

hams who want cussed at the end of the article. 

to do something about it I interference plan 
For an anti-jamming or interference program to 

1 work, a plan of action is needed. The basic elements 

Repeaters seem t o  attract a variety of intentional 
jammers. Kerchunking is by far the most common 
offense, and nearly every 2-meter operator does it at 
one time or another to check that the rig is getting 
out. But there are others who do it regularly and 
repeatedly, even to the point of trying to play "Jingle 
Bells." They have been heard to say, "I guess I'll 
wear out another relay." 

j are: 

I 
1. Detection 

2. Alerting 

1 3. Preliminary locating 

I 4. Spotting 

5. Identifying 

the problem 1 6. Acting 

Almost every time a 2-meter rig is ripped off in the 
mistaken belief that it can be peddled as CB, there's 
an epidemic of jamming. It starts with kerchunking, 
progresses to attempts to raise another CBer, then 
often proceeds to false calls, obscenity, or the type 
of operation that's led to the term "Chicken Band." 

Another source of repeater jamming is the malcon- 
tent who's unhappy because the repeater is operat- 
ing on his frequency. Some of his tricks are blocking 
signal levels, noise modulation, endless kerchunking, 
and retransmission of signals from other channels or 
of other services. A really mean trick is to key the 
transmitter at a rate that may simulate "picket fenc- 

Each involves some effort and some time. Several 
elements also involve some skill, but the effort per 
person can be kept low. These factors are among the 
reasons this anti-jamming effort makes a good club 
project. 

detection 
Detection can be left to chance, but it's a good 

idea to have at least some planned effort. In fact, 
jamming detection can also serve another purpose - 
intruder detection: the steps and procedures are the 
same. 

One way to handle the detection problem is to 

"An example of what's being done to stem the vhf jammer problem appears 
By R. P. Haviland, W4MB, 2100 South Nova 

in reference 1 .  Editor. Road, Daytona Beach, Florida 32019 
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combine it with another one. A t  any time a club 
probably has one or more members who are shut in 
for some reason, usually illness. Many of these peo- 
ple are happy to have some light chore to help pass 
the time. Monitoring can help. The club can help by 
having a set of loan equipment available, or possibly 
two  sets, one receive-only for nonlicensed members. 

Whi!e any reanmh le  antenna and receiver combi- 
nation is suitable for monitoring, a comprehensive 
plan should be based on the use of scanners. Very 
good commercial scanners covering up to ten chan- 
nels or so are available at reasonable cost. Panoramic 
vhf receivers can sometimes be found in surplus 
sources, or a Panadaptor can be added to a vhf 
receiver. Incidentally, it doesn't make much differ- 
ence whether an a-m or f m  receiver is used. So older 
rigs can serve the monitoring function. A mechanical 
dial drive along the lines of the General Radio 1521 
drive unit could be worked out for older, continu- 
ously tuned rigs. 

Owners of synthesized rigs are in a good position 
to check all or at least a good number of the chan- 
nels. However, doing this by throwing lever switches 
becomes very tedious. The procedure can be mech- 
anized by the simple addition of a counter chain that 
feeds the rig's internal counters. The basic principles 
are shown in fig. 1. The OR gates can be mechanical 
switches, but a diode or IC OR gate is simpler. Some 
form of level changing will be needed to allow the 
squelch to  stop scanning; it can be a relay. The same 
circuit can start a recorder. 

A few simple logic circuits can be used to give a 
no-noise, unattended monitor system, which can 
also reduce time in checking for interference. The 
trick is to use two tape recorders. One would be set 
up to run when a signal is detected. Ideally it would 
be a two-track unit with time on the second track, 
say by digital clock readout or WWVICHU recording. 
The other recorder would start when a signal is 
received and run for about thirty seconds. Then it 

their operating frequen- 

s some ideas for those 

meters. He presents an 

S Y N T H E S I Z E D  R I G  

S Q U E L C H  

- - - - - .. - - - - - - - 
S Y N T H E S I Z E R  S W I T C H I N G  

( F O U R  L E A D S  E A C H )  
I 

H U N D R E D S  T E N S  O N E S  I 

N O R M A L  

1 I i 
D E C A D E  C O U N T E R S  F Z  0 i H z  

fig. 1. Adding scan-capability to a synthesized radio. 
Switching can be mechanical or by logic elements. 

would not restart until the signal had been off for, 
say, fifteen seconds. This avoids recording most 
legitimate contacts and long patches of interference. 
The compression allows fast review of a day's 
record. If suspicious signals are found, the full tape 
can be reviewed. 

This type of system doesn't permit immediate 
action, but it is good for uncovering the operating 
habits of intruders, or of intentional jammers. I t  also 
gives a useful record for analysis and possible action. 

alerting 
The purpose of alerting is to bring the locating and 

identifying resources of the interference plan into 
play. For several reasons it's best to use a small num- 
ber of alerters. This helps prevent false alerts and 
callup for marginally traceable interference. Also it 
helps prevent annoyance to a number of people - if 
a dedicated, intentional jammer is around it's virtually 
certain that he'll try to harass all concerned by trying 
to  break up contacts by 3 AM phone calls or even 
dirtier tricks. 

The alerters must be prepared to put up with such 
tricks and should be ready with appropriate counters 
- fast frequency change, power increase if neces- 
sary, and call monitoring by the phone company. In 
severe problems it may be necessary to go to a two- 
tier alerting plan - a fairly large number of people 
who will relay a detection notice to the actual alerter. 

The alert should be in stages. The first step is to 
determine if further effort will be worthwhile. This 
can be done by one or two stations who can tell if the 
signals are strong enough to get a good DF bearing, 
if the interference source is fixed or moving, if it's 
distant or local, or if the problem warrants further 
action, 

If further actions seems in order, enough direction- 
finding stations should be alerted to get a good fix. 
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One situation needing fast action is that of a ripped- Better DF accuracy can be secured with a special 
off rig being tested. This is almost always a local DF antenna setup. One simple method, shown in fig. 
fixed-station problem. Chronic and intentional inter- 2, is to mount two identical beams at an angle of 40° 
ference may be local or distant, but doesn't require to 60° using two feed lines to a switch, which may be 
immediate action - it may be better to wait, perhaps at the receiver. Rotating the array until the signals 

from the two beams are the same gives the signal 
bearing as the bisector of the angle between the 
arrays. 

Somewhat better accuracy can be obtained with 
phased antennas. The Adcock array of fig. 3 is very 
good. For this antenna the bearing is the angle giving 
a null signal and lies at right angles to the plane of the 
elements. Watch the 180° null. 

For distant signals working at the null is not too 
accurate, and it may be necessary to use lobe- 
switched arrays as shown in fig. 4. As for the 
skewed array, (fig. 21, the bearing is that giving 
equal signals as the switch is operated. 

fig. 2. Skewed Yagis for direction 
switched between antennas or at the 

Various refinements to these simple techniques 
finding. Feed may be 
receiver. can be made, such as fast switching, synchronized 

indicator switching for right-left indication, and visu- 
al presentation. see the various handbooks, such as 

until a key DF station is available or until signal levels Terman's Radio Engineers Handbook for ideas 
increase so that a good DF bearing and good identifi- and data. 
cation are possible. If the interference source is moving a special prob- 

Overall, the alerting must involve decisions on: lem exists, which is related to the problem of relative 
1. Preliminary evaluation motion for ships at sea. See Dutton's Navigation for 

2. DFing 

3. Mobile DFing 

4. Identification 

5. Urgency 
Some of these decisions can be handled by land- 

line but others require coordination and passing of 
data. A "jammer net" is good, with the alerting sta- 
tion acting as net control. Obviously, coordinating 
operations should not be on the channel subject to 
interference. Probably the operations should be sim- 
plex, although the net alert can be called by a 
repeater. 

direction finding 
The DF techniques will vary somewhat for fixed 

and mobile interference and for local and DX signals. 
The standard rules apply, of course: a minimum of 
two bearings are needed. A minimum signal-to-noise 
ratio is needed for good angle accuracy, and for 
good geometric resolution the bearings must cross at 
angles approaching 90°. 

For preliminary evaluation, bearings can be ob- 
tained from any station with a rotary beam. Two 
such stations may give sufficient accuracy on local 
signals to justify dispatching one or more mobiles for 
pinpointing the source. 

solution to these problems by use of the maneuver- 
ing board. 

pinpointing 
Sometimes bearings from fixed stations will give 

sufficient accuracy to pinpoint a source, but it's 
often necessary to call on mobiles. 

fig. 3. Simplified Adcock array. Matching may be omitted 
for receive only. The feed impedance is low. System can be 
made from simple materials. 
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Fair results can be obtained with mobiles having 
simple antennas if the receiver has an S-meter.' The 
procedure is t o  drive in directions that give signal- 
strength increases. Driving around a suspected area 
may confirm that the signal source is enclosed, and i t  
may be possible to spot an antenna system. Mobiles 
doing this should remain on public access roads or 
areas and probably should not stop for any reason. 

Better and faster results can be secured if the 
mobile has DF capability. Probably the simplest DF 
unit is made of two half-wavelengths of wire mount- 
ed on a wood pole, as shown in fig. 3. It's not too 
difficult to  work out a window mount, which will 
allow DFing while in motion. 

With this type of antenna, a very close fix is possi- 
ble by using the process called "doubling the angle 
on the bow," a nautical technique. Drive in a straight 
line past the suspected location. When the angle to 
the signal is 4 5 O  to  the line of motion, note the posi- 
tion along the route. Continue driving until the bear- 
ing is 90°. The signal is coming from a point at right 
angles to the route, and its distance from the route is 
equal to the distance from the first position, as 
shown in fig. 5. See navigation texts for variations in 
the technique. 

This mobile pinpointing can be speeded up if the 
fixed-location DFing stations track the mobiles with 
respect to the interference. Angle differences can be 
measured more accurately. 

identification 
While locating and pinpointing are going on, steps 

that will permit identification of the signal can start. 
One element of this procedure is to show that harm 
to communications actually results from the interfer- 
ence. Another part is to show that the signal is com- 
ing from the pinpointed location. A final goal is to 
identify the transmitter causing the interference, or 
even the person responsible. This identification is not 
just for information - it may be crucial if action is to 
be taken, as discussed later. 

The first element of identification is complete and 
accurate logging. This should show as a minimum 

1. Date and time 

2. Band and frequency 

3. Station or communications being interfered 
with 

4. Description of interference 

In addition it's desirable to record any analysis of 
the interference, including bandwidth, center fre- 
quency, results of a-m and fm reception, and approx- 
imate or exact spectral distribution. Each log entry 
should be signed, and, if possible, witnessed. 

The use of tape recordings for interference detec- 
tion has been mentioned. These records are valuable 
in identification, especially if some simple precau- 
tions are taken. Each tape should start with an 
announcement of the fact that it is an interference 

R Y I  F O R  R I G H T  L O B E  \L P 7 6 m m ( 3  I N  1 R G - 8 / U  T Y P  

R Y 3  F O R  L E F T  L O B E  b A N Y  L E N G T H  R G - 8 / U  

R Y Z  F O R  C E N T E R  L O B E  C E O U A L  L E N G T H S  R G - 8 / U  
( N O R M A L  U S E )  

fig. 4. Lobe-switched system for DXing. Sketch A shows the 
antenna arrangement. Booms are parallel; spacing is typi- 
cally one wavelength. The connection harness is shown 
in B. 

record, and the date, time, operator, and place giv- 
en. It is well t o  state the make and serial number of 
equipment used in reception and in recording. Before 
the recorder is shut off, the date and time should be 
repeated. Strip charts are also useful. These may 
give the pattern of interference, including times of 
occurrence and relative levels of wanted signal and 
interference. 

Recordings should also be made by the mobiles 
used in pinpointing. Signal level at various locations 
is helpful in showing the extent of interference and 
the general location of the source. When the source 
location has been identified, simultaneous recordings 
at the locating mobile or mobiles and the tracking 
stations should be made. Each should be identified, 
of course. 
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In many interference cases pinpointing the loca- 
tion of a jammer, and showing by records that the 
interference does come from that location, is suffi- 
cient for action. However, cases may arise where fur- 
ther identification is needed. 

ldentification of a particular transmitter or person 
is not easy but possible. Two types of material are 
needed: the interference records and identified 
records of suspected sources. The identification 
rests on "signature" analysis and matching, that is, 

S T A T i O N  

T O  R O U T E  

D I S T A N C E  T R A V E L E D  = D I S T A N C E ,  S T A T I O N  T O  R O U T E  

fig. 5. Method for pinpointing source location by using the 
navigational system of "doubling the angle on the bow." 

an identifiable element of the signal that forms an 
identifiable characteristic. For example, the bias fre- 
quency in recorders varies. The frequency can be 
determined by comparing it to  the 60-Hz hum fre- 
quency when present. Recorders, receivers, and 
transmitters may be identified by comparing the rela- 
tive magnitude of hum components at 60 Hz, 120 Hz, 
etc. Sometimes special components are present, 
such as parasitics, peculiar background noise, or 
peculiarities of off-on characteristics. 

ldentification of individuals is also based on a form 
of signature analysis. For CW, this may be the ratio 
of dot t o  dash lengths, the way dash length changes 
from character-to-character, or individual tricks in 
spacing. For voice, the relative strength of compo- 
nents in the three major speech bands form identifier 
elements, as do word choice, syllable rates, and 
many other factors. I t  requires some detective work, 
but it can be done. 

Signature analysis is certainly beyond the capabil- 
ity of most amateurs, and probably beyond the capa- 
bility of most clubs. Those groups in areas with good 
laboratories can probably do the work or get it done: 
arrangements might be made to call on one of these 
groups if simpler steps are not sufficient. In any 
event, recordings should be made with the thought 

that analysis may be required as a part of the remedi- 
al action taken. Make at least some records with 
good-quality tape recorders; and, if there's reason to 
suspect an identified station or individual, make 
recordings of this station, giving identification. 

action 
In many cases interference of the type considered 

here disappears when the fact of an anti-jammer pro- 
gram becomes known. When this happens the plan 
should go into standby. It's a good idea to demon- 
strate that it works, say by a hidden transmitter hunt. 

Unintentional interference will probably be cor- 
rected when the source is advised of its existence. If 
this type appears, a letter or telephone call discussing 
the problem appears to be in order. 

Casual interference, say by kids, is usually not a 
great problem. If it persists, tracking down and noti- 
fying parents, the organization concerned, or even 
passing the information along the grapevine usually 
clears up the matter. 

Interference caused by stolen rigs doesn't usually 
last long. If an attempt is t o  be made to  recover the 
rig, however, fast action is needed. Several accounts 
of approaches to  this problem have been published. 

If interference continues and appears intentional or 
willful, there may be grounds for complaints to the 
FCC. Such factors as unidentified signals, or illegal 
forms of modulation, are direct grounds. However, 
interference per se is no t  necessarily adequate 
grounds. No amateur station has prior or exclusive 
rights to a frequency, and it's necessary to show that 
willful or malicious intent exists, which is difficult. In 
these continued interference problems, it's probably 
best to review the matter and the available records 
with the Commission field offices. But remember 
that these offices are understaffed and busy, so 
make sure you have a legitimate problem. 

Some states have laws intended to apply to fran- 
chised communication services, which also apply t o  
at least some amateur communications. Competent 
legal advice should be sought before any action is 
taken. 

One thing should be watched. Individual action is 
not only unwise - it may even be dangerous. The 
news accounts of CBers' quarrels show this. Even 
group or club action should be carefully considered. 

Fortunately, most interference problems can be 
handled without too much trouble. As noted, they 
tend to go away when there is a program to  take care 
of them. 

reference 
1. Alf Wilson, WGNIF, "Happy Flyers - Helping People," Ham Radio 
Horizons, March, 1978, pages 12-22. 
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high-performance 
rf-agc amplifier 

Presenting a 
small step forward 

in front-end 
receiver design - 

an amplifier 
with high power gain 

and good agc 
characteristics 

During construction of a 6-meter ssb transceiver, I 
needed an improved rf-agc amplifier. My require- 
ments called for 15-dB minimum power gain, low 
noise figure, and good signal-handling capability that 
wouldn't deteriorate with the application of agc. Fur- 
thermore, a good input/output match to 50 ohms 
had to be maintained over the agc range. The well- 
known circuits I had used or seen in the past 
wouldn't meet all these requirements simultane- 
ously. What follows is my approach to the problem 
of compatibility between a high-gain rf input ampli- 
fier and really good agc control. Also offered are 
some suggestions on further improving inputloutput 
linearity, and some equations for calculating power 
gain and impedance. 

initial experiments 
The dual-gate mosfet amplifier worked fine with 

constant bias, but signal-handling capability deterior- 
ated with agc. Also, this circuit required a high-input 
impedance transformation for a match, a no-no in 
good front-end design. Next I considered the 
grounded-gate circuit, where an input match was 
easily obtained with a low-impedance transforma- 
tion. Available power gain was disappointingly low, 
however, and input-impedance change with agc was 
totally unacceptable. From this initial investigation I 
reached two conclusions: A new amplifier configura- 
tion was necessary to meet gain, impedance match, 
and signal-handling requirements; and agc control 

By Andy Borsa, WAIFRJ, 6 Colby Lane, 
Pelham, New Hampshire 03076 
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must not involve changing amplifier bias level in 
any way.' 

final circuit design 
To make a long story short, the circuit evolved into 

that shown in fig. 1. The basic arrangement is a cas- 
code jfet amplifier. However the input fet, 01, 
receives drive at both gate and source terminals. This 
provides two advantages, the first being an input 
match with a transformation only slightly higher than 
that of a simple common-gate stage. Second, this 
type input permits a choice of gain in the range 
between common source and common gate arrange- 
ments. 

turn on, shunting more and more signal current away 
from 02, decreasing stage gain accordingly. Maxi- 
mum gain cut is determined by the saturated ON 
resistance of 0 3  in series with the coupling-capacitor 
impedance, together with the g, (forward transcon- 
ductance) of 02. With a good high-current switch at 
Q3 (such as a 2N22221, a very respectable agc range 
of at least 35-40 dB can be achieved. 

There are other, less obvious, advantages with this 
agc circuit. First, control takes place at the point of 
smallest signal voltage, or lowest impedance. Sec- 
ond, the control element operates with increasing 
forward bias as gain decreases ( input signal 
increases). Both points are extremely desirable from 

w + 2 0 v  

1 0 0  O 10 mA 

+ l G r F  
1 - rnNmLUM 1 - 0 1  

RF GUT 
6.8 

10k r 50-0HMs 

\ .  
fig. 1. Schematic of the 50-54- 
MHz rflagc amplifier. The in- 
put transformer is wound on a 
small toroid core; total second- 
ary inductance is 0.5 pH. Coil 
data are sketchy because of the 
use of surplus cores and forms 
of unknown origin and charac- 
teristics. /$7' 

In a related fashion, noise figure follows a similar 
relationship. The output fet, 02, is conventional. 
Any reasonable output network may be used to meet 
gain and impedance requirements. The circuit isn't 
original with me, as a bipolar version is mentioned by 
Rheinfelder.2 A similar arrangement has been 
described for use in vacuum-tube linear power ampli- 
fiers;3 however, I've never seen its excellent capabili- 
ties put to use in modern ham equipment. 

agc control 
The method of agc control is unconventional (as 

far as I'know) for an fet amplifier. It does bear some 
resemblance to a bipolar cascode circuit using a dif- 
ferential pair with current source, although operation 
does not involve changing amplifier bias level. In fig. 
1, a transistor is ac-coupled to the interface between 
the fets. As long as this transistor remains biased off, 
it has little effect on the signal current passing from 
0 1  to Q2. With increasing agc voltage, 0 3  begins to 

a dynamic-range point of view. Finally, circuit com- 
plexity is only slightly greater than that of a standard 
cascode or mosfet stage. 

circuit description 
The circuit of fig. 1 uses low-Q input and output 

networks to achieve an almost flat 16-dB power gain 
over the entire 6-meter band. A high-value shunt 
resistor across the output coil was sufficient to limit 
the gain to  the desired value because of the low 
unloaded Q of the miniature coil I used. (A high-Q 
coil here would have resulted in a much lower shunt 
resistor to keep the gain down.) Input and output 
amplifier ports provide a very good match to  50 
ohms, an important consideration for low-input vswr 
presented to the vhf antenna and cable and for the 
following multi-pole bandpass filter. 

The agc transistor, a 2N2222A, receives its base 
drive through a nonlinear resistor-diode network. 
This arrangement linearizes the dB gain cut versus 



control voltage characteristic over the range I 
required. This or similar networks (using zeners, for 
example) can be used to tailor the agc levels and 
response curve to meet your specific requirements. 

I found no need for parasitic suppression with this 
circuit; however, the layout is very compact with 
good bypassing and grounding, so other construc- 
tion methods might require resistors or ferrite beads 
applied to 02 gate and drain. A further point in this 
circuit is that 02 was selected for a slightly higher 
IDss (zero-bias drain current) than Q1. This would 
not be necessary with sufficient source bias at Q1. 

test results 
Fig. 2 is a plot of the agc characteristics for the cir- 

cuit. The linearity is acceptable but could be further 
improved by operating on the base drive to Q3. My 
test setup was limited to the 30-dB of gain cut 
shown, but at least 40 dB should be achievable. 

Further tests of input-output linearity revealed a 
1-dB gain compression level at + 7 dBm output to 50 
ohms, corresponding to a - 9 dBm input level. Even 
at a gain cut of 30 dB, the input level for I-dB com- 
pression didn't drop more than a couple of dB. 
Although this performance is good, further work is 
indicated, since this rf stage is still (on paper) the lim- 
iting strong-signal factor in my receiver. 

Some possibilities for improvement: operate 0 3  
with some collector-to-emitter-current bias; use 
higher g, fets; and maybe substitute PIN or rectifier 
diodes for 03. Noise figure and IMD measurements 
are still awaiting completion of the receiver section, 
although I expect performance in this area to be 
good, at the very least. 

calculating gain 
and impedance 

When looking at published schematics, I've often 
wondered how other authors arrived at particular cir- 
cuit values. So, at the risk of being blamed for too 
many technicalities, I'd like to present some equa- 
tions and information for those wishing to experi- 

AGC VOLTAGE (VOLTS1 

fig. 2. Agc characteristics for the circuit of fig. 1. 

fig. 3, Simplified ac equivalent circuit for power gain and 
impedance calculations. 

ment. For this, I'll use the simplified ac equivalent cir- 
cuit of fig. 3: 

power gain = %p [g,n,(nGnjI 

where 

no = output voltage step down ratio 
n G  = gate winding step up ratio 
n, = source winding step up ratio 
g, = ac forward transconductance 
RD = combined resistive loading and coil losses 
Rin = input impedance presented to  input 

transformer primary 
RL = load resistance 

Normally, Rjn = RL = 50 ohms. In eq. 1 it's assumed 
that sufficient resistive and coil loading exists so that 
R D =  ( n o ) 2 R L ,  which makes the circuit output 
resistance equal to that of the load. Once Rin is set, 
the following equation should be used to define the 
input turns ratios: 

A few iterations between these equations may be 
required to achieve reasonable proportions for the 
input and output turns ratios. But reasonable num- 
bers usually result by choosing n,= 1 so that 

1 nc=  ------ - I .  Then all that's left is to solve eq. 1 
gmRin 

for the output turns ratio corresponding to  the 
desired power gain. 

I t  is my hope that the data presented here will help 
produce some small advance in communications- 
receiver performance. Obviously, this amplifier cir- 
cuit isn't limited to the 6-meter band; in fact, I use 
similar versions for my receiver's 9-MHz i-f chain. I'd 
truly appreciate hearing from anyone who either uses 
or further evaluates this circuit. 
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modified quad antenna 
If you haunt the 

20-meter band for DX 
you've no doubt 

heard ZF1 MA - 
here's a descri~tion 

of the antenna 
that puts out his 

big signal 

The quad has long been acclaimed a great DX 
antenna ever since Clarence C. Moore, WSLZX, 
made history with it in the mountains of Ecuador in 
1939. Very few articles have appeared in the litera- 
ture regarding its design changes. This article 
describes some novel changes to the quad, which 

The spider. The first part to be constructed is the 
spider, which must be lightweight and strong. I made 
several spiders using different materials (aluminum 
and galvanized iron). These spider designs were 
abandoned as being either too heavy or too weak. 
Finally, a spider made from a 61-cm (24-inch) length 
of 51-mm (2-inch) diameter galvanized tubing had 
the necessary structural characteristics. This spider 
was cut as shown in fig. 2. The photo shows the 
spider in the half-finished stage. 

makes it an efficient DX antenna. I Details of the spider used in the modified quad showing 

construction I hose-clamp connections for the elements. All materials 
were obtained locally. 

Fig. 1 illustrates the basic design of the quad. This 
antenna was made from locally available materials. I 
Its design departs from conventional quads in several BY Joseph B. W. Jackman, ZF1 MA, P.O. BOX 

respects. 459, Grand Cayman Island, British West lndies 
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fig. 1. The modified quad antenna used at ZFIMA. Design uses three driven elements, which are fed with A50-ohm open-wire 
transmission line. Front view is shown in sketch A; side view in B. 

Spider template. A template was used to bend the (112-inch) conduit was welded between each bent 
cut sections of tubing to the required angle consist- arm, so that the 108-degree angle, or whichever 
ent with the spacing used. The angle can be between angle you choose, is maintained. See fig. 4. The 
108 and 1 12 degrees. The template was made of stiff drawing is simplified for clarity. 
cardboard, which was cut as shown in fig. 3. The spider can either be used as is, with only the 

addition of a mast-to-spider plate, or you can do as I 
did and weld a 0.9-meter (3-foot), 51-mm (2-inch) 
diameter pipe onto the spider, as shown in fig. 5. 
The mast is welded to the spider, depending on the 
shape quad desired. 

fig. 3. Template used for forming spreader-to-spider angles. 

When tube bending has been completed, the s$d- 
er should look as shown in the photo. The photo also 
shows how the spreaders are attached to the spider 
with stainless-steel 7.5-cm (3-inch) hose clamps. 

To strengthen the spider, four pieces of 12.5-mm 

Spreaders. Spreaders can be made from any of the 
conventional materials. In the tropics bamboo is the 
most available and is gratis; however, fiberglass, alu- 
minum, or wood can also be used. This, of course, 
will depend upon where you live and what materials 
are most available. I had a few lengths of aluminum, 
so these were used. However, to prevent the spread- 
ers from resonating, the horizontal spreaders on the 
driver and reflector elements were broken with insu- 
lators. For years I used wood, and at least one 
commercial company uses Bakelite. I decided to use 
rubber from old car tires cut into small strips and lam- 
inated together with contact cement. Incidentally, 
the same idea can be used to make standoff insulat- 
ors or center insulators. Eight insulators were also 

C U T  

2 5 5 m m f 1 0  I N  I  - 4 2 5 5  m m ( 1 0  I N  ) 

fig. 2. Method of cutting the gal- 
vanized tubing used for the spider. 5 l m m f Z l N . l  o D 
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one of my car-tire insulators inserted. This was also 
done on the number-one reflector only. The feed- 
point was connected with 450-ohm open-wire trans- 
mission line to a universal transmatch, thence to a 
standing-wave-ratio meter, thence to  the trans- 
mitter. 

performance 
The quad was mounted on a 12-meter-high (40- 

foot) mast and vswr checks were made. Having sat- 
isfied myself that all systems were go, I tuned up to 
20 meters, pointed the antenna toward Europe and 
called CQ DX. I called only once, and all Europe 

W E L D  seemed to call me! The first callsign I picked out was 

fig. 4. Galvanized conduit, 12.5 mm (112 inch) in diameter, is 
my longtime radio friend M7CMC, who gave 

welded between spreader attachments for structural me a 5-9 +20 report, and has been ever thus. 
strength That night I pointed the beam toward Australia and 

made to put into the end of the aluminum tubing 
(fig. 6). This practice proved to be well worth the 
time spent in making them, as the flexible rubber 
moves with the wind and precludes broken elements 
on the quad. The three holes spaced 51 mm (2 
inches) apart are for the driven-element spreaders 
only (fig. 6). 

The per-side dimensions I used for the quad were: 

three driven elements 5.3 meters (17.3 feet) 
reflector 1 5.4 meters (17.8 feet) 
reflector 2 5.6 meters (18.3 feet) 

U I U 
The three driven elements (fig. 7 )  were made up and 
passed through the holes in the end of the spreader 1 
insulator.  he middle wire was open at the top and 

i C O L D  C A R  T I R E  

W E L D  C O M P L E T E L Y  A R O U N D J  

7 6 - 1 0 2 m m i 3 - 4  I N  I D I A  

0 0 0 \ 

i fig. 5. Method of welding spider-to-mast section to obtain a 
square or diamond-shaped quad. 

the same thing happened. It seemed that all the Pa- 
fig. 6. An old auto tire, which moves with the wind and elim- 
inates broken elements, can be used for insulation material. cific stations were lining up to say what a great signal 
Small strips of tire rubber were cut and laminated together I had, including ZL and VK, but also P26, DU, F08, 
with contact cement. and others. At  this time I ran tests with some of these 
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stations. From their observations the following an- 
tenna performance figures were deducted: 

20 meters 15 meters 10 meters 

Gain 8.5 - 9 dB 9.5 - 10 dB 10.5 - 12 dB 
Front-to-side ratio 40-45dB 35-40dB 40dB 
Front-to-bac~ ratio 30 - 35 dB 25 - 30 dB 26 dB 

The next morning at about 430 AM I crawled into 
bed, tired but contented, and next day I tried the 
beam first on 15 then on 10 meters. Needless to say, 
the results were even better than those received on 
20 meters. 

Since that time, whenever I get on the air on any 
of these bands, there's a pileup. So many amateurs 
have asked about my antenna system that I decided 
to write about it, and this is the story. 

fig. 7. View looking down on the quad elements. Three 
driven elements are used; the center element is separated 
wi th an insulator t o  which a 450-ohm open-wire transmis- 
sion line is connected. Reflector 1 is 3 per cent longer than 
the driven elements; reflector 2 is 6 per cent longer than the 
driven elements. 

closing comments 
I'd like to thank the many amateur radio operators 

around the world who have helped in testing this an- 
tenna. It's my hope that any amateur who decides to 
build this antenna will have as much pleasure with it 
as I've had. 
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fm demodulator 
using the 

Another application 
of the PLL 

for fm circuits, 
including design notes 

and theory of operation 

The phase-locked loop has been around for some 
time and has many applications including frequency 
synthesis, clock synchronization, and a-m detection. 
IC technology has made the design of PLLs available 
at low cost and in small packages. This article pro- 
vides some nonmathematical background on PLL 
theory and describes its application as an fm demod- 
ulator. 

operation 
A PLL is a loop circuit with feedback. It may be 

viewed as an electronic servo with the ability to lock 
onto and track a reference signal. The lock-and-track 
process is accomplished through phase-comparing 
circuits. However, because frequency is the rate of 
change of phase with respect to time Idw =dO/dt), 
the PLL lock-and-track mechanism is meaningful in 
terms of frequency. 

Basic PLL operation is as follows (fig. 1). The volt- 
age-controlled oscillator (vco) output frequency 
depends on dc-voltage value from the phase detector 
and loop filter. As long as the phase difference 
between vco output and the reference signal is con- 

stant, the vco control voltage will be constant and its 
output frequency won't change. However, when the 
phase difference between vco output and reference 
signal begins to change (as would happen as the vco 
output frequency changes), the phase detector and 
loop filter provide a dc error voltage, which shifts the 
vco frequency to re-establish the original phase rela- 
tionships. In this manner the vco output frequency is 
maintained at the value of the reference frequency. 
This is the lock condition of the PLL. 

Even during lock a finite phase difference exists 
between output frequency and reference frequency 
because each PLL has a characteristic free-running 
frequency. That is, with no reference voltage applied 
to the PLL, some quiescent output frequency exists 
at which it rests. Hence, with a reference signal, 

OUTPUT 

w 1 

REFERENCE 1 S'& 

I 
fig. 1. Block diagram illustrating PLL operation. A phase 
detector, filter, and voltage-controlled oscillator (vco) form 
an electronic servo in which vco output frequency and ref- 
erence frequency are constant. 

some phase difference between vco output and the 
reference signal must be present to provide an error 
voltage that will shift the vco output from is free-run- 
ning value to the reference value. Often, terminals on 
the IC package are included for an external capacitor, 
which can be used to trim the free-running frequency 

By Tim Daneliuk, KL71PS, Room 0-408A, 820 
North LaSalle Street, Chicago, Illinois 60610 
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CONTROLLED 
OSCILLATOR - 

fig. 2. Example of a PLL with a phase detector used as a mix- 
er so thatf,, +f,,,, applied to a lowpass filter results in an out- 
put with a dc component that drives the vco so that loop 
lock is established. 

as close as possible to the reference frequency. This 
action reduces pull-in time - i.e., the total time re- 
quired for the PLL to establish the locked condition. 

a different perspective 

of time while increasing in amplitude (f ig. 4). This 
waveform has a net dc component that drives the 
vco frequency to  establish lock in the loop, which in 
turn results in a continuous dc output level from the 
filter. If the pull-in time is shorter than the period of 
the beat note appearing at the LPF output, the loop 
can lock without this oscillating error transient. 

capture and lock range 
It's important to understand the terms capture and 

lock and their mutual relationship. Consider the situ- 
ation where the loop is not locked and the difference 
frequency is outside the LPF bandpass. The vco re- 
mains at its initial free-running frequency, and no real 
change occurs in the loop. However, as the differ- 
ence frequency becomes smaller (as f;, approaches 
f,,,), a point is reached where an error voltage is 
passed bv the LPF to  the vco control terminal, which 

Fig= shows the phase detector as a mixer whose /n  turn shifts f,,, so that the difference frequency is 
output is& + f,,,. A t  lock, f,,, is such that the differ- even lower. This is a positive feedback mechanism, 
ence between the two frequencies is zero. The low- which causes the loop to become locked. 
pass filter (LPF) attenuates the sum frequency and 
passes the difference frequency. Hence, at lock, the 
LPF output is a dc voltage (since the difference fre- 
quency is zero at lock). From this point of view it's 
seen that, if the PLL is not in lock but the difference 
frequency is within the LPF passband the filter out- 
put will not be dc but will be an ac beat frequency. 
This ac voltage is applied to the vco control terminal 
and, in effect, frequency modulates the vco output 
frequency. During the time f,,, is modulated so that 
it's closer to&, the error between the two signals 
decreases and the resulting beat frequency at the 
LPF output is lower. Thus the amplitude at the filter 
output is greater because, in a lowpass filter, less at- 
tenuation occurs for increasingly lower frequencies 
(f ig. 3) .  

This entire process results in a filter output that is 
sinusoidal but decreases in frequency as a function 

FREQUENCY 

fig. 3. Amplitude as a function of 
frequency in a lowpass filter. 

fig. 4. Lowpass-filter output response with time. The signal 
is sinusoidal but decreases in frequency while increasing in 
amplitude. 

The capture range, then, is "the frequency range 
centered about the vco initial free-running frequency 
over which the loop can acquire lock with the input 
signal."' I t  is determined primarily by the LPF band 
edge and the system closed-loop gain. This action is 
contrasted with the loop lock range, which is "the 
frequency range usually centered about the vco ini- 
tial free-running frequency over which the loop can 
track the input signal once lock has been achieved."' 

The limiting factor of the lock range is the maxi- 
mum amount of error voltage available and the corre- 
sponding maximum frequency swing the vco can 
produce. Because, in lock, the error voltage is a dc 
voltage, the lock range is not a function of the LPF 
bandpass characteristics. Note that the capture 
range is never greater than the lock range and is, in 
fact, often less. That is, a PLL may be able to track a 
signal and maintain lock over a greater frequen- 
cy range than over which it was initially able to 
acquire lock. 
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table 1. Characteristics of several PLL ICs used for f m  
detection. 

distortion upper frequency 
device (per cent) (MHz) 
N E 560 0.3 30.0 
NE 562 0.5 30.0 
NE 565 0.2 0.5 
NE 567 5.0 0.5 

fm detection using the PLL 
The basic circuit of a PLL fm detector is shown in 

fig. 5. Here, instead of a constant reference frequen- 
cy, a frequency modulated signal is applied to the 
phase detector. The PLL is locked to the fm carrier 
frequency. With no modulation no frequency devia- 
tion occurs and the LPF output is a constant dc volt- 
age. However, as soon as the wave is modulated and 
frequency deviation occurs, an error voltage appears 
at the LPF output which is proportional to the fre- 
quency deviation. The circuit demodulates the in- 
coming fm signal. It's essential that the filter have a 
bandpass characteristic that doesn't attenuate the 
highest expected modulating frequency - i.e., for a 
high-fidelity system, a bandpass all the way to 20 kHz 
would be desirable. 

linearity 
Another important consideration (particularly in 

high-fidelity systems) in the design of PLL fm detec- 
tors is linearity. The loop must detect the signal with- 
out introducing excessive distortion. Also, the PLL 
must operate at a frequency equal to the carrier fre- 
quency plus the maximum positive frequency devia- 
tion encountered. With modern devices this is usual- 
ly not a great problem, since detection occurs after 

ing signal be strong enough to activate the phase 
detector. This is not, perhaps, overly critical in the fm 
broadcast situation, where the receiver is in an area 
of fairly high signal strength (since fm broadcast is 
intended primarily for local coverage). However, 
incoming signal amplitude becomes exceedingly 
important, for example, in high-frequency RTTY 
FSK demodulation. Here, the incoming signal is 
often plagued by atmospheric noise and other distur- 
bances. Unless the demodulated signal is an exact 
reproduction of the transmitted signal, the resulting 
printout will be gibberish. A similar application would 
be in the vhf fm telemetry systems. 

conclusion 
Since the introduction of the initial IC PLL, tech- 

nology has produced complete fm stereo demodula- 
tors available on one IC. Fig. 6 shows one of these 

A- 
TOP VIEW 

I 

fig. 6. Typical f m  detector using an IC chip from National 
Semiconductor. Additional data is available from their 
LinearApplications Handbook, Vol. II. 

mixing and i-f amplification. For example, common 
i-fs are 455 kHz and 10.7 MHz. Table 1 shows the circuits. It's from National Semiconductor's Linear 
distortion and upper frequency limits of several com- Applications Handbook Vol. /I. This approach 
mon PLLs used in fm detectors. decreases parts count and improves reliability. It's 

-- C7 
, 0 3 3  

R 4  

ADJUST 
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response in noise safe to assume that this approach will be the industry 
trend in the future for such applications. 

One of the side benefits of this system of fm 

k 1 9  kHz MONITOR 
PIN 

10 

-1 C 5  
9 0 3 3  
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demodulation is its ability to detect signals in noise. 
Since the error voltage is filtered, the control voltage 
to the vco is "devoid of phase deviations produced 
by noise."2 The main requirement is that the incom- 

15 

14 R 3  
CB 

13 2 2  C3 

1 
12 0 .47 

FM SIGNAL AUDlO 
INPUT DETECTOR FILTER OUTPUT 

fig. 5. Fm detector using the PLL principle. 
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Meter-amplifier circuits have been around for sev- 
eral years, generally using conventional transistors, 
field-effect transistors, or operational amplifiers. If 
you want increased meter sensitivity in a wavemeter 
or grid dip meter configuration, then calibration may 
not be of much concern. In these cases you're more 
apt to want sensitivity (in the microampere range) to 
detect small radio-frequency currents. 

When using meter amplifiers for absolute read- 
ings, however, several questions arise. How much 
amplification is expected, and in conjunction with 
what meter? What will be the final calibration of the 
new meter? 

The data presented in tables 1, 2, and 3 should 
provide an indication of what to expect from a meter 
amplifier, as it relates to current measurements. 

The circuit used is shown in fig. 1. It is a common- 
source configuration using an MPF102 field-effect 
transistor.1 For testing purposes, I constructed the 
circuit in a mini-box, with six insulated binding-posts 
for the input, output, and 9-volt supply to the circuit. 
The amplifier was mounted on a small printed-circuit 

METER 
47K ZERO 

4 7 0 0  

calibrating 
meter 

amplifiers 

fig. 1. Schematic diagram of the simple meter amplifier. The 
pot connected to the fet's source is used to zero the meter 
to be calibrated. 

Meter amplifiers 
help provide 

increased sensitivity 
for high-current meters, 

but not without 
the need for 

a final 
accurate calibration 

board. The 1 k pot was mounted in the center of the 
front panel. Fig. 2 shows a block diagram of the 
interconnections used to calibrate the meters. 

As can be seen from table 1, you should expect a 
seven- to eight-time increase in the readings of a 

I 
fig. 2. Test set-up for calibrating a meter movement. Using 
this system, the final calibration and accuracy will be deter- 
mined by the current monitor. 

By Howard J. Stark, W40HT,  9231 Caribbean 
Boulevard, Miami, Florida 33189 
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table 1. Calibration for a COMCO50pA meter. 

reduced to 
Sirnpson 260 meter readings p A  unity pA 

1 PA 7.0 7.0 
2 4  14.0 7.0 
3pA 24.0 8.0 
4 PA 33.5 8.37 
5 PA 44.0 8.8 

50pA meter. The popular 1 mA meter is more likely to 
be used with an amplifier to raise its sensitivity. Not 
having a 1 mA meter available, I calibrated two iden- 
tical 1.5 mA meters made by Marion Electric Com- 
pany. Table 2 shows the results of the calibration. 

table 2. Calibration readings for the Marion Electric 0-1.5mA 
meters. 

meter 1 
divisions p A  per 

meter on scale 
Simpson 260 reading scale division 

10 pA 48 8 1.25 
20 pA 90 19 1.05 
30 PA 1 28 28 1.07 

meter 2 
divisions p A  per 

meter on scale 
Sirnpson 260 reading scale division 

The significant points to note are that 30 pA pro- 
duced near full-scale deflection on the meters and 
that each division was slightly more than 1pA. As a 
final step, I checked Simpson 500 pA meter (see 
table 3) .  

table 3. Sirnpson 0 to 500 p A  meters calibration. 

meter divisions pA per 
readings on scale 

Simpson 260 0-500 pA scale division 

If the meter amplifier is to become a permanent 
part of the metering system, some relabeling of the 
face will be required to reflect the increased sensitivi- 
ty. When using an amplifier with other meters, the 
basic resistance of the meter will effect the final sen- 
sitivity and calibration. 

reference 
1. Doug DeMaw, W1 FB, editor, ARRL Electronics Data Book, American 
Radio Relay League, Newington, Connecticut, 1976, page 22. 
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the weekender 

l=GHz prescaler 
for frequency counters 
Amateurs fall into many categories - operators, 
experimenters, contesters, and so on. In addition, 
they may be full- or part-time mobile radio service or 
television technicians. These technicians, as well as 
the experimenters, often find themselves unable to 
measure frequencies in the low uhf region, especially 
between 500 and 1300 MHz. 

While the 1-GHz prescaler described in this article 
will not quite reach 1300 MHz, it can be of consider- 
able use in the range just above the limits of many of 
the inexpensive frequency prescalers available com- 
mercially. Although the Fairchild 11C05 used in this 
prescaler is guaranteed only to 1000 MHz, two that I 
have used have functioned well above 1200 MHz 
but couldn't make it to 1300. 

In addition to possible application in the new 900- 
MHz mobile band, the prescaler may help you if you 
have to  repair your TV set. The FCC's requirement 
for positive-detent tuning of the uhf TV channels 
has resulted in a proliferation of exotic front-end 
circuits. The use of digitally tuned oscillators and 
frequency synthesizers no longer permits us to check 
oscillator output by means of an electronic volt- 
meter. This will indicate only that the circuit is 
oscillating - but at what frequency? One of the solu- 
tions to  this problem is this 1-GHz frequency pre- 
scaler, which can be used with virtually any counter 
and costs but a fraction of the price of a complete 
counter capable of operating at that frequency. 

The prescaler will accept a signal between 25 and 
1000 MHz, probably as high as 1200 MHz, and scale 
(divide) its frequency by either 10 or 100, depending 
on the position of a front-panel SCALE switch. Thus 
the frequency to be measured can be converted to 
one within the range of the counter which is con- 
nected to the prescaler. The accuracy of the meas- 

By Robert S. Stein, WGNBI, 1849 Middle- 
ton Avenue, Los Altos, California 94022 

urement remains a function of the counter's accu- 
racy multiplied by the scale factor. 

If the prescaler is used with a 30-MHz counter, for 
example, frequencies between 30 and 300 MHz can 
be read on the counter by scaling by 10, which will 
result in read-outs between 3 and 30 MHz. Frequen- 
cies above 300 MHz can be scaled by 100, so that a 
1-GHz signal can be read as 10 MHz on the counter. 
Obviously, it is necessary to multiply the counter 
reading by the scale factor to determine the input 
frequency, but multiplying by 10 or 100 should not 
tax anyone's mathematical prowess. 

circuit operation 
A block diagram of the prescaler is shown in fig. 1, 

and the overall schematic appears in fig. 2. U1 is an 
Amperex ATF417 broadband hybrid amplifier de- 
signed to operate from 40 to 860 MHz, and is usable 
from below 25 MHz to over 1200 MHz. Because the 
amplifier has a nominal input impedance of 75 ohms, 
a minimum-loss pad consisting of resistors R1 and R2 
is incorporated to convert the prescaler input to 50 
ohms. R2 also affords overload protection in con- 
junction with hot-carrier diodes CR1 and CR2. As 
shown in fig. 3, the input vswr (referenced to 50 
ohms) is less than 1.5:l below 1 GHz, and is less than 
2:l at 1.2 GHz. The sensitivity of the overall pre- 
scaler also appears in fig. 3. 

The amplified signal is applied to U2, a Fairchild 
11C05" divide-by-four circuit. The output of U2 feeds 
U3, a Fairchild 95H91 divide-by-five/six which is 

I N P U T  

T H R E S H O L D  
DETECTOR 

fig. 1. Block diagram of the 1-GHz prescaler. 

arranged to divide by five. Thus, the input frequency 
has been divided by twenty at the output of U3. To 
scale by 100, the frequency is again divided by five, 
this time in the quinary section of U5, a 10138 bi- 
quinary counter whose output is connected to the 
100 position of SCALE switch S2. Gate U4B buffers 
the output of U3 from the loading effect of U5. 

Since the input frequency has been divided by 
twenty in U2 and U3, it is necessary to multiply it by 

"The Plessey SP8610 is a recently announced pin-for-pin replacement for 
the Fairchild 1 lC05. 
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two to obtain a scale factor of 10. This is accomplish- the complementary outputs of U3, as well as the 
ed in U4A, one section of a 101 13 quad exclusive-OR slight difference in the propagation delays from in- 
gate. Frequency doubling is achieved by taking ad- put to each output. Because an exclusive-OR gate 
vantage of the finite rise and fall transition times of produces an output only when one, but not both, of 

O F F  POWER 
J7 A 

+ \ S I  BK 

CR3 
I N 4 0 0 1  

OUT - 0 - 5 v  

117 
vu C 

CR5 
I N 4 0 0 2  

G IN  

B~~~ n 7 8 L 2 4  OUT 0 + 2 4 "  

+ 
, C i l  

COM 

C1 0.001 pF, 50 V ceramic capacitor (Erie 8121-100- 
W5RO-102K. Centralab CY15C102M) 

C2, C4 0.1 pF, 50 V ceramic capacitor (Erie 8131-100-651- 
104M. Centralab CY20C104P) 

C3 0.01 uF, 50 V ceramic capacitor (Erie 8121-050-651- 
103M, Centralab CY15C103P) 

C5, C6, C12, 
C13, C15, C17 0.01 kF, 50V disc ceramic capacitor 

C7, C8 0.001 pF, 1000 V disc ceramic capacitor 

C9 1000 kF, 16 V electrolytic capacitor 

C10 4.7 pF, 10 V tantalum capacitor 

C11 470 pF, 35V  electrolytic capacitor 

C14 0.05 kF, 50 V disc ceramic capacitor 

C16 1 pF, 50 V disc or tubular ceramic capacitor 

Amphenol 27-800 or Sealectro 50-051-0000 
miniature coax connector 

UG-1094lU BNC connector 

UG-1465iU miniature coax connector (Amphenol 
27-186, Sealectro 50-007-00001 

l k  trimmer potentiometer (CTS X-201-R102B, 
Radio Shack 271-227) 

SPST slide switch 

SPDT slide switch 

Triad F-91X transformer 

Amperex ATF417 amplifier 

Fairchild 11C05 divide-by-4 (or Plessey SP8610) 

Fairchild 95H91 divide-by-516 

101 13 quad exclusive-OR gate 
CR1, CR2, U5 10138 bi-quinary counter 
CR6, CR7 hot-carrier diode (Hewlett-Packard 5082-2835) U6 7905 negative 5-volt regulator, TO-220 case 
DS1 117 V pilot light assembly (Radio Shack 272-3281 U7 78L24 or National LM340L-24 positive 24-volt 
J1 Amphenol  86350 or Kings KC-19-54 BNC regulator, TO-92 case 

connector U8 741C op amp, 8-pin mini-DIP case 

fig. 2. Prescaler schematic diagram. All fixed resistors are 114 watt, 5% composition or carbon film. 
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10 100 I000 2000 

F R E Q U E N C Y  - M H z  

fig. 3. Prescaler sensitivity and vswr, plotted against fre- 
quency. Test equipment limitations precluded vswr meas- 
urements below 400 MHz. 

its inputs is high, there is a very short period of time 
during the input transitions when both inputs are 
high or low, resulting in the output of the gate going 
low for this brief time. This is shown in fig. 4, as is 
the fact that two output pulses are generated for 
each cycle of the input frequency. 

The extremely short time period during which the 
output pulses are developed prevents them from 
reaching full ECL-output level. Therefore, they are 
amplified by Q1 to a peak voltage level of at least 
300 millivolts before being routed to the 10 position 
of switch S2. When S2 is set to the 10 position, the 
25- to 1000-MHz input range is scaled to 2.5 to 100 
MHz. When S2 is set to 100, the same input fre- 
quency range is scaled to 0.25 to 10 MHz. 

As with all logic devices, U2 has a minimum input 
level below which it will not clock. However, at fre- 
quencies below 50 MHz, it may also divide by two or 
three just below this critical input voltage. To prevent 
this from appearing as a false reading on the counter, 
a threshold detector comprising CR6 and U8 is in- 
corporated, which inhibits the output of U3 when- 
ever the input voltage to the prescaler is below a 
predetermined level. 

The output of amplifier U1 is sampled and rec- 
tified by diode CR6. The resultant dc is filtered and 
applied to the inverting input of U8, a 741C op amp 
configured as a dc comparator. The non-inverting in- 
put is connected to a voltage divider (R15 and R16) 

across the negative 5-volt supply; R15 establishes 
the reference voltage for the comparator. If the pre- 
scaler input level is insufficient for proper operation 
of U2, the voltage applied to the inverting input of U8 
will be less than the reference voltage at the non- 
inverting input. This will cause the output of the op 
amp to go high, activating the master reset (pin 14) 
of U3 and inhibiting its output. As soon as the input 
signal reaches the required threshold, the op amp 
input conditions reverse, and the resultant low out- 
put enables U3. 

construction 
Except for power transformer T I ,  the primary 

power circuit, the INPUT and OUTPUT connectors, 
and the SCALE selection switch, the entire prescaler 
is built on a printed-circuit board measuring 8.9 x 
7.9 cm (3-112 x 3-118 inches).* The board is two- 
sided; one side contains the printed-wiring traces, 
while the opposite side, on which the various com- 
ponents are mounted, provides a ground plane. I 
chose to mount the board vertically, parallel to  the 
front of the cabinet, with the component side of the 
board facing the front. Two small right-angle brack- 
ets were used for mounting feet, as shown in the 
parts layout, fig. 5. 

The first step in assembling the board is to mount 
connector J2. A complete bead of solder must be 
made to the ground plane around the entire peri- 
phery of the connector. Next, capacitor C1 must be 
soldered between the center pin of J2 and the adja- 
cent trace, as shown in fig. 6. This arrangement is 
necessary to keep the lead inductance of C1 to an 
absolute minimum. The capacitor leads must be 
carefully bent and trimmed as shown. Then the 
shorter lead is soldered to the trace so that none of 
the wire is visible, and the longer lead is wrapped 
around the center pin of J2 and similarly covered 
with solder. 

To keep the cost of the printed-circuit board 

I I I I I I 
1 I ' I I I 

I I I I 
I I I / 1 , 
I I I I I I I 

O U T P U T  v V V  
fig. 4. Waveforms showing operation of the exclusive-OR 
frequency doubler. 

*If there is sufficient interest, the author will supply PC boards at nominal 
cost. Please enclose a SASE with all inquiries. 
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down, plated-through holes were not used. Instead, 
ground connectors are made by soldering the appli- 
cable component leads directly to the ground plane. 

Before installing regulator U6 on the board, attach 
a TO-220 type heatsink to the tab of the regulator. 
Use a thin layer of silicone heat-transfer compound 
between the heatsink and the tab. The heatsink must 
not be grounded to the board, since the tab is inter- 
nally connected to the input terminal of the device. 

Be sure that the polarities of the electrolytic capac- 
itors and diodes are correct, and that none of the in- 
tegrated circuits are reversed. After completing the 
board assembly, examine i t  carefully for solder 
bridges between traces or for any other foreign mat- 
ter that might cause a short circuit. 

Next, fabricate the input cable assembly which 
runs between the board and the front panel. Using a 
7.6-cm (3-inch) length of RG-174lU coaxial cable, 
terminate one end with INPUT connector J1 and 
the other end with connector P2. Instructions for 
assembling the connectors to  the cable appear in 
figs. 7 and 8. 

A recommended arrangement of the overall pre- 
scaler is shown in f ig. 9. OUTPUT connector J3, 
POWER switch S1, SCALE switch S2, pilot light DSI, 
and the input cable assembly (terminated by INPUT 
connector J1) are mounted on the front panel. 
Transformer T I  is mounted directly behind the 
printed-circuit board, and capacitors C7 and C8 are 
wired to a terminal strip located near the transformer. 

Before mounting the circuit board in the cabinet, 
solder a short length of insulated wire to each of the 
output pads, designated 10 and 100, on the board. 
Then solder the secondary leads from transformer T I  
to the pads marked G, R, Y, and BL on the board, 
matching the wire colors to the appropriate pad. 
Mount the board in the cabinet and connect the 
wires from the output pads to the corresponding 
terminals of SCALE switch S2. Finally, connect the 
input cable assembly between the front panel and J2 
on the board. 

fig. 5. PC board component layout and wiring to trans- 
former and output circuit. 

operating considerations 
I t  would appear obvious that after the prescaler 

has been wired and checked, all that remains is to 
connect it to the counter and plug it in. Maybe - 
and maybe not! Unfortunately no prescaler is all 
things to all counters. This one produces outputs of 
two types: the scaled-by-10 output is a train of very 
short, fast positive pulses having a peak-to-peak 
amplitude of 300 to 400 millivolts; the scaled-by-100 
output is a square wave of approximately 800 milli- 
volts peak-to-peak amplitude. Both are supplied 
from low-impedance sources. 

Without going into a detailed explanation of tran- 
sient response and reflections from improperly ter- 
minated transmission lines, it can be stated that what 

/ appears at the counter end of a coaxial cable con- 
I 
i nected to the prescaler output depends on the char- 
- 

acteristic impedance of the cable, the length of the 
cable, the input impedance of the counter, and the 
frequency and waveform of the prescaler output 
signal. Since only the last of these factors is estab- 
lished (and varies over the prescaler's range), there 
may be considerable differences as to how the pre- 
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F O R M  A N D  T R I M  L E A D S  O F  C I  
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P : N  C F  :Z ' G Q O L ' N C  
P I N S  O M I T T E D  F O R  
C L A R I T Y )  

P C B  
D I E L E C T R I C  /' 

G R O U N D  P L A N E  

f ig. 6. Method of installing capacitor C1 on PC board. 

scaler will perform in conjunction with different 
counters and different cable lengths. 

Now for the good news. Although you cannot 
tell how the prescaler will perform with your counter 
until you try it, there is a simple remedy if it does not 
appear to work properly. And that is merely to ter- 
minate the connecting cable in its characteristic im- 
pedance. Assuming that the connecting cable is 
%-ohm coax (RG-58lU or equivalent), you need 
only to terminate it with a 50-ohm load at the counter 
end. If the counter already has a %-ohm input im- 
pedance, the cable will automatically be properly 

counting an asymmetrical pulse train. Therefore, 
even if the counter's frequency range appears to be 
better than the published specifications, do not ex- 
pect it to be so on the scaled-by-10 output from the 
prescaler. 

As an example, on two different 80-MHz counters 
(one home-built, the other a Hewlett-Packard Model 
5381A1, the upper frequency limit when checked 
using a signal generator was weil over 120 MHz for 
each. However, the maximum scaled-by-10 count 
from the prescaler which could be measured was 
between 80 and 90 MHz, corresponding to a pre- 
scaler input between 800 and 900 MHz. Of course, 
switching to the scaled-by-100 output permitted 
measurements to the limit of the prescaler. On the 
other hand, a counter specified to perform at 120 
MHz should permit use of the scaled-by-10 output 
over the entire frequency range of the prescaler, as 
did a 500-MHz counter used to verify the prescaler 
output. 

threshold-level adjustment 
Before initially operating the prescaler, fully rotate 

the thumbwheel of potentiometer R15 toward the 
top of the board. This effectively disables the thresh- 

9E 

7 1 I C- - -  
z== 

r-d 4 4 
FEMALE dw 

NUT WASHER GASKET CLAMP ChYTACT - 
LUCK BODl - -m 

9/32" Cut jacket to  9/32 inch 
(7.1 mm). 

terminated. However, most low- and medium-fre- 
Fray shield and strip inner di- 

quency counters have a high input impedance. -1 - 3/32 electric 3/32 inch (2.4 mm). 
Therefore an external termination may be required. 12 4 m m i  

Tin center conductor. 
The simplest way of terminating the cable is to ,-&*p-e-+- Taper braid and sl~de nut, 

use a %-ohm feedthrough termination, such as the --VUdmrS+ washer, gasket, and clamp 

Heath SU-511-50, Tektronix 01 1-0049-01, Hewlett- over braid. Clamp IS inserted 
118 

Packard IOIOOC, or Systron-Donner 454. An alter- -,,,,, to that its inner shoulder f ~ t s  
-qkFL_,%--rz~mr - - squarely against end of cable nate method is to use a tee-connector at the counter L- + fiws jacket. input, with the connecting cable on one side of the - C3/321241 With  clam^ ~n place, comb 

tee and a %-ohm termination on the other side. Or 
if you are ingenious, you can fabricate a cable with a 
51-ohm composition resistor shunted across the 
counter end. 

Another factor which enters into the picture is the 
characteristic behavior of the counter's input signal 
processor. All counters must convert the input signal 
to an appropriate logic level over the specified fre- 
quency range of the counter. Of the infinite variety 
of signals that can be applied to a counter, a sym- 
metrical waveform is the easiest to process. Thus, 
your counter may exceed its specified maximum fre- 
quency when measuring the sine-wave output from 
a signal generator, but may not perform as well when 

. . 

out braid, fold back smooth 
as shown and trim 3/32 inch 
(2.4 mm) from end. 
Slip contact in place, butt 
against d~electric and solder. 

I Remove excess solder from 
outside of contact. Be sure 
cable dielectric is not heated 
excess~vely and swollen so as 
to prevent dielectric from en- 

, tering into connector body. 

Push assembly into body as far as it will go. Slide nut into body 
and screw in place with wrench until tight. For this operation, hold 
cable and shell rigid and rotate nut. 

fig. 7. Assembling connector J1 t o  input cable (courtesy 
Amphenol). 

88 september 1978 



old detector and will permit a check of the prescaler 
in conjunction with the counter. Apply signals of 
known frequencies to the prescaler INPUT connector 
(noting the approximate minimum levels required, 
as shown in fig. 3) and check the counter readings 
in both the 10 and 100 positions of the SCALE switch. 
Caiiiivn: Aiiiivugk U i  wiii withstand a 10-voit 
peak-to-peak input without damage, it is recom- 
mended that inputs to  the prescaler be limited to 1 
volt peak-to-peak (approximately 350 millivolts rms, 
or 2.5 milliwatts across 50 ohms) to prevent clipping 
by diodes CR1 and CR2, 

To adjust the threshold level, apply a 25- to 30- 
MHz input to the prescaler using a signal generator 
or any other signal source whose output level can 
be controlled. Feed enough signal to the piescaler to 
obtain a properly scaled reading on the counter, 
then slowly reduce the signal level until that reading 
is lost; as the signal level is reduced, readings of 
two, three, or four times the correct scaled reading 
will appear. Bring the input-signal level back up to 
the point where the last false reading is obtained, 
just before the correct reading appears, and adjust 
potentiometer R15 carefully to make the counter 

NUT CABLE WASHER REAR FEMALE PLUG BODY 
CLAMP INSULATOR OR CONTACT SUB-ASSEMBLY 
ASSEMBLY INSULATOR 

ASSEMBLY 

Cut end of cable even. Trim 
h- 

--1 4 8 M M  
jacket to 3/16 inch (4.8 mm). 

( 3 A 6  INCH) Be careful not to nick braid. 
Slide nut over jacket. Place 
cable clamp assembly over 

CAUTION BRA10 
FOLD- OVERMUST NOT braid and push back against 
EXTEND OVER SHWLOER , 
OF CABLE CLAMP cable jacket as shown. 

L ;Ds& Comb out braid and fold 
evenly over cable clamp as- 
sembly and trim braid wires 

7/64 " 
, ,, ,,,, as shown,avoidingbunching. 

iS~3;- Cut cable dielectric to ,046 
0 4 6 "  
112MMI  inch (1.2 mm). Cut must be 

sharp and square. Do not 
nick center conductor. Di- 
mension of bared center con- 
ductor should be as shown; 
trim if necessary. Tin center 
conductor and remove ex- 
cess solder. 
Place washer over core. 

r ,-G- 
-3 L-= Slide rear insulator or insula- 

i- --- y-- -- tor washer over center con- - - 

ductor. 
Make sure rear insulator or insulator washer butts flush against 
washer and cable core. Solder contact to center conductor - 
contact must butt against rear insulator as shown. Do not get any 
solder on outside surfaces of contact. 
Insert prepared cable termination into connector body. Secure by 
wrench-tightening body while holding nut stationan/. 

f ig. 8. Assembling connector P2 t o  input cable (courtesy 
Amphenol). 

REQI I IRF I )  

DSI 

- - - - - - - - - - -1 

J3 

OUTPUT I 

fig. 9. Suggested layout for complete prescaler. Wiring t o  
and f rom the PC board is shown i n  fig. 5. 

read zero. Then increase the signal level slightly to 
be certain that a true reading can be obtained. This 
is a critical adjustment, in that it establishes the 
sensitivity of the prescaler from 25 to 900 MHz. If the 
potentiometer is set past the position which just 
eliminates the false counts, the prescaler sensitivity 
will be reduced. 

If you have no need to use the prescaler below 50 
MHz or so, the overall sensitivity of the prescaler 
can be improved below 900 MHz by simply keeping 
the arm of R15 rotated fully toward the top of the 
board, thereby disabling the threshold detector. For 
those who desire maximum sensitivity above 900 
MHz, a slight improvement will result from omitting 
C16 and R12 (in which case all other parts associated 
with U8 can also be eliminated). 

ham radio 



1 added by assigning a code to that particular function 

I - - - .  - r U - a  - - -  -.a. ----- I ability to step the frequency up or down by a fixed in- 

from an inexpensive 
pocket calculator, 

can build 

a complete 
data entry system 

While working on a recent synthesizer project, it 
became apparent that the conventional methods 
used to enter the frequency control information, 
such as thumbwheel or rotary switches, are generally 
cumbersome. Keyboard entry has become popular 
with the widespread use of Touch-Tone* phones and 
hand-held calculators - so, it seemed to be a natural 
choice for a new design. This same choice has been 
made by a few manufacturers of digitally controlled 
signal generators and vhfluhf scanning receivers. 
The advantage of a keyboard entry device is that, 
while providing a means of frequency control (as in 
our case), other digital information can be entered. If 
plans for the system change, new functions can be 

Touch-Tone is a registered trademark of the American Telephone and 
Telegraph Company. 

crement at the touch of a switch. 
After giving the keyboard-system problem some 

thought, the solution became a standard four-func- 
tion calculator with a programmable automatic con- 
stant capability. At this point it should be stressed 
that our application was a frequency synthesizer, but 
any system that requires digital information in binary 
coded decimal (BCD) format could use the ideas 
presented in this article. 

theory of operation 
There are several problems when trying to build a 

keyboard encoder. First, the information from the 

IDEAL SWITCH 

fig. 1. Waveforms generated by the ideal switch and a real 
switch which exhibits bounce. 

I 

REAL SWITCH 
WITH BOUNCE 

keyboard is presented in I -out-of-10 format; that is, 
you must encode the operation of I -of-10 switches. 
Second, the keys will be presented in some se- 
quence, and you must store the information as each 
new key is pressed. Finally, there is the problem of 
key bounce. As you actuate or de-actuate a key, the 
contacts of the switch bounce, giving a fairly noisy 
signal as illustrated in fig. 1. 

A four-function calculator, of course, uses a key- 

. 

By Bruce McNai r ,  N2YK, and Glenn 
Williman, N2GW. Mr. McNairts address is 12 
Marion Avenue, Howell, New Jersev 07731: Mr. 

The complete data entry system, with the exception of the Williman's address is 145 whalepond Road, bak- 
74175 latches. hurst, New Jersey 07755. 

- 
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fig. 2. Level translators used to transform the signal volt- 
ages from the display to the standard TTL voltage levels. 

board for information entry and has all the necessary 
circuitry to deccde, remember the inputs, and de- 
bounce the keys. An added benefit of the calculator 
is the fact that it also displays the entered informa- 
tion. Y o ~ i  can take advantage of this fact by tising the 
calculator display as a display for the synthesizer or 
system you are controlling. 

However, there are certain problems associated 
with the use of a calculator. The information that you 
need is only present at the calculator display termi- 
nals. The information is not BCD encoded, but has 
been encoded to drive seven-segment displays. Fur- 
ther, to save pins on the calculator chip, the informa- 
tion is multiplexed. Seven lines carry the segment in- 
formation to all the digits while (in the case of the cal- 
culator we used) eight lines enable the correct digit at 
the proper time. 

To use the data from the calculator there are three 
steps to go through: 

6o 70 C 
ALTERNATE 7 SEGMENT REPRESENTATIONS 

II . SEGMENT USED FOR THE DECODING PROCESS 
[? . SEGMENT NOT USED 

fig. 3. Segments used for the input to the 8223 PROM to 
convert between the 7-segment display information and the 
BCD code. As can be seen, segments c and d are not needed 
for code conversion. Each character is unique, regardless of 
whether c or d are present. 

1. Shift the voltage levels of the display signals to 
that of the logic devices used in the decoder, and 
buffer these signals to prevent the calculator from 
being loaded down. 

2. Decode the seven-segment information to BCD. 

3. Demu!tip!ex the RCCI data and stnre the rlatz. 

DIGIT I 

DIGIT 2 2 n 
DIGIT 3 

fig. 4. Timing diagram for the digit enable lines. 

Each of these operations is accomplished as de- 
scribed in the following sections. 

level shifting and buffering 
The calculator we chose to use was a TI 1265. This 

is a simple, four-function calculator with automatic 
constant, non-blanking display, and low cost (in the 
$10 price range). Automatic constant is a convenient 

i l  / I 

I  
I  

BCD DATA 1101 

b* , 1 I  

I I  I  I 
DIGIT I I  I  
ENABLE I I  1 

I I  I  I 

LOAD LOAD OCCURS ON 
DIGIT I DELAYED RISING EDGE 

fig. 5. The latches will load the information on the leading 
edge of the respective digit's load pulse. 

feature because by continually adding the fixed con- 
stant to the display, you can increment the synthe- 
sizer frequency by a constant amount. In 2-meter op- 
eration, for example, it would be best to store 0.015 
as the fixed constant. Each time you press + the fre- 
quency goes up by 15 kHz, the channel spacing on 2 
meters. To step down by a fixed amount, make the 
constant positive and the display negative (or vice 
versa), each time you press + you will be subtracting 
a fixed amount. 
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DIGIT I I 

DIGIT 

I 

@ 

fig. 6. The time-constant formed by the R and C values pro- 
vide a delay before the gate is enabled. This allows time for 
the data to settle. 

A non-blanking display is an important feature to 
look for. Some of the calculators on the market will 
shut off the display, or even the entire calculator, 
after a period of inactivity to conserve battery power. 
Since the display conveys all the important informa- 
tion, this is unacceptable. If you already have a cal- 
culator with this feature, it may be possible to "fool" 

fig. 8. Block diagram of the complete 
system for using a calculator keyboard 
as a data entry system. 

5 SEGMENT 
OUTPUT 

CALCULATOR 

K ~ y m ~ ~ ~  DIGIT LOAD n 
the calculator into thinking that there is always activi- 
ty. Find a key that when pressed does not alter the 
memory of the display. If this key is regularly "press- 
ed" by an added circuit the calculator will be under 
the impression that the operator is still there. 

Finally, some calculators display the minimum 
number of digits to accurately represent the stored 
information. For example, 25. may represent the 
sum of 21.58 and 3.42. To be usable for this system, 
the calculator must retain the same number of deci- 
mal places at all times. That is, 21.58+ 3.42 = 25.00; 
the two zeros after the decimal place remain. 

table 1. Truth table for the outputs of the 8223 PROM. 

number 

0  
1  
2 
3 
4 
5 
6 
7 
8 
9 

6 a  
'a 

9, 

prom address 
7-segment code 
a b e f g  

1 1 1 1 0  
0 1 0 0 0  
1 1  1 0 1  
1 1 0 0 1  
0  1 0  1 1  
1 0 0 1 1  
0 0 1 1 1  
1 1  0 0 0  
1 1 1 1 1  
1 1 0 1 1  
1 0 1 1 1  
1 1 0 1 0  
1 1 0 1 1  

prom outputs 
BCD output 

b8 b, b, b, 
0 0 0 0  
0 0 0 1  
0 0 1 0  
0 0 1 1  
0 1 0 0  
0 1 0 1  
0 1 1 0  
0 1 1 1  
1 0 0 0  
1 0 0 1  
0 1 1 0  
0 1 1 1  
1 0 0 1  

Now, consider the type of display the calculator 
uses; two of the more popular are LED and fluores- 
cent. Most of the LED displays consume a great deal 
of battery power and blank the display after some 
period of time. The TI 1265 has a fluorescent display 
and is not blanked. Other TI calculators that are 
worth considering are the TI 1200 (very similar to the 
TI 1265) and the TI 1000 (a low cost calculator that 
uses an LED display but meets most of the other re- 
quirements). Since we did use a calculator with a flu- 
orescent display, this is the type of interface we will 

DIGIT I LATCH - 

describe, Interface with an LED-type display would 
actually be easier. 

The display voltage levels in the TI 1265 are 0 and 
- 26 volts. This nonstandard signal can be translated 
to CMOSITTL levels of 0 and + 5 volts with the circuit 
shown in f ig. 2.  CMOS 4049 inverters are 
used to minimize loading on the calculator outputs. 
The same circuit is used in each data line for seven- 
segment as well as digit information. All resulting sig- 
nals will drive CMOS or a single TTL load. 

segment decoding 
The information generated by the calculator chip is 

coded as a seven-segment signal to be directly used 
by the calculator display. To make use of this data, it 
is necessary to translate it to BCD. At first, it would 
appear that a complicated circuit with seven inputs 
and four outputs would be necessary. As it turns out, 
this will take four chips. Another possibility would be 
to use a special IC to perform the decoding (a 
74C915). Unfortunately, these chips are not readily 
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DlGiT 
3 LOAD 

OUTPUT 

fig. 9. Schematic diagram of the complete keyboard entry system. 

4 

obtainable from the common parts suppliers ama- 
teurs deal with. 

The approach chosen was to program a 74S188 3 5 

(8223) PROM. This device is readily obtainable, low- "., 
cost, and easily programmed. If you examine table 1 
you'll see the code conversion table that must be 

1 
burned into the PROM. It is also interesting to note 
that only five of the segments are needed to decode the information displayed. Segments c and d convey 

no new information. This is shown in fig. 3. 

BCD DATA 

be t'2 

demultiplexing 
DIGIT N 
ENABLE 

TO minimize the number of outputs on the calcula- 
DIGIT N LATCHED 

74175 BCD OATA tor chip, most manufacturers multiplex the display 
FOR Nth DIGIT 

information. The segment lines go to the same seg- 
N . NUMBER OF DIGIT T digit ments in in turn, each For digit example, while the to light digit segment lines enable g of each digit 

fig, 7 ,  overall diagram of circuit necessary to demu[ti  1 (a minus sign in the first digit) this combination of 
plex the BCD data for each digit. digit and segment lines would be simultaneously ena- 
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fig. 10. The foil pattern for the circuit board is shown in A. This does not include the 74175 
latches. A parts placement diagram is also shown in 6 .  

bled. A representative timing diagram of the digit en- 
able lines is shown in fig. 4. 

Demultiplexing the segment data can be done by 
generating a signal while the desired digit is turned 
on and using this signal to enable a latch to store the 
data. For this circuit 74175s are used. These ICs are 
four D-type flip-flops in one package, or one for each 
BCD bit. The timing diagram for this circuit is shown 
in fig. 5. The latch load signal is generated by the cir- 
cuit shown in fig. 6. The RC time-constant delays 
the load pulse, so that data will be valid for any calcu- 
lator that might be used. The overall demultiplexing 
circuit is shown in fig. 7. 

If you are going to be transmitting the data from 
one board to another in your system (as we were), 

you should do the actual dernultiplexing at the data's 
destination. What we did was to locate the 74174s 
right next to the synthesizer's divide-by-N counters. 
In this way, interboard wiring was limited to 4 BCD 
bits plus one line for each digit used. Tying the whole 
system together results in the block diagram shown 
in fig. 8, with its schematic shown in fig. 9. 

construction 
As shown in the photographs, our original circuit 

was patched together on a number of breadboards. 
For our final system, and this article, a PC board was 
designed and is shown in fig. IOA, with the parts 
placement shown in fig. 10B. This board is designed 
for five segment lines, six digit lines, and a spare line. 
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SEGMENTS DIGIT LINES SEGMENTS 

fig. 11. Connecting points on the calculator display board. 

In general, construction is not critical. Just try to 
keep the connections to the calculator as neat as 
possible to prevent crosstalk and avoid loading down 
the calculator outputs. For those who choose to 
build this project with the TI 1265, the photographs 
also show the location for obtaining the necessary 
signals. A PC board and the 74S188 PROM are avail- 
able from the authors; send a self-addressed, stamp- 
ed envelope for details. 

Connections on the calculator board. 

What we have shown in this article is a simple, in- 
expensive system for using a calculator and its key- 
board to control a digital system via BCD signals. Of 
course, if your system is not using BCD coding, you 
could devise your own programming for the code- 
converter PROM. 

Once your system is designed, it would be a good 
idea to remount the calculator board, display, and 
perhaps use a different keyboard tailored to your in- 
dividual needs, eliminating extra keys and labeling 
those with special functions. 

ham radio 
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tebook 

constant pitch monitor 
forcathode or grid- 
block keyed 
transmitters 

After acquiring my old cathode- 
keyed Heath DX-40 transmitter and 
a new Novice ticket, WD4MNR 
found he needed a CW monitor. He 
didn't want t o  bother with either an 
rf-activated device that required con- 
nection to  the coax or a separate 
signal pickup wire. Some published 
monitor circuits have obtained their 
operating voltage across a small 
dropping resistor connected in series 
w i th  the key. This approach was 
tried, but  we found that the final 
tube in his DX-40 keyed erratically if 
more than a few ohms were inserted 
in the cathode circuit. Even if this had 
no t  happened, the voltage drop 

across the resistor would have varied 
and changed the oscillator pi tch 
every time the transmitter was load- 
ed. A similar problem exists when rf 
pickups are used. 

The circuit shown in fig. 1 was 
developed to avoid problems. It keys 
reliably and at absolutely constant 
pitch, regardless of transmitter load- 
ing or band, and works equally well 
with other cathode keyed or grid- 
block keyed transmitters and trans- 
ceivers. The open-circuit voltage 
across the key (about 75 volts in our 
case) turns on an optocoupler which 
gates a 555 oscillator circuit. Opera- 
tion of the monitor is unchanged, 
even for manyfold variations in key- 
up voltage, as long as enough is there 
to turn on the MCT-2. 

To use this monitor with rigs hav- 
ing different key-up voltages, tempo- 

m- OFF 

: J-+ y? 
fig. 1. Schematic diagram of the constant-pitch CW monitor. The optical coupler 
is used to isolate the 555 from the actual transmitter circuitry. 

rarily substitute a 500k-ohm potenti- 
ometer for the 100k resistor con- 
nected to  the key. With the monitor 
connected, the transmitter turned on, 
and the pot at maximum resistance, 
the monitor should produce a tone. 
Reduce the resistance of the pot until 
the oscillator just turns off; remove 
and measure the pot, and substitute 
a fixed resistor of the next lowest 
standard value. The monitor will now 
produce a tone when the key is 
closed. 

Bill Clements. K4GMR 

direct-conversion 
receivers 

I read with interest Dick Rollema's 
article on direct-conversion receiv- 
ers (DCR) in your November, 1977, 
issue of ham radio. Since Dick also 
mentioned some previous work of 
mine, I feel compelled to give some 
additional information concerning 
DCRs. 

I t  seems that the balanced transis- 
tor mixer which I used (as shown in 
fig. 2 on page 46 of ham radio) has 
been surpassed through the work of 
a Soviet  amateur, V. Polyakov 
(RA3AAE). So I must draw your at- 
tention to  his basic article published 
in the December, 1976, issue of the 
Soviet magazine Radio (later articles 
appeared in the November, 1977, and 
December, 1977, issues). Using the 
first article, I built an experimental 
receiver and obtained excellent re- 
sults, which I published in  the Sep- 
tember, 1977, issue of our Yugoslav 
radio amateurs' magazine, Radio- 
amater. I enclose partial copies of all 
those articles; however, I suppose 
you cannot read Russian or Yugoslav 
- so I shall give you a summary of 
the texts. 
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INPUT 

Q Q 
fig. 2. Mixer circuit for double-conver- 
sion receivers suggested by RA3AAE, 
and its characteristic curve. 

On page 46 Dick Rollema rightly 
eoncitides that a good mixer for 
DCR should be a switching-type 
detector. Polyakov's solution is based 
on two matched silicon or germanium 
high-frequency diodes, connected in 
parallel and back-to-back. The local 
oscillator (in fact, bfo) must work on 
half of the received frequency, and 
the output from the detector is CW or 
ssb audio frequency. The integrated 
characteristic of the two diodes is 
represented wi th  an inverted S -  
shaped curve (fig. 2A). Theoretically, 
the characteristic is similar to a cubi- 
cal parabola ( I = A v + B V ~ ) ,  which 

means that this detector does not use 
square functions - thus making a-m 
detection impossible. 

For popular explanation refer to the 
following. The lower cutoff points of 
the two diodes are used to obtain a 
~~vi:ching device th l t  can he opened 
and closed by the high-frequency 
voltage of the local oscillator (bfo). 
The so-called potential barrier for 
silicon diodes is about 0.5V and for 
germanium diodes about 0.1V. 
Therefore, in the middle part of the 
characteristic, neither of the two 
diodes conducts - which makes the 
switching function possible. The 
switching point occurs when the high 
frequency voltage of the bfo passes 
through zero and comes to one of 
the cutoff points. (Therefore the 
bfo's high frequency voltage, 
brought to the diodes through coil 
L-4, must exceed the potential barrier 
twice or more.) Since there are two 
zeroes in each cycle, it becomes ob- 
vious that the bfo must work on half 
of the received frequency. It can be 
equally said that the diodes CR1 and 
CR2 are closed sequentially when 
positive and negative half-waves of 

AUDIO AMPLIFIER 

& 

MIXER 4700 

300 
4700 

50 100 

T" /rW5 

fig. 3. Experimental direct-conversion receiver built by YU2HL that uses the im- 
proved diode-mixer circuit. 

the bfo high frequency voltage reach 
their peaks. In those moments, the 
received signal - fed through coil 
12 - will pass through one of the 
diodes and beat against the bfo volt- 
age. At the same time the matched 
pair nf diodes - connected back-to- 
back - cancel any a-m detection or 
a-m breakthrough, so this switching 
mixer is exceptionally insensitive to 
a-m detection. 

In addition to simplicity, this mixer 
has several other qualities. Because 
the bfo works on half of the received 
frequency, it is easier to obtain good 
stability and to  prevent unwanted 
radiation through the antenna. It is 
also very resistant to cross-modula- 
t ion and overloading. Although 
Polyakov recommends silicon diodes 
- because of their higher potential 
barrier - I found germanium diodes 
to be more sensitive without losing 
other qualities of the mixer. 

In the experimental receiver I built 
the rf resonant circuit C1-L2, for sim- 
plicity, was set on the middle of the 
80-meter band once for ever (see fig. 
3). The number of turns of the sec- 
ondary coils L3 and L4 is one-fourth 
that of their primary coils, L2 and L5. 
Because there is no dc component 
after detection, the usual loading 
resistor was omitted and the high 
frequency components are shorted 
to ground through a 0.01 pF capaci- 
tor. I found it essential to use a low- 
noise audio preamplifier after detec- 
tion - and one BF 173 did the job. 
The audio amplifier can be any inte- 
grated circuit or operational ampli- 
fier with possibility to  include nega- 
tive feedback through C, and R, - 
thus peaking the resonant frequency 
of the amplifier at 1 kHz. Later I add- 
ed also an rf stage ahead of the mixer 
- by using an fet - which made 
this little receiver a real marvel of 
clean CW reception, selectivity, sta- 
bility, sensitivity, and resistance to 
cross-modulation and over-loading. 

Because I am too busy for it at the 
moment, I hope that Dick Rollema 
and others will have some more time 
to experiment with this type of mixer. 

Bozidar Pasric, YUZHL 
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November 27th marks the 55th anniversary of one of Amateur Radio's most memorable events 
- the first two-way amateur communications across the Atlantic Ocean. It was a hard-won goal, its 
path marked with failure and frustration, but when the Atlantic, at last, had been spanned, it was 
conquered by short-wave Amateur Radio, on wavelengths that were considered by the "profes- 
sionals" to be useless. 

The first transatlantic tests, in December, 1920, were a dismal failure, as were another series of 
tests conducted in February, 1921. The 250 or so British stations which were listening for pre- 
arranged signals from the United States on a wavelength of 200 meters (1.5 MHz) jammed each 
other so badly with radiations from their own regenerative receivers that they couldn't hear any sig- 
nals from across the pond! 

A second transatlantic test was scheduled for December, 1921. In November, Paul Godley, 2XE, 
designer of the famous Paragon receiver, sailed from New York with two receivers under his arm - 
one a standard regenerative set with two stages of audio amplification, the other a 10-tube Arm- 
strong superheterodyne built especially for the tests. 

With this superhet and a wire antenna 390 meters long installed on the Androssan moor on the 
coast of Scotland, not far from Glasgow, Godley heard the first stateside signals coming through in 
the wee hours of the morning on December 8th. Over the next few days Godley copied the signals of 
27 different American amateur stations; on December 12th he received the first complete message 
from the United States to Europe on the "short waves." British amateurs also participated in the 
test, and when all the reports were analyzed it was discovered that W.F. Burne, G2KW, had actually 
made the first positive identification of an American amateur signal. 

During similar tests a year later, two European stations, F8AB in Nice and G5WS in London, were 
heard by amateurs along the east coast of the United States. Many American signals were logged in 
Europe, but two-way communications were not established (but probably only because no one took 
the initiative to try). 

A fourth series of transatlantic tests were scheduled for late 1923. However, these carefully laid 
plans were totally upset by the enterprise of one man, Leon Deloy, F8AB. Deloy came to the States 
during the summer of 1923 when he met with John Reinartz, IXAM, and Fred Schnell, 1MO. Deloy 
picked up much valuable advice from his talks with Reinartz and Schnell, and before returning to 
France he acquired a new Grebe receiver and the details of a "trick" circuit which, he was told, 
would "go down to about 100 meters." 

Deloy put his new 100-meter station on the air in early autumn, and, having satisfied himself that 
everything was in working order, cabled Schnell that he would transmit on 100 meters between 0200 
and 0300 GMT on November 26, 1923. The signals from F8AB were heard by Schnell and Reinartz 
almost from the first dot he transmitted, but the Americans were not ready to transmit back. Unlike 
Deloy, who presumably did not think it was necessary to seek official permission to transmit on such 
a short wavelength, Schnell had to obtain the authority from the Radio Supervisor in Boston. 

On November 27th, Schnell received special permits from Boston for himself and Reinartz; late 
that night they were both on the air. For an hour Deloy called the United States and then sent two 
messages. At 0330 GMT he signed off and asked for acknowledgment. Long calls followed from 
1MO and IXAM. Then came the eagerly awaited reply - Deloy had clearly heard both stations. 
Reinartz was asked to stand by as Deloy transmitted to Schnell, "R R QRK UR SlGS QSA VERY ONE 
FOOT FROM PHONES ON GREBE FB OM HEARTY CONGRATULATIONS THIS IS A FINE DAY - PSE 
QSL." It was, indeed, a fine day. 

J i m  Fisk, WIHR 
editor-in-chief 
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nts 

radiation hazards 
Dear HR: 

In the early 1960s I was civilian 
chief of a Radiation Hazards and 
Measurements Branch of European 
GEEIA - an arm of USAF. The 
branch had about 15 contract engi- 
neers and an equal number of service 
personnel checking RFI complaints, 
siting, and orientation accuracy of 
tropo and radar antennas, and noise 
measurements for prospective receiv- 
er sites at bases from Ireland to India. 
I seem to  remember one or two 
radars rated at 3 megawatts! 

Other than our concern with the 
possible (and to us tenuous) effects 
on personnel, there was the very real 
possibility that by some freakish con- 
catenation of circumstances a radar 
beam might set off a squib on a bomb 
in an adjacent munitions dump, and 
touch off an international incident. 

USAF used the 10 mW/cm2 
minimum, of course, but in deference 
to host governments, we had fences 
and warning signs installed at dis- 
tances such that field intensity was 
perhaps one-half that minimum. 
Thus, we hoped that some peasant 
would not herd his sheep too close to 
a parabola and claim their milk had 
been soured. 

Brodeur's article, which I read in 
the New Yorker, shook me some- 
what. I was conditioned by an earlier 
series, also in the New Yorker, on the 
hazards posed by monster 200,000- 
ton supertankers - a hazard which 
has been brought to our attention 
rather frequently of late. Over a 
period of a month I pored over the 

composition of a letter to  Mr .  
Brodeur; I didn't want to write 
anything challenging or in any way 
derogatory. I even had the local 
library try to ascertain whether Mr. 
Brodeur has academic credentials. 

After reading W1HR's editorial in 
the August issue, I feel that Mr. 
Brodeur's articles and book must be 
relegated to the category of "The 
Bermuda Triangle." Both have been 
written more for shock effect than for 
any aim at veracity or objectivity. 

Josef Darmento, W4SXK 
Merritt Island, Florida 

phasing networks 
Dear HR: 

In reference to the article on "SSB 
Phasing Techniques" in the January 
1978, issue of ham radio, and 
WB9YEM's comments in the August 
issue, please note that I have pub- 
lished two articles on 90-degree 
phase-difference networks which 
may be of interest to your readers. 
The first appeared in Electronic De- 
sign in 1971" and described a simple, 
four-pole, 90-degree network con- 
sisting of four capacitors, six resis- 
tors, and one dual op amp; this is an 
improvement over WB9YEMfs cir- 
cuit by four resistors and seven years. 
It is also easier to calculate the ele- 
ment values from a given set of pole 
frequencies for this circuit. 

In 1976, Electronic Design pub- 
lished a program in BASlCt which 
calculate the required pole frequen- 
cies for the A and B networks for any 

"Allan Lloyd, "Here's a better way to design a 90° 
phase-difference network," Electronic Design 15, 
July 22, 1971, page 78. 

tAllan Lloyd, "90-degree phase-difference networks 
are simply designed with a program in Basic," Elec- 
tronic Design 19, September 13, 1976. 

realizable set of design specifications. 
Note that until these pole frequencies 
are known, nothing can be designed. 
It is the only published program I 
know of which solves for these fre- 
quencies for any network. Computer 
hobbyists may wish to translate it to 
home computer BASIC. 

I would be happy to send copies ot 
the original program listing to ham 
radio readers upon receipt of a self- 
addressed, stamped envelope. 

dllan Lloyd, W2ESH 
15 Greenwood Avenue 

Hawthorne, New Jersey 07506 

windom antenna 
Dear HR: 

The article on the Windom antenna 
by K4KJ was of interest because I 
had written some articles on this an- 
tenna for RADIO magazine back in 
the 1930s. There was one variation I 
always used because I just don't 
like to cut wire into little pieces. I'd 
put my two meters in a jumper about 
2 meters (6  feet) long, and jump this 
across the section of antenna to be 
measured; it can be moved along 
without cutting the wire. For a time I 
tied string from the feedline to the an- 
tenna to support the weight of the 
meters and feedline, so the jumper 
wire would stay reasonably close to  
the antenna. 

I tended to use a wire about 85 
meters (280 feet) long, and had no 
problems on 10, 20, 40, and 80 
meters. With modern rigs, however, 
there might have to be some arrange- 
ment for coupling the single-wire 
feeder to the exciter or linear ampli- 
fier, especially for band switching 
without complications. 

Bill Conklin, K6KA 
La Canada, California 
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I mosfet power amplifier 

I 
diode protection (since suitable diodes for high-pow- for 'perat ion er high-frequency operation are not available, this is 

160 - 6 meters quite significant). The saturation resistance of an fet 
(in contrast to the saturation voltage of a bipolar 

The potential of  the recently developed vertical 
mosfetl12 to simplify and to improve rf power ampli- 
fiers has been shown in several recent papers.3-6 
These circuits usually employ class-A amplification, 
however, and so do not achieve the efficiency possi- 
ble with class-B or class-D operation.7.8 Where mos- 
fets have been used in high-efficiency modes of op- 
eration, their power output has been relatively 
low.9.10 

The circuit described here uses two Siliconix 
VMP-4 Mospower* fets in a push-pull configuration. 
The same circuit may be operated in either class B 
(for linear power amplification) or in class D (for high- 
ly efficient power amplification) by use of the proper 
output filter. The 160- to 6-meter frequency range 
and the 16-watt output make this circuit attractive for 
use in amateur equipment, particularly when multi- 
band and multimode operation is desired. 

The vertical mosfet has many advantages over its 
bipolar counterpart for both class-B and class-D rf 
power amplification. In particular, a complicated bias 
supply is unnecessary because of the high input 
impedance and the negative temperature coefficient 
of the fets; drive power is reduced and input match- 
ing is simplified by the high input impedance. 
Because of the negative temperature characteristic, 
secondary breakdown does not occur; hence the fets 
can withstand reactive loads in class-B operation. 

In addition, the absence of storage time facilitates 
rapid switching in class-D operation. The absence of 
storage time eliminates the possibility of subharmon- 
ic oscillation in either class-D or saturated class-B 
operation. The ability of mosfets to pass current in 
both directions (i.e., they are bilateral) allows them 
to operate in class D with reactive loads without 

- 
transistor) allows the efficiency in class-D operation 
to remain high even at low power levels. This is also 
significant, since ssb voice signals10 have relatively 
high peak-to-average power ratios. 

The low gate-drain capacitance of the mosfet 
reduces feedback, making the amplifier easier to sta- 
bilize. The low gate-drain capacitance also reduces 
feedthrough, hence improving linearity (by supply 
voltage modulation) in class-D operation. And final- 
ly, the essentially constant gain of the vertical mosfet 
over the entire high-frequency band eliminates the 

I need for gain-leveling circuitry. 

1 theory 

1 Class-A operation means that the fets are biased to 
remain in their active regions at all ti1nes.7~8 While 
this mode of operation promotes high gain in bipolar 
transistor power amplifiers, it limits the circuit power 
efficiency to a maximum of 50 per cent. Efficiency is 
even less at less than full output (fig. I), and attain- 
ment of full output is prevented in real circuits by the 
nonzero saturation resistance of real fets (or by non- 
zero saturation voltage in bipolar amplifiers). 

A broadband class-B amplifier (fig. 2A) uses a pair 
of fets (or bipolar transistors or vacuum tubes) as 
current sources, controlled by the driving signal. For 
maximum linearity, the fets are biased so they have 
only a very small drain current when no driving signal 
is applied; therefore, application of drive alternately 
causes one transistor to be active while the other is 
cutoff (fig. 28). 

The parallel-tuned output circuit bypasses any har- 
monic components in the current, allowing only the 
fundamental (carrier) frequency component to reach 
the load. The sinusoidal voltage generated there 
becomes the drain voltage waveform with the addi- 
tion of the supply voltage. The power output is then 

This circuit was the runner-lip in the 1977 EDN-Siliconix VMOS 
design contest, and is being published concurrently i n  EDN 
Magazine. 

*Mospower is the registered trademark of Siliconix Incorporated, Santa I 
where R is the drain load resistance and VeH = 

Clara, California. VDD R/(R+ Rod accounts for the effects of fet on 
(saturation) resistance Ron. 

At peak power output the efficiency (rf  power out- 

B y  Frederick H. Raab, WAIWLW, 240 
Staniford Road, Burlington, Vermont 05401 
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put divided by dc power input) of a class B power- t 
amplifier is 

At lower output levels, class B efficiency is signifi- 
cantly higher than class A efficiency. 

Saturation of the fets produces only a small in- 
crease in the output power and efficiency, because 
the sinusoidal drain voltage is maintained by the par- 
allel-tuned circuit. During saturation, the fets are 
roughly equivalent to constant resistances, and the 
drain current is determined by application of the 
drain voltage to this resistance. 

A class-D amplifier also uses a pair of fets, but they 
are controlled by the driving signal to act as 
switches. The voltage-switching configuration (fig. 
3A) has square-wave drain voltage (fig. 3B) pro- 
duced by the alternate switching of the two fets. The 
series-tuned output circuit passes current only at the 
fundamental (switching) frequency, and the sinu- 
soidal output voltage is equal to the fundamental fre- 
quency component of the square-wave on the trans- 
former secondary winding. Alternate half-cycles of 
the transformed output current flow through each 
fet. (If the load is reactive, the output current is out- 
of-phase with the switching, and at times must flow 
in the reverse direction through each fet.) The ampli- 
tude of the output is a function of the supply voltage, 
and is not affected by the amplitude of the driving 
signal if the drive signal is sufficient to cause switch- 
ing. The power output of a class-D power amplifier is 

A class-D amplifier can ideally achieve an efficien- 
cy of 100 per cent, but in practice achieves 7 = 
R/(R+  Rod at most output levels. A gate bias volt- 
age is not required, but is easily implemented with 

0 0 0 5 1 0  

Vom / Vom MAX 

fig. 1. Efficiency of different classes of power amplifiers. 
Maximum theoretical efficiency of a class-A power ampli- 
fier is 50 per cent, while class 6 efficiency is 78.5 per cent. 
The efficiency of a class-D (switching) amplifier is much 
higher, particularly at lower output levels. 

fets and can reduce the required amplitude of the 
driving signal. 

Class-B operation of rf power amplifiers is typically 
used in the high-frequency bands for linear amplifica- 
tion of single-sideband suppressed-carrier signals. 
Class-B power amplifiers may be driven just into sat- 
uration to ensure maximum output and efficiency for 
CW and FSK transmissions. In real applications, a 
set of lowpass filters (with shunt capacitor inputs) is 

fig. 2. Operation of vertical mosfets (vmos fets) in class B. The 
fets act as current sources. Waveforms of the class-B amplifier 
are shown at right. 
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DRIVE 

fig. 3. In class-D operation the fets operate as switches. Wave- 
forms of the class-D amplifier are shown at right. 

used instead of a simple parallel-tuned circuit. The 
cutoff frequencies of the filters are chosen to be 
slightly less than one octave from each other to pro- 
vide adequate harmonic rejection for any frequency 
of operation. 

Class-D amplifiers for high frequency use are just 
now becoming practical. Circuits such as this would 
be used directly for CW, FSK, and fm transmissions. 
Linear amplitude modulation is readily accomplished 
by variation of drain supply voltage. Single-sideband 
signals can be amplified through the envelope elimi- 
nation and restoration technique,7,8,10 which uses 
amplitude modulation to restore the envelope of the 
ssb signal and a limiter to ensure adequate drive for 
the power amplifier. A set of lowpass filters might 
similarly be used to span the range of operating fre- 
quencies; however, these would have series-inductor 
inputs, rather than the shunt capacitor inputs of the 
filters used with class-B amplifiers. 

design 
Since input requirements are based on the output 

current, design begins with the output portion of the 
circuit. 
Output design. Inspection of the VMP-4 Mospower 
data sheet shows a maximum drain current of 1.6 
amps and a maximum drain voltage of 60 volts; the 
latter allows a +30 Vac variation around a supply 
voltage of + 30 volts. Were there no saturation volt- 
age, outputs of 24 watts (class B) and 30.4 watts 
(class D) could be obtained. For these power out- 
puts, load resistances of 30/1.6 = 18.75 ohms (class 
B) and (4/$(30/1.6) = 23.87 ohms would be re- 
quired. The load resistance required to obtain the 
maximum output power when the saturation (on) 
resistance is non-zero is determined by subtracting 
the saturation resistance from the load resistance 

IDEAL 

DROOP 
DUE TO 

<- -. 
e 

ohms and 23.87-2.6 = 21.27 ohms for class-B and 
class-D operation, respectively. 

Obtaining optimum broadband performance re- 
quires the use of transmission-line tran~formers;8~11 
this limits the choice of impedance transformations. 
A convenient transformation is 4:1; with a %-ohm 
load, the load line is R = 12.5 ohms. This transfor- 
mation is accomplished by a pair of transformers as 
shown in fig. 4. The hybrid (T2) requires a 25-ohm 
transmission line; it is built by winding two turns of 
transmission line through two parallel stacks of Cer- 
amic Magnetics CN-20 ferrite* (each stack is 2.86 cm 
long). The 25-ohm transmission line may convenient- 
ly be made by connecting two %-ohm miniature 
coaxial cables in parallel. 

The balun (T3) requires a 50-ohm characteristic im- 
pedance line, and is fabricated by winding two turns 
of miniature coax through two parallel stacks of CN- 
20 material (also 2.86 cm long). The combination of 
T2 and T3 provides a mostly resistive input impe- 
dance over the entire 1.6 to 54 MHz band when con- 
nected to a 50-ohm load. 

With a load line of 12.5 ohms, the output power is 
limited by the maximum drain current, thus 

determined above for zero saturation resistance. 
"If CN-20 material is not available, other rf ferrite material can be used. The 

Thus, for a typical value of Ron = 2.6 ohms, the reader can use the desiqn ~rocedures in references 8 or 11 or can borrow a 
maximum power loadlines are 18.75- 2.6 = 16.15 design from another publ~shed PA c~rcuit. 
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(An output of 25 watts would be possible with the tRJTPUT 

VMP-1, which has a 2 amps rating.) 
The 1.6 amp peak drain current requires a dc sup- 

ply current of 1 . 6 ( 2 / ~ )  = 1.02 amps. In class-B oper- 
NpuTi L 

fig. 5. Equivalent circuit of the wirewound transformer used 
at ion,  the  dra in  vol tage swing is s imply  at the input of the amplifier (see text), 

1.6.12.5 = 20 volts at peak output. To avoid satura- 
tion, the drain voltage must be greater than 
1.6.2.6 = 4.2 volts; therefore, the supply voltage 
must be 24.2 volts to allow maximum output power 
(higher supply voltages allow maximum output pow- 
er, but reduce the efficiency). 

For class-D operation, the 4.2 volt peak drop 
across the saturation resistance acts in opposition to 
the fundamental frequency component of the ideal 
square-wave, requiring a supply voltage of 24.2 
( ~ / 4 )  = 19.0 volts for maximum output. With 
Ron = 2.6 ohms, you can expect efficiency of 82.8 
per cent for class D, and 65 per cent for class 6. 

The values of the bypass and blocking capacitors 
and chokes are not especially critical. However, care 
should be taken to make sure there are no self-reso- 
nances within the band of operation. For testing pur- 
poses, simple tuned circuits with a loaded Q of 3 
(parallel-tuned) or 5 (series-tuned) were used. 

Input design. The input circuitry of a power amplifi- 
er using fets can differ considerably from the input 
circuitry of a bipolar amplifier. A relatively high volt- 
age across a relatively high capacitive reactance is re- 
quired. Both gate capacitances remain in the circuit 
at all times, in contrast to the reverse-biased base 
being effectively out of the circuit. Inspection of the 
VMP-1 data sheet suggests that a bias voltage of 
about 2 volts and a sinusoidal voltage of about 6 volts 
peak will be required to produce the 1.6-amp peak 

D R I V E  477 

drain current. The VMP-1 data sheet also shows a 
gate-to-source capacitance of about 50 pF. 

A 4: 1 voltage reduction produces a more conveni- 
ent output for the driver. Since the input impedance 
of a Mospower fet varies from about 2 kilohms at 1.6 
MHz to 59 ohms at 54 MHz, true broadband match- 
ing is difficult. Since the drive power is relatively 
small in comparison to the output power, however, 
matching of the input to the power amplifier is not 
really necessary in most applications. This philoso- 
phy makes possible the use of a simple "wirewound" 
transformer. Fig. 5 depicts the equivalent circuit of 
such a transformer; low-frequency performance is 
degraded by the shunt (magnetizing) inductance X p ,  
while high-frequency performance is degraded by 
the series inductance X,. If the driver acts as a cur- 
rent source, only the shunt inductance reduces the 
current reaching the gates. If the driver acts as a volt- 
age source, only the series reactance reduces the 
voltage applied to the gates. 

The selected design for input transformer T1 is 
therefore a single-turn primary and a 4+4  turn sec- 
ondary wound on a Ferroxcube 3B7 core (1 cm diam- 
eter). At midband, a driving voltage of 2.5 volts 
(peak) with a 70 mA (peak current) should be suffi- 
cient. The required driving current will be higher at 
the low end of the band, and both the driving current 
and the driving voltage increase at the high end of 

OUTPUT F I L T E R  - 
F O R  CLASS B 

, , 
FOR CLASS 0 

0 5 x 5  

fig. 4. Schematic of a vmos fet power amplifier for 160 through 6 meters. The design of transformers TI, T2, and T3 is discussed 
in the text. Capacitors C5, C6, C7, and C8 provide an rf ground; combination may vary with different capacitors. RFCl and RFC2 
consist of 40 turns of no. 26 (0.4rnml wire on a Permacore !57-16n form. 
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the band. Better overall performance might be 
achieved by using a core made from material with a 
lower permeability (3D3, for example). The 51 ohm 
resistors R1 and R2 dampen the tuned circuit formed 
by fet capacitance and the inductance of transformer 
TI, thus preventing high-frequency oscillations. 

Construction is straightforward, not critical, and 
quite similar to that for other high-frequency power 
amplifiers. Fig. 6 shows the physical layout of the 
amplifier. The fets are in the middle, with input-relat- 
ed circuitry on their left and output-related circuitry 
on their right. Transformer T3 is on top of transform- 
er T2, and both can be supported by pieces of PC 
board. The circuit was assembled on a piece of 
double-sided PC board to ensure a good ground 
plane; holes were cut in the board to allow the fets to 
be mounted directly on a small heatsink. 

fig. 6. Parts layout of the mosfet power amplifier. Construc- 
tion is straightforward, not critical, and similar to that used 
for other high-frequency amplifiers. 

performance 
Performance of this PA is measured in terms of its 

linearity and efficiency in both class B and class D 
operation, as well as by its maximum output and effi- 
ciency at various frequencies. 

Class B linearity. Measurements of the linearity 
(output voltage) and efficiency as functions of the 
drive amplitude were made at 3.5 MHz and with 
VDD = 24 volts. A gate bias voltage of 1.65 volts was 
used; this produced a total quiescent drain current of 
about 70 mA. Since a spectrum analyzer was not 
available, this value of VGG was selected by increas- 
ing VGG until cross-over distortion vanished from the 
combined current waveform at the output from T3. 

Variation of the output voltage and efficiency with 
drive (peak voltages) is shown in fig. 7. It is evident 
in both curves that saturation has an effect at a lower 
output than expected. Efficiency increases roughly in 
proportion to output amplitude, reaching the expect- 

fig. 7. Class B performance of the mosfet power amplifier. 
Efficiency increases approximately with the output am- 
plitude. reaching the expected 65 per cent efficiency at 
peak output. 

ed 65 per cent at peak output. A simple numerical 
analysis shows that this curve is roughly equivalent 
to a third-order IMD ratio of - 20 dB with the peak 
output power at 16 watts. Decreasing the peak out- 
put power or increasing VDD will keep the fets out of 
saturation and thus decrease the IMD. However, it is 
very possible that a different choice of VGG will im- 
prove the IMD; this can easily be determined with the 
aid of a spectrum analyzer. Should this not produce a 
level of - 30 dB or better, feedback might be added 
to the circuit. 

Class D modulation linearity. Measurements of 
performance in class-D operation at various ampli- 
tudes were also made at 3.5 MHz. A driving voltage 
of 2.5 volts peak was sufficient to ensure saturation. 
Gate bias was reduced to 1.2 volts, since drive linear- 
ity was not required. 

Variations of the output voltage and efficiency as 
functions of the supply voltage are shown in fig. 8. 
The very linear relationship of the output voltage to 
the supply voltage indicates excellent amplitude 

"00 

fig. 8. Class D performance of the high-frequency mosfet 
power amplifier. The very linear relationship of output volt- 
age to supply voltage indicates excellent amplitude modula- 
tion characteristics. Efficiency remains close to 80 per cent 
except for low output levels. 
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modulation characteristics. The feedthrough ( Vo, 
with VDD = 0) measured only 34 mV, which is 
- 61.6 dB relative to peak output! Efficiency remains 
close to 80 per cent except for low output levels, 
where it decreases but is still several times greater 
than that for class-B operation. 

CLASS 0 
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fig. 9. Performance of the mosfet power amplifier vs. fre- 
quency. 

by dashed lines in fig. 9. In the 80 to 15 meter bands, 
the output and efficiency are nearly constant at 
about 16 watts and 64 per cent, respectively. At both 
the high and low ends of the 160 to 6 meter range, 
both output and efficiency decrease as the perform- 
ance of the output transformer degrades. 

The performance of the circuit in class-D operation 
was measured with the supply voltage set at 20 volts 
and the drive increased until no further increases in 
output were observed. The resulting efficiency and 
maximum output curves are shown in fig. 9 as solid 
lines. An efficiency of about 80 per cent is obtained 
in the 80 and 40 meter bands with an output of about 
16 watts. Slight decreases in the output and efficien- 
cy can be seen in the 20- and 15-meter bands. More 
significant decreases in both output and efficiency 
occur near the high and low band edges." It is not 
surprising that these are more pronounced than in 
class-B operation, since class D is a more exacting 
mode of operation. 

This circuit has demonstrated the use of 
Mospower fets in both class-I3 and class-D operation 
in the high frequency range. Performance in class-B 
operation was generally similar to that obtained with 
comparable bipolar transistors; performance in 
class-D service was generally superior to that which 
can be obtained with bipolar transistors. In either 
type of operation, the VMOS fet offers many advan- 
tages stated previously that do not show up in the 
measurements made above, but do show up in the 
operation of real circuits. Similar design techniques 
can be used with other VMOS fets to achieve other 
power outputs. 

This amplifier can be tuned at full output power references 
without fear of damage to the fets. This Contrasts 1. ~d Oxner, "Will vMOS Power Transistors Replace Bipolars in HF S ~ S -  

with the use of bipolar transistors,lo with which tun- terns?" EDN, June 20, 1977, page 71. 

ing at other than very low power can destroy the 2. A. D. Evans, D. Hoffman, E. S. Oxner, W. Heinzar, and L. Shaeffer, 
"Higher Power Ratings Extend VMOS FET'S Dominion," Electronics, June 

transistors. Because of the exceptional stability of 22, 1978, page 105. 

the Mospower fets, there is no oscillation when the 
drive is reduced to less than that required to maintain 
saturation; the output simply decreases gradually as 
the fets become current sources instead of switches. 
This may make possible a simplification of the class 
BD rf amplifier.12 

frequency characteristics 
Measurement of circuit performance in class-B 

3. Larry Leighton, "Two-meter Transverter Using Power FETs," ham radio, 
September 1976, page 10. 
4. Ed Oxner, "MOSPOWER FET as a Broadband Amplifier," ham radio, 
December 1976. page 32. 
5. Gary D. Frey, "vMOS Power Amplifiers - This Broadband Circuit Out- 
puts 8W with a 15 dB Gain," EDN, September 5, 1977, page 83. 
6. Stephan Ludvik, "Vertical Geometry is Boosting FETs into Power Uses at 
Radio Frequencies," Electronics, March 2, 1978, page 105. 
7. F. H, Raab, "High Efficiency Amplification Techniques," IEEE Circuits 
andsystems (Newsletter), December 1975, page 3. 
8. H. L. Krauss, C. W. Bostian, and F. H. Raab, Solid-State Radio Engi- 
neering, John Wiley and Sons, New York, to be published. 

operation Was made with the supply voltage Set at 24 9. F. H. Raab, "FET Power Amplifier Boosts Transmitter Efficiency," Elec- 
tronics. June 10, 1976, page 122. 

volts; drive was then increased until maximum out- lo .  F. H. Raab, "High Efficiency RF Power Amplifiers," ham radio, Octo- 
put was obtained. The resulting variations of efficien- ber, 1974, page 8. 

cy and maximum output with frequency are shown 11. H. L. Krauss and C. W. Allen, "Designing Toroidal Transformers to Op- 
timize Wideband Performance," Electronics, August 16, 1973, page 113. 
12. F. H. Raab, "The Class-ED High-Efficiency RF Power Amplifier, " IEEE 

*Because of the limitations of the author's test equipment, the 10-meter Journal o f  Solid-State Circuits, June 1977, page 291. 

and 6-meter measurements should be regarded as approximate. ham radio 



basics of the 
digital VFO - 

a tunable 

Basics of the 
digital synthesizer, 

from simple 
switch-controlled dividers 

to a full 
optical-encoder 

controlled system 

It has been many years since something techni- 
cally innovative has come to ham radio. Two meters 
has allowed development of repeaters, scanning, 
and Touch-Tone* phone patching, but these devel- 
opments are generally extensions of already well- 
known and previously applied principles. The digital 
synthesizer is somewhat new to amateur radio, but 
has been in use in commercial and military equip- 
ment for many years. The digital synthesizer was a 
natural for two-meter operation because of the cur- 

'Touch-Tone is a registered trademark of the American Telephone and 
Telegraph Company. 

synthesizer 
rent practice of operating on fixed channels. By and 
large, amateurs have contributed very little to the 
synthesizer art. 

On the high-frequency bands, due to nonchannel 
operation, the knob- or push-button-operated syn- 
thesizer has found little favor. Those of you who 
have tried to tune the hf ham bands using synthe- 
sized, military receiving equipment will readily under- 
stand why. Yet the advantages of the synthesizer 
over the VFO are tremendous. Apart from its inherent 
frequency stability and accurate readout, the synthe- 
sizer allows the transceiver designer to convert to an 
i-f frequency higher than the signal frequency, elimi- 
nating the need for multiple conversion and the 
attendant barrage of spurious and birdie signals that 
usually accompany multiple conversion techniques. 

Additionally, each mixer placed at the front end of 
a receiver increases the potential for cross modula- 
tion, intermodulation, and image products. 

The principal advantages of up-conversion design 
have been well documented, particularly in recent 
articles by Ulrich L. Rohde, DJ2LR,l and Wayne 
Ryder, W6URH.2 So, no more will be said here 
except to point out that a high-frequency i-f amplifier 
requires a high-frequency local oscillator signal. 
Unlike the VFO, the synthesizer readily operates at 
the higher frequencies. 

Recently, a new transceiver, the Astro 200, 
appeared on the ham market. To the best of my 

By Lester A. Earnshaw, Post Office Box 1584, 
Sedona, Arizona 86336 

18 november 1978 



knowledge, the Astro 200 was an amateur first. Its 
design has probably set the pace for all new designs 
in ham radio, using a tunable synthesizer. To tune 
down in frequency a momentary switch is depressed; 
to tune up in frequency the switch is lifted. A digital 
readout keeps track of the frequency. The com- 
pany's literature claims that this method of tuning 
will eventually be used in all ham transceivers and, 
with some reservations, I agree. However, I do not 
agree about the switch method of performing the 
tuning. In my opinion, the method lacks feel and 
does not control the speed with which the signal is 
tuned. But this is a matter of application, not princi- 
ple. There a re various variable-speed methods that 
overcome this objection. The point is, it is only a 
matter of time before the continuously tunable syn- 
thesizer does to the VFO what transistors have done 
to tubes. 

Surprisingly, the manufacturers of the Astro 200 
stayed with the conventional low-frequency i-f, 
reducing by perhaps 75 per cent the effectiveness of 
the system. To have "tamed" the multitude of har- 
monics and birdies that this low-frequency system 
must have generated is a task I am pleased was not 
allotted to me! 

There has been little information in the amateur 
literature, or any literature for that matter, concern- 
ing tunable synthesizers, or, as I have chosen to call 
them here, digitally tuned VFOs (DTVFOs). Anyone 
experimenting with DTVFOs is virtually on his own. It 
is hoped that the information presented here, which 
has come mostly from breadboards and experiments, 
will be of some assistance. I have tried to present the 
information in a progressive way, much as I learned it 
myself. However, I should point out that the devices 
are not necessarily the latest or the best available. 
Most of the ICs are readily available junk box surplus. 

VCO OUTPUT 
10 MHz 

t 
COUNTER OR DIVIOER PHASE D E T E C ~ R  

10 MHz - - 1 

PROGRAMMING SWliCHES 

MHz REFERENCE 
SIGNAL 

:i 
ERROR VOLTAGE 

fig. 1. Block diagram of a basic digital synthesizer. The 
phase detector is used to determine the difference between 
the reference frequency and that supplied by the divider. 
The error voltage represents the difference and is used to 
change the frequency of the VCO until there is zero dif- 
ference. The programming switches can alter the divider, 
and hence will change the output frequency of theVCO. 

VCO 
OUTPUT COUNTER 

OR 
OIVID€R 

P W S E  
DETECTOR 

NUMBER ONE 
SIGNAL 

ERROR 

NUMBER TWO 

I 
PROGRAMMING 

COUNTER 

fig. 2. In this example, the programming switches have 
been replaced with another counter. Since the outputs of 
the second counter are in BCD, they are used to directly 
drive the load inputs of the first counter. 

Amateurs with a technical background will have little 
trouble duplicating and improving the circuitry. 

synthesizers 
A DTVFO is actually a modification of a regular syn- 

thesizer which uses a number of panel-mounted BCD 
switches or pushbuttons to program counters to 
control the desired frequency. The DTVFO, instead of 
using switches, uses the Q outputs from a second 
parallel counter to do the programming. This is more 
clearly illustrated in the block diagrams of figs. 1 and 
2. Fig. 1 is a conventional, simplified digital counter 
using a phase-locked loop system and panel-mount- 
ed switches to select the frequency. 

In this instance, let the reference signal applied to 
the phase detector be 1 MHz and the VCO output be 
10 MHz. If the counter or divider has been set by the 
knobs to divide by 10, the second signal applied to 
the phase detector will also be 1 MHz. There will be 
no error voltage from the phase detector. Now, let 
the VCO be 11 MHz; the signal applied to the phase 
detector will now be 1.1 MHz. The phase detector 
will develop an error voltage and retune the VCO to 
10 MHz so that the input to the phase detector is 
again 1 MHz. When no error voltage is developed the 
system is in lock. 

If the divide ratio is set to 9, the VCO will retune to 
9 MHz so that once again the phase detector input is 
1 MHz. Thus, by changing the divide ratio, a number 
of VCO output frequencies, each locked to the crys- 
tal-derived reference frequency, may be obtained. 
Note that the counter cannot divide by fractions. 
Since the reference frequency in the example just 
discussed is 1 MHz, the VCO output can only be in 
1-MHz increments. If smaller increments are 
required, the reference frequency must be lowered 
and the number of counters and synthesizer frequen- 
cy-selector knobs increased. Obviously, it requires 
only one knob to tune a frequency synthesizer from 1 
MHz to 9 MHz in 1-MHz steps, but it requires four 
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knobs to cover the same frequency range in 1-kHz 
steps. 

Fig. 3 shows a truth table for a 74192 program- 
mable decade counter commonly used in frequency 
synthesizers. The program input pins (often called 
load inputs, program inputs, or jam inputs) are nor- 
mally held low. By connecting specific inputs to + 5 
volts, a predetermined counter divide-ratio may be 
obtained. Highs ( +5  volts) are shown as 1 on the 
truth table. To divide by 1, for example, input L1 (pin 
15 on the 74192) is taken high. To divide by 2, input 
L2 (pin 1) is made high. And to divide by 3, both L1 
and L2 are made high. These functions are normally 
carried out by the programming switches. It should 
be readily apparent that if a method of progressively 
raising the appropriate inputs can be devised, the 
VCO will sweep across a band of frequencies. If a 
smaller reference frequency is used, the VCO will 
sweep in smaller steps. When the steps are suffi- 
ciently small - less than 100 Hz - it will seem as if 
the VCO has tuned across a signal in a normal VFO 
manner. 

To accomplish the tuning or sweeping action yet 
stop on command, a second counter may be substi- 
tuted for the BCD switches. This is shown in fig. 2 
and, for the purpose of clarity, this counter is 
referred to as No. 2 counter. If we feed a square 
wave, one pulse at a time, into the input of counter 
No. 2, assuming the counter had been set to zero, 
the first pulse will cause Q1 output to go high. Since 
0 1  is connected to L1 of the No. 1 counter, the syn- 
thesizer will divide by 1. When the second pulse is 
entered into the counter, L1 will go to ground and L2 

fig. 3. Truth table for the programming inputs of a 74192 
programmable divider. 

PRUGRAMMIW CWNTER 

fig. 4. The single-pole, double-throw switch allows either 
an up or down count each time the button is pressed. Nor- 
mally though, a low-frequency pulse train would be fed into 
the switches. 

will go high. The counter will divide by 2. Similarly, a 
third pulse will cause both L1 and L2 to go high for a 
count of 3. And so on. If only one set of counters is 
used, the division will be from 1 to 9. If two sets of 
series-connected counters are used, the division will 
be 1 to 99; three counters, 1 to 999; and so forth. 

To tune or sweep a synthesizer, it is merely neces- 
sary to feed a number of pulses into the No. 2 coun- 
ter. The pulses may be created by sequential action 
of a pushbutton-type switch. But, as this is a slow 
process, a square-wave oscillator may be turned on 
when the button is pressed and the output entered 
into the counter. This is the same method used to 
tune the Astro 200 transceiver. 

One problem with feeding the oscillator into the 
counter is that it becomes necessary to tune across 
the whole band if the counter is at one end and the 
desired frequency at the other. This can be quite a 
chore on 10 meters, especially when the square- 
wave oscillator has a fixed speed. Fortunately, this 
problem may be overcome by presetting the load 
inputs. A Touch-Tone pad will allow the operator to 
preset the frequency, with the fine tuning accom- 
plished by feeding the square-wave into the clock 
input. 

With the counter connected as shown in fig. 2, it 
will sweep only in one direction. In the case of the 
single-decade unit, the counter will count to 9, reset 
to 0, and start over again. To move the frequency in 
either direction a special kind of counter is required. 
This is known as an up/down counter. The 74192 
has this facility. The counter has two input terminals, 
one for counting up and one for counting down. Fig. 
4 shows how a double-pole, single-throw switch may 
be connected to route the tuning pulses to either 
counter. In practice, pulse conditioners, also known 
as debouncers, would have to follow the switches. 
(No matter how quickly and firmly the buttons or 
switches are activated, there will be bounce.) For 
those who wish to experiment with pushbuttons, a 
simple debouncing circuit is given in fig. 5.3 

The pushbutton makes it relatively easy to observe 
the sequence of events, but you must realize that in 
an actual system with a 100-Hz reference, the VCO 
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fig. 5. Example of a simple switch debouncing circuit. 

will moveonly 100 Hz each time the button is pressed. 
Be prepared for an all-night session if you wish to 
tune across 10 meters! 

As previously mentioned, a low-frequency, 
square-wave oscillator may be used to speed up the 
tuning: it may be switched between input terminals, 
or two separate oscillators can be used. Of course, 
only one oscillator may be activated at one time. It is 
important to note that when feeding a square wave 
into one input terminal, the other terminal must 
remain high. 

Several switching methods for the square-wave 
oscillators have been used. The first used two separ- 
ate pushbuttons, one for up and one for down. Bet- 
ter yet was a potentiometer with a center off posi- 
tion. When turned counterclockwise, the oscillator 
slowly started up, increasing frequency as the knob 
was turned. When the potentiometer was turned 
clockwise, past center, the other oscillator started. 

frequency readouts 
A major disadvantage of the DTVFO is that there is 

no simple, conventional, dial-type readout that can 
be used. Fortunately, the DTVFO also contains the 
essentials of a frequency counter that can be used 
instead of a conventional dial. Referring to fig. 2, the 
Q outputs of the No. 2 programming counter are 
exactly like those obtained from a frequency counter. 
Fig. 6 illustrates the connections necessary to con- 
vert the BCD information to a digital readout. Only a 
few extra components are required. The system is 
simplified by the fact that no latching is required. 
Since the counter does not update, no flickering 
occurs and the figures change only when the VCO is 
tuned. 

With the frequency counter measuring the local 
oscillator, an offset is required so that the display 
indicates the actual transmitted frequency. If the sig- 
nal frequency is 14000.0 kHz and the VCO is 5000.0 
kHz, a 9000.0 offset is needed to make the readouts 
indicate 14000.0 kHz. In an amateur-band transceiv- 
er, the MHz readout is often hardwired and activated 
by the bandswitch because the bands only cover a 
small part of the spectrum. In a complicated system, 

such as a general-coverage receiver, a PROM may 
well provide the programming link between the 
bandswitch and the readout. 

A digital VFO is subject to all the pitfalls and prob- 
lems normally encountered in a regular synthesizer. 
Of prime interest is error-voltage filtering and lock-up 
time, plus a couple of other hazards applicable to the 
+, lnl!,la 0 ,C+ m A +I .nnL.Ia n,-*,- r--. .:--- 
run ," Ir. ,\,,c+,,,. tun la*rvz ~ Y D L C I I I  I P ~ U I I ~ D  a ; ~ - i r e -  
quency reference, 100 Hz or less, preferably less. 
Even a 100-Hz system produces observable steps, 
especially noticeable on CW. Unfortunately, a low- 
reference signal makes it very difficult to adequately 
filter the reference spikes from the error-voltage line 
without unduly affecting the settling and lock-up 
time. The reference signal will show up as sidebands, 
removed from the carrier by the amount of the refer- 
ence frequency. When a low-frequency reference is 
used, lock-up time takes considerably longer, and if 
the VCO frequency is high, many qzles of ~peia i ion 
will take place before correction can occur. The VCO 
may then exhibit jitter or burble. 

Sideband content is also highly dependent upon 
the type of phase detector used. Rohde has thor- 
oughly discussed the advantages and the disadvan- 
tages of different types of phase detectors.' There is 
little I can add except to reiterate that the sample- 
and-hold-type detectors and the RCA CD4046 are 
preferred over most of their counterparts. 

In many synthesizers, when the frequency is being 
changed the oscillator output is muted. With the 
oscillator muted, it will be impossible to recognize 
that a station is tuned in until the tuning stops. How- 
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fig. 6. By connecting a BCD-to-7-segment converter to the 
outputs of the first counter, the frequency of the VCO can 
be directly read. This, in most cases, will not be the fre- 
quency to which the receiver is tuned. 
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PHOTO TRANSISTORS 

0 
fig. 7. Diagram of the basic system for using a rotating disc 
to control the frequency of the VCO. Depending upon the 
direction of rotation, the voltages derived from the photo 
transistors will cause the counter to count either up or 
dawn, hence, changing the frequency of the VCO. 

ever, if presetting is employed (a large VCO frequen- 
cy change), muting may be necessary. 

In a 100-Hz reference system, you will notice that 
the tuning action imparts a small fm effect to the sig- 
nal during the tuning process. This is due to the fact 
the lock-up process is trying to follow the tuning, and 
unless lock-up is extremely fast, it must have a period 
of time in which there is an out-of-lock condition. 

A problem encountered in tunable synthesizer sys- 
tems that is not seen in the regular synthesizer oc- 
curs whenever the VCO approaches the end of the 
band. Assume a DTVFO is designed to cover the fre- 
quency range of 5 to 6 MHz, with the counter hard- 
wired to 5 MHz. The counter counts up to 5997, 
5998, 5999, and suddenly resets. back to 5000 kHz. 
This can be somewhat upsetting to the operator try- 
ing to tune in a signal near the band edge. Fortunate- 
ly, the problem is readily overcome by using a few 
inexpensive gates. For every frequency, the outputs 
of the No. 2 counter will have a unique combination 
of highs and lows. For example, when the counter 
reaches 9, the 01  and 0 4  outputs will be high. There- 
fore, if the two highs are sampled by a two-input 
NAND gate, its output may be used to prevent any 
further pulses from reaching the counter. 

optical encoder 
After having built and operated a number of 

DTVFO systems, I soon realized that something bet- 
ter than spring-loaded switches or pushbuttons was 
required if the tuning is to have the right feel. Using 
the button- or switch-activated square-wave oscilla- 
tor, you either run right over the station or you stop 
short of it. Then it becomes necessary to "milk" the 
switch in the manner of an aircraft flap system, to 
creep up on the station. Then, in the middle of the 
milking process, the other person stops speaking! 
The potentiometer-controlled oscillator was better, 
but still lacked feel. 

'Rohde 8 Schwartz, Munich, applied for a patent on the shaft-encoder, 
controlled-frequency synthesizer in May of 1961. Patent 977,780 was issued 
on July 13, 1962. 

The next logical step called for the incorporation of 
the rotating disc tuning system.* In this system, a 
series of holes was punched around the perimeter of 
a 8.9-cm (3-112-inch) diameter disc. The disc was 
mounted on a flywheel, which in turn was connected 
to a 2.8:1 Jackson Brothers drive. The entire 
mechanism was then mounted on the receiver f r o ~ t  
panel and turned by an ordinary, large-diameter tun- 
ing knob. The flywheel not only gives the tuning a 
nice heavy fee!, but also allows the knob to be quick- 
ly spun. 

Using the same principles as the commercial ver- 
sions (light sources and photo transistors), this tun- 
ing system creates a series of pulses as the knob is 
rotated. The problem was then one of sensing direc- 
tion of travel, or tuning the DTVFO up or down in fre- 
quency as the knob is turned one direction or the 
other. The answer turned out to be quite simple, and 
is shown in fig. 7. Initial conditions start with photo 
transistor A receiving light and delivering an output 
(see fig. 7A). As the disc is turned clockwise, fig. 
7B, both transistors receive light and deliver output 
voltages. In fig. 7C, transistor A has lost its light, 
accompanied by the resultant decrease in output 
voltage. Thus if the disc is turned clockwise, transis- 
tor A always receives and loses its light ahead of B. 
However, if the disc is turned in the opposite direc- 

PIN 5 * UI FIG I 0  

U I  FIG. l o  

fig. 8. Pushbuttons have been used to simulate the pulses 
received from the photo transistors in the rotating disc, or 
optical encoder, system. The NAND gates are used to de- 
bounce the switches. The two 7474s determine in which 
direction the disc is rotating, thereby feeding the pulses to 
the appropriate input of the upldown counter. 
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tion, B will receive and lose its light ahead of A. 
Therefore, the voltage pulses from the photo transis- 
tors, in conjunction with the appropriate logic, can 
be used to control an UPIDOWN counter. By detect- 
ing which pulse occurs first, A or B, the second pulse 
can clock the counter, either up or down. 

To prove the theory, I constructed the actual cir- 
cuit, with pushbuttons used to simulate the pulses 
from the photo transistors (see fig. 8). As previously 
mentioned, it is necessary to use debouncing circuits 
to ensure that only one pulse is generated when the 
button is pressed; hence, the 7400 NAND gates with 
normally low outputs. U2A drives the count-up input 
of the 74192 counter, with U2B driving the count- 

the holes should be at least twice the diameter of one 
of the photo transistors. The transistors should 
receive an equal amount of light when the hole is 
exactly above the two. There must be no stray light, 
which causes the photo transistors to bias up into an 
intermediate state. When the light is shaded, the col- 
lector voltage should be close to + 5 volts. When the 
photo transistor receives full light, its collector w!t- 

age should drop to less than 1 volt. 
Just as the pushbuttons were followed by 

debouncing circuits, so must the photo transistors be 
followed by similar circuits. In this instance, the 
debouncing circuits are schmitt triggers fashioned 
from CMOS gates. CMOS was used to  prevent 

PHOTO TRANSISTOR 

fig. 9. Final circuit for the homemade shaft encoder. Each time the light path is interrupted, a pulse is generated. This pulse 
causes the counter to increment or decrement by one count, depending upon the direction of disc rotation. 

down terminal. Using the switches, I was able to loading of the photo transistors. Further gates were 
simulate the sequence of events as the disc is turned. necessary to prevent the 7474 from loading the 

schmitt triggers and causing interaction between the 
1. S1 is pressed and held down. U2A is preset by inputs. Before the gates were added, the 7474 flip- 

the high level on pin 1. flops were delivering a stepped-output waveform 
which was causing the counter to misfire. Since the 

2. S2 is pressed and held down. U2A is clocked, 74192 counters are edge triggered, a stepped 
with pin 3 going high and pin 6 low. waveform edge can cause havoc. If the CMOS ver- 

3. S1 is released. Pin 1 of U2A goes low. Pin 6 of 
U2A goes high causing the 74192 counter to advance 
by one count. (The counter operates only on posi- 
tive-going pulses. 

4. S2 is released. Pin 3 of U2A goes low. 

If the buttons are pressed in the opposite order (S2 
pressed and held down, S1 pressed and held down, 
S2 released and then S1 released), U2B will be preset 
and clocked. The output pulse applied to the 74192 
will cause the counter to decrement one count. 

After the pushbutton system was operating cor- 
rectly, the circuit was modified to that shown in fig. 
9. A small light bulb was positioned so as to shine 
through only one disc hole into the two photo tran- 
sistors. The hole diameter and the spacing between 

sion of the 7474 is used, the buffering may be un- 
necessary. 

practical DTVFO 
A complete, tunable synthesizer with 100-Hz reso- 

lution is shown in figs. 10 and 11; although I earlier 
mentioned that a DTVFO readily allowed up-conver- 
sion operation, the unit to be described operates in 
the low-frequency range, 5 to 6 MHz. This frequency 
was chosen so that its output could be used to oper- 
ate an ALDA 103 transceiver. The frequency and 
output level are both compatible with this particular 
transceiver. Fig. 10 contains the two counter chains 
and readouts, with fig. 11 showing the reference 
oscillator, dividers, phase detector, VCO, and 
buffers. 

Referring to fig. 10, the synthesizer divider chain 
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fig. 11. Diagram of the VCO and reference oscillator portion of the digitally tuned VFO. Using standard CMOS ICs, the oscillator 
is divided down to 100 Hz prior to being applied to the phase detector. Transistor Q1 is a Hartley oscillator which covers the 5 to 
6 MHz range under control of the phase detector. L1 is 18 turns of no. 26 AWG (0.4 mm) wire wound on a 6.5-mm (114-inch) diam- 
eter form. The tap is located five turns from the bottom of the coil. 

consists of U6 through U10. Pulse stretcher U11, in 
addition to supplying the reset pulse for the coun- 
ters, also drives the phase comparator in fig. 11. U1 
through U4 constitute the programming chain, with 
pulses from the optical encoder used to provide the 
count-up and count-down inputs. The Q outputs 
from the four respective counters are used to pro- 
gram the load inputs of the synthesizer divider chain 
and also to drive the BCD-to-7-segment converter. 

U10 has been hardwired to divide by five so that 
the synthesizer output covers from 5 to 5.9999 MHz. 
Provided the VCO-tuned circuit is adjusted accord- 
ingly, U10 may be hardwired to cover other 1-MHz 
increments. 

U16 may be dispensed with and the appropriate 
segment resistors grounded to obtain the digit 5, 
eliminating the 7447 BCD-to-7 segment decoder. 

When first turned on, the counter outputs cause 
odd readout displays; momentarily grounding the 
load line (S1) will set all counters and displays to 
zero. Of course, this function could be made auto- 
matic or gated to the bandswitch so that each band 
is started at the low-frequency end. 

In fig. 11, UIA is connected as a 1024-kHz crystal 
oscillator, followed by buffer UIB. U2 and U3 subse- 
quently divide the reference oscillator output down 

to 100 Hz prior to application to pin 14 of the phase 
detector. 

The resultant error voltage from the phase detec- 
tor is filtered by the following RC network. While this 
filter does not represent the ultimate in filtering, it is 
satisfactory for normal listening. A Singer spectrum 
analyzer shows the sidebands well down into the 
noise. However, when the VCO is beat against a crys- 
tal oscillator to create a low-frequency audio beat 
note, a slight "burble" can be detected. As the 
DTVFO was an experimental project rather than a 
construction project, no further effort was made to 
improve the filtering. 

I found in the breadboarded circuit that consider- 
able sidebands were created not by poor lock-line 
filtering, but by lock-line pick up. The line was 
changed to coax and the sideband content dropped 
considerably. 

The VCO tuning slug should be adjusted for the 
middle of the range to be covered. This is more readi- 
ly accomplished if the lock line is disconnected from 
the phase detector and connected to a variable 
source of voltage. The voltage should be set to 2.5 
volts and the slug set to the center of the frequency 
range to be covered, or in this case 5.5 MHz. When 
the lock line is reconnected and the circuit tuned to 
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5.5 MHz, the lock-line dc voltage should read close 
to 2.5 volts. 

The VCO must be capable of swinging at least 20 
per cent beyond the frequency range to be covered 
when the lock line is varied from 1 to 4 volts. Except 
for the photo transistor part of the encoder, the cir- 
cuit is pretty well foolproof and, provided the correct 
connections are made, should work right off.  
Because my junk box yielded two different photo 
transistors, some difficulty was encountered obtain- 
ing a match from the two devices and one of them 
was somewhat temperature conscious. However, it 
was felt that proper devices would solve this problem 
so it was shelved until better devices were obtained. 

When tuning ssb signals, the DTVFO will feel 
exactly like a conventional VFO. After using the 
DTVFO for a few days I was amazed at how sloppy 
my previous listening habits had been. I'm quite 
sure that I'd been listening to stations with the 
receiver 100 Hz or more off frequency. Consequent- 

ly, the fact that the DTVFO comes in 100 Hz steps 
made no difference. On CW, however, as the signal 
is tuned, the steps are quite noticeable, but make lit- 
tle difference to the copy. 
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printed-circuit layout using the longhand method 

Electronic circuits require some method of con- resist can be obtained from Radio Shack and other 
necting the parts together. This can be done by the sources. (You might have to thin the resist to draw 
printed-circuit board, which is made using photo- fine lines with it.) 
graphic methods, or by point-to-point wiring. 
Obtaining the photo negative for the PC board is usu- procedure 
ally beyond most homehorkshop capabilities. I'd like The first step is to draw your parts onto the graph 
to describe what I call the "longhand circuit layout" paper - the "longhand method." Do this by placing 
method. This method allows you to make PC boards a dot for each end or pin of the part. For resistors 
without using a photo negative. With it, you can I use 13-mm (0.5-inch) spacing between the dots. 
quickly lay out and build a PC board. My method dif- Then I draw the schematic symbol for the part be- 
fers from the photo approach in that you draw the tween the dots. This helps keep track of the parts. If I 
circuit pattern on the copper-clad board. 

materials 
Fig. 1 shows the materials required for laying out a 

circuit. The graph paper should have 10 squares per 
25.4 mm (10 squares per inch). This allows for IC pin 
spacing of 2.54 mm (0.1 inch). The copper-clad 
board can be cut to size by scoring a line on both 
sides and snapping it in two. Of the three types of 
etchant resist shown, I prefer the felt-tipped pen 
because it's easiest to use. The pen and etchant 

fig. 1. Materials needed for the "longhand layout method" 
for making PC boards. Shown are a scored copper-clad 

A m  WB9QZE, 2282 board, etchant, etchant resist, etchant-resist pen (pre- 

McKinley Ave., C O ~ U ~ ~ U S ,  Indiana 47201 ferredl, and the circuit laid out on graph paper. 
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fig. 2. ' ..-.-- -.--... ' I -- ----' ---- 
I rr;cal x.;abu;r mclyuur UII yrapm pdpar, wiiich has i O  

squares per 25.4 m m  (10 squares per inch). The copper-clad 
board should be taped to the back of the circuit layout so 
that the dots in thepattern can be punched onto the board. 

have the room, I put the value of the part next to it, 
which helps me later when I insert the parts into the 
board. 

Once the pattern is drawn onto the graph paper, 
the next step is to transfer it to the copper-clad 
board. With the copper-clad board beneath the 
graph paper, take a sharp-pointed tool and tap the 
dots on the graph paper. Important - the board 
must not slip while you're doing this. I prevent slip- 
page by taping the board to the back of the graph 
paper. 

Tools and materials used in the "longhand layout method." 
The long nose pliers are used to tap the center punch. which 
transfers component-mounting holes from the graph paper 
to the copper-clad board. Note that one of the copper-clad 
boards (left) hasn't been thoroughly cleaned. 

When all the dots have been punched, remove the 
board from the graph paper. With the etchant resist, 
draw the same Dattern on the copper-clad board by 
connecting the correct dots together. Don't worry 
should you connect the wrong dots. If this happens, 
let the resist dry. It can be removed with a scribe or 
typewriter eraser. 

The board can now be etched. When it has been 
etched, remove the resist by rubbing the board with 
steel wool or a household cleanser. 

Now drill the holes, which will be easy since you 

The typewriter eraser is used to remove unwanted etchant 
resist. At top is an example of a pattern on a copper-clad 
board using the "longhand layout method." A completed 
built-up PC board is shown at right. 

have already centertapped each hole when you 
transferred the dots from the graph paper to the cop- 
per-clad board. I use a no. 60 drill, which is 1 mm, or 
about 0.04 inch. 

You are now ready to insert your parts. Refer to 
your graph-paper pattern and put the parts into the 
correct holes on the board. That's all there is to it. 
Once you've used this method I think you'll agree it's 
a fast, simple way to make circuit boards. 

A couple more things need mention: one is to 
clean the copper-clad board before applying the 
resist. If the board isn't free of dirt and oil, the resist 
will not stick to the copper. Also, the more informa- 
tion you can print on your pattern, the easier it will be 
to insert parts and wire to switches or any other part 
that's not on the board. So it's a good idea to plan 
your layout with this in mind. 

I hope the photos and drawing will answer ques- 
tions I may have overlooked in the text. I've been us- 
ing this method for ten years and haven't found its 
equal. 
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monolithic crystal filters 

Introducing the MCF, 
a new and 

improved development in 
crystal-filter technology - 

a report on 
its applications in 

communications electronics 

When high selectivity in electronic circuits is a 
must, mechanical filters, ceramic filters, or crystal fil- 
ters are used. A new type of crystal filter is becoming 
popular: the monolithic crystal filter (MCF). It 
replaces the conventional crystal filter and leads to 
new applications for this new product, because the 
MCF shows comparable electrical features but is 
smaller and can be made more economically in large- 
scale production. What is a monolithic crystal filter, 
and what is the difference between it and conven- 
tional crystal filters? 

conventional crystal filter 
Conventional crystal filters consist of one to ten 

single quartz crystals coupled together by inductors, 
capacitors, and resistors in a distinct way to yield the 
filter characteristics required by the design specifica- 
tions. As a typical example, fig. 1, shows the internal 
circuit of the well-known XF-9B bandpass filter of 
KVG* which is a standard filter for single-sideband 
applications. It's an eight-pole filter, which means it 

'Kristallverarbeitung Neckarbischofsheirn, West Germany; available in the 
United States and Canada from Spectrum International, Post Office Box 
1084, Concord, Massachusetts 01742. 

includes eight crystals. The bandwidth is f 1.2 kHz 
at - 6 dB attenuation (related to the passband) at a 
center frequency of 9 MHz. 

Each stage consists of tuned half-lattice bridges 
with one crystal in each branch. The stages are 
coupled through C4 and C5. For matching the filter 
impedance to 500 ohms, the input and output cir- 
cuits have stacked windings. To compensate for 
strays, both resonate circuits are tuned to a higher 
frequency. With external trimming capacitors the fil- 
ter can be aligned to the exact center frequency, 
which is also the point of minimum passband ripple. 

monolithic two-pole (dual) filter 
Instead of single crystals, the monolithic crystal fil- 

ters use multiple resonators, which consist of several 
vibrating systems plated onto one common crystal 
blank. Typically, these vibrators are of the thickness 
shear type (AT cuts) with a frequency range from 
5-30 MHz in the fundamental mode (piano-parallel 
crystal blanks). Most types of multiple resonators 
work in the fundamental mode, but the same princi- 
ple can be applied to overtone resonators as well. 

The simplest arrangement of multiple resonators is 
the monolithic two-pole filter, referred to as "dual." 
What is its difference compared with single crystals? 

The equivalent electrical circuit of a single crystal is 
shown in fig. 2. It involves a high-Q series-resonant 
circuit consisting of the motional parameters L l ,  C l ,  
RI and the static capacitance, Co, in parallel. The Q 
is greater than 50,000.1t2 

The series-resonant frequency is 

1 

= 2 * m  
(1) 

and parallel-resonant frequency abovef, is 

By Bernd Neubig, DKIAG, Westliche 
Ringstrasse 42, 0-6921, Epfenbach ( FRGI, 
Germany 
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The monolithic two-pole filter has two pairs of 
electrodes, which are plated onto one common crys- 
tal so that both resonators are mechanically coupled 
to each other by the crystal blank in a well-defined 
magnitude. This leads to the equivalent electrical cir- 
cuit shown in fig. 3. 

Both resonators consist of the motional quantities 
Ll ,  C l ,  RI and L l ' ,  CI ' ,  RI'.  The static capaci- 
tances across each pair of electrodes are Co and Co' . 
The four-pole in fig. 3 (dashed lines) involving Ck and 
the negative capacitances - Ck - a so-called imped- 
ance inverter configurations - represents the 
mechanical coupling between both systems.4 

The coupling factor, k is 

and has an order of magnitude of 10-4 - 10-3 in fun- 
damental-mode duals. Overtone duals have smaller 
coupling factors. The coupling factor of a particular 
dual is determined by the configuration of the elec- 
trodes, the gap between them, the crystallographic 
direction of coupling, the mass of the electrode plat- 
ing, and the thickness of the quartz blank.5 

The resonant frequencies of both resonator pairs 
are normally equal or very close to each other: 

Because of the coupling effect these frequencies 
can't be measured directly. For example, between 
pin A and pin B, with pin C open (fig. 31, you can 
measure a frequency fi: that's lower than that 
obtained with eq. 4." 

Two new resonant frequencies occur, which are 
the characteristic vibration modes of monolithic dual 
resonators. These frequencies are of great signifi- 
cance for the application of duals as filter compo- 
nents: 

1. When both resonator systems are connected in 
parallel, as shown in fig. 4A, series resonance ap- 
pears at the so-called "symmetric frequency": 

In this circuit both systems vibrate in equal phase. 
This means that the mechanical displacement (of the 

'More precisely, two frequencies exist: 

The lower frequency is betweenLym and fuym, where fqm and f?, are the 
"symmetric frequency" and "antisymmetric frequency" as descr~bed in the 
following text. 

fig. 1, Internal circuit of KVG filter XF-9B. 

thickness-shear motion of the crystal) takes place in 
the same direction in both systems. 

2. Connecting both resonators as shown il-I fig. 
4B, series resonance appears at the "antisymmetric 
frequency," fa ,y,r which is above f q,,L: 

In this configuration both systems vibrate in phase 
opposition. 

Additionally, both frequencies, f,ym and fay,, can 
be measured between pins A and B with short cir- 
cuited output pins (B and C). In this case, symmetric 
and antisymmetric frequencies are the frequencies of 
maximum input admittance of the four pole.6 

The frequency difference between both character- 
istic frequencies - often called "mode spacing" - 
increases with higher coupling factor, k ,  as you can 
see in eq. 6.  

monolithic multipole resonators 
The principle of the monolithic dual resonator can 

be expanded and leads to monolithic multipole reso- 
nators with up to eight or ten resonator systems on 
the same crystal disc. 

The mathematical synthesis of such vibrators is 
complex. Also measuring and production techniques 
are difficult. Each type of filter needs a certain con- 
figuration of the resonators. This restricts the feasi- 
bility of economically producing a large number of fil- 
ter specifications in smaller quantities. Furthermore, 
with a larger number of resonators, the problem of 
spurious responses increases. This is why the multi- 
pole monolithic crystal filter hasn't become popular 
except for special applications such as channel fil- 
ters.7 The tendency is to obtain multipole crystal fil- 
ters by stacking several dual resonators, as explained 
below. 

fig. 2. Equivalent electrical circuit of a crystal. 

november 1978 29 



monolithic crystal filters 
We now consider the MCF in its role as a practical 

addition to electronic circuits. Examples are given to 
show how the dual can be used in noise blankers, 
noise filters, and fm discriminators. We then examine 
the MCF in another practical application in which 
more than two poles can be synthesized by connect- 
ing several duals in series. First, some background on 
two-pole filters. 

Two-pole filter characteristics. As shown by the 
theory of network synthesis and by the theorem of 
Bartlett,8 the equivalent electrical circuit of a dual 
(fig. 3) can be transformed into an equivalent half- 
lattice bridge with a differential transformer, which 
has the same response of amplitude and phase ver- 
sus frequency.9 

fig. 3. Configuration and equivalent electrical circuit of a 
dual resonator. 

When a dual is terminated at its input and output 
with an impedance value, Z,,= Z,,,, the elementary 
form of a two-pole crystal filter results. The identical 
selectivity curve is shown as the equivalent half-lat- 
tice, two-pole filter with single crystals terminated 
with the same impedances (fig. 5 ) .  

Comparing the number of components in both fil- 
ters shows clearly that a monolithic filter is much 
easier to construct: there is no need for a differential 
transformer and, instead of two crystals, only one 
crystal component is required. 

The bandpass response of such a filter depends on 
the magnitude of the termination resistors. The char- 
acteristic impedance is 

where LI is the motional inductance of one resonator 
(see fig. 31, and A f is one-half the filter bandwidth. 
Typical duals have characteristic impedances of sev- 
eral kilohms at, for example, 10.7 MHz. 

*The classical wave-parameter theory yields the following example: 

For =O 8, the passband ripple is about 0.1 dB, while the bandwidth at 
Ro 

attenuation is at the three-fold bandwidth a - 3 dB. With = 0  5, the rip- 

ple increases to 0.22 dB, while the -20-dB bandwidth is only 2.8 times the 
-3-dB bandwidth. 

I1 = 
fig. 4. Pin configurations T T 
for measuring symmetric Lt-l b u 
(A)  and antisymmetric 
(B) frequencies. @ @ 

Reasonable bandpass filter responses (with curves 
having a near-rectangular passband characteristic) 
can be achieved with terminating impedances of 
R =Z,,=Z0,, smaller than Ro. The smaller the R 
value, the higher the passband ripple, but the skirts 
of the filter characteristic will be steeper." 

By proper selection of the termination impedances 
and characteristic frequencies of the dual, every filter 
response known from the filter theory of effective 
parameters (i. e., Chebyshev, Gaussian, Bessel, 
Legendre19 can be synthesized. 

The skirts of this filter can be made steeper by 
introducing a coupling capacitor, CA between both 
resonators. This capacitance produces an attenua- 
tion peak at both sides of the passband. But at the 
same time the stopband attenuation decreases, as 
shown in fig. 6, for several values of CA (as multiples 
of Co).10 

To fulfill the total selectivity demands of a special 
device (e.g., a receiver), such a two-pole filter will 
surely not be sufficient. Despite this disadvantage, 
there are some interesting application examples for 
this simple filter component. 

Dual as an i-f preselector in noise blankers. 
Noise blankers are designed to blank out short-dura- 
tion noise pulses with high amplitude, especially in 
shortwave or mobile receivers. The best point at 
which to insert a noise blanker in a receiver is ahead 
of the i-f stages before the crystal filter, which pro- 
vides the main selectivity. This is because narrow- 
bandwidth filters produce ringing, which distorts the 
signal.11 

The block diagram of a typical noise blanker is 
shown in fig. 7.  It includes two alternatives to obtain 
the noise information. Version A derives i t  from the 
i-f signal; version B obtains it from a separate noise 
receiver tuned to a "silent" frequency. 12 

Following the mixer a broadband i-f filter must be 

fig. 5. Two-pole crystal filter with differential transformer 
and equivalent monolithic crystal filter. 
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inserted, one narrow enough to cut off strong out-of- 
band signals but broad enough to avoid ringing. A 
monolithic dual is a unique device for this i-f prese- 
lector, as it can be inserted directly with pure ohmic 
termination and without any alignment effort - if 
the dual spurious responses are negligible. 

For the well-known 9-MHz crystal filter line, KVG 
offers its dual type XF-912 for a bandwidth of f 7.5 
kHz (at - 3  dB). It is housed in a 3-pin HC-18 case 
and needs terminating resistances of 4.0 kilohms for 
a Chebyshev response. Different types with other 
bandwidths are available on request. 

Dual as a noise filter. Normally, the main selectivity 
of commercial receiver i-f strips is produced by a 
high-performance (e.g., eight-pole-type crystal) filter 
ahead of the i-f amplifier stages. But usually the fol- 
lowing broadband high-gain ampiiiier stages gener- 
ate broadband noise, which reaches the second 
detector in full magnitude. This noise, which can be 
very inconvenient, especially at extremely narrow 
bandwidths (as with the CW-filter type XF-9 NB from 
KVG), can be reduced drastically by a simple filter 
directly ahead of the demodulator stage. This is one 
more typical application for a monolithic dual, which 
can be easily inserted without any adjustments. For 
example, the type XF-912 can be used again. Similar 
duals exist also for other i-fs such as 10.7 MHz or 
21.4 MHz. 

Dual as an fm discriminator. IC quadrature detec- 
tors are frequently used to demodulate fm signals. 
The principle on which these demodulators work is 
as follows. 

The frequency-modulated i-f signal is applied to 
one port of an AND gate; the other port is connected 
to a phase-delayed portion of the same signal. The 

M U L T I P L E S  O F  H A L F  BANDWIDTH 

fig. 6. Frequency response of a dual with attenuation poies 
achieved by an additional capacitor, CA. 

phase delay depends on the frequency. The gate out- 
put yields the demodulated audio-frequency signal if 
followed by an integrating RC lowpass filter. 

The phase-delay circuit is a parallel-resonant cir- 
cuit, which is coupled through a choke or a small 
capacitor, as shown in fig. 8A. This circuit provides 
a phase delay that increases or decreases linearly 
with frequency changes in the vicinity of the reso- 
nant frequency.13 Higher slopes of the phase vs fre- 
quency curves, and thereby higher recovered audio, 
can be realized by using a bandpass filter with a 
coupling coefficient of about Q - k =  0.7. This is 
shown in fig. 8B.14 

The bandpass-filter can be substituted with a con- 
ventional dual resonator, which is designed as a 
Bessel-function filter with linear phase characteris- 
tics. The result is excellent demodulator linearity as 
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fig. 8. Schematics of f-rn quadrature detectors - (A) with 
single resonant circuit; (B) with bandpass filter. 

well as high audio yield. The demodulator response is 
the typical S-shaped characteristic. The two peaks 
are approximately at the symmetric and the antisym- 
metric frequencies. 

Fig. 9 shows a circuit working on this principle. It 
consists of the RCA integrated circuit CA3089E. 
Both terminating resistors, RI and R2, are chosen 
for best phase linearity ( i e . ,  constant group delay) in 
the passband between the two peaks. Their values 
depend on the motional parameters, L I C I ,  and the 
mode spacing of the dual. 

This principle can be generalized for other quadra- 
ture detector ICs such as ULN2113A (Sprague), 
TAA661 (Signetics), or TBA120S (Siemens). 

circuit of the KVG monolithic filter XFM-107B (band- 
width k7.5  kHz at 10.7 MHz). Input and output are 
terminated with tuned circuits, which transform the 
filter impedance to a standard value of 910 ohms 
(with CeXt = 25pF in parallel). 

As with single duals, such composite filter struc- 
tures can be terminated directly with a pure ohmic 
resistance given by the filter synthesis. In this case 
both tuned circuits can be omitted. 

Furthermore, with increasing bandwidth up to 
about 1 per cent (i.e., 1 part in 100) of the center fre- 
quency, the coupling capacitors become so small 
that they are realized by the static input and output 
capacitances of the coupled duals plus stray capaci- 
tances alone. Then the simplest structure of a mono- 
lithic crystal filter can be achieved. It consists only of 

multipole filters with n >2 
Monolithic crystal filters with more than two poles 

can be synthesized by connecting several dual reso- 
nators in series whereby they are coupled to each 
other by capacitors to ground (i.e., the common 
electrode). As an example, fig. 10 shows the internal 

smaller by the factor L. 
n2 

fig. 9. F-m demodulator with dual as discriminator. 

fh 
fig. 10. Internal circuit of KVG-Monolithic filter XFM-1078. 

a chain of directly coupled duals, as you can see in 
fig. 11 for the KVG monolithic filter XFM-107S03 
(10.7 MHz bandwidth f 10.6 kHz). 

Comparing this circuit with that of a discrete crys- 
tal filter as in fig. 1, the simplification is evident. Fur- 
ther, the half-lattice filters with more than five crys- 
tals usually need a third tuned circuit (see L3, C3 in 
fig. I), which gives additional insertion losses that 
can't be compensated for by the termination. This 
isn't necessary with monolithic filters because they 
present much smaller amounts of insertion loss than 
conventional crystal filters. 

The electrical properties of monolithic crystal fil- 
ters are equivalent to those of crystal filters with dis- 
crete components. That's why you can realize all 
known filter responses in monolithic structures, but 
with an upper limit for the bandwidth. Generally, fil- 
ters with monolithic crystals vibrating in the nth over- 
tone mode can be obtained with relative bandwidths 

The theoretical filter curves for ideal (lossless) fil- 
ters - that means, the responses of attenuation and 
phase vs. frequency - are cataloged in normalized 
representation in the literature on the subject.9.16 

summary 
Monolithic crystal filters (MCFs) stand for the sim- 
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fig. 11. Internal circuit of KVG-Monolithic filter XFM-  
107S03. 

plification of the structure of multipole crystal filters. 
Instead of discrete crystals, MCFs contain multiple 
crystal systems on a common quartz blank, which 
are mechanically coupled between each other by the 
quartz blank. 

The typical application is in the frequency range of 
AT-cut crystals, most in the fundamental m~de ,  but 
with increasing importance also as third or higher 
overtone monoliths. However, bandwidth is some- 
what reduced in overtone applications. 

The most usual forms of MCFs are dual resonators 
and series configurations of duals-to-high-pole fil- 
ters. Beyond this, there are new interesting applica- 
tions for duals as i-f preselectors, simple noise filters, 
or f-m demodulators. 
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rotary beam antenna 
for 40 meters 

Recipe for a 
really big signal 

on 7 MHz: 
a 3-element 

Yagi beam on 
a foldover tower 

A full-sized, three-element 40-meter rotary beam 
has been a dream of mine for many years. They are 
scarce in the Midwest, where I operated as W9ERU 
for many years. I personally, at one time, got as close 
as the Hy-Gain DB24, a shortened two elements on 
40, and three elements on 20. When I moved to the 
Phoenix area, I initially tried a conical monopole. 
However, not being satisfied with the results, I finally 
put up the 40 meter only version of the DB24. This 

antenna had two folded elements, each about 13.5 
meters (44 feet) long, on a 4.9 meter (16 feet) boom. 

tower design considerations 
I mounted the two-element short beam, and later 

the full-sized antenna, on a 22-meter (72-feet) Rohn 
model 45 foldover tower. Legs on this tower are 
about 46 cm (18 inches) apart. I decided to mount 
the hinge between the fourth and fifth sections 
above the ground, giving three sections above the 
hinge. When the tower was folded over, this would 
allow the antenna to hang about 4 meters (13.3 feet) 
above the ground. In addition, it appeared that there 
would be enough clearance to allow the ends of the 
elements to pass the ground in such an operation. 
And, the portion above the hinge, would only be 
about 9 meters (30 feet) long, reducing the strain on 
the hoisting mechanism. Guy wires, two sets of four, 
were attached to anchors about 15 meters (50 feet) 
out from the base, and about 21 meters (70 feet) 
apart in a square configuration. See fig. 1. These di- 
mensions were chosen to allow the use of a 12-meter 
(40-foot) boom at the top and still get it to pass 
through two of the lower guy wires. 

construction 
There are many parts to a beam antenna installa- 

tion such as mine. I've provided photos showing 

iy Gene Hubbell, W7DI. 6633 East Palo Verde 
Lane, Scottsdale, Arizona 85253 
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12 METERS 
- (40 F c E r i  

essential hardware and some views showing the tailpiece or tower boom, which went up as the top 
antenna during and after installation. end of the tower came down. A second cable from a - 

Tower and rotator hardware. The tower lowering 
and raising mechanism is extremely important. A 
runaway when raising or lowering the antenna would 
result in a disaster. So I used two winches and 
cables. One, supplied by Rohn, was hand operated 
and located at the tower base. Its cable is passed 
through a pulley part way up the tower and to the 

This article is sprinkled with many metric conversions, which tend 
to disrupt continuity and ease of reading. But there's a good 
reason: we must face the fact that the outmoded and cumbersome 
English system of measurements is rapidly becoming extinct in the 
technical literature. So to help in the transition, author Hubbell's ar- 
ticle has been edited to show first the metric dimensions, followed 
by English equivalents in parentheses. We apologize for this slight 
inconvenience. Sometime in the not-too-distant future we'll discard 
all references in our articles to the English system of measurements. 
We've graduated from tubes to solid-state devices without too 
much trouble. Let's progressfurther with the metric system, a total- 
ly logical and convenient method of defining measurements. 

Editor. 

motor-driven winch at the tower base went out to a 
pulley some 18 meters (60 feet) from the base and up 
to the same tailpiece. Thus, pull could be exerted 
from two directions (see fig. 1). 

The prop-pitch rotator and selsyn indicator chain- 
drive system were conventional. I welded a bell hous- 
ing to the prop-pitch motor top gear and connected 
the housing to a piece of 41-mm (1.61-inch) pipe*, 
which passes through the top of the tower and is 
held to the boom saddle on top. This pipe is actually 
in two pieces, joined by a larger diameter sleeve and 
bolted through the drive pipe and the sleeve. It is not 
a one-piece shaft. A bicycle chain-and-sprocket 
system drives a 115-volt ac selsyn, which was offset 
from the main rotator pipe drive. It also drives 
another similar selsyn in the tower base. A limit- 
switch system allows the rotating pipe to turn about 
450 degrees. 

'The pipe used was called "Inch and a half" water pipe. In actuality, the 
pipe has a standard inside diameter of 4 crn (1.61 inches) and an outside di- 
ameter of 4.8 cm (1.9 inches). 
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Boom construction. The boom was made of two 6- 
meter (20-foot) lengths of 102-mm (4-inch) diameter 
irrigation tubing. To couple these tubes required a 
sleeve. I found only 0.4 mm (26 gauge) galvanized 
iron readily available, so two pieces 0.6 meter (2 feet) 
long and about 0.3 meter (12.5 inches) wide were 
rolled into tubes, one inside the other, and filed down 
until this double-walled sleeve just fit inside the 102- 
mm (4-inch) tubing, 0.3 meter (12 inches) each way. 
All three pieces were drilled for several rows of blind 
rivets, which made a strong joint. Now I had a boom 
12 meters (40 feet) long (see fig. 1). 

At the junction of the two boom halves, a hole 
about33.5 mm (1-5116 inches) in diameter was drilled 
through the boom to pass a piece of "one inch" pipe. 

fig. 2. Details of boom-to-element clamps. The clamps are 
known as "muffler clamps" and were obtained from an 
automotive supply store. 

This pipe is used as the vertical support for a truss 
system to take up the vertical strain on the boom. 

Boom mounting. I made a U-shaped saddle of 6- 
mm (0.25-inch) thick steel with two sides 76 by 508 
mm (3 by 20 inches) and a bottom 102 by 356 mm (4 
by 14 inches). A 41-mm (1.61-inch) pin, 152 mm (6 
inches) long, was centered in this piece (see photo). 
All items were welded together and holes were drilled 
through the sides of this saddle 25.5 mm (1 inch) 
from each end and 51 mm (2 inches) above the inside 
bottom piece. This allowed for 12.5-mm (0.5-inch) 
bolts to be passed through the saddle and boom. The 
bolts were 45.7 cm (18 inches) apart. Enough 
clearance was made to allow the boom to be tilted on 
a single bolt if desired. 

A 16-mm (0.625-inch) hole was drilled axially into 
the 41-mm (1.61-inch) pin. The hole was 76 mm (3 
inches) deep. This hole was for another pin large 

The boom clamps. The two-piece steel clamps, left, were 
used in the final version. 

enough to fit inside a 27-mm (1.049-inch) diameter 
aluminum pipe turned down to 16 mm (0.625 inch), 
for 76 mm (3 inches) projecting from the pipe, which 
was about 2.5 meters (8 feet) overall. When saddle, 
boom, and this guying pipe were assembled, a guy- 
ing system took the strain 3 meters (10 feet) out from 
the center of the boom on each side, up to the top of 
the 2.5-meter (&foot) vertical guy support. Turn- 
buckles allowed adjustment. 

Boom-to-element mounts. A horizontal aluminum 
angle holds the center of the element. This angle is 
81 cm (32 inches) long, made of 51 by 76 by 4.8 mm 
(2 by 3 by 0.187 inch) material. Two bolts near the 
center hold the element to the 51-mm (2-inch) face, 
and two muffler clamps near the outer ends of the 
angle hold the element to the 76-mm (&inch) face 
(fig. 2) .  These muffler clamps were marked "1-718 
inch" but fit 51-mm (2-inch) tubing perfectly. They 
were bought at an automotive parts supply store. 

These angles are mounted crosswise with respect 
to the boom. They are bolted to two 30-cm (12-inch) 
lengths of 38 by 38 by 4.8 mm (1.5 by 1.5 by 0.188 
inch) aluminum angle, positioned 41 mm (1.63 
inches) apart (see photo). These 30-cm (12-inch) 
lengths were in turn bolted to two clamps, which 
passed around the boom. Two bolts hold the 38-mm 
(1 -5-inch) angles to the clamps. All three angles are 
secured by a triangular gusset made of aluminum 3- 
mm (0.125-inch) thick, 45 by 45 by 63 cm (18 by 18 
by 25 inches) with its corners cut off about 25 mm (1 
inch) from the ends on the long dimension. 

Hardware including boom saddle, boom guy, sleeves, 
clamps, and other items described in the text. 
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The boom-to-element clamps changed over the 
years. In Bill Orr's Beam Antenna Handbook (1955 
edition), clamps were shown made of cast aluminum 
intended to hold irrigation tubing together. When . . 

some of these broke I replaced them with clamps 
made from 25.5 by 6.5 mm (1 by 0.25 inch) aluminum 
bar bought at a hardware store. When these broke I 

. $ : , .  
had others made at a blacksmith shop from 25.5 x 3 
mm (1 by 0.125 inch) steel. All had a flaw. The 
degree of tightening needed on the clamp made a 
difference in the spacing of the aluminum angles 
mentioned above. The two-piece clamp shown at the 
left-hand end of the four in the photo solved the 
problem by allowing the adjustments to be made 
independently of each other. 

All parts for the driven element (seven pieces of tubing). 
Light-colored bands are tape for positioning the sleeves. 

Element center showing reinforcing tubing. 

Antenna elements. Now I could mount elements to 
the boom, but I needed the elements. On the first try 
I used two 9-meter (30-foot) lengths of 51-mm (2- 
inch) irrigation tubing joined at the center by a 152- 
mm (6-inch) sleeve of aluminum pipe turned to fit in- 
side the irrigation tubing. Short extensions on the 
ends brought the element lengths to the design fig- - - 
ures of 198 meters, 20.3 meters, and 21.3 meters 
(64.8, 66.6, and 69.7 feet) for the director, driven ele- 
ment, and reflector respectively. I arrived at these 
numbers for the design frequency by the formula: 

140 .2 /7 .1  meters or 460/7 .1  feet (director length) 
144 .2 /7 .1  meters 473 /7 .1  feet (driven-element length) 
150 9 / 7 . 1  meters 49517.1 feet (~ef lector  length) 

Results were unsatisfactory. Besides being 
plagued by an intermittent short circuit, which I 
eventually found in my gamma match, a windstorm 
soon bent the soft irrigation tubing. Back to the 
drawing board. 

Through a local office of a tubing-supply firm, I 
bought six lengths of 6061T6 duraluminum 3.7 
meters (12 feet) long, 51 mm (2 inch) diameter, with 
1.2 mm (0.049 inch) wall. I also got six lengths of 3.7 
meters by 41.3 mm by 1.2 mm (12 feet by 1.63 inches 
by 0.049 inch) tubing, and, from my stock of used 
tubing, six 3.7-meter (12-foot) lengths of 32-mm 
(1.25-inch) material with 1.7-mm (0.065-inch) wall - 
thicker than needed, but I had it on hand. 

By overlapping the tubing about 30 cm (1  foot) at 
the joints between the 51-mm, 41.3-mm, and 32-mm 
(2, 1.63, and 1.25-inch) tubes, I had 10.4-meter (34- 
foot) lengths, and two of these gave me elements 21 
meters (68 feet) long. The butt joint in the center 
(two 51-mm, or 2-inch, tubes) and the overlapping 
joints of different size tubing were all joined by 
sleeves turned from short lengths of aluminum pipe 
nominally 48 mm (1.9 inches) OD and from aluminum 
pipe couplings that fit inside the 41.3-mm (1 33-inch) 
tubing over the 32-mm (1.25-inch) tubing. 

Additional sleeves were inserted inside the 51-mm 
(2-inch) tubes for support where the muffler clamps 
were placed. All overlapping joints and sleeves were 
held in place by steel 10-32 (M5) bolts held with lock- 
washers and nuts. 

I did some more reading on element lengths for 
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mm (0.75-inch) OD aluminum cylinder, with a hole to 
fit snugly over the three strands, was placed over the 
soldered area and fastened with three set screws. 

The aluminum grounding arm from gamma rod to 
driven element was hinged in the middle to allow for 
motion of the driven element, and a piece of heavy 
shield braid paralleled this joint. The ends were 
formed to fit around the aluminum cylinder and the 
driven element. Mating clamps held this assembly. 
The remaining outer end of the gamma rod wires was 
fastened to a long, coiled spring. The other end of 
this spring was clamped to the driven element with a 
stainless-steel hose clamp. The length of the gamma 
rod is about 188 cm (70 inches). 

The gamma-capacitor box was arranged so that all 
items were supported on the cover, which could be 
removed by removing six thumb nuts. The gamma 
rod and ground connections were made by mating 
banana plugs and jacks. 

adjustment and testing 
These procedures were performed with the beam 

in the down position, hanging about 4 meters (13 
feet) from the ground. The motor-driven capacitor 

Closeup of the homebrew slow-speed winch. 
gamma match was operated from the ground at the 
tower base. The only adjustment made from a ladder 
was the length of the gamma rod, and the added tap- 

close-spaced, three-element yagis, and changed ele- switched capacitors were reached from the tower 
ment lengths according to: 

138 7 / 7  080 meters or 455/7 080 feet (dzrector) Tower base showing the two winches and metal box 

144 8 / 7  080 meters 4751'7 080 feet (drzven-element) housing the selsyn,and prop-pitch motor supply. 

152.4/7.080 meters 500/7.080feet (reyector) 

This gave me new element lengths of 19.6, 20.5, and 
21.5 meters (64.3,67.1, and 70.6 feet). 

I had written Bill Orr, WGSAI, for advice on the ele- 
ment lengths and he suggested that tapered ele- 
ments might give a higher resonant frequency than 
the design figures indicated. The change was slight: 
from 7080 kHz to about 7120 kHz. 

Matching section. Bill also strongly recommended 
that I use a small-diameter gamma rod, "as large 
diameter gamma rods detune the driven element." 
So I used triple-stranded 2-mm (12-AWG) copper- 
weld guywire. The gamma rod terminated in a 127- 
by 152- by 229-mm (5- by 6- by 9-inch) aluminum box 
mounted on the gusset plate of the driven element- 
to-boom mounting. Inside was an air-variable capaci- 
tor for the gamma match, about 35 to 200 pF, driven 
by a reversible motor with a 4-rpm gearing. An added 
fixed capacitance of 50, 100, or 150 pF could also be 
switched in parallel with the variable capacitor. 

The other end of the gamma rod was grounded to 
the driven element by an aluminum arm clamped to 
the gamma rod and the driven element. To get a 
good contact to the three strands of 2-mm (12-AWG) 
wire, the strands were soldered together, and a 19- 
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One side of an element-to-boom mount. 

Gamma capacitor and motor-drive assembly, left. A t  right 
is a matching network for using the tower on 80 meters. 

Driven-element-to-boom mount with gamma match box. 

Driven-element mount wi th gamma capacitor and motor drive. 

Element-to-boom mounts. Center assembly is for driven 
element wi th gamma box. 

Element-to-boom mounts; gamma rod and clamp; and 
insulating bar. which clamps to  driven element and reduces 
gamma-rod vibration. 

Boom center wi th boom saddle and driven element-to- 
boom support in place. View looking down from the driven-element mount. 
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Selsyn repeater system, left, and dc supply for the 
prop-pitch motor. 

itself. A small vfo-controlled transmitter on the 
ground, with an swr bridge, provided the readings 
for adjustment. Unfortunately, the test readings in 
the down position didn't hold precisely for the beam 
up position. And the readings made with a 10-watt 
scale on the Bendix Micro-Match didn't directly com- 
pare with those taken with the output of a linear. 
Also, 60 plus meters (200 feet) of coaxial cable gave 
better readings in the shack than were obtained at 
the tower. 

However, my 4-1000A linear1 was quite tolerant, 
as was my Johnson "desk kilowatt." So I managed 
quite well with an swr of 1.3 at 7000 kHz, 1.0 at 7050 
kHz, and 1.25 at 7100 kHz, all with the same gamma 
capacitor setting. I also had 1.5 at 7150 kHz, 2.0 at 
7200 kHz, 2.25 at 7250 kHz, and 1.9 at 7300 kHz, 
each with the gamma capacitor retuned for lowest 
swr. Many commercially built transmitters wouldn't 
stand up with the higher swr readings, though a sim- 
ple matching system would take care of the problem. 

precautions 
Many details haven't been covered so far; one is 

important. The weak point in the element-to-boom 
support was where the muffler clamps hold the ele- 
ments. When the elements failed at this point in a 
1974 wind storm, I decided that added strength was 
needed here and the stress should be distributed over 
a considerable section of the center portion of each 
element. Heavier wall in the 51-mm (2-inch) tubing or 
the addition of an internal tube to strengthen the 
center would do it. I used the latter method and put 
3.7-meter (12-foot) lengths of 41-mm (1.63-inch) 
diameter tubing with 1.5-mm (0.058-inch) wall inside 
the elements, overlapping the 51-mm (2-inch) tubing 
1.8 meters (6 feet) on each side. I used sleeves 
between the reinforcing tube and the inside of the 
element tube at the center, with the muffler clamps 

at the outer ends. They were all held in place by 
masking tape. 

Internal support must be provided for the boom 
where the clamps are applied, as the tube wall is only 
1.3 mm (0.05 inch) thick. Disks of 51-mm (2-inch) 
wood were turned to fit tightly inside the boom and 
driven into place where theclamp bands are installed. 
Friction at these points was all that kept the elements 
levei and in place - except that the elements do 
hang under the boom rather than being placed on 
top, a difference of about 152 mm (6 inches). 

Vibration dampers made of 13-mm (0.5-inch) rope 
were installed inside the elements, just a bit short of 
the full length, and fastened at the center with a bit 
of wire, making a loop where bolts would pass 
through during assembly to keep the rope from fall- 
ing out when the beam was raised. 

I built this antenna by myself and assembled it to 
the tower, which I also assembled. All the help I had 
was from W7EH, who helped me pour the guy wire 
anchors, and from the crane and operator who set 
the tower upright. I raise and lower the beam alone, 
not because I couldn't use help, but I like to go slow- 
ly and check and recheck for safety. 

Tower inverted showing rotator, driven element and mount, 
and the gamma matching system. 
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The 40-meter beam on fully erect tower ready for action. 

A word of warning; the Rohn tower is an excellent 
piece of equipment but is not rated to carry the top 
load I use when raising and lowering the tower. I 
have no idea what the margin of safety is. Mine has 
stood up verywellfor nearly ten years. But be warned 
- the foldover system is overloaded! Once up and in 
place, the two sets of four guy wires, well out from 
the base, make the tower safe even if the antenna is 
torn to pieces. The guy wires are insulated from the 
tower and ground. They're broken up with insulators 
so that the tower can be used for a vertical radiator 
on 80 and 160 meters. 

Does it work? It sure does. It's very nice to enter a 
pileup of East-Coast hams working Europe or the 
Near East and make contacts right along with them. 
I'm getting too old for 48-hour contest stretches, but 
I thoroughly enjoy having a big sig on 40 meters. 

reference 
1. Gene Hubbell, W D I ,  "Ecology Linear," ham radio, March, 1972, 
pages 6- 15. 
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the Micoder: 
some improvements 

Modifications to the 
Micoder tone encoder, 

eliminating the 
9-volt battery 
and adding a 

crystal-controlled encoder 

Amateur Radio magazines have published arti- 
cles on improving the early production models of the 
Heath Micoder.' The faults found were in the tone 
outputs. Imbalance between high and low tones and 
poor frequency stability were prime complaints. My 
Micoder seemed to work well in these respects, but 
the Touch-Tone* feature is not used that much and 
almost never at temperature extremes. My main 
complaint is that the 9-volt battery poops out about 
twice a year and disables the microphone as well as 
the tone encoder. 

The solution is to power the device from the 12- 
volt supply in the rig. The Micoder cable contains an 
extra wire that's used as a ground in parallel with the 
shield. With the encoder components available to- 

* T o u c h - T o n e  is a trademark of American Telephone and Telegraph. 

day, this modification makes the improvement sim- 
ple and inexpensive. 

circuit description 
The circuit is shown in fig. 1. Note that the micro- 

phone- and tone-circuit voltages are obtained from 
separate 9-volt and Bvolt zeners. The filtering pro- 
vided in the rig (an HW-2036 in my case) and the 9- 
volt zener provide adequate rejection of hum (from 
the ac supply) and hash (from the mobile supply). 

TRANSMIT 
\ fRECNVE 

I 1 1 
IC PIN 

I C Y  D / ; ; I  / ; ; I B  13 

14 

5 F O  

6 G O  

MICODER (CHROMERICS) 
KEYBOARD PIN LOCATIONS IC PIN ARRANGEMENT 

fig. 1. Modifications for improving the Heath Micoder. 
Circuit eliminates the 9-volt battery and adds a crystal- 
controlled encoder. Parts are available from Data Signal, 
Inc., and Radio Shack. 

- 
By George A. Wilson, WIOLP, 318 Fisher 
Street, Walpole, Massachusetts 02081 
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construction 
The original circuit board was stripped of parts and 

reused to mount the keyboard and the output-level 
control. Make sure no solder bridges occur and that 
solder splashes don't cause shorts between circuits. 
This makes it possible to use the PC-board paths out- 
board of the keyboard pin receptacles as connection 
points for the wires to the encoder circuit. The bat- 
tery and its connector and cable are removed and 
discarded. 

Lift the black wire in the cable at each end. Solder 
a small tie point to the switch on the end opposite the 
existing tie points. The black wire ( + 12 volts) goes 
to the switch lug where the + 9 volts from the battery 
was connected. The encoder circuit and 9-volt zener 
circuit are fed from the switch lug that previously ac- 
cepted the red lead from the original circuit board. 

The encoder is easily built using a PC board such 
as that sold by Data Signal, Inc." They can also sup- 
ply the chip and the crystal. A minor board modifica- 
tion is required to accommodate an extra connection 
for the output level control - a simple no. 60 (1  mm) 
hole drilled in a blank spot does the trick. When 
wrapped with plastic foam, the completed encoder 

"Data Signal, Inc., 2403 Commerce Lane, Albany, Georgia 31707 

circuit occupies the space that was previously occu- 
pied by the battery. 

The level-adjustment pot can be a miniature 6.4- 
mm (0.25-inch) shaft-type with a screwdriver slot. If 
this type is available, mount it where the LED was 
previously. Its shaft will protrude into the hole in the 
outer case previously occupied by the LED. A PC- 
type control can be cemented to the circuit board if 
the miniature unit previously described isn't 
available. 

Connect the HW-2036-end of the black wire in the 
cable to the + 12-volt leads of the LEDs on the front 
panel. Lengthen the lead by about 25 mm (1 inch). 
The joint should be insulated with a short piece of 
sleeving . 

This mod costs less than $20, requires no new cir- 
cuit board, and solves both the battery and encoder 
problems. 

reference 
1. Fallenbeck, "Micoder," QST, April 1978. 

bibliography 
1. DeLaune, "Digital Touch-Tone Encoder," ham radio, April 1975. 
2. Lowenstein, "Hand-Held Touch-Tone," hamradio, September 1975. 
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vhfluhf preamplifier burnout 
Soon after arriving in New England, I started to ex- 

perience random burnout of my vhfluhf preamps, 
both bipolar transistors and fets. Initially I blamed the 
burnout on electrical storms, but the problem in- 
creased drastically in the winter, a time when electri- 
cal storms are usually at a minimum. Occasionally I 
even lost second-stage preamps and multipliers in 
my local oscillator chain. 

How could this be? All normal methods of burnout 
protection failed to reduce the failure rate. The plot 
thickened when I left one of the preamps terminated 
in a 50-ohm load and it still blew out! 

Then I connected a high-impedance, battery-oper- 
ated digital VTVM to the B + supply to the preamps. 
Everything looked fine until I keyed my kilowatt linear 
on 80-meter CW (where I spend most of my operat- 

8+0 
W LI PREAMP 

fig. 1. Circuit for preventing burnout of sensitive vhf/uhf 
preamplifiers in strong rf fields. C1 is a 0.1-pF mylar or ce- 
ramic disc capacitor installed between the feedthrough ca- 
pacitor FT1 and the idiot diode CR1. 

ing time during the winter) while using my eastlwest 
dipole; the dc voltage on the preamp went wild. 
When the west sloper was connected to the linear, 
the problem disappeared. 

It developed that the problem was twofold: rf pick- 
up on the power-supply lines to the preamps, and 
rectification in the reverse-voltage protection diode 
(also known as the idiot diode). Eliminating the idiot 
diode or shortening the power-supply leads are not 
good solutions; placing a 0.01-pF mylar or ceramic 
disc capacitor just ahead of the idiot diode as shown 
in fig. 1, however, prevents r f  from reaching the 
diode and, hence, from being rectified. 

No burnouts have been experienced with zener 
diode biasing as described in ham radio." In the zener 
bias circuit the zener diode clamps and prevents the 
transistor voltages from soaring. 

The circuit in fig. 1 won't solve all your preamplifi- 
er burnout problems, but it should give longer life to 
those expensive low-noise semiconductors where 
large rf fields and high-frequency operation are 
prevalent. Joe Reisert, W l  JR 

"J. Reisert, WlJAA,  "Ultra Low-Noise UHF Preamplifier," ham radio, 
March 1975, page 8. 
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multiple 
quarte~wave 
matching transformers 

There are many ways of matching the impedance 
of an antenna to the output impedance of a transmit- 
ter. These methods often have limited bandwidths 
over which they provide a match. For example, the 
popular quarter-wave transformer shown in fig. 1 
has a bandwidth of approximately 2 10 per cent for a 
vswr of less than 1.5:l. Fortunately, the bandwidth 
of this method can be easily increased by cascading 
several transformers (see fig. 2). 

To speed up the design of multiple quarter-wave 
matching transformers,l several nomographs have 
been developed. To make these nomographs more 
useful to amateurs, only the characteristic impe- 
dance of standard coaxial transmission lines is 
shown. Fig. 3 shows a nomograph for a one-section, 
or standard quarter-wave transformer. The impe- 
dance values shown are values of characteristic im- 
pedance for coaxial type transmission lines. Fig. 4 
shows the design nomograph for a two-section 
transformer and fig. 5 shows the nomograph for a 
three-section transformer. To decide whether to use 
the one-, two-, or three-section transformer, another 
nomograph is provided in fig. 6. 

The nomographs will give the impedances of the 
individual transformer sections. The lengths of the 
sections can be found by the following formula: 

where L = length of the section 
f = center frequency 
vf =velocity factor 

The velocity of propagation can be obtained from 
table 1. 

design examples 
The use of these nomographs can best be ex- 

plained by the use of several examples. 

Example 1. Assume you are trying to match an 
antenna impedance of 100 ohms to a 50-ohm trans- 
mitter. One solution to this problem is to  use a one- 
section transformer. Use a straight edge to connect 

100 ohms on the RL line and 50 ohms on the Ro line. 
Read the characteristic impedance of the transformer 
as slightly under 72 ohms. A 73- or 75-ohm coax from 
table 1 may be used with little difference. 

Example 2. You want to match a 250-ohm antenna 
to your 50-ohm transmitter, with the vswr not to ex- 
ceed 1.5: 1. The antenna is a log periodic that covers 
the 80- and 40-meter bands. 

The first step is to compute the bandwidth of the 
antenna. Assume the frequency range of the anten- 
na is 3.5 to 7.5 MHz. The bandwidth is 72.7 per cent 
( 7 . 5 - 3 . 5  5.5 x 100). or about f 36 per cent. Since 

this exceeds the bandwidth of a one-section trans- 
former, fig. 6 is used to determine the correct num- 
ber of sections. 

TRANSMITTER I 
WITH (UTFVT =T RESIS TArVCE 

IMPELGINCE 

fig. 1. Schematic diagram of a standard one-section trans- 
former. When terminated in a resistance R,, the impedance 
seen at the transmitter end will be z%/R,. By varying the im- 
pedance of the quarter-wave transformer, the load pre- 
sented to the transmitter can be made to more closely 
match the transmitter's output impedance. 

Lay a straight edge on fig. 6 so that it lines up with 
1.5 on the S scale on the left and with 5 on the 
RL/Ro scale on the right. Draw a line between these 
two points and indicate where this line crosses the 
unmarked vertical line between the S and N scales. 
Now, move the straight edge so that it lines up with 
the dot on the unmarked line and the B W  scale. 
Draw a line between these two points. 

By Samuel Guccione, K3BY, 110 Chalet 
Court, Camden, Delaware 19934 
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TRANSMITTER 
WITH OUTPL'T LOAD 
IMP EOANCE 

RESISTANCE 5 
RL 

<* 

I 

fig. 2. A multiple quarter-wave matching transformer can 
be used to  match two  Impedances with a large difference in 
value, or to lower the vswr over the frequency range on 
which the transformer is to  be used. 

Now, note where this second line crosses the N 
scale. It should cross at 2, meaning that a two-sec- 
tion transformer will just satisfy the initial require- 
ments. If desired, a three-section transformer could 
be used to achieve a lower vswr. Using fig. 4, for the 
two-section transformers, the impedances needed 
are 74 ohms and 170 ohms. The closest standard 
values that wili work are 73- and 185-ohm cabies. 
Using these values will give a small error, which will 
increase the vswr above 1.5: 1. A three-section trans- 
former (see fig. 5 )  may be more appropriate for 
lower vswr. 

In this example, I've assumed that the antenna 
presented a constant impedance with frequency, and 
that the antenna could accept an unbalanced feed 
without disturbing its radiation-pattern character- 
istics. 

table a .  Characteristic impedances of coaxial 
tified by RG type. 

nominal characteristic 
impedance in ohms RG type 

50 RG-9B 
RG-58A, 58C 
RG-142, 142A, 1428 
RG-174 
RG-17RB 
RG-196A 
RG-213 

51 RG-9, 9A 
52 RG-8, 8A 

cable iden- 

velocity 
factor 

0.659 
0.659 
0.695 
0.659 
0.695 
0.695 
0.659 
0.659 
0.659 
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fig. 3. Design nomograph for a one-section transformer. The dashed line illustrates example one in the text. By connecting the 
points representing the two known values ( R o = 5 0  ohms and R,= 100 ohms) the impedance of the matching section can be 
determined. 



BOO 

6 00 

fig. 4. Design nomograph for a two-section transformer. In  this illustration, the dashed line represents example two in  the text. 
As in fig. 3, a line is connected between the two values to  be matched. The impedance of the two  matching sections is read from 
the nomograph. 

THREE Y C n o N  

/- Ro I& Z i  28 RL 

fig. 5. Nomograph for a three-section matching transformer. The impedances necessary to  fulfi l l the bandwidth 
example three are illustrated by the dotted line. 

requirement in 
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fig. 6. Nomograph for transformer selection. In example two, as represented by the small dashed lines, this figure has been used 
to determine the number of sections needed for matching two impedances within specific vswr limitations. The large, dashed 
lines represent example three. 

Example 3. What will be the maximum vswr of a 
three-section transformer used to match a 500-ohm 
load to 50 ohms over a f 50 per cent bandwidth? 

Using fig. 6, lay a straight edge so that the 50 on 
the B W scale and 3 on the N scale line up. Draw a 
line through these two points and extend this line to 
the unmarked scale. Place a dot where the line 
crosses the unmarked scale. Now lay the straight 
edge so that it lines up with the 10 on the RL/Ro 
scale and the dot on the unmarked scale. Read off 
the vswr of 1.8:l on the S scale. Thus, a three-sec- 
tion transformer has a vswr of 1.8:l over a f 50 per 

cent bandwidth with a load resistance ten times the 
input impedance. 

If you have a problem where a quarter-wave trans- 
former can be used, these nomographs will greatly 
speed up the process of determining the optimum 
number of transformer sections and impedances of 
the sections. 

reference 
1. Samuel Guccione, "Nomograms Speed Design of XI4 Transformers," 
Microwaves, August, 1975, page 48, 
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phase=loc ked 
9=MHz BFO 

Construction of a 
9-MHz BFO system 

which can be 
phase-locked to a 

1 -MHz reference standard 

The frequency synthesizer system for an ultra- 
stable receiver or transceiver must include a BFO 
which is phase locked to the external frequency stan- 
dard. Fig. 1 shows the diagram for a crystal beat-fre- 
quency oscillator which can be phase locked to a 1- 
MHz reference. The BFO delivers a signal exactly 1 
kHz below 9 MHz. When driving the detector of a 
receiver using a narrowband 9-MHz i-f filter, the 
receiver will deliver an audio pitch of exactly 1000 Hz 
for an input carrier producing an i-f signal of exactly 9 
MHz. Variations on this basic design permit opera- 
tion at any desired BFO frequency near 9 MHz. 

In this circuit 0 1  is the voltage-tunable crystal 
oscillator; 02 is a power-amplifier/driver stage which 
produces output suitable for the local-oscillator port 

of a double-balanced mixer. Output from the Q2 
emitter feeds a 75140 TTL line receiver which supplies 
the appropriate levels for the D input of the 74LS74 
"stripper" circuit. The type-D flip-flop is clocked by 
the 1-MHz reference signal; its output is a TTL-level 
squarewave at a frequency equal to the crystal oscil- 
lator frequency minus the nearest harmonic of the 
reference input. Thus, this circuit "strips" off the 9- 
MHz portion of the oscillator frequency, leaving only 
the difference frequency at approximately 1 kHz. 

A chain of three 74C90 decade dividers delivers a 
I-kHz reference to pin 2 of the CMOS 4070 phase 
detector; the stripper output goes to the other input, 
pin 1. The lowpass filter R1-C2 reduces the ripple 
output from the phase detector and delivers the con- 
trol voltage to the tuning diode CR1 . 
design approach for low noise 

Because this system uses a 1-MHz reference sig- 
nal, radiation from the reference oscillator must be 
prevented from reaching the receiver's i-f system. I 
have found that, with reasonable care, the 9-MHz 
reference harmonic can be eliminated. I used power- 
supply filters consisting of L1 through L6 with low 
value ceramic and 10-FF tantalum electrolytic capaci- 
tors to clean up the power supply system. By speci- 
fying CMOS and IS-TTL devices where possible, I 
keep the noise sources themselves as quiet as possi- 
ble. All power-supply lines are bypassed to a massive 
circuit-board ground plane with capacitors having 

By Raymond C. Petit, W7GHM, Post Office 
Box 51, Oak Harbor, Washington 98277 
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fig. 2. Schematic of a rate multiplier offset synthesizer for 
the phase-locked BFO. 

modifications for other frequencies 
If the desired BFO frequency is 9001.000 kHz, sub- 

stitute a crystal of this frequency. No other modifica- 
tions are required. For single-sideband work, where 
the BFO frequency will be plus or minus 1500 Hz from 

9 MHz, use the appropriate crystal and substitute the 
rate-multiplier circuit of fig. 2. With this circuit you 
can select any frequency offset from 500 Hz to 4500 
Hz. The MC14527B rate multiplier accepts a 1-MHz 
input from the reference oscillator and generates un- 
evenly spaced output pulses, the average rate of 
which car; be programmed with the f0i.i~ rate input 
settings D, C, B, and A. The rate input is in BCD, 
positive logic. If the setting is 3 (BCD 001 1 1, for every 
10 input pulses from the reference there will be three 
output pulses. The two 74C90 decade counters and 
the second half of the 74LS74 serve as a divide-by- 
200. With this arrangement a rate setting of three 
produces an average frequency output of the rate 
multiplier of 300 kHz, and the divider brings this to 
1500 Hz, 

The next article will describe the phase-locked up- 
converter which translates the 1100 to 1600 kHz out- 
put of the first loop1 to the required local-oscillator 
frequencies for each of the amateur bands from 160 
meters through 30 MHz. 

reference 
1. Raymond C. Petit, W G H M ,  "Synthesized High-Frequency Local-Oscil- 
lator System," ham radio, October 1978, page 60. 
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magnetic mount 
for mobile antennas 

A novel antenna mount 
made from a 

cast-off surgical device 
called a Bio-Pump 

It's not often you run across the perfect piece of 
junk. In this case, it's a magnet with all the qualities 
you'd want in a magnetic mount for an antenna: 

1. Holding power 
2. Shape 
3. Plastic case 
4. Coax-fitting-sized hole 

The device that houses this magnet isn't piled up 
at your local surplus store; in fact it won't be there at 
all. Fortunately, however, it's available to those wish- 
ing to seek one out. More on this later. 

My son Brian had a strange looking contraption 
among his collection of junk, and I paid little atten- 
tion to it for months. The thing finally aroused my 
curiosity one day when it started collecting nuts and 
bolts on its own, so I attempted to figure out its use 
and purpose. The marks on its side said Bio-Pump, 
whatever that meant. 

It looked expensively made and had a magnet bur- 
ied deep inside. Since it was headed for the scrap pile 

anyway, I struck it with a hammer and ended up with 1 a magnet encased in plastic. And that's the heart of 

I this story. 

development of an idea 
I didn't immediately visualize the gadget as an an- 

tenna mount. It took a while since I didn't need one 
at the time. Holes for an antenna mount had been 
recently put into my International Scout, justified by 
the fact that it was the only mount I had without buy- 
ing one. I also needed strong support for the colinear 
antenna that would be used. 

When I finally got around to the Bio-Pump's 
mounting potential I checked out its holding power. 
Using a metal file cabinet, I wasn't prepared for how 
it was grabbed out of my hands by the magnetic at- 
traction. 

Since my location is near metropolitan Minneapo- 
lis-St. Paul, and normal driving takes me near the 
repeater I use often, I decided to build a quarter- 
wave whip for the mobile rig. Result: I put the 
colinear into permanent storage. Now I don't whack 
tree limbs and can drive into my garage. 

1 how to get one 
It turns out that this pump is a disposable item 

after being used during open-heart surgery. In the 
Twin Cities alone, 1500 to 2000 open-heart opera- 
tions are performed annually. Not all of them use this 

I particular pump; however, many do, and its use is in- 
creasing. ' I can't supply direct contacts for you to obtain 

By W. H. Kelley, WBHK, Route 1, Box 295A, 
Maple Plain, Minnesota 55359 
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The Bio-Pump, which contains a healthy magnet that can 
be used to mount a mobile antenna. These devices are ex- 
pendable after heart-surgery operations and can be ob- 
tained free from many hospitals. 

one, but knowing someone who works in a hospital 
is how I've obtained three of them for this article. 
Since they're disposable, I believe a few phone calls 
will put you in touch with the right people. If they're 
reluctant to give you one and prefer instead to throw 
it awav or destrov it, offer to  destrov it for them in . . 
their presence just for the encased magnet. In any 
case, be open about who you are and what you want 
it for. 

I'm not usually in favor of articles in which an 
exotic hard-to-obtain component is required, but ob- 
taining this pump is the heart (pun intended) of this 
design. Finding one will be worth your effort. 

description and use 
The plastic covering is perfect for not marring the 

car surface. Construction is simple, as you will see. 

Amateurs have a proclivity for making do. The name of the game is 
innovation; if you don't have it, you make it. This article shows 
what one amateur operator did with a cast-off piece of junk. The 
result is a mag mount for a mobile antenna that sticks to metal like a 
bum to a ham sandwich. Does your mobile whip hit the dirt when a 
big semi tractor-trailer rig goes by? Try this mount and forget your 
worries. Editor. 

It's shaped for minimum wind resistance and the 
holding power is unbelievable. 

To accent that last point, I went on a fishing trip 
where four-wheel drive was periodically required. 
You'd probably be impressed if I told you that the 
antenna stayed on top without moving. Better than 
that, I moved it inside the vehicle on a vertical panel 
and it did not move in the slightest for several days. 

When you get one, don't use a hammer as indis- 
criminately as i did, especially if you only have one 
plastic pump. When breaking the outer plastic case, 
start at the opposite end of the magnet. The plastic 
that houses the magnet is the fourth wall in as you 
look inside. The second and third walls are actually 
one piece and do a good job of protecting the 
magnet as you break through the outer wall. 

The plastic chips very easily, so protect your eyes 
and don't go barefoot until you clean up. Once you 
remove enough plastic to expose what you're after, 
use an allen wrench to remove the screw, washer, 
and seal from where it's held on the bottom. The 
photo shows how. 

You'll see a couple of strips of something wander- 
ing around inside and the inclination is to  figure out a 
way to remove them. Don't! I tried and it's impossi- 
ble without doing damage. 

A hacksaw can be used to cut the pointed plastic 
end of the inner container. Cut just above the inside 
metal cylinder top surface. You'll find that the plastic 
is molded around this corner, leaving about 0.8 mm 
(1132 inch) lipped over the top tends to seal at that 
point. 

Both ends of the rotating works in the center will 
now be exposed and can be disassembled. Don't 

The Bio-Pump after applying a hammer to break the plastic 
outer shell, left. A complete instrument before destruction 
is shown at center. At right is the inner plastic container 
that houses the magnet. 
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Inner part of the Bio-Pump with pointed end sawed off. 

drop the pump on a hard surface, as it will be dam- 
aged. 

Disassemble the parts in the same order as shown 
in the photo. The two snap rings can be bent and 
pulled out with a sharp-pointed object. Now is the 
time to set the magnet onto a metal surface and be 
impressed. 

The following description shows how I used this 
magnet. It was chosen more because of parts on 
hand than anything else. (See photo.) The rear of a 
PL-259 coax fitting will be a loose fit. Some solder on 
the fitting, filed down to a press fit, will do the job. 

If you have some no. 277 Loctite as I did, it will 
also work. A tee coax fitting allows a point to feed 
the antenna. 

Complete mag mount showing coax Tee fitting and coax- 
cable accessories. Antenna is a quarter-wavelength whip 
made from 3-mm (118-inch) diameter brass welding rod. 

For a whip, I used 3 mm (1  I8 inch) diameter brass 
welding rod. Put some sealant at the whip base for a 
weather seal after soldering the rod into the fitting. 

acknowledgment 
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Digiratt 1 K - 
a digital reperflTD 

Continuing in the 
Digiratt series, 

Most  ideas become reality because someone 
defines a need and develops an approach to meet 
that need. The original Digiratt RTTY AFSK Generator 
and PLL Demodulator1 was designed so I could sim- 
ply and rapidly place a vhf RTTY station on the air 
with few frills. The Digiratt RY Test Generator2 came 
into being because of a badly misadjusted model 15 
and the resulting need for a stable test signal. When 
a model 28 KSR arrived, I found that a model 28 ASR 
would be more desirable than the standard KSR. 
Therefore, of necessity, a digital replacement for the 
usual mechanical device was designed. 

KB9AT has developed I design concepts 
I initially decided to design g unit which was the 

a 1024-character digital 
R ~ Y  reperflTD 

equivalent of a ReperFITD, which is to say it could 
copy RTTY off the air as well as from the local key- 
board. Also, since all my RTTY equipment was TTL 
based, it followed that the new unit would also be 
TTL. It had to have the ability to edit mistakes with- 
out re-entering the entire message and it also had to 
have a memory capability of a minimum of 16 lines of 
64 characters. I decided to include a recirculator so 
that all, or a portion, of the memory could automati- 
cally be repeated over and over for calling CQ, print- 
ing R/Y1s, and doing "Quick Brown Fox" type 

I testing. 

- 
By John Loughmiller, KBSAT, RR1, Box 
480C, Borden, Indiana 47106 
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The resulting Digiratt 1K allows the user to write 
(enter) up to 1024 RTTY characters into the memory, 
either from a local keyboard or off the air (see fig. 1). 
Entry speed can be as slow as desired so long as the 
Baud rate is 45.45 Hz. Full 60 wpm entry speed is 
allowed, with other speeds accommodated by 
changing the system clock frequency. 

In the read mode, the data is clocked out at a con- 
stant rate approaching 60 wpm. Either 128 characters 
or all 1024 characters can be recirculated. (This could 
be 2 lines of 64 characters or 16 lines of 64 charac- 
ters.) To change or delete a character, the memory is 
allowed to read (print) up to and including the char- 
acter immediately preceding the one to be changed 
or deleted. The unit is then switched to the write 
mode and the correction is made. Read is re-estab- 
lished and the next correction made in a like manner. 

theory of operation 

Clock generator. The clock generator board* is 
composed of a 1-MHz oscillator followed by a divide- 
by-1375 circuit which furnishes an output of 727.2 Hz 
(fig. 2). This frequency is 16 times the 45.45 Hz Baud 
rate used for 60 wpm RTTY and is also the frequency 
required by the UARIT for input data processing. 

Data entry. The 727.2-Hz clock signal, in addition to 
being applied to the UARIT, is also divided by 16 (U1 
and U2), becoming the shift register clock. It is fur- 
ther divided by 8 (U3) and used as the shift register 
load/read pulse (see fig. 3). 

Serial RTTY data enters the board and is applied to 
the UARIT. When the character has been processed 
and is ready to be transferred to memory, a 5-bit par- 
allel data word appears on pins 9 through 12 of the 
UARIT, and the received data available flag changes 

G E N E R A T O R  7 2 7 2 H l  1::: 
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2 1 -  
5 B I T  
DATA WORD 
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ONLY1 
D A T A  I N  
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A D D R E S S  
P R O C E S S O R  S I R  L O A D  / R E A D  P U L S E  
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1 0  B I T  A D D R E S S  B U S  

fig. 1. Functional block diagram of the Digiratt 1K re- 
perf ITD.  

i M A S T E R  OSCILLCTOR--2 

v c c  v c c  " c c  

L D I V I D E  BY 1 3 7 5  

I 

1 
7 2 7  P H I  
O U T  

fig. 2. Schematic diagram of the clock and divider board. A 
basic 1-MHz oscillator is divided by 1375 to produce the 
727.2-Hz waveform. 

state. This flag is then used to fire U4. The output 
from U4 triggers U5, and also becomes the write 
pulse to load data into memory. U5's output is called 
delayed write reference and is used to decrement 
address processor one number and simultaneously 
clear the UARIT for reception of the next character. 

Address ~roceksor. The three binary counters (U1 
through U3 in fig. 4) receive either the delayed write 
reference or the shift register load/read pulses as a 
clock input, depending on whether the write or read 
mode is selected. When the load button is pressed, a 
predetermined address is loaded into these counters, 
either 10242 or 1282 depending upon the position of 
the fulllpartial switch. This allows the user to instant- 
ly return to a predetermined point. If the Recirc 
switch (recirculator) is on, the predetermined 

*A copy of the printed circuit board layout is available by sending a self- 
addressed, stamped envelope to ham radio, Greenville, New Hampshire 
03048. In addition, a complete set of etched, drilled, and plated circuit 
boards is available for $17.50 from Circuit Board Specialists, P.O. Box 
969, Pueblo, Colorado 81002. A complete parts kit is also available for 
$55.00. 
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fig. 3. The UAR/T on the data entry board is used to convert 
the serial RlTY data to a 5-bit parallel form. U l  through U3 
provide additional division of the 727.2-Hz signal to provide 
the correct frequency for the output shift register. 
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address will constantly be reloaded at the end of the 
countdown cycle, resulting in recirculation of either 
128 or 1024 characters, indefinitely. The outputs 
from the three 74193s is the binary address used to 
control the 2102 RAMs during both read and write 
modes. 

Memory. In all modes, the binary address is applied 
to all five RAMs, one bit per RAM (fig. 5). The write 
pulse enters the data into memory. The delayed write 
reference pulse, which follows, increments the ad- 
dress processor to the next lower address. This 
procedure then repeats for subsequent characters. 

In read mode, the shift register-loadlread pulse 
both decrements the address processor and loads 
the data from the RAMs into the 74165 shift register 
(U6). Finally, the clock pulse into pin 2 of U6 shifts 
out the serial data at a 45.45 Hz Baud rate. 

Power supply. The power supply, as shown in fig. 
6, is quite straightforward, using the popular 
LM309K regulators. I do suggest that the reader not 
deviate from the schematic with respect to the use of 
separate regulators. Also, bypassing on the individ- 
ual boards should not be omitted. 

With the power supply and on-board decoupling 
shown, I've placed the unit on top of an operating 
linear power amplifier, with no problems resulting 
from the rf field. In extreme cases, however, you 
may have to bypass the RAMs with 0.01-pF capaci- 
tors at their V,, pins. For that matter, any of the ICs 
may need bypassing if erratic operation is experi- 
enced in a high-intensity rf field. 

CLOCK 1 

LOAO 
ADDRESS 

1 
I 3  

RECIRC 

fig. 4. The address processor generates the 10-bit binary 
address for the RAMS. The 74193s count down from the 
number loaded into their pre-set inputs. 
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initial start-up 
Apply power and press the clear button to reset 

the UARIT registers. This must be done each time 
the system is turned on, or you can build in a power- 
up system using a resistor, capacitor, and inverter. In 
any even:, the UARiT registers must be reset at 
turn on. 

Select full address, write, run, no recirc, and press 
the load button. Enter 1024 Blanks and select run and 
read. Press load address once and observe the play- 
back. If you get anything other than blanks on play- 
back you probably have a defective RAM. Consult a 
baudot code chart and determine which RAM would 
have to be defective to cause the resultant printed 
letter; the RAMs correspond directly to the baudot 
chart. Next, load Ltrs into all 1024 spaces and repeat 
the procedure outlined above. If you can store 1024 
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fig. 5. The memory board contains five 2102 RAMS and the 
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fig. 6. Schematic of the power supply for the Digiratt 1K. 
The small indicator lamp should draw less than 60 mA at 
12 volts. The three LM309K regulators are mounted on the 
back of the case. 

blanks and 1024 Ltrs and recover them without error, 
the RAMs are probably acceptable.* 

Obviously, you'll need a baudot code chart (found 
in most RTTY books) to trouble-shoot RAM prob- 
lems. I bought eight "prime" 2102 ICs, and three 
were bad at certain addresses. It was a blessing in 
disguise, however, since this trouble-shooting proce- 
dure was the result of that problem. 

system interface 
The UARiT requires the input mark signal to be a 

TTL high. Therefore, any system devised to enter 
data will have to furnish a high logic level when the 
loop is in the mark condition. With respect to outputs 
from the Digiratt 1 K, both mark and space signals are 
available with TTL high levels as their true conditions. 

One suggested input circuit is the system devised 
by John Alford, WA4VOS,2 using a diode bridge and 
optical isolator. Another method would be to key a 
reed relay from the local loop. Connect the relay con- 
tacts in such a manner that the center arm is connec- 
ted to 5 Vdc when the loop is in the mark state and 
ground when the loop is in space condition. You may 
find it necessary to debounce the contacts of the 
reed relay. 

output shift register. The 10-bit address lines are simul- *It should be noted, however, that special memory testing routines are 
taneously applied to all 2102s. The hardwired inputs of the required to disclose some failures. This procedure is not a complete test but 
shift register are used to generate the stop and start pulses. should suffice in most cases. 



fig. 7. Interconnection wiring diagram for the Digiratt 1K. With jumpers J1 and J2 connected to A-6, the mark output will be a 
n L  high level; connected to A-C the mark level will be a low level. 

operation future expansion 

Write. 1. Select either full or partial memory. 
2. Press load address. 

3. Turn the recirculator off (even if it will be 
used during read). 

4. Set the writelread switch to write. 

5. Set runlhalt to run. 

6. Enter the data. 

If the recirculator is to be used; fill in all unused 
memory slots with blanks, or random data will be 
printed until reset occurs. 

Read. 1. Set fulllpart switch as required. 
2. Press load address. 

3. Set writelread to read. 

4. Set recirc as desired. 

5. Set runlhalt to run when ready to read out 
the data. 

I've designed a couple of options which are not on 
the prototype unit. The first is a one-step for- 
wardlbackward text editor which allows correction 
of mistakes. Second, an address preset using BCD 
thumbwheels and 7-segment displays, making the 
memory completely random access. You merely dial 
up the place where a particular message is stored, 
press the load address button, and read out the con- 
tents. Finally, a 2K version and an ASCII version are 
also designed but not yet built. 

references 
1. John Loughmiller, WBSATW, "Digiratt - AFSK Generator and Phase 
Locked Loop Terminal Unit," ham radio, September, 1977, page 26. 
2. John Loughmiller, "RTTY Text Generator," ham radio, January, 1978, 
page 64. 
3. John Alford, WA4VOS. "Improved Digital AFSK," ham radio, March, 
1977, page 22. 
4. Johnathan A. Titus, "The UARIT and How It Works," ham radio, Feb- 
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tone-alert decoder 

Construction of a 
simple tone-alert decoder 

for emergency call-ups 
of RACES groups and the 

Amateur Radio 
Emergency Service 

How do you monitor for a possible call-up of the 
local ARES or RACES group on the local repeater 
while you're at the office - without subjecting other 
office employees to the normal traffic on the repeat- 
er? How do you monitor for emergency calls through- 
out the night without being jolted out of bed by an 
amateur who works the sign-off shift at the TV sta- 
tion and puts out a call on his way home from work? 
One solution is a telephone call-up using the tele- 
phone tree system. The problem is that if one or two 
members are not home, it can really slow down or 
even stop the fan-out process. 

After considering and experimenting with several 
alerting systems, the Wayne County (Michigan) 
Amateur Radio Public Service Corps (ARPSC) devel- 
oped an alerting system over the local repeater that is 
based upon a tone-alert. The basic concept of the 
system is that any ARPSC member equipped with 
the tone-alert decoder who wishes to be notified of 
an alert - but does not want to listen to the repeater 
audio - can switch the tone-alert decoder to moni- 
tor mode. This allows the audio from the receiver to 
pass to the decoder but does not allow it to pass on 
to the speaker. 

To activate the tone-alert the amateur calling the 
alert transmits the appropriate audio tone for the 
proper duration; the decoder latches up and the relay 
contacts switch the audio onto the speaker. 

So far the tone-alert system has been used for sev- 
eral tornado watch "sky warn" net call-ups in Wayne 
county. Washtenaw, Monroe, and Genisee County 
groups have also started the development of tone- 
alert systems using the circuit described in this article. 

There were four primary objectives of the decoder 
design: 

1. A decoder which would not give false alerts by 
detecting voice peaks or alternator whine. 

I 2. A decoder which would cost less than $15, 
because the higher the cost, the fewer that would be 
placed into service by volunteers. 

I 3. A decoder which was built from readily available 
parts; this would increase the number which would 
be built by volunteers. 

I 4. A decoder circuit which could be reset by the 
appropriate signal. 

After the criteria were established, a search of the 
literature was made and no simple circuit was found 
that met our objectives. (After our system was devel- 
oped a decoder meeting some of the design require- 
ments was published in QST.) 

A prototype was developed and evaluated for sev- 
eral months on a receiver monitoring the local repeat- 
er. Tests were made of various call-up systems and 
tone encoders. When the design was considered sat- 
isfactory a batch of circuit boards was produced and 
kits of parts made available to ARPSC members who 
wanted to participate in the program. The record of 
performance is good for the units now in service. 

By Harold C. Nowland, WSZXH, and Stan 
Briggs, W8MPD, Hal-Tronix, Post Office Box 
1101, Southgate, Michigan 48195. 
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fig. 1. Schematic diagram of the tone-alert decoder, designed for 
the call-up of amateur radio volunteers during emergencies. 

circuit description 
lntegrated circuit U1 is a NE567 PLL tone-decoder 

timed to the system alert tone frequency (see fig. 1). 
The audio from the receiver passes through the level 
control R1 to the 567 input. R2 and C2 control the 
567's operating frequency. When the proper tone is 
not being received the 567 output is about + 4 volts, 
which is applied to the reset input of U3. U2 is an 
oscillator operating at about 1 Hz. The output is fed 
to the clock input of the 4-bit counter, U3; as long as 
the reset is held high by the output of U1, however, 
the counter stops at zero. 

When the proper tone frequency is received at the 
input of U1 the output voltage goes to zero. This 
turns the LED CR1 on, indicating that the PLL has 
locked up. This also allows the reset input to the 
counter to go low, allowing the counter to start to  
count. The outputs of the counter will go high in turn 
as the counter counts up: (1) high after the first 
pulse, (2) high after the second pulse, (3) high after 
four pulses, (4) high after eight pulses. 

The desired delay is obtained by selecting the out- 
put to be jumpered to the SET input to the latch, U4. 
If a delay of four clock pulses (about four seconds) is 
desired, for example, a jumper would be placed 
between C and S. Once the count reaches four, the 
output of the latch will turn on the relay driver tran- 
sistor Q l  . 

If the tone is not on for the whole four clock 
pulses, the counter will reset when the PLL output 
goes high. This protects from lock-up on voice 
peaks, alternator whine, or other spurious signals. 

The relay contacts may be placed in series with the 

external speaker circuit so that audio can be heard 
when the relay is operated. 

To reset the latch a positive voltage must be ap- 
plied briefly to the R input. The circuit can also be 
reset remotely by using a diode from the D output to 
the R input. This allows the tone of eight clock pulse 
duration to reset the decoders remotely if desired. 
The format is thus: ON, four clock pulses; OFF, eight 
clock pulses. 

construction 
The layout of the circuit is not very critical. The 

only critical component is the O.l-pF capacitor (C3). 
This should be a good quality Mylar capacitor to limit 
frequency drift." 

The tune-up procedure is as follows: 

1. Set R1 and R2 at the center of their ranges. 

2. Apply the desired tone frequency to  the decoder 
input. R2 should be adjusted until the LED lights, in- 
dicating the lock-up of the PLL. 

3. The signal level should be reduced and R2 
should be adjusted to locate its "center of lock." 

4. On-the-air checks should be made to determine 
the appropriate level setting of R1. 

Various types of tone generators may be used. The 
Wayne County ARPSC group uses a quartz crystal 
oscillator which is counted down to the proper audio 
frequency by a 14-stage ripple-carry binary coun- 
ter/divider integrated circuit such as the CD4020. 
Other groups have found that simple oscillators using 
555 timers with good components and voltage regu- 

*A parts kit, less relay, and an etched and drilled circuit board are available 
for $10.95 PIUS $1.00 postage from Hal-Tronix, BOX 1101, Southgate, lation are adequate. 
Mich~gan 48195. ham radio 
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the weekender coaxial cable to copper tubing spaced inside a mini- 
box. Although construction techniques vary, the 
basic theorv and function remain the same. In this 

an antenna swr meter 

In keeping with the Weekender theme, here is a 
useful station accessory that can be constructed in 
the course of a weekend and should provide many 
years of service. 

The antenna meter (or vswr bridge, as this type of 
device is usually called) provides an indication of 
match or degree of mismatch between the transmit- 
ter and antenna system. I don't like to refer to the 
unit as a bridge, because that implies a device of ex- 
treme accuracy and brings to mind instruments built 
by General Radio and the like. Rather, the antenna 
meter is a simple instrument that samples the for- 
ward (incident) and reflected voltages in the coaxial 
feedline between the transmitter and antenna sys- 
tem. This easily built device is useful for tuning your 
transmitter for maximum output, adjusting an anten- 
na tuner for minimum reflected voltage, and tuning 
your antenna system to a favorite spot on the band. 

This antenna meter is for use with 50-ohm coaxial 
lines, such as RGSIU and RG-58lU. It covers the 
high-frequency bands and will operate with any type 
rig, other than QRP. The unit contains no exotic or 
hard-to-find parts, with construction greatly simpli- 
fied through the use of a printed-circuit board. If you 
do not have the facilities for etching the PC board, an 
etched and drilled board is available as shown in the 
parts list. This form of construction eliminates the 
mechanical difficulties often associated with instru- 
ments of this type. The sensitivity of the meter varies 
with frequency, about 60 watts on 80 meters and 
approximately 3 watts on 10 meters for full-scale 
deflection. 

circuit description 
The circuit of the antenna meter shown in fig. 1 

has been around a long time. It has been constructed 
in many forms, ranging from wires snaked inside 

configuration, the signal from the transmitter is 
applied to the input jack, J1, passes along the center 
conductor of the etched board, and exits via J2. 

Two sense lines are etched parallel to the center 
conductor. The lower line along with its associated 
diode detector, is called the incident, or forward, 
line; the upper line is called the reflected, or reverse, 
line. The sense lines are identical, but are connected 
to detect voltage in opposing directions. 

A forwardlreflected switch connects a metering 
circuit which reads the voltage developed in the 
sense lines as the rf signal passes along the surface 
of the center conductor. By using the calibration 
control, R3, the reading from the forward sense line 
can be adjusted to deflect the meter to full scale. 
Then, through the use of the forward1 reflected 
switch, the reflected voltage can be read to develop 
forward-to-reverse voltage ratio. 

1 r' PCB1 

INPUT JI 

fig. 1. Schematic dia- 
gram of the swr meter. 

S 1 rocker switch, dpdt RS 275-030 

J1, J2 single-hole 50-239 connector RS 278-195 

CR1, CR2 germanium diodes 1 N34A RS 276-1 123 

C1, C2 .005/500 V dc disc caps RS 272-130 

R1, R2 51-ohm 5 per cent resistors RS 271-1308 

R3 100k-ohm pot RS 271 -092 

M 1 50 f l  meter RS 22-051 

The reflected reading represents the portion of the 
voltage that has been applied to the feedline but has 
been reflected back from the antenna system due to 
mismatch. The primary objective is to maintain the 
reflected reading as low as possible, with a reading 
near zero indicating a purely resistive 50-ohm termi- 
nation at the far end of the coaxial feedline; that is, a 
good match between the transmitter and the anten- 
na system. 

construction 
The heart of the antenna meter is the printed-cir- 

By Ken Powell, WBGAFT, 6949 Lenwood cuit board shown in fig. 2. The board is double-sided 
Way, San Jose, California 95120 glass epoxy with a thickness of 2.5 mm (3132 inch). 
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fig. 2. Circuit board layouts for the board used in the swr meter. The top side is shown at (A); the back of the board 
at (0) .  Contrary to normal ham radio style, the foil is represented by the white areas. 

The only holes in the board are the 16-mm (518-inch) 
holes for the coax connectors. After etching and 
drilling are completed, place a piece of masking tape 
on the reverse side of the board (fig. 3). Lay the PC 
board down, component side up, and tin the areas 
shown in fig. 3 with a small iron and rosin-core 
solder. This pre-tin operation will aid in component 
mounting. 

Form the resistors, diodes, and capacitors as 
depicted in fig. 4, and, using needle nose pliers to 
grasp the lead being soldered, mount the diodes, 
resistors, and capacitors as shown in fig. 5. Solder 
the output leads from both sense lines and leave 
them about 30 cm (12 inches) long. Next, mount the 
single-hole SO-239 UHF connectors to the circuit 
board, but do not over-tighten the hardware. Using 
no. 14 (1.6 mm) AWG solid copper wire, form two 
pieces of wire, as shown in fig. 4, to connect the 
center leads of the UHF connectors to the printed cir- 

the grounded frame of the connectors. This com- 
pletes the circuit board wiring.* 

Drill the required holes in the case, being careful 
not to damage the paint in the process. After making 
sure that all components fit correctly, wash the case 
assembly with a mild detergent to remove any wax or 
oils which may be present. Prior to mounting the 
components, apply the lettering to the case using 
rub-on letters (I used the Datak K61 Letter Set). Then 
apply a couple of light coats of Krylon Clear or Datak 
Matte Finish to protect the lettering and finish. This 
will give a professional look to your project. 

Remove the lock nuts and washers from the UHF 
connectors and mount the circuit board and other 
components in the case. Wire the unit as shown in 
the schematic diagram, using the meter's negative 
terminal as the common ground point for the ground 
wires from both sense lines. Parts placement is not 

cuit board. Solder the wires to the UHF connectors 
"An etched punted clrcult board IS ava~lable from J Oswald, 1436 Gerhardt 

first, then align the wires with the Center of the board Avenue San Jose, Ca l~ forn~a 95125 for $4 00 D O S ~ D ~ I ~  Order board 
and solder in place, being sure the wires do not touch number 1004~ .  
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4 k 2 5 m m  
1 j (0 IINCHJ 

I I 

I0 PINCHJ - f 

RESISTORS 
DIODES NO 14 W f R E  

I 1-T- 

C.A PAC1 TORS 

fig. 4. Component preparation prior to mounting on the circuit board. 

critical, but try to keep the wires from the sense lines the meter face. Using a common eraser, remove all 
perpendicular to the board for a distance of a few the numerals from the meter face, exercising caution 
centimeters. After assembling the cabinet, remove not to damage the scale graduations. Now, apply the 
the plastic snap-on cover from the meter and remove new digits (see fig. 6) using the lettering set and 

- * + 

PRE- TIN AREA 

iC 2 5CM I /  INCHJ --+I 
I I 

fig. 3. The top of the circuit board should be pre-tinned in the areas marked. The back plane is covered with mask- 
ing tape as indicated. 
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fig. 5. Parts placement diagram for the top of the printed circuit board. 

finish the meter face with a light coat of clear finish. 
This will protect the face and hide the erasure marks. 
After the finish has dried, assemble the meter and 
mount the calibration knob. 

testing and use 
To test the completed unit, connect the transmit- 

ter to J1 and the antenna feedline to J2. Set the for- 
wardlreflected switch to the forward position, key 
the transmitter, and adjust the calibration control for 
a full-scale meter reading. Now, flip the switch to the FREQUENCY ( M H Z )  

reflected position and note the reading on the meter. 
Next, transpose the antenna and transmitter leads, 
key the rig, and adjust the calibration control to full 
scale again. Flip the switch to the forward position, 
and a reading close to that noted in the first test 30 

should be observed. This is due to the fact that the t- 

sense lines are the same. Transpose the antenna and R 2 2o 
transmitter leads again and the unit will be restored 2 

to normal operation. 10 

The first antenna I put the meter to work on was 
my 40180-meter dipole. I took measurements on 0 35 36 37 3 8 39 

70 71 7 2 73 
4o to 

both bands, recording the readings as shown in fig. FREOUENCY (MHZ) 

7 .  The readings indicated the 80- and 40-meter ele- fig. 7. Readings obtained with the swr meter on a dipole 
ments had the lowest reflected readings at the bot- for 40 and 80 meters. 
tom of the bands. Shortening the 40-meter elements 

first, and then the 80-meter elements, eventually 
yielded the reading shown in fig. 7B. This was more 
in keeping with the section of the band I use most. 
Now the antenna meter is left in the line and I use it 
to squeeze the last drop of output out of the little 
transceiver. I honestly cannot say that there has been 
a dramatic improvement in the overall performance 

22-051  of the antenna, but I am happy knowing that the 
vswr is more in keeping with the specifications for 
the transceiver. 

fig. 6. New calibration markings for the meter face. ham radio 
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IC tester using the KIM4 
One useful tool  that's sure to be appreciated by 
any electronic or computer experimenter is a reliable, 
fast, and easy method for testing digital integrated 
circuits. The concept presented in this article uses 
the KIM-1 microprocessor as one approach to testing 
7400 series ICs. While only 7400-type numbers are 
listed, the program is equally applicable to those 
devices in the 74H, 74L, 74S, 74LS, and 74C series, 
as well as to others whose pinout arrangement is 
identical to that of the 7400-type shown. Also includ- 
ed is an optional "search and identify" procedure to 
help in the identification of unmarked devices. 

program basics 
The program itself is basically simple. A flow chart 

showing the concepts involved is seen in fig. 1. 
Operation of the program is broken into three main 
parts: selection of the proper set of input combina- 
tions from a table of possible combinations; applica- 
tion of inputs to the device under test; and compari- 
son of the results with the set of correct results 
contained in another table. 

A third table of "pointers," actually the lower 
address byte of locations in program page 1 and 3 
where the input and results tables are located, is pro- 
vided in program page 0. The third table is used to 
identify the starting address for each variable in the 
program for each type of chip listed. The correct set 
of pointers is selected by inserting into location 0000 
an appropriate code number for the chip to be test- 
ed. The ICs that can be tested are shown in table 1. 

When an IC has successfully completed the test- 
ing, the device number appears in the address loca- 
tions of the KIM-1 display. For type numbers above 
7499, a hexadecimal digit is used to reduce the dis- 

'A complete program listing, IC lists, and sequence tables are available by 
sending a self-addressed, stamped envelope to ham radlo, Greenville, New 
Hampshire 03048 

By Robert E. Babcock, WBGUL, 1706 
Fawcett  Avenue, McKeesport, Penn- 
sylvania 15132 

table 1. Listing of 14- and 16-pin ICs which can be tested by 
the KIM-1 microprocessor using the program described in 
this article. 

14-pin ICs 

741 5 
741 6 
7417 
7420 
742 1 
7422 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 

play to four digits. For example, a 74107 would be 
shown as 74A7 and a 74157 as 74F7. Failure of any 
tested chip to match expected results will result in 
FFFF being displayed in the address locations. 

To use the program, connections must be made 
between the KIM-1 and a suitable test socket. When 
testing a 14-pin IC, all pins are connected to the KIM- 
1 for maximum flexibility. However, when a 16-pin 
device is tested, all pins except ground and Vcc are 
connected to the KIM-1. The 14-pin 7400 series 
devices shown in table 1, with three exceptions, all 
use pin 14 for Vcc and pin 7 for ground. The three ex- 
ceptions are the 7490, 7492, 7493.The 16-pin devices 
all use pin 16 for Vcc and pin 8 for ground. Note that 
the KIM-1 ports cannot supply enough current as 
a VCC source, therefore, a separate connection must 
be made. 

The following procedure is recommended before 
inserting the first IC into the test socket. 

table2. Connections between the test sockets and the KIM- 
1 applications connector. 

KIM-i 
14-pin 16-pin applications KIM-1 
socket socket connector port designation 

1 1 8 PA7 
2 2 7 PA6 
3 3 6 PA5 
4 4 5 PA4 
5 5 2 PA3 
6 6 3 PA2 
7 7 4 PA1 
8 9 14 PA0 
9 10 16 PB5 

10 11 13 PB4 
11 12 12 PB3 
12 13 11 PB2 
13 14 10 PBl  
14 15 9 P BO 

74 november 1978 



STAQT 52 / I N I T I A L I Z E  / 

1 / 0  PORT 
S E T- U P  

GET 1 A%!:;L?~T 1 
APPLY 

6. Repeat step 5 for each additional IC of the same 
type. 

This procedure ensures that the input-output ports 
are correctly configured for the IC to be tested, 
which will reduce the possibility of damage to the 1/0 
port due to shorting of outputs and "fighting for the 
bus." To change the code in location 0000, leave the 
test socket empty and press ST. The display will 
again read FFFF. Pressing the -k button will put the 
address in location 0000. 

A delay subroutine is included as part of the pro- 
gram so that the changing values may be observed 
by attaching indicators (with drivers) to the various 
ports. To increase the delay for this purpose, put FF 
in 02D6 and 07 in 0208. If observation is not desired, 
the delay may be removed by inserting NOP's (Op 
Code EA) in 0263, 0264, and 0265, and also, 0290, 
0291, and 0292. 

additional test capabilities 
I 

If you desire to include additional IC types, caution 

COMPARE 
must be exercised. One factor that must be consid- 

WITH 
R ~ ~ U L ~ ~  ered is the load imposed on the driving source by any 

input of a TTL chip. Some devices, such as the 7475, 
NO impose as much as four loads on certain inputs, far 

beyond the unbuffered capacity of the KIM-1. A sec- 
ond, less critical problem is the number of memory 
locations that are needed to provide the input and 

CHECK 
NUMBER 
PULSED 

output sequences for some of the more complex ICs. 
Finally, in addition to the table of pointers in page 0, 
three other locations in that page are reserved for use 
by the program; these are OOEC, OOED, and OOEE. 
Any tables to permit testing devices not included in 
table 1 should avoid these locations. 

DISPLAY 
CHIP 

NUMBER IC identification 
Through a small program modification, it is possi- 

ble to use the KIM-1 to determine the characteristics 

table 3. Example of binary values necessary to check a 7400 
quad, dual NAND gate. 

fig. 1. Flow chart for the program used with the KIM-1 mi- 
croprocessor to evaluate and identify ICs. 

1. Put the code for the selected IC into location 
0000. 

2. Put the starting address for the program in the ST 
vector (00 in 17FA, 02 in 17FB), then set address 
to 0200. 

3. Press GO button - display should read FFFF IC. 
4. Attach Vcc and ground connections to the cor- 

rect pins of the IC. If adequate, the KIM-1 power 
sugply may be used. If an external supply is used, 
the grounds must be connected together. 

5. Insert the IC. and press ST button - display 
should read type number if good, FFFF if not. 

KIM-1 port IC pin pin binary entry hex 
designation number function to DDR equivalent 

PA7 1 in 1 
PA6 2 in 1 
PA5 3 out 0 

D 

PA4 4 in 1 

PA3 5 in 1 
PA2 6 out 0 
PA 1 7 ground 0 

8 

PA0 8 out 0 
PB7 - - 0 
PB6 - - 0 
PB5 9 in 1 

3 

PB4 10 in 1 

PB3 11 out 0 
PB2 12 in 1 
PBI 13 in 1 

6 

PBO 14 "cc 0 
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of unmarked chips. To operate in this automatic 
search and identify mode, enter code 00 in location 
0000, enter the program starting address (0200) into 
the ST vector, insert the unknown IC in the test 
socket, and press ST. The program change will 
cause the code in 0000 to be incremented by one if 
the IC fails the test for the device coded 00. If the IC 
coded 01 also fails, then the code will be incremented 
to 02 and so on until all codes for which input and 
output sequences have been provided have been 
checked. If no match is found, the display will show 
FFFF as before. 

The first code which is satisfactorily matched will 
cause that device type to be indicated by the display. 
This can lead to errors in identification. As an exam- 
ple, suppose the IC being tested is 7420, a dual 4- 
input NAND gate. Investigation of the characteristics 
of the other devices in table 1 will show that a 7413 is 
also a dual 4-input NAND Schmitt trigger. Thus, a 
7420 would actually show as a 7413 in this mode. 
However, the fact that the device is identified as a 
dual 4-input NAND is helpful, and further tests can be 
made to completely identify the device. After the IC 
has been identified, remove the chip and press ST. 
This will make certain that the code is initially at 00 
for the next chip tested. 

The sequences of inputs and results, as well as the 
configuration for the input-output ports, can be 
determined by analysis of the chip and its connection 
to the KIM. Consideration must be given to the fact 
that any pin designated as an IC output must have 
the corresponding KIM-1 port set as an input, and 
vice versa. Unused IC pins, Vcc, and ground connec- 
tions are made inputs to the KIM. Since a port loca- 
tion is designated as an output terminal by writing a l 
into the data direction register for that position, and 
similarly an input by a 0, the known pattern of a par- 
ticular IC establishes the values which must be used 
to set up the ports for that device. 

This procedure is probably best explained by an 
example using the 7400 two-input NAND gate. The 
pin arrangement for the 7400 and the truth table for 
each of the four identical gates contained in the chip 
are shown in fig. 2. By referring to the pinout, a table 
of the KIM-I port designations, the IC pins attached , "" 714 UI, u8 , A B OUTPUT 

0 0 I 

0 I 1 

I 0 I 

7400 PINOUT I I 0 

1 1 1  
NAND TRUTH T A B L E  

fig. 2. Pinout diagram and truth table for the 7400, a quad, 
dual-input NAND gate. 

table 4. Binary inputs for the 00, 01, and 10 testing combi- 
nations. 

K IM- I  port 
designation 

PA7 
PA6 
PA5 
PA4 
PA3 
PA2 
PA1 
PA0 
PB7 
PB6 
PB5 
PB4 
PB3 
P  B2 
PBI 
PBO 

IC  pin 
number 

1  
2  
3  
4  
5  
6  
7  
8 
- 
- 
9 

10 
11 
12 
13 
14 

input 
00 01 10 

0 0 1  
0 1 0  
0  0 0  
0 0 1  
0 1 0  
0  0  0  
0  0  0 
0  0  0  
0 0 0  
0  0  0  
0 0 1  
0 1 0  
0  0  0  
0 0 1  
0 1 0  
0 0 0  

results 
00 01 10 

0 0 1  
0 1 0  
7 1 1  
0 0 1  
0 1 0  
1 1 1  
0 0 0  
1 1 1  
0 0 0  
0 0 0  
0 0 1  
0 1 0  
1 1  1  
0 0 1  
0  1 0  
1 1 1  

to each, and the binary value which must be placed 
in each location can be made (see table 3). 

As can be seen from the hexadecimal equivalents 
for the binary values needed at the data direction reg- 
isters, D8 must be written into PADD (1701) and 36 
into PBDD (1703). The truth table also indicates that 
the same hex digits can be used to apply the 1-1 in- 
put combination to all four gates simultaneously. 
Thus, these values fulfill two functions and thereby 
save space in the input sequence table. 

The result digits can also be determined by refer- 
ence to the truth table; each 1-1 input should result in 
an output of 0. In fact, when the ports are sampled 
for correct response, the only change from the writ- 
ten value will occur at PBO where Vcc will cause a 1 
input at that port. The result digits would then be D8 
at Port A and 37 at Port B. The values to be written 
into PAD (1700) and PBD (1702) (to apply the 1-1 
combination) and the values which should read at 
PAD and PBD if the chip responds correctly have 
now been determined. The combinations for the re- 
maining 00, 01, and 10 inputs are shown in binary 
form in table 4. 

The portion of the program that applies the pulses 
for the 7490, 92, and 93 or other similar counters 
requires only two input entries for all of the pulses 
applied. The pulse is obtained by starting with the in- 
put at a 1 level, applying a 0 level, then returning the 
pin to a 1 level. After each pulse, the index that 
determines the input values is decremented two 
places; the next pulse is applied by incrementing 
twice and so on. This also saves program space and 
permits the testing of more chips with a given set of 
tables. The process of determining the needed tabu- 
lations is not difficult and it should be possible to find 
combinations that can test virtually any logic chip. 

ham radio 
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simplified capacitance meter 

A revised version 
of the capacitance meter 
uses a second 555 timer 

to replace 
the original 

programmable unijunction 

In a previous article I described what I thought to 
be a very easy-to-build, direct-reading capacitance 
meter.1 It would linearly read on a meter any capaci- 
tance value from 1.0 pF down to as low as 1.0 pF, 
just the ticket for measuring those unmarked vari- 
ables and micas you can get so cheaply at the surplus 
and flea markets. 

Well, the article proved to be quite popular, at 
least I got a lot of letters and phone calls about it. 
Only trouble was most of them asked, "Where can I 
get that programmable unijunction transistor (PUT), 
or what can I substitute for it?" Information on sub- 
stitute devices was published,;! but I'm still getting 
phone calls nearly three years later. The circuit pre- 
sented in this article is an alternative; no PUTS, just 
two of the popular 555 timer lCs. 

theory 
As it turns out, the output pulse width of a 555 

timer is a linear function of the timing capacitance 
connected to it. If the 555 is triggered with a constant 
frequency, then the average dc value of the resulting 
pulse train is a linear function of pulse width. Putting 
these two facts together means that a dc meter con- 
nected to the 555's output will provide a linear indica- 
tion of the timing capacitor's value. Decade capaci- 
tance ranges are implemented by switching the value 
of the 555 timing resistor. 

Since the output waveform of the 555 doesn't 
quite get down to  zero volts between pulses, and 
since there is some stray capacitance in any circuit, 
zero adjustments are needed to buck out that small 
voltage and stray capacitance. In the original circuit, 
I used a PUT and a transistor inverter to generate the 
constant-frequency trigger for the 555; here I have 
replaced the original circuit with another 555 operat- 
ing in the free-running mode. A more detailed discus- 
sion of theory may be found in reference 1. 

construction 
The schematic of the capacitance meter is shown 

in fig. 1. It is convenient to mount most of the parts, 
including the four trimpots, on a piece of perforated 
board which is mounted to the meter terminals. The 
two 555 ICs will plug into a 16-pin IC socket. 

Layout is not critical, but the wiring associated 
with the range switch and test terminals should be as 
short as possible to minimize stray capacitance. Use 
a metal box to house the instrument, and connect 
circuit ground to the box. Make sure the 2-pole, 5- 
position switch is wired so that trimpot R11 is select- 
ed when the range switch is in the 100 pF position. 

All resistors may be 1 I2  watt, 5 per cent, but great- 
er overall accuracy will result if the five resistors con- 
nected to the range switch are of one per cent toler- 
ance. C1 should have a tolerance no greater than 10 
per cent. 

power supply 
The circuit is designed for a six-volt power supply, 

to facilitate battery operation. However, the battery 
drain is heavy, up to about 50 mA, and varies with 
the range-switch setting. Since calibration stability is 
directly related to  supply-voltage stability, batteries 
really shouldn't be used unless portable field-use is 
required. If batteries are used, they should be alkaline 
types. 

My solution to the problem of infrequent use vs. 
cost of a built-in power supply is as follows. A simple 

By Courtney Hall, WA5SNZ, 7716 La Verdura 
Drive, Dallas, Texas 75248 

78 november 1978 



fig. 1. Schematic diagram of the revised capacitance meter. 
Another 555 timer is used to replace the previous PUT and 
transistor. Approximately 50 mA of current will be drawn 
from the 6-volt supply. 

six-volt zener regulator, such as shown in fig. 2, is 
mounted in the capacitance meter box with two 
wires brought out. These wires are connected to a 
12-volt bench power supply when I need to use the 
meter. One of the three-terminal, six-volt IC regula- 
tors should give even more stable performance than 
a zener. 

calibration 
The three zeroing trimpots, R11, R12, and R13, 

must be adjusted with nothing connected to the test 
terminals. Zeroing is accomplished by adjusting 
these trimpots for a zero meter reading when the 
push-button is depressed. Adjust R11 with the range 
switch in the 100-pF position. R12 is for the 1000-pF 
range, and R13 is for the three highest ranges. If the 
meter cannot be zeroed, the trimpot is probably 
defective, having too much "end resistance." 
Smaller value trimpots may be used, down to 200 

12 VOLT 6 VOLTS 

POWER SUPPLY 4 0 0 m W  
T O  

C A P .  M T R  

fig. 2. Zener regulator for use with the capacitance meter. 

A ZERO ADJUS7 

ohms, or possibly smaller, depending on the stray 
capacitance in a particular version of construction. 

After the zeroing trimpots are adjusted, connect a 
100-pF mica capacitor, with a tolerance of five per 
cent or better, to the test terminals. Set the range 
switch to 100 pF. Depress the push-button and ad- 
just trimpot R9 for a full-scale reading on the meter. 
Calibration is then complete. 

operating tips 
When the capacitor being measured is too large 

for a particular range-switch setting, the circuit may 
be driven out of its linear range of operation. Under 
these conditions, the meter may read less than full- 
scale even though the actual capacitor value is more 
than the full-scale setting. To avoid such erroneous 
readings, test an unknown capacitor on the 1.0-pF 
range first, then move the range switch to lower set- 
tings until a usable reading is obtained. Keep the 
original calibration capacitor handy for calibration 
checks. 

references 
1. Courtney Hall, WA5SNZ, "Direct-Reading Capacitance Meter," ham 
radio, April, 1975, page 32. 
2. Courtney Hall, WA5SNZ, Comments, ham radio, October, 1975, 
page 31. 

ham radio 

november 1978 79 



improvements 
to the 

Measurements Corporation 59 
grid-dip oscillator 

Used in labs for years, 
the model 59 grid dipper 

is still a great instrument. 
Presented here are 

some ideas for updating 
this old workhorse 

This article describes modifications to a Measure- 
ments Corporation model 59 grid-dip meter. How- 
ever, it pertains to most other tube-type grid-dip 
meters as well. The B&W, Heath, and Millen grid-dip 
meters are basically similar (in the rf head) and 
should be adaptable to the circuitry described. 

I found an rf head from a model 59 in a local sur- 
plus emporium without the meterlpower-supply 
module and with only four of its normal complement 
of seven hf-vhf coils. Since the model 59 (in my 
opinion) is the best grid-dip meter ever built, I felt 
that a reconstruction project was worthwhile, so a 
new meterlpower-supply unit was built to replace 
the original. Here's the story. 

circuit design 
Rather than copy the Measurements Corporation 

circuit, I designed a new supply using all solid-state 

components. The 5Y3 rectifier was replaced with 
silicon rectifiers, and the OD3lVR150 voltage regu- 
lator tube was replaced with a 10-watt Zener. As 
neither an O.E.M. transformer or choke was avail- 
able, I used standard Triad components. I added a 
B + switch; this allows you to first switch on the 
power, which heats the 955 heater in the rf head, and 
then switch on the B + after a few moments wait - 

O C T A L  S O C K E T  

T O  R F  H E A D  

M O D U L A T I O N  

fig. 1. Original power-supplylmetering portion of the Meas- 
urements Corporation model 59 grid-dip oscillator. 

By Hank Olson, WGGXN, P.O. Box 339, Menlo 
Park, California 94025 
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E X T E R N A L  
C O I L  

fig. 3. Schematic of the Measurements model 59 rf head. 
The 955 could perhaps be replaced with a modern high- 
performance fet. 

a conservative addition because replacement 955s 
are now about $10 on the surplus market. 

Looking at fig. 1, which shows the original sche- 
matic diagram, we see tubes used for the rectifier 

and voltage regulator. Fig. 2 shows the replacement 
supply using solid-state devices. The rf-head is 
shown in fig. 3, and is the same for original and 
modified GDOs. 

internal modulation 
Note that in fig. 1, when the function switch is 

placed in the MOD position and no plug is inserted 
into closed-circuit jack J1, 120 Hz is capacitively 
coupled to the B + going to the rf head. The equiva- 
lent circuit is shown in fig. 4. 

This simple method of plate-modulating the GDO 
leaves a lot to be desired, mostly because of the 
prevalence of 120 Hz as an incidental modulation on 
almost every oscillator. So this is the question: Is 
the 120-Hz modulated carrier you're hearing really 
from the GDO or from some other source? 

To make the modulation frequency more distinc- 
tive, I added a simple, solid-state, 1-kHz modulator. 
This modulator uses a four-layer diode relaxation 
oscillator followed by a solid-state amplifier to in- 
crease level (fig. 5) .  Although this modulation isn't 
sinusoidal, it has a more definitive pitch (400 Hz 
would be another good frequency and could easily 
be obtained by changing the RC constants in the 
relaxation oscillator). 

I made no attempt to modify the rf head, although 
it's tempting to make the GDO entirely solid state by 
replacing the 955 tube with an fet. 

M O D U L A T I O N  O C T A L  S O C K E T  
I N  TO R  F  H E A D  

T R I A O  
R 6 A  

R E C T I F I E R S  
4 E A C H  I N 4 0 0 7  
O R  
H E P - R O O 5 6  
f M O T O R O L A 1  

D I O D E  

dnov 

T R I A O  C 3 X  
I"  + B  

l O H . 5 0 0  - S W  + 1 5 0 V  
0  N - - 

0 . 2 2  

IOOh 
+ 6  

4 5 0 V  I N D I C A T O R  I R E D )  

I N 1 6 1 2  
O R  

P H O N E S  

S E N S I T I V I T Y  
C O N T R O L  

P A N E L )  

fig. 2. Improved power supply for the Measurements Corporation model 59 using modern devices. Design results in higher 
efficiency and longer life for this essential part of the circuit. 

84 november 1978 



I built the meterlpower supply into an LMB-WIA 
box, and screwed the wooden coil block onto the 
back. I then drilled a small slot into one upper edge 
of the W I A  cabinet so that the hook on the rf head 
could engage it. 

Measurements Corporation's successor, as well 
as their "standard of the industry" grid-dip meter, 
are both very much alive. The company is now a 
subsidiary of the McGraw Edison Company, Man- 
chester, New Hampshire. The new GDO is called 
the model 159, but it remains pretty much the same 
old unit as its predecessor, the model 59. Incidental- 

R Z  
6 8 0  C15OV 5 6 h  

RlOh R I O  
6  8 h  6 . 8 k  

C 4  

8 + 0 ./.a. - ,. 
1 7 - T  

/f;r 

CATHODE 

fig. 4. Equivalent circuit in the model 59 when using the unit 
for internal modulation. The 120-Hz modulation from the 
5Y3 cathode, which appears on the 955 oscillator plate, 
causes ambiguous results. A better circuit is shown in fig. 5. 

f 1 5 0 V  

P REGULATED 
FROM S W I ~ C H  

MODULATION 
FREQUENCY 

j w  
OUT 

fig. 5. Simple modification to the Measurements Corpora- 
tion model 59 GDO to previde l-kHz modulation. 

ly, for those (like myself) who have a couple of coils 
missing, it's still possible to get single replacements 
from McGraw Edison; they are located at Grenier 
Field Municipal Airport, Manchester, NH 03103. 

ham radio 
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positive lead keying 
for the 
Heath HD-10 keyer 

This is a simple and fast modifica- 
tion for the Heath HD-10 keyer for 
use with the newer solid-state trans- 
mitters and transceivers that require 
positive keying to ground. The HD-10 
is designed for negative keying. Ex- 
amination of the circuit in the manual 
shows a PNP transistor (2N398A) 
with the collector to the keyed line. 
On page 15 of the assembly manual, 
the lead arrangement for the keying 
transistor is shown with instructions 
to bend the base lead closer to the 
emitter. For solid-state units, remove 
0 8  from its socket, bend the base 
lead closer to the collector, and re- 
place the transistor in its socket. 

In my case, I used a 2N1305. Since 
the keying current is small (5 milli- 
amperes), most any PNP transistor 
will do if one wishes to keep the origi- 
nal 2N398A for resale purposes. This 
modification takes about ten minutes 
because of the time required to re- 
move the printed circuit board and 
replace it. No external buffer is re- 
quired. 

Richard Jasper, W4VAF 

cleaner audio for the R-4C 
The Drake R-4C offers many at- 

tractive features for the weak-signal 
enthusiast (excellent AGC, noise 
blanker, and selectable i-f filters). 
However, a major annoyance is the 
large amount of hiss in the audio. 
This hiss can be traced to the 50-kHz 
BFO feeding into the audio circuit. An 
effective cure is to roll off the audio 

response and put a filter between the 
product detector and the subsequent 
audio stages. 

fig. 1. Schematic diagram of the changes 
made to the Drake R4C to eliminate the 
50-kHz BFO feedthrough into the audio 
system. 

The following simple circuit 
changes (see fig. 1) are an effective 
cure for the problem. 

1. Change C99 to 0.1 pF 

2. Connect a 0.002-pF capacitor in 
parallel with R83 

3. Change ClOO to 0.47 pF, im- 
proving the low-frequency audio 
response 

4. Connect a 0.1-pF capacitor 
from the wiper of R72 to ground 

5. Connect an 88-mH toroid, with 
a 0.01-pF capacitor in parallel, 
between the audio gain control 
and the product detector output 

6 .  Connect a 0.01-pF capacitor 
across the output of the product 
detector 

7. Replace C103 with a 0.005-pF 
capacitor 

8. Change C175 to l00pF 

These changes will eliminate the 
hiss and also clear up the low-fre- 
quency distortion. 

Steve Powlishen, K1 FO 

crowbar circuit 
for the HWA-2036-3 

Recently I had a problem with my 
HWA-2036-3 power supply which 
caused the driver transistor to fail. 
The cause of this failure was that the 
collector of the 2N3055 pass transis- 
tor and the mounting screw (on rear 
chassis) failed to  make contact, 
thereby placing the entire load on the 
driver transistor. A n  inspection 
showed that I had forgotten the small 
3-mm (I /&inch) spacers in the plastic 
cover over the pass transistor. These 
spacers are very important because 
they force contact between the 
mounting screws and the pass-tran- 
sistor case. 

The resulpnt failure caused ap- 
proximately 24 Vdc to  be applied to  
the HW-2036. This increase in volt- 
age caused the receiver's audio chip 
(TBA820) to burn out. I was lucky 
that nothing else went up in smoke. 
If the HW-2036 had been in the trans- 
mit mode, many hard to replace com- 
ponents would have been destroyed. 

To solve this problem, I decided to 
build a simple "crowbar" circuit, 
wi th in the power supply, which 
would blow the dc fuse if the output 
voltage exceeded 15 volts. The crow- 
bar circuit is quite simple and easy to 
construct; it can be placed on a small 
printed circuit board or mounted on 
terminal strips. But, modification of 
the HWA-2036-3 requires some me- 
chanical work. The dc fuse has to be 
relocated to a point ahead of the reg- 
ulator instead of at the power supply 
output. This was done to  protect 
the transistors and regulator chip. 
When the fuse is blown, it removes 
voltage from the entire regulator. 

The following steps are required 
for this modification: 

1. Referring to the circuit board 
X-ray picture on page 30 of the man- 
ual, cut the trace at a point opposite 
the diode D2 (it's pretty wide here). 
This will separate the filter section 
from the regulator section. 
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2. Drill two small holes (no. 55 drill 
f1.3 mml) in the trace just below the 
one cut in step 1. This trace connects 
to Ql's collector and one side of R2. 
(These holes will be used for wire 
connections. 

3. Disconnect the red wire from 
point C on the circuit board and re- 
solder it in one of the holes just 
drilled. 

4. Disconnect all wires from the dc 
fuse socket. 

5. Disconnect the wires from the 
DC Regulated post on the printed 
circuit board. 

6. Disconnect the white wire from 
A on the board. 

7. Solder a jumper wire from point 
A to DC Regulated on the board. 

8. Solder the red wire which goes 
through the grommet to the plug on 
the rear panel to the DC Regulated 
post on the printed circuit board. 

9. Solder a red wire to the remain- 
ing drilled hole and solder the other 
end of this wire to one side of the dc 
fuse holder. 

10. From the other side of the dc 
fuse holder, solder a red wire to 
point C on the board. (Just above 
diodes D l  and D2.1 

This in effect relocates the dc fuse 
between the filters and the regulated 
section of the power supply (referring 
to  the circuit diagram, at a point 
between C1 and R2/01's collector). 

Now that the power supply has 

fig. 1. Schematic diagram of the simple 
crowbar circuit used to protect the out- 
put of the HWA-2036-3 power supply. 
The Zener diode is rated at 15 volts, 1 
watt. The SCR is rated at 100 volts, 8 
amps, but other SCRs can be used. 

been modified, the crowbar circuit 
can be constructed and installed. 
Referring to fig. 1, you'll note that 
there are only 5 components, an 
SCR, 2 resistors, a Zener diode, and 
a bypass capacitor. Also note that 
there are only 3 connections, marked 
PLUS, FUSE and GND. 

PLUS is connected to the printed cir- 
cuit board at the DC Regulated ter- 
minal post. 

FUSE is connected to the dc fuse 
holder on the same terminal as the 
red wire from R2/Q1. 

GND is connected to chassis ground. 

Once the SCR has fired and blown 
the dc fuse, the transceiver is pro- 
tected from damage due to over- 
voltage. But, don't just replace the 
dc fuse and expect it to take off and 
work properly. The reason the fuse 
blew in the first place indicated 
trouble in the power supply. First, 
disconnect the transceiver, take the 
case off the power supply, and dis- 
charge the filter capacitor, C1. The 
SCR will blow the fuse and save your 
transceiver, but it will not discharge 
the filter capacitor. After the capaci- 
tor has been discharged, normal 
troubleshooting procedures can be 
used to locate faulty components. As 
a final note, use a fast blow fuse in 
the dc fuse holder. 

James T. Conner, W3HCE 

external speaker and 
tone pad for the HR-2B 

The Regency HR-2B transceiver 
provides screw terminals at the rear 
for connecting an external speaker. I 
found this method to be rather awk- 
ward since I'm frequently removing 
the rig from the car. By carefully 
prying the ears up on the terminal 
strip, the individual screw terminals 
may be removed. The remaining 
holes are large enough to permit the 

*Touch-Tone is a registered trademark of the Ameri- 
can Telephone and Telegraph Company. 

installation of miniature phone jacks. 
I used one closed-circuit jack for nor- 
mal-through internal speaker opera- 
tion and an open-circuit jack for plug- 
ging in the Touch-Tone* ?ad. When 
the mating plug is inserted into the 
speaker jack, the internal speaker is 
muted and the external speaker is op- 
erative. Thus, connect/disconnect 
for mobilelbase use is rapid and easy. 

Paul Pagel. NlFB 

setting 2-meter 
receivers using hf 
harmonics 

In the absence of a counter or 
other suitable piece of test equip- 
ment, a surprisingly good job of set- 
ting a 2-meter fm receiver on frequen- 
cy can be done using the harmonics 
from a 15- or 10-meter transmitter. 
This assumes that the transmitter or 
its companion receiver has reliable 
dial calibration. In my case, I depend 
on my Collins 75A4 as the frequency 
standard, since its dial can be read to 
100 Hz increments with little diffi- 
culty, and it tracks to within 100 Hz 
between 100 kHz calibration points. 

To set the 2-meter receiver on fre- 
quency, divide the desired channel 
frequency by five, tune the 10-meter 
receiver to that frequency, zero beat 
the transmitter, and zero the 2-meter 
receiver on the transmitter harmonic. 
If your transmitter doesn't cover all 
of 10 meters (147 MHz/5=29.4 
MHz), the same trick can be done on 
15 meters using the seventh har- 
monic for frequencies above 147 
MHz. (147 MHz/7=21.0 MHz). It 
may be necessary to  temporarily 
remove your low-pass filter to hear 
these harmonics. Make sure you are 
not tuning up on top of someone on 
15 or 10 when you are doing this. 

Using this technique, it should be 
possible to set a 2-meter fm receiver 
to within 1 kHz or less. Once the re- 
ceiver frequency is set, most radios 
have provision for zeroing the trans- 
mitter to the receiver. 

John Becker, K9MM 
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look 
sk 

Small-scale integration, large-scale integration, counters on a chip, 64K memories - are the possibiiities iimirea 
only by the designer's imagination? I can think of no other segment of the electronics industry which has come 
so far, so fast, as integrated circuits. When vacuum tubes were 20 years old they were mired down by bitter 
patent litigation which had slowed development work to a standstill. Marconi, the Fleming patent holder, even 
placed a full-page advertisement in QST warning that amateurs who even used other than Marconi-licensed 
tubes for radio purposes were "liable to a suit for injunction . . . and they will be prosecuted." A scare tactic, 
perhaps, but it was effective and held back the progress of the entire radio industry. 

No such patent litigation ever developed in the transistor industry because the inventors placed the basic 
idea in the public domain, so by the time transistors reached their 20th birthday there were more than 2000 
registered types, and the industry was thriving. Circuit development, however, was stymied by engineers 
schooled in vacuum-tube techniques who struggled to make solid-state devices work as well as tubes. If you 
used any of the early solid-state ham gear you know that they were not always successful. In fact, there are 
some amateurs who still believe that, in a communications receiver, a solid-state front end is inherently inferior 
to a vacuum tube. In truth, solid-state front ends are actually several hundred times better than their vacuum- 
tube counterparts - both in strong-signal handling and sensitivity - but only when properly designed. 

The rapid growth of integrated-circuit technology has been hampered neither by patent squabbles nor inept 
circuit design - to engineers who cut their teeth on transistors. ICs were the next logical step. So in this, their 
20th year, ICs have already affected every industry, every level of society, and the end is nowhere in sight. 

I t  was during the summer and fall of 1958 that Jack Kilby built the first integrated circuit at Texas Instru- 
ments. Other semiconductor manufacturers had been working on ways to miniaturize electronic circuits, but 
most of them relied on miniature discrete components. Kilby was the first to use semiconductor material for 
both the active and passive elements (resistors and capacitors) to build a complete circuit on a single piece of 
germanium. (Germanium was used because germanium manufacturing techniques were well established, and 
those for silicon were not.) Kilby's first circuits, a phase-shift oscillator and multivibrator, demonstrated the 
feasibility of this approach. On top of the germanium substrate were the contacts of the diffused transistors, 
junction capacitors, and resistors. A gold-plated metal frame protruded from the lower surface of the wafer and 
thermally-bonded gold wires were used for connections between those elements not linked by the substrate 
itself. 

The first circuits were crude by today's standards - large and irregular; the photo masks and resists neces- 
sary for precision IC manufacturing were yet to be developed, so the patterns were hand painted on the semi- 
conductor chip with black wax. About the same time Kilby was working on the first ICs in Texas, Fairchild 
Semiconductor developed the Planar process; this process made semiconductors more reliable and less expen- 
sive to produce, and greatly accelerated IC progress and acceptance. 

In the 20 years since those early discoveries, prices have decreased and the number of circuits per unit area 
has increased dramatically. In 1962, for example, a typical IC flip-flop was about 2 mm square; a similar circuit 
in 1968 was ten times smaller, and today an entire &digit frequency counter with all control functions is avail- 
able on a single chip. In 1962 a decade counter required several counter chips and logic gates for a total cost of 
twenty or more uninflated dollars; by 1968 the cost of a one-chip decade counter had dropped to about seven 
dollars; today you can buy a TTL decade for fifty cents! And you must remember that 1962 counter did well 
to count reliably at 1 MHz; the 1978 counter is guaranteed to30 MHz. 

Progress in the field of linear ICs has been just as impressive, and the many functions which are built into 
modern amateur transceivers are a direct result. Some of the newer transceivers have 25 or more controls on 
the front panel; can you imagine how many 6-foot racks of vacuum-tube circuits it would take to do the same 
job? And even if you had room for the racks, you wouldn't want to pay for the electric power to run them (and 
cool them). If progress in the next ten years is as rapid as in the past ten, the commercial equipment that will be 
available to amateurs in 1988 really boggles the mind. 

James Fisk, WIHR 
editor-in-chief 
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corn zorb* as the heart of a circuit; ii is ments cost comparable to the circuits you 
describe. A comparison report of 
Tranzorbs versus various metal oxide 
varistors is available from General 
Semiconductor Industries. 

Nanosecond ranges are becoming 
antiquated; picosecond ranges are 
the ones you must be concerned 
with. 

transient suppression 
Dear HR: 

I have read the article in your June 
1978, issue, "Protecting Solid State 
Devices From Voltage Transients," 
with great interest. Mr. Prudhomme 
has written a very informative article 
that apparently was well researched, 
but I question his statement that 
varistors are excellent in suppressing 
transients on the line side of equip- 
ment power supplies. 

The surge energy capacity of the 
MOV is proportional to the volume of 
its active material, and the break- 
down voltage is proportional to the 
thickness of its material. Page 57 of 
the GE transient voltage suppression 
manual, referenced in Mr. Prud- 
homme's article, addresses itself to 
(1) Overstress Near Ratings, and 12) 
Extreme Overstress. The varistor has 
its place in the proper environment, 
but its application must be carefully 
chosen. As pointed out in Prud- 
homme's article, transients cover a 
wide range of frequencies and ampli- 
tudes. How do you select the proper 
component to protect against an un- 
known? 

As a manufacturer of transient 
voltage suppressors, we discarded 
the varistor a number of years ago 
because it will age, and aging in- 
creases the leakage current. The 
higher the current, the faster the 
aging - a runaway condition. Also 
the higher the ambient temperature, 
the sooner this can happen. We have 
marketed a 110-volt plug-in unit that 
is extremely effective, using a Tran- 

Stephen J. Sorger, 
Vice President 

W. N. Phillips, Inc. 
Lake City, Michigan 

English, si! Metric, no! 
Dear HR: 

I have subscribed to ham radio 
almost since its inception, and have 
enjoyed it more than any of the other 
amateur magazines. When you add- 
ed the metric units after the English 
measurements it was annoying, but 
I just cussed the confusion under my 
breath; when you made metric pri- 
mary and English secondary, how- 
ever, it was more than I could put up 
with. I refuse to have the metric sys- 
tem shoved down my throat. 

S. D. Brokhausen, W5VMN 
Georgetown, Texas 

metrics made easy 
Dear HR: 

By choosing metrics for your pri- 
mary system of measurement, you 
have again set the pace for the other 
amateur radio magazines. It's only 
through everyday usage that people 
will become conversant in the metric 
system; once they can speak metric 
as well as they do English, opposition 
to metric conversions will disappear. 

David L. Campbell, WICES 
Boston, Massachusetts 

*Tranzorb is a registered trademark of General Semi- 
conductor Industries, Inc., Post Office Box 3078, 
Tempe, Arizona 85281. 

radiation hazard 
Dear HR: 

WlHR's editorial in the August 
issue should serve as a caution to the 
ham community to exercise great 
care in the operation of vhf and uhf 
insta!!ations: This is particularly time- 
ly in view of the accelerating trend 
toward these higher frequencies. 

There is, however, another possi- 
ble hazard area which seems to have 
been ignored by amateurs and com- 
mercials as well. This is the use of 
uhf lvhf  handy-talkies. Here, too, 
their use is multiplying and our im- 
proving technology is compounding 
the problem. In the past, 1 watt was a 
high power for these units; now 5- 
watt units are common, and higher 
power is probably on the way. 

Now it seems that this should be 
low enough to be negligible, but the 
inverse square law does apply, so 
that power densities in close proximi- 
ty to the antenna can reach signifi- 
cant levels. In operation, the HT 
antenna is situated but a few inches 
from the eyes of the operator. 

A quick calculation, based on an 
isotropic source radiating 1 watt, 
shows that the 5 mWIcm2 occurs 
about 4 centimeters from the anten- 
na. A 4-watt power would thus give 
this power level at 8 centimeters, 
which is about the distance that an 
HT would be located from its 
operator's eyes if he close-talks the 
unit - as most people do. 

I recognize that the 5 milliwatt 
level is recognized as being safe by 
most authorities. Furthermore, we 
are protected by the fact that most 
HTs will not function for an extended 
period of time at the 5-watt level. But 
I do not believe that it would be pru- 
dent to continue to ignore this possi- 
ble source of eye damage, and we 
certainly should limit HT power levels 
to no more than 5 watts. 

Harley C. Gabrielson, KGDS 
La Mesa, California 
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Iow=power transverter 
for the 

hig h-f requency 
amateur bands 

Is your 
QRP transceiver 

band limited? 
Try this 

simple transverter 
to obtain 

mu ltiband operation 

Low-power transceivers are becoming more pop- 
ular each day on the amateur bands. Many of these 
rigs are single or dual band, usually for 40 and 20 
meters. My home-brew 20-meter ssb transceiver fits 
this category. The need for 80-meter operation re- 
sulted in the transverter described here. A savings of 
both money and construction time can be realized if 
a transverter is used - rather than constructing an 
entire assembly for another band. The transverter 
eliminates the need for another ssb filter, VFO and 
associated components, and dial drive and indicator. 
The transverter can be used with any 20-meter trans- 
ceiver or transmitter/receiver combination. Com- 

I Printed-circuit boards for the low-band transverter. Receiv- 
er board is to the left, transmitter board to the right. 

By Mark Oman. WABRBR, 427 East 11 St., 
Loveland, Colorado 80537 
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mercial QRP transceivers, such as the HW-7 and 
Ten-Tec PM series, can also be used with this trans- 
verter. Both ssb and CW modes can be used. 

I built the transverter for 80 meters, but other 
bands can also be covered. With appropriate com- 
ponent changes for inauc~ors and capaci~ors, the 

3'5-4 signair 'Onvert it to l4 MHs and trans- 
Transverter output on 80 meters showing srb (upper) and 

mit a 3.5-4 MHz signal by converting 14 MHz to 3.5 CW (lower) modes as viewed on a Hewlett-Packard model 
MHz. A crystal oscillator of 18 MHz provides the sig- 182 oscilloscooe. 
nal to convert these frequencies. The oscillator 
operates on both transmit and receive modes. 

receive mode 
Referring to fig. 1, 0 3  operates as an 18-MHz, 

third-overtone crystal oscillator with output tuned by 
L5 and C14. Q1 is a dual-gate mosfet rf amplifier 
tuned to the 80-meter band. The 80-meter signals 
are mixed with the 18-MHz oscillator output in 02, 
resulting in a 14-MHz output across L4. A 50-ohm 

Rear view of the transverter showing the 10, 40. and 80 
meter circuit board assemblies. The receiver converters 
are in the background, while the transmitter converters 
are in the foreground. 

output impedance is obtained by using a capacitive 
divider across L4. 

transmit mode 
01  operates as a mixer, this time mixing 18 MHz 

with the 14-MHz input signal to produce a 4-MHz 
signal at Q2 base. 02 is a class-A amplifier with about 
100 mW output to drive 03. A "T" network matches 
02 collector impedance to 03  base impedance. 0 3  
is a linear amplifier. Its bias is adjusted by R13. L4, 
L5, C15, C16, and C17 are a pi network to match the 
0 3  collector impedance to 50 ohms. (This matching 
network also provides good harmonic attenuation.) 

The transverter matching network design was 
based on the excellent articles in reference 1. Design 
was a lot easier than anticipated and circuit debug- 
ging was fairly easy. 

Attenuator 21 is a critical part of the circuit for 
transmitting clean signals. Most QRP rigs will need 
about 20 dB attenuation, as only 10-20 mW is needed 
to excite 01. Too much drive will cause distortion on 
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Circuit for the transmitter sec- 
tion is shown in fig. 2. 

ssb. Drive on CW, however, is not as critical. Some 
experimentation with Z1 may be necessary if you use 
ssb; i.e., more or less attenuation may be needed 
with your rig. Fig. 2 gives component values for the 
attenuation needed. The attenuator provides the ad- 
ditional bonus of a 50-ohm load to the driving trans- 
mitter, a near-must with solid-state rigs. 

Liberal use of bypass capacitors on the dc lines 
helps to prevent oscillation in both transmit and 
receive modes. 

construction 
Transverter construction is easy because of PC- 

board layout and use. The receiver and transmitter 

sections are built onto separate boards. Circuit- 
board patterns for both the transmit and the receive 
board are shown. Double-sided, glass-epoxy board 
is used, with one side acting as a continuous ground 
plane. The copper around the component leads is 
drilled out using a large drill bit. 

PC boards are definitely the answer to home con- 
struction. They provide clean layout, ease of con- 
struction, and, almost always, superior operation. 
Board layout is easy and provides a convenient way 
to make changes and experiment with your own 
ideas. 

The two boards are wired together using RG- 
174/U cable. I mounted mine in an enclosure where 

2 7 0  

LI 45 T U R N S 0  6 m m i N O  2 2  AWGJ 

' 2  6 2  T U R N S 0  4 m m i N 0  2 6  A W G I  

L 3  2 7  T U R N S  0 6 m m i N 0  2 2  A W G I  

L 4  1 9  T U l l N S  O 6 m m / N O  2 2  AWGI  C 5  
0 0 0 2  

~5 21 T U R N S  0 6 m m i N O  2 2 A W G l  

Z I *  

r - - - - - 1  C )  01  

@>Qz$4\ z l o o k  R 2  

I w :L 
R 3  
3 9 0  

L - - - - i  
* S E E  F I G  2 * * S E E  T A B L E  I r 4  i ki 

T O  R C V R  B O A R D  

fig. 2. Circuit of the transmitting section of the 80-meter transverter. Transistor Q1 
is the mixer with oscillator injection from the receiver crystal oscillator; Q2 is a 
class-A driver, and 0 3  is a linear power amplifier. Some adjustment of the values T O  K I B  TO K I C  

of the input attenuator 21 may be required for correct operation with different rigs. 
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table 1. 
meters. 

Values for transverter components for 160, 40, 15, and 

band 

160m 

band 

160m 
40m 
15m 
10m 

receiver assembly 
C l ,  C5 

L1 IIL(fiH) W(pH) (pF) 

7t 16 8 430 
53tlT68-2 45tlT68-2 

4t 4.3 4.3 82 
29tlT50-2 29tlT50-2 

3t 1.5 1.5 18 
22tlT37-6 22tlT37-6 

3t 1.1 1.1 5 
19tlT37-6 19tlT37-6 

bypass 
capacitor 

(pF) 
0.1 
0.005 
0.001 
0.001 View of the chassis showing the bandswitch and internal 

wiring. The small board on the left is a WWV receiver con- 
verter. 

transmitter assembly 18-MHz operation from Q3. Adjust C14 for maximum 
band L1 I 2  L3 L4 L5(pH) output using either an rf probe or a communications 
160 16 44 8.5 3.6 4.2 

53tlT68-2 90tIT68-2 40tIT68-2 25tlT68-2 27tlT68-2 
receiver. C23 can be used to adjust Y1 to exactly 

40 4.3 11.8 2.25 1 1.1 18 MHz. The next step is to adjust C2, C6, and C10 
28t1~68-2 45t1~68-2 2it1~50-2 i4t1~50-2 15t1~50-2 for maximum signal strength while receiving an 80- 

15 1.5 4 0.8 0.33 0.37 meter signal. 
2 ~ ~ 3 7 . 6  32t1~50-6 14t1~50-6 1ot1~37-6 1 l t1~37-6  Before applying drive on transmit, adjust R13 for 

10 1.1 3 0.6 0.25 0.28 
19tlT37-6 27tlT50-6 14tlT37-6 9tlT37-6 10tlT37-6 

minimum 0 3  collector current. Next apply a low-level 
signal to 0 1  (approximately 8V p-p at GI  of 01). 

band C3 C4 C5 C11 C15 C16 C17(pF) With a %-ohm dummy load connected to the out- 

160 430 15-60 5000 170-780* 1800 4000 2000 
put, adjust C4 and C11 for maximum output. 

40 82 15-60 1000 50-380 430 1000 500 Monitor the signal on a separate 80-meter receiver 
15 18 9-35 390 37-250 150 330 180 for best tone characteristics. For ssb adjust R13 for 
10 5 9-35 300 16-150 110 240 130 a collector current of 5 mA. Adjust C4 and C11 for 

bypass maximum output. Monitor the ssb signal on an 80- 
capacitors 

band L6(pH) L7(pH) L8(pH) (pF) Z I  
ATTENUATION RQIOHMSJ  Rb (OHMS1 
( d B 1  

160 4.7 33 150 0.1 3 2 9 2  18 

40 1.5 8 33 0.005 6 150 3 7  
9 105 6 2  

15 0.47 2.7 12 0.001 10 9 6  7 1  
12 83 93 

10 0.27 2.2 10 0.001 15 72 1 3 6  
2 0  61 2 4 8  

'In parallel with 500 2 s  5 6 4 4 3  
3 0 5 3 7 8 9  

they are grouped with boards for 40, 15, and 10 
meters to make an all-band transverter. A 3PDT relay 
switches + 12V, the 20-meter transceiver, and the 
antenna between transmit and receive modes. S1 
allows either the transverter to be used or the main 
rig to be operated straight through. Heat sinks 
should be used at 02 and 03. 

alignment 
The first step in aligning the transverter is to obtain 

attenuation (dB) 

3 
6 
9 

10 
12 
15 
20 
25 
30 

fig. 3. Component values for different attenuation ratings of 
the pi attenuator, 21, in fig. 2. 
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fig. 4. Component layouts 
f o r  t h e  p r i n t e d  c i r c u i t  
boards used in the low- 
band transverter." Receiver 
board is shown on top, 
t r a n s m i t t e r  b o a r d  a t  
bottom. RECEIVER BOARD 

meter receiver and readjust drive for no distortion 
(see photos). Readjust C4 and C11 for the best- 
sounding ssb signal. This completes alignment. The 
transverter should now be ready for on-the-air use. 

operation 
Because of the transistor used and the output 

network, the transverter must be operated into a 
50-ohm load. Any departure from 50 ohms can cause 
the final stage to self-oscillate. Adding a 40V zener 
from 03  collector to ground would be helpful in pre- 
venting damage to 03  should oscillations occur. A 
transmatch is a great help in providing a nonreactive 
load for the transmitter. 

With the output displayed on an HP-182 100-MHz 

*Full-size printed-circuit layouts are available from ham radio; please send 
self-addressed, stamped envelope with all requests. 

scope, no harmonic energy could be observed. The 
CW and ssb outputs are shown in the photos. 

Approximately two watts output was obtained on 
CW and one watt on ssb. The networks are suffi- 
ciently broadband to allow operation across the 80- 
meter band. 

in conclusion 
The transverter has provided good 80-meter cover- 

age. Contacts have been made between the East and 
West Coast and into Mexico. Because QRP is my 
main interest, the one-watt output level is quite ade- 
quate. Under poor band conditions a linear ampli- 
fier can be added to increase output level. 

reference 
1. DeMaw and Rusgrove, "Learning to Work with Semiconductors," 
QST, April - September, 1975. 
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lightning protection 
for the 

amateur station 

A lightning strike 
can be devastating. 
This article provides 

a thorough treatment 
of how to avoid 
catastrophe in 
the ham shack 

Lightning protection is a subject that should be of 
interest to every amateur and especially to those who 
have high antennas. It's a subject that's had little 
coverage previously in amateur publications despite 
the fact that there are some very effective protection 
techniques, which are widely known and applied to 
professional communications installations. Many of 
these techniques can be applied to the typical ama- 
teur station with minimal expense and effort. Some 
techniques, which involve more effort and expense, 
might be warranted only in situations where the 
probability of being struck by lightning is high. 

Before protection techniques are discussed, it's 
desirable to have an understanding of exactly what 
causes lightning, the magnitude of a lightning stroke, 
and the probability of being struck. 

The Earth's atmosphere is constantly being bom- 

barded by cosmic rays. When these rays collide with 
gas molecules electrons are separated from some 
molecules, creating positive ions. Similarly, some 
molecules capture a free electron and become nega- 
tive ions. It's estimated that our atmosphere contains 
about 4 x 103 ions per cm3 ( 6 . 5 ~  104 per inchs). At  
altitudes above 64 km (40 miles), the number of ions 
exceeds the number of neutral molecules; this is the 
region known as the ionosphere. At  low altitudes, 
this number is insignificant compared with the num- 
ber of neutral molecules. Still, the presence of these 
ions makes it possible for the air to  conduct electric- 
ity to a small degree.' 

Atmospheric makeup. The atmosphere taken as a 
whole has a net positive charge of about 106 
coulombs. The Earth's surface has an equal negative 
charge, and a potential difference of about 3 x 105 
volts exists between it and the electrosphere. The 
electrosphere is the region beginning at about 48 km 
(30 miles) up, in which the resistivity is sufficiently 
low so that there's no significant voltage gradient. 
(The ionosphere has the still lower resistivity neces- 
sary to reflect radio waves.) In fine weather, a con- 
stant flow of electrons occurs from the earth to  the 
electrosphere, resulting in an electric field of about 
100 volts per meter near ground. Lightning dis- 
charges return these electrons to earth at a rate suffi- 
cient to  sustain a balanced dynamic system 
gl0bally.2~3 

For lightning to occur, a localized region of the at- 
mosphere must attain sufficient electrical charge to 
produce a breakdown of the air molecules. The elec- 
tric field near ground level rises to 500 volts per centi- 
meter below a developing thundercloud and much 
higher still when lightning is about to strike. 

By John E. Becker, KSMM, 201 E. Marion 
Street, Prospect Heights, Illinois 60070 
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The inside of a thundercloud is a turmoil of water, 
ice, and dust particles together with strong wind cur- 
rents and temperature gradients. Although the 
mechanism is not totally understood, the result of 
this turmoil is a concentration of positively charged 
particles rising to the top of the cloud; negatively 
charged particles are concentrated in the lower areas 
of the cloud. This negatively charged region at the 
base of the cloud repels free electrons on the ground, 
resulting in an area beneath the cloud that's positive- 
ly charged both with respect to the cloud and with 
respect to surrounding earth. Conditions now are 
correct for lightning to strike. 

Evolution of a lightning strike. A lightning flash 
begins with a virtually invisible stepped leader, which 
travels down from the cloud toward the ground. 
Each step covers a distance of about 46 meters (150 
feet) in less than one microsecond; the time between 
steps is about 50 microseconds. As this stepped 
leader progresses, it ionizes the air through which it 
passes, making it a good conductor. When the 
leader reaches within a few hundred meters of 
ground, ionized streamers begin to rise from the 
ground to meet it. Then the conductive path from 
cloud to ground is complete, and the visible portion 
of the bolt, known as the return stroke, begins. 

It is the return stroke that has the destructive 
effects against which protection is needed. As soon 
as the conductive path is completed, electrons start 
flowing rapidly to ground. This action starts at the 
point of contact between the stepped leader and the 
rising streamer, and the greatly increased current 
causes the ionized path to glow brightly and get very 
hot - up to 2 x 10% (6.5 x 104F). The region of high 
current and brightness moves upward to the cloud at 
a speed of over 9 . 6 ~  104 km (6 x 104 miles) per 
second, drawing electrons from higher and higher in 
the cloud. This contrasts with the speed of the 
stepped leader, which typically averages only 384 km 
(240 miles) per second. Although the region of high- 
current density and hence the visible flash moves up- 
ward, the actual flow of electrons is downward. 

After the first return stroke usually enough charge 
remains in the cloud to initiate a second leader. This 
usually occurs within 70 milliseconds or less; because 
of remaining ionization, this leader usually follows 
the path of the previous stroke and travels directly to 
earth in one step of about one millisecond. For this 
reason it's called a dart leader, and, like the stepped 
leader, it's followed by a return stroke. Although the 
average bolt flashes only twice, about ten per cent 
will have as many as ten flashes; occasionally bolts 
will have up to twenty flashes over a period of about 
one second. 

Electrical analysis. For all practical purposes a 
lightning bolt may be considered a constant-current 
source. That is to say, when it strikes an object pro- 
truding above ground, the current that flows through 
that object to ground will be the same, regardless of 
whether the object is a metal tower with a resistance 
of 1 ohm or a tree with a resistance of several hun- 
dred ohms. This is because the atmosphere's resis- 

fig. 1. Map showing average annual number of thunder- 
storm days in the continental United States. 

tance is so high that the series resistance added to 
the path by the object struck is insignificant. The 
resistance of the object struck becomes important 
when the voltage drop across the object and the 
power dissipated in the object are considered.4 

The magnitude and duration of the current in a 
lightning bolt will vary from stroke to stroke. The 
stroke-current waveform consists of a rapid rise to 
the peak current, followed by a more gradual decay. 
A waveform of this type is described with two num- 
bers: the rise time to the peak value and the decay 
time to 50 per cent of the peak value. A typical light- 
ning bolt would have a rise time of about 2 micro- 
seconds and a decay time of about 40 microseconds. 
The peak current in a stroke will exceed 1 . 7 ~  104 
amps in 50 per cent of all strokes. It will exceed 
6 x 104 amps in 10 per cent of all strokes, 1.2 x 105 
amps in 1 per cent of all strokes, and 2.4 x 105 amps 
in 0.01 per cent of all strokes.5 

the probability of 
lightning damage in the U.S. 

The probability that any given object will be struck 
by lightning depends on two things: the frequency 
and type of thunderstorms at the location of the ob- 
ject, and the object's height above average terrain. 
Observations made over a period of years have 
resulted in the compilation of an accurate map show- 
ing the average number of thunderstorm days per 
year in the United States (fig. 1). Note that this map 
does not take into account the possible occurrence 
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of more than one thunderstorm in an area on any 
given day. Therefore it's somewhat conservative as 
an indicator of the total number of thunderstorms 
likely to occur in a year, particularly in areas having 
larger numbers of thunderstorm days. 

Thunderstorms are classified either as convection 
storms or frontal storms. Convection storms, which 
account for the majority of thunderstorms, are local 
in extent and relatively short in duration. Frontal 
storms extend over greater areas and may last for 
several hours. Statistical data has been tabulated to 
predict the expected number of lightning strokes to 

fig. 2. The concentric 
shell concept as an aid 
to understanding the re- 
sistance of the earth sur- 
rounding a ground rod. 

ground per square mile (assuming flat terrain) per 
thunderstorm day. This number is called the stroke 
factor. The stroke factor for convection storms is 
0.28; for frontal storms it is 0.37.6 

In areas of flat terrain, the probability of lightning 
striking any given point is extremely low, but an ob- 
ject protruding above ground will attract lightning 
that would have otherwise struck all other points 
within a circular area surrounding the object. The 
radius of this area depends on both the height of the 
object and the intensity of the stroke. An object will 
attract a 2 x  104-amp stroke that would have struck 
anywhere within a radius of twice the height of the 
object had the object not been present. This radius 
increases to six times the height of the object for a 
6 x  104-amp stroke and ten times the height of the 
object for a 1.35 x 105-amp stroke.' 

the importance of 
proper grounding 

Three distinct situations are associated with a 
lightning strike that can result in damage to electron- 
ic equipment. The most obvious and potentially 
destructive is the effect of a direct strike. Less obvi- 
ous, but still capable of causing considerable dam- 
age, are t yo  secondary effects: induced voltage and 
ground current. 

A lightning bolt is surrounded by an intense mag- 
netic field. The bolt itself may go harmlessly to 

ground, but its magnetic field will induce a voltage 
transient into any wires it encounters, such as anten- 
nas and feedlines, rotor-control cables, power lines, 
or telephone lines. When a lightning bolt goes to 
ground, current flows through the ground in all direc- 
tions away from the point of the strike to dissipate 
the sudden excess accumulation of charge. This 
ground current can cause a significant potential dif- 
ference to exist between different ground points. 
Improperly grounded equipment can end up in the 
path of some of this ground current. The lightning 
protection techniques to be described can prevent 
equipment damage from all three of these effects. 

protecting your gear 
Lightning protection comes in increments. An 

unprotected station will be wiped out by any kind of 
strike. A partially protected station will incur less 
damage and may completely escape damage from a 
small bolt. A carefully planned and executed light- 
ning protection system will protect against just about 
anything. 

There are three basic protection techniques. 
Everything described here will contribute to one or 
more of them. The first technique is to send as much 
as possible of the lightning stroke directly down your 
tower and into the ground. The second technique is 
to make it as hard as possible for any of the energy of 
the strike to get to the equipment. The third and final 
technique is to control the path of any energy that 
reaches the equipment so that it finds its way harm- 
lessly to ground. 

Grounding systems. The first technique, that of 
sending as much of the current as possible directly to 
ground, requires grounding your tower. This isn't 
always easily accomplished. There's more to it than 
just driving a rod into the ground and connecting it to 
the tower. Any ground system has a resistance, 
which can be measured. This resistance determines 
the voltage level to which the tower will rise when 
struck by lightning. The magnitude of this resistance 
depends on certain characteristics of the soil that 
determine its resistivity; i. e., composition, tempera- 
ture, moisture content, and salt content. 

A ground rod driven into soil of uniform resistivity 
radiates current in all directions. To understand the 
resistance of the soil surrounding the ground rod, 
think of the rod as being surrounded by an infinite 
number of thin concentric shells of soil all of equal 
thickness (fig. 2). The greatest resistance is in the 
shell directly next to the ground rod, because it has 
the smallest cross-sectional area at right angles to 
the current flow. Each succeeding shell is larger in 
cross section and therefore has less resistance. At a 
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small distance from the rod the area of each shell is 
so large that its resistance is negligible compared to  
the resistance of the shell directly next to the ground 
rod. The resistance varies inversely with the cross- 
sectional area. Measurements have shown that 90 
per cent of the total resistance surrounding a ground 
rod is usually within a radius between 1 .&3 meters 
(6-10 feet) of the rod. 
Soil  considerations. The composition of the soil 
will depend on your location. Whatever soil you have 
you'll have to live with. Clay and loam are the most 
desirable soils for low resistance. Sand or gravel 

increasing its salt content. A doughnut-shaped 
trench can be dug surrounding the ground rod. Alter- 
natively, a length of drain tile can be buried next to  it. 
The trench or tile is filled with a chemical such as 
magnesium sulphate, copper sulphate, or ordinary 
rock salt. Rain and snmv will dissolve :he chemicals 
and wash them into the soil (fig. 3). 

Deep-driven grounds are becoming the most pop- 
ular and economical method for obtaining low-resis- 
tance ground connections. For ease of handling and 
driving, sectionalized Copperweld ground rods may 
be used. These rods are available in several diameters 

APPROXIMATELY 23cm 

APPROXIMATELY 

23cm 197 THICK 
JOcm IIFOOTI DEEP 

2.5METERS MINIMUM 

and lengths. They are threaded on both ends, and 
I -EARTH ELECTRODE 

(87 1 I 2 5 METERS(BFEET1 
special threaded couplings are used to  join them. A 

u driving bolt is attached to  the top of the section being 
fig. 3. Method of reducing resistance of a ground con- 
nection by chemical means. The tile may be eliminated with 
little effect. 

increase the resistivity in relation to their proportions, 
and soil that is mostly sand or gravel has fairly high 
resistance. 

Whatever type of soil you have, a deep rather than 
a shallow ground is better for several reasons. Soil is 
seldom of uniform resistivity at different depths. The 
soil near the surface generally has higher resistivity 
than that at deeper levels because of wetting and 
drying out with seasonal variations. Deeper soil is 
more stable and less subject to such variations. Usu- 
ally it has a higher moisture content than surface 
layers. 

As the soil temperature decreases, its resistivity 
goes up. Frozen ground is a very poor conductor, as 
the negative temperature coefficient of soil resistivity 
increases sharply below freezing. Any ground rod 
should, at a minimum, extend several feet below the 
frost line in your area. Otherwise an early spring 
thunderstorm may occur while the ground is still fro- 
zen, and your ground system will be greatly reduced 
in effectiveness. A 2.5-meter (8-foot) ground rod is 
the absolute minimum that should be used. 

reducing soil resistance 
Soil resistivity may be reduced artificially by 

driven to protect the threads from damage (fig. 4). 
Another effective method of reducing the resis- 

tance of a ground connection is to parallel several 
ground rods. For this technique to be effective, the 
rods should be between 1.5-3 meters (5-10 feet) 
apart. With less than 1.5-meter (5-foot) spacing, the 
conducting paths from adjacent rods will overlap ex- 
cessively. With more than 3 meters (10 feet) of spac- 
ing, the reactance of the connecting wires becomes 
a detriment. 

If multiple ground rods are used around the tower 
base, each rod should be securely fastened to  the 
tower base, and also to a buried ring of 6.5 mm (no. 2 
AWG) copper wire surrounding it. Guyed towers 
should have at least one ground rod at each guy 
anchor point; these rods should also be tied back to  
the ground ring at the tower base. In areas of high 
soil resistivity, buried radials spaced every 60 degrees 
and up to  46 meters (150 feet) in length, if possible, 
may be connected to the ground ring to lower the 
ground system resistance. 

There's no hard and fast rule as to  how low the 
ground system resistance should be for good protec- 
tion. A value considered acceptable by some electric 
power systems and protection codes is 10 ohms, so 
this is a good objective to shoot for. Where the soil is 
mostly clay or loam this value is achievable, but in 
areas with rocky or sandy soil it may be economically 
unreasonable to  attain. 
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Accurate measurement of ground resistance 
requires the use of sophisticated equipment not usu- 
ally found in the amateur station. An ohmmeter is 
totally useless due to voltage gradients present in the 
soil from stray power-system currents and electro- 
chemical effects. However a method that can be 
used with reasonably good success requires only 

I SECTIONAL RDDS ARE 
THREADED ON BOTH 
ENDS ANY SECTIONAL 

1 ROD MAY BE USED AS A 
TOP. INTERMEDIATE. DR 

1 BDTTOYSECTION 

fig. 4. Copperweld sectionalized ground rods. 

equipment that many hams would have or could bor- 
row. It involves using an isolation transformer and a 
Variac (autotransformer) to pass 60-Hz ac through 
the ground between the ground rod to be tested and 
a known good ground, such as the power system 
neutral line. The voltage and current are measured, 
and the resistance is computed from Ohm's law. 
There's a very definite shock hazard associated with 
this method, so be careful! See fig. 5. 

A question is often asked as to how large a ground 
conductor is necessary in a lightning-protection sys- 
tem. Often wire much heavier than necessary is 
used. A lightning stroke is of very short duration, and 
the heat produced in the wire by the current is limit- 
ed. At a minimum, the wire must be large enough so 
that it's not heated to its melting point. A 2.6-mm 
(no. 10 AWG) copper wire can be sufficient to with- 
stand a lightning stroke with 2.5~ 105 amps peak 
current and a 40-microsecond decay time. This am- 
plitude is exceeded by only one stroke in 104. A 4.1- 
mm (no. 6 AWG) copper wire is recommended to 
provide an adequate safety factor in above-ground 
applications. For buried applications, 6.5 mm (no. 2 
AWG) copper wire is recommended because of cor- 
rosion. Aluminum wire should have a cross-sectional 
area 1.6 times as large as the recommended copper 
gauges for the same current-handling capacity. 

tower and rotator considerations 

With the tower securely grounded at the base, the 
next step is to ensure that this good solid ground ex- 
tends all the way to the top. Although you'd expect 
good continuity between sections in a fixed tower, 
the joints are designed for mechanical strength only, 
and the possibility always exists that oxidation and 
corrosion will cause increased resistance between 
sections. A good practice is to bridge each section 
joint on each leg with a short length of 4.1-mm (no. 6 
AWG) copper wire secured with ground clamps. This 
is particularly important at the hinge joint of foldover 
towers. 

Crankup towers are harder to deal with, which is 
unfortunate because they're also more likely to be a 
less-than-ideal path to ground for lightning - unless 
grounding straps are added. If the tower is lowered 
only occasionally for antenna work, the same tech- 
niques as those for a fixed tower can be used. The 
obvious inconvenience is that you'll have to climb the 
tower (make sure all safety stopsare properly engaged 
first) and remove the grounding straps before the 
tower can be lowered. If the tower is raised and low- 
ered frequently, about the only thing you can do is 
run grounding straps from the top of the top section 
all the way to the top of the bottom section. The 
straps should be pulled straight when the tower is 
fully raised, and of course they will hang down when 
it is lowered. 

To protect your rotor, one or more bonding straps 
should be connected between the mast above the 
rotor and the tower legs. Leave no more slack than 
necessary to allow full rotation. Stranded wire, such 
as automotive battery cable, will stand up better to 
repeated flexing than will heavy solid wire. 

The mast itself, or an air terminal clamped to the 
top of it, should extend far enough above the anten- 
na so that its cone of protection includes the antenna 
and protects it from a direct hit. This mast extension 
should be at least half the turning radius of the anten- 
na. The elements of an antenna are usually heavy 
enough to escape damage even if hit directly, and 
most antennas are at dc ground potential; but the 
path that provides this dc ground may not withstand 
the stroke current. Items such as ferrite baluns, 
traps, gamma matches, and element insulators are 
vulnerable and hard to protect in case of a direct hit 
on the antenna itself. 

If the topmost point on the antenna system is the 
vertical element of a ground plane, make sure it is dc 
grounded at the base with an rf choke. This choke 
should have the lowest inductance possible for the 
frequency range of the antenna and should be made 
of the heaviest gauge wire practical. 

If the tower is a wooden pole or other nonconduct- 
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ing support, it should be topped with an air terminal 
connected to the ground system with a 4.1-mm (no. 
6 AWG) copper wire stapled to the pole on the side 
opposite the antenna feedline. A roof-mounted 
antenna system should be grounded similarly. 

The shields of all coaxial feedlines should be bond- 
ed to the tower at the top and bottom, and at 15- 
meter (50-foot) intervals on taller towers. This is easi- 
ly accomplished by using bulkhead coax connectors 
mounted on plates, bolted to the tower at the appro- 
priate levels. Be sure to use waterproof connectors 
or take other suitable steps to keep moisture out of 
the coax. 

residual lightning energy 
All the techniques covered to this point have been 

concerned with shunting as much of the direct light- 
ning energy as possible directly to ground. Now the 
emphasis will shift to  the leftover energy that has 
found its way onto feedlines, rotor cables, etc., and 
to techniques for keeping it out of the rig. It all comes 
down to making these conductors look like a high im- 
pedance to the lightning. Remember that a lightning 
bolt is a series of pulses having rise times on the 
order of 2 microseconds. This makes it similar to a 
500-kHz rf signal in terms of the effects of reactive 
elements it may encounter. Specificdlly, it's desirable 
to introduce series inductance in any conductors 
leading from the tower to  the rig. 

Obviously it's impractical to break the run of coax 
and place coils in series with the inner and outer con- 
ductors. While these might stop the lightning coming 
down the line, they would just as certainly also stop 
the flow of rf energy from the transmitter to the an- 
tenna. If the antenna is at dc ground as recommend- 
ed earlier, the same potential will be impressed onto 
both the inner and outer coax conductors by a light- 
ning strike. At  every convenient opportunity, the 
coax should be bent at as sharp an angle as allowed 
by its minimum bending radius. The lightning pulse 
wants to go in as straight a line as possible, so these 
bends appear to it as an increased impedance. As far 
as an rf signal is concerned, as long as the dimen- 
sional relationship between coax inner and outer 
conductors is maintained, it makes no difference 
how often it is bent. Any excess feedline should be 
wound into a coil before entering the building, as this 
further increases the impedance it presents to light- 
ning. Rotor cables and any other lines from the tower 
to the station should be treated similarly. 

An additional technique that may be employed is 
to  run the feedlines and control cables through a 
length of metal conduit. The magnetic field gener- 
ated by lightning-stroke currents will perceive the 
conduit as one big shorted turn, resulting in another 
desirable increase in series impedance. This is partic- 

ularly effective if the cables are run through conduit 
for 6 meters (20 feet) or more. 

I'd like to emphasize that the isolation techniques 
just described are effective only if a good ground has 
been established at the tower. All the current is going 
to go to ground somewhere, and a low-resistance 
tower ground, together with a high impedance from 

U 
AC SUPPLY, USE AN ISOLATING 
TRANSFORMER WITH VARlABL E 
SCONDARY VOLTAGE 

- DC SUPPLY MAY B E  USED I F  DE- 
SIRED AC IS THE RECOMMENDED 
TEST POTENTIAL 

EARTH ELECTRODE 

fig. 5. A simple method of measuring ground resistance. 

the tower to the rig, only establishes how the current 
is divided up between these two paths. 

station grounds 
At this point, the protection job is two-thirds done. 

With good tower grounding and rig isolation, most of 
the stroke current will go straight down the tower to 
ground. The remaining task is to  control the ground 
path followed by the remaining current which comes 
into the rig so that no equipment damage results. 

It would be nice if it were possible to arrange 
thicgs so that no ground path at all goes through the 
rig. In fact it's possible but seldom practical to  do ex- 
actly that. It's worthwhile to examine what it would 
take to accomplish this, if for no other reason than to  
help in understanding the protection techniques to 
be followed in the more practical alternatives. 

Let's assume that the only connection from the 
tower to the rig is a single feedline. Let's also assume 
that you have no other connection between the rig 
and the rest of the world; i.e.. no ac power lines, no 
telephone, nothing. The rig must be battery powered 
or have its own ac generator. The final assumption is 
that the entire rig, including its power source, is per- 
fectly insulated from ground; no leakage, and suffi- 
cient clearance such that no arc-over to ground will 
occur. 

Now if lightning strikes the tower, let's see what 
happens. If it is an "average" stroke of 1.7 x 104 peak 
amps, and if the tower ground resistance is 10 ohms, 
the tower, feedline, and rig will all rise to 1.7 x 105 
volts above ground. This number is conservative 
because it ignores the effects of inductance in the 
grounding path. In many cases a significant inductive 
reactance will occur in series with the resistance, and 
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the potential rise will be higher for a given stroke cur- 
rent. If the assumption is good that the rig is perfect- 
ly insulated from ground no current will flow, and no 
damage will occur. 

practical considerations 
I t  should be obvious at this point that this kind of 

situation is seldom likely to exist. In the real world, 
the rig is not perfectly insulated from ground and 
connections exist to power lines and to the telephone 

fig. 6. Ratings for a high-power 
zinc-oxide varistor. Note the 
sharply rising voltage charac- 
teristic above 10 amperes on 
parts rated for up  t o  2750 
amperes peak current. 
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170 20 

10 
360 20 

40 

SELECTION AVALIABLE 

system. This brings us back to that small portion of 
the stroke current that will go to ground through 
whatever path it can find at the rig. I t  can follow two 
routes, and each requires attention if damage is to be 
prevented. 

The first of these routes encompasses all direct 
grounding made at the rig. This grounding can in- 
clude the shield of signal-carrying leads between dif- 
ferent pieces of equipment, the third wire in ac line 
cords, and wires connected from the ground screws 
on various pieces of equipment to a main-station 

A 

ground bus. This morass of ground interconnections 
may be fine in terms of signal distribution and ac 
safety, but it can spell disaster when lightning 
strikes. 

Consider where the current is actually going to 
flow. For example, it may come down the coax-feed- 
line shield to the linear amplifier chassis, across this 
chassis to the input connector, along the input coax 
shield to the exciter, up the power cable ground wire 
to the power supply, through the power supply print- 
ed-circuit board to the ac line cord, and down the 
third wire to the ac conduit. A long and devious route 
such as this will look highly inductive to the lightning 
pulse. As a result significant voltage drops will occur 
along the way with a high probability of equipment 
damage. 

B 
MODEL 

NUMBER 

VZ75PAlO 

V275PAPO 

C 

average 
power 

dissipation 
watts 

8 
15 
4 
7 

13 

u 

4 0 0  

3 0 0  

peak 
current 

amperes 

1 200 
2750 
600 

1200 
2750 

V275PA40 y 1 
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D 

B 
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characteristics 
varistor thermal 

peak voltage resistance 
at 1MA ac hot spot 

min. max. to case 
volts volts OCIwatt 

6.8 
185 255 3.6 

13.7 
390 523 7.8 

4.2 

A 

y 

y 
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Single-point grounds. The solution to this problem 
is single-point grounding of each piece of gear - 
together with bonding between each item. Single- 
point grounding prevents ground current from flow- 
ing through a piece of equipment, while bonding 
prevents destructive voltage differentials from devel- 
oping between different pieces of gear. The final 
ingredient necessary for this technique to be effec- 
tive is a good station ground. 

The station ground is second in importance only to  
the tower ground, and many of the techniques previ- 
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ously covered are applicable. The objective of the 
station ground is to provide a ground plane at uni- 
form potential for the entire station. 

Commercial installations. In commercial installa- 
tions where an entire building is devoted to the 
equipmeni instaiiation, the recommended procedure 
is to install a buried ground ring around the outside 
perimeter of the building. This ring is supplemented 
with ground rods or radials. A second ground bus is 
run around the inside perimeter of the building. The 
two ground rings are interconnected at no fewer 
than four points and at intervals of no more than 15 
meters (50 feet). This system is also connected to the 
power-system ground, and any extensive masses of 
metal such as water pipes and heating ducts. Finally, 
the building ground system is connected to the tower 
ground system. This wire must not be run through a 
conduit, nor should it be routed near feedlines or 
other cables from the tower, as it may induce transi- 
ents into them. 

Amateur installations. For a typical amateur sta- 
tion in a home, a commercial-grade station ground 
would usually be impractical, since all the equipment 
is usually in one room and near to only a small por- 
tion of the building perimeter. The commercial pro- 
cedures can be modified using common sense to fit 
the circumstances of any particular installation. The 
important thing to remember is that a single ground 
wire to the nearest water pipe is not adequate, and 
every extra bit of grounding adds something to the 
degree of protection obtained. Whatever modifica- 
tions are made, the connections between the station 
ground, tower ground, power system ground, and 
the water pipes must not be eliminated. 

Interconnections and bonding. Once a suitable 
station ground has been provided, the equipment 
must be properly connected to it. The shields of all 
coax feedlines should be connected to the station 
ground at the point where they enter the building. On 
each piece of equipment, a ground tiepoint should be 
selected. This point should be connected to the sta- 
tion ground and also to the ground tiepoint on physi- 
cally adjacent pieces of equipment. These ground 
connections should be as short and straight as pos- 
sible, using 2.6-mm (no. 10 AWG) or heavier cop- 
per wire. 

It's particularly important on any piece of equip- 
ment where a coax feedline terminates from the 
tower that the point where the feedline connects be 
used as the ground tiepoint. The requirement for 
multiple connections of coax and other shielded 
wires to some pieces of equipment may make it 
impossible to eliminate secondary ground paths en- 

V, = BREAKOOWN VOLTAGE V 
V, = GLOW VOLTAGE 

VA 2 anc VOLTAGE 

\ / 
VOLTAGE CHARICTERISTICS OF 4 G P S  FILLED ' - /' 

SURGE ARRESTER 

l o - .  1 0  
STRIKING TIME (SECONDS) 

maximum ratings 40,000A - 15 pulses of 8/20 waveform at 3- 
minute intervals 
20A RMS ac or dc - for 1 second 10 times 
at 3-minute intervals 

life 10,000 surges typical wi th  1011000 
waveform at 1000 amps 

dc arc voltage 30 vdc, maximum 

glow to arc 
transfer current 0.25 to 1 .O amp 
operate delay time 500 nanosecond, maximum 

insulation resistance 109 ohms 

capacitance 
end to end 1 picofarad 
end to center 2.5 picofarads 

dimensions 8 mm (5116 in.) dia. x 44 mm (1-3/4 in.) 
long 

fig. 7. Ratings for a Tll-16 gas-filled surge arrestor. 

december 1978 25 



tirely, but careful grounding and bonding will make 
these secondary paths relatively unattractive to light- 
ning current. The secondary ground path provided 
by these shielded cables can be made to look like an 
even higher impedance if the cables are made longer 
than necessary and the excess length is wound into 
a coil. 

Threewire ac cords. The ground wire in three-wire 
ac line cords is fine for its intended purpose of pre- 
venting shocks restilting from power-line leakages, 
but it's detrimental as far as lightning protection is 
concerned. Not only is it neither short nor straight, 
but its proximity to the other wires in the power cord 
could couple unwanted surges into the equipment 
through the power line. When proper grounding and 
bonding techniques are applied, the ground wire in 
the three-wire power cord is a secondary ground and 
no longer needed for its original purpose. Therefore, 
it should be disconnected for optimum lightning pro- 
tection. 

Dielectric breakdown. The second route to ground 
at the rig is by dielectric breakdown to power or tele- 
phone lines. This is most likely to occur in installa- 
tions where proper grounding and bonding practices 
have not been followed. But proper grounding and 
bonding practices do not completely eliminate the 
possibility of dielectric breakdown. This is because of 
the ever-present inductance in any ground wire, 
together with the fast rise time of the lightning pulse. 
As already noted, the chassis of all the equipment 
may rise momentarily to thousands of volts above 
ground when lightning strikes. The power-transform- 
er primary in each piece of gear is connected to the 
ac power line, which is at a low impedance and 
always within a few hundred volts of ground. If the 
insulation between any of these primary windings 
and the transformer core, which presumably is chas- 
sis mounted, is insufficient to withstand this voltage, 
dielectric breakdown will occur and the transformer 
will be destroyed. The same thing can happen with 
the telephone lines, except that here the phone patch 
or telephone itself will be destroyed. 

Surge suppressors. To prevent this sort of damage 
a form of bonding must be employed. Obviously the 
power and telephone lines can't be directly and per- 
manently shorted to ground. Instead, some type of 
transient voltage surge suppressor must be used. 
This is a device that's normally an open circuit but 
which will momentarily break down and provide a 
low-impedance path across whatever it is connected 
to in case of a lightning strike. When the surge is 
over, the device opens the circuit again so that nor- 
mal equipment operation is unimpaired. 

Many types of transient voltage surge supressors 
are on the market. They offer varying degrees of pro- 
tection and range in price from a few cents to hun- 
dreds of dollars. There are two devices which, when 
used together, will provide a high degree of protec- 
tion at relatively low cost. These are the zinc-oxide 
varistor and the gas-tube surge arrestor. Each has 
certain advantages and certain limitations; this is 
why it's recommended that they be used together.8 

LINE A --+/La FIRST ARRIVING TRANSIENT 

EOUIPMENT DAMAGED 

IONIZED ARRESTER 

LINE B PATH OF TRANSIENT B 

0 J 
SECOND A RRl VlNG 
TRANSIENT 

A  FIRST ARRIVING TRANSIENT 

0 T 
EOUIPMENT 
NDT DAMA GED 

IONIZED T 
ELECTRODE ARRESTE EOUIPMENT 

SECOND ARRl VlkG TRANSlEN T GOl&G DtRECTL I TO 
GROUND THROUGH ALREADf IONIZED ARRESTER 

fig. 8. With two-electrode arresters (top), the first arrester 
to "see" the surge is ionized by that surge and provides an 
excellent path to ground. The second wire now uses the 
available ground, but, unfortunately, the path to ground 
goes right through the equipment to be protected. With 
three-electrode gas arresters (bottom), if either wire sees a 
surge, the arrester fires, ionizing the common gas chamber 
and instantly grounding both wires; there is no damaging 
potential difference across the equipment. 

The zinc-oxide varistor is a device on the market 
for just a few years, but it has gained wide accep- 
tance in the electronics industry as a transient sup- 
pressor. It's available from several manufacturers in a 
wide range of ratings. The MOV line from General 
Electric is typical of those available. These devices 
are designed to protect against transients on the ac 
power line from lightning and from inductive load 
switching. Its advantages are response time meas- 
ured in nanoseconds and response to voltages only 
slightly above the normal operating voltage of the cir- 
cuit. Disadvantages are limited maximum-current 
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capability and high "let-through" voltage under high- 
current conditions (fig. 6). 

Gas-tube surge arrestors have a firing voltage that 
depends on the rise time of the transient waveform. 
Faster rise times result in higher firing voltages. For a 
lightning waveform having an &microsecond rise 
time, a gas tube can be expected to fire in about one 
microsecond (fig. 7). Once a gas tube has fired, the 
voltage drop across it is clamped to 30 volts. A gas 
tube can handle more peak transient current than a 
varistor, because the low voltage drop results in low 
power dissipation. 

A gas tube will continue to conduct until the 
applied voltage drops below 30 volts. In an ac-power 
circuit, this means the tube wili conduct for a full half 
cycle, 8.3 milliseconds at 60 Hz, even though the 
transient that caused it to fire may have lasted only a 
few microseconds. This may exceed the long-term 
power handling capability of the tube, and for this 
reason gas tubes should always be installed on the 
load side of the fuse or circuit breaker in a power 
circuit. 

Gas-tube surge arrestors are available from TI1 
Corp., Joslyn Electronic Systems, and others. For 
power-line applications, a three-electrode gas tube is 
used, with the end electrodes connected to the two 
sides of the ac supply and the center electrode con- 
nected to  ground. If the potential between the 
grounded electrode and either supply electrode 
becomes sufficient to fire the tube, the entire tube 
ionizes and all three electrodes are effectively shorted 
together for the duration of the transient (fig. 8). The 
disadvantage of the gas tube is that it's slower to 
respond than the zinc-oxide varistor and requires a 
higher voltage relative to the normal voltage in the 
circuit before it will fire. 

When both a zinc-oxide varistor and a gas-tube 
surge arrestor are used to protect a piece of equip- 
ment, the varistor will take care of short-duration, 
low-energy transients such as might result from a 
lightning strike on the power line at a considerable 
distance from your location. The gas tube will come 
into play when lightning strikes your tower or the 
close-by power line. If economic considerations dic- 
tate the use of only one of these two devices, the gas 
tube is the one that should be chosen. 

Devices are available using gas tubes that can be 
inserted between an appliance and the power outlet. 
This may seem very convenient, but these devices 
should not be used. The reason is that they are 
designed to protect against transients coming in on 
the power line only. We are mainly concerned with 
protecting against a lightning strike on the antenna 
or tower. This requires locating the gas tube as close 
as possible to the power transformer of the equip- 

ment to be protected to eliminate the inductance of 
the line cord from the ground path for the surge. 
Installation of a gas tube at this location will give 
maximum protection against a transient either from 
the power line or antenna. A set of these suppressors 
should be installed in each piece of equipment con- 
nected to the power line for which protection is 
desired (fig. 91. 

EQUIPMENT - -. - - - - -- -- - - 

L - - - - - - - - - - 
EQUIPMENT GROUND TIE W l N T  

fig. 9. Use of both a gas tube and a varistor for maximum 
protection. 

If your station includes a phone patch, a three-ele- 
ment gas tube should also be installed at the point 
where the telephone line connects to the patch. 

concluding remarks 
Lightning protection may appear to be a very com- 

plicated subject. But the average amateur station can 
be well protected without an unreasonable invest- 
ment of time or money. Remember first and fore- 
most that all of these techniques are nothing more 
than a means of controlling the path that the light- 
ning bolt will take in its unstoppable search for 
ground. Work out the required protection system for 
your individual station with this in mind. 
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sola~powered repeater design 

Why use 
antiquated methods 

to power your machine? 
Here's a strong case 

for using solar power - 
it's i nexpensive 

and effective 

In this article we provide the repeater-system 
designer with useful information about using solar 
power. The information is based on acceptable cri- 
teria for designing commercial solar-power systems 
and is supported by empirical data obtained in the 
actual operation of a repeater. The WR5ARO 19-79 
solar-powered repeater is on Redondo Peak, New 
Mexico. It was built using the principles outlined 
below. 

Solar systems to provide power for remote radio 
sites are not new. Recent advances in technology, 
and a national concern for conserving our energy 
resources, have brought recognition to solar power 
as a useful energy source. For remote sites, solar 
power is one of the few economically feasible power 
sources. As with other electronic devices, demand 
and popularity will reduce the price of solar-powered 
generators from its presently high level to one within 
the means of most amateurs. Based on projected 
technology, cost reductions of 50:l are possible in 
the near future. This would put the price of a useful 
solar electric generator not far above the cost of a 
good, well-regulated bench-type power supply of 
equivalent capability. Solar power provides good 
mechanical reliability (no moving parts), good depen- 

dability (with proper array sizing), and an attractive 
price (considering the alternatives). First, some back- 
ground. 

i photovoltaic cells 

, Silicon solar cells are P-N diodes whose photovol- 
taic characteristics (ability to  produce electricity ' when exposed to light) have been optimized. Peak- 
current output occurs when the cell is exposed to 
direct, unrestricted sunlight that has an intensity of ' 100 rnW per cm.2 

The rated output current of a solar array is directly 
proportional to  light intensity. Therefore, at 50 
mWlcm2 the array output current is 50 per cent of 
the peak rated current. The output current capability 
of a single solar cell is a function of the cell cross-sec- 
tional area. Solar-cell output voltage is independent 
of cell size. Output voltage is constant from 10 
mW/cm* to 100 mW/cm2. The equivalent circuit to a 
solar cell is a constant-current generator with voltage 
limiting. A typical solar array I /V curve is shown in 
fig. 1. 

array sizing 
Solar cells are connected in series to provide the 

required voltage and are connected in parallel to pro- 
vide the required current. Array specifications are 
given as a peak value. Since the manufacturer has no 
control over the amount of sunlight available, array 
specifications are relative to  peak sunlight (100 
mWIcm2). It's the responsibility of the system 
designer to derate the peak specifications to an aver- 
age value specific for the site. 

Most solar arrays come from the manufacturer 
with enough cells connected in series to be optimum 
for charging batteries. Consequently, the system 
designer need be concerned only with the peak cur- 
rent available and the derating necessary to provide 
some average charging current. The amount of de- 

By Ted  Hande l ,  W B 5 R E A t  and Pau l  
Beauchamp, WB5RSNt 241 Rio Bravo, Los 
Alarnos, New Mexico 87544. 
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able from the solar array. Fig. 2 shows average solar 
ul 
W intensities for the continental United States. 

z 1 2 I O  storage devices 

fig. 1. Typical I /V $ 
curve of narnina! " 

The curve approxi- 2 
"V sohr  array. 

20'1 , , , , , , , , , 1 mates that of a 
constant-current 
power supply with o o '00 20 o 

voltage limiting. OUTPUT VOLTAGE (VOLTS) 

To make power available to the repeater during 
hours of darkness and foul weather, some type of 
storage device is used to hold energy collected dur- 
ing hours of daylight and good weather. A battery of 
some type is almost always used. The capacity of the 
battery must be large enough to carry the system 

rating is a function of the solar-cell insolation at 
the site. 

solar insolation 
A number of variables influence the amount of 

sunlight that strikes the Earth's surface. Among the 
most important are elevation, cloud cover, atmos- 
pheric water content, pollutant level, the sun's inci- 
dent angle, and the solar-day length. All these fac- 
tors affect the amount of available sunlight. The 
amount of sunlight striking the Earth's surface is 
called insolation. Solar insolation data is given in 
many different quantities, such as Langleys and kilo- 
joules per square centimeter. The mentioned quanti- 
ties are usually given for one year; thus the quantities 
are units of energy. Since solar electric generation is 
an integrating process, it's permissible to use the 
average yearly insolation figure to size the solar 
array. This is true if the average yearly discharge rate 
of the repeater is also used. 

Solar insolation data for Redondo Peak, New 
Mexico, was found to be 750 kJ/cm* per year. This 
gives an average solar intensity of about 23 
mW/cm2. The average current available at this site 
is, then, about 23 per cent of the peak current avail- 

Co-author WBBRSN makes final angle adjustments to solar 
array that powers the 19-79 repeater on Redondo Peak, New 
Mexico (3433 meters, 11,254 feet). The array is mounted a t  
17 meters (55 feet) to prevent shading from nearby trees. 

through extended periods of poor weather and 
through the shorter days of winter. Battery capacity 
is relatively independent of array size. Generally, 
storage capacity is about ten days. The battery is the 
true power source for the repeater. It should be 
selected with care. 

High-capacity, lead-acid automotive batteries 
should be avoided. This type of battery is designed to 

fig. 2. Map of the United States showing average solar in- provide large amounts of current for short periods of 
tensity in m ~ / c m 2 .  Year-to-year variations are less than 10 time. TO accomplish this, the battery must have a 
percent. low internal impedance. High leakage currents occur 
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in this type of design. A good-quality, electronic- 
grade rechargeable battery would be a better choice. 
Lead-calcium and gelled-electrolyte batteries, as well 
as telephone-type "wet" cells, are also good 
choices. Nickel-cadmiums aren't recommended 
because of their tempermental characteristics. Re- 
member that most of the vagaries of these celis were 
discovered in space satellite power systems where 
solar cells were used tc charge them 

voltage regulation 
Solar generators normally provide more charging 

current than a fully charged battery can safely toler- 
ate. To prevent damage to the battery, a voltage reg- 
ulator is used to limit the charge voltage to a safe 
level. The circuit shown in f ig.  3 is a simple shunt- 
type regulator. The series diode prevents the array 
from discharging the battery during hours of dark- 
ness. The diode is also a reverse-bias switch that 

WRSARO repeater is installed in a sealable 56-gallon barrel. 
The buried enclosure permits temperature stability. Moun- 
tain-top temperatures range from -34C in the winter to 38C 
in the summer. 

Redondo Peak repeater installation. Solar array is mounted 
near the top of the tower to prevent shading. The repeater 
electronics are installed underground at the base of the 
tower. 

allows the shunt resistor to absorb the excess power 
generated. The regulator receives its power directly 
from the array and therefore does not draw power 
from the battery. Some battery current is used by the 
regulator for voltage sampling, but this current is 
very low. 

One of the important characteristics of this type of 
regulator is its negative temperature characteristic. 
Simple zener regulators have a positive temperature 
coefficient, which causes the battery to overcharge 
in the summer and undercharge in the winter. The 
opposite characteristics are desirable. Failure modes 
have been arranged to cause an open circuit in the 
shunt element, thus permitting the array to charge 
the battery in the event of a regulator failure. Battery 
status can be monitored by occasional on-site check- 
ups or by telemetry. 

array orientation 
Proper array orientation is required to provide max- 

imum power output during the year. Peak output 
occurs when the sun's rays are at normal incidence 
to the array plane. To obtain maximum output, the 
array is oriented true south (north in the Southern 
Hemisphere) and inclined from horizontal to an angle 
approximately equal to the latitude at which the site 
is located. This angle is then increased a few degrees 
to optimize the array for the winter months when the 
days are shorter and the sun is at a lower angle. Solar 
intensity is constant at all times of the year, but the 
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NOTES 
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fig. 3. Voltage regulator protects the battery from over- 
charging. Diode CR2 prevents the battery from discharging 
through the array during hours of darkness (Courtesy Solar 
Power Corporation). 

solar day is shorter in the winter; hence, the net 
accumulated energy is lower. Fortunately, the solar 
array generates more power at lower temperatures, 
thus offsetting some of the loss. 

A tracking array could be designed to follow the 
sun, but the additional power generated would prob- 
ably be consumed by the tracking system. Reduced 
reliability would also be introduced into the system 
because of the mechanical components. In short, 
tracking sytems are not a good investment at 
this time. 

equipment selection 
The cost of solar systems requires that detailed 

attention be given to operating power requirements 
and system power overhead. Ideally, the system 
would draw no power during standby and would 
convert all current consumed by the transmitter into 
rf power. Of course, this isn't possible; therefore, the 
system designer must minimize repeater standby cur- 
rent and maximize transmitter efficiency. Obviously, 
vacuum-tube equipment can't be used. Surprisingly, 
most available solid-state, base-station equipment 
isn't sufficiently efficient to be considered. Solid- 
state mobile or portable equipment is a good choice, 
because it lacks many of the frills found in base-sta- 
tion equipment. Pilot lamps and similar amenities 
should be powered down or disconnected. Logic cir- 
cuits should draw a minimum of power. CMOS 
devices can operate at high-voltage levels with amaz- 
ingly low current consumption. The WR5ARO identi- 
fier is built with CMOS and draws about 50 PA. Like- 

mA and transmitter efficiencies of 60 per cent. Under 
these circumstances, the size of the solar array will 
be a direct function of the transmitter output power. 

If operation below O°C is anticipated, extended 
temperature devices are required. !?Is wise to make 
sure that the circuitry will operate over the expected 
temperature extremes. 

critical parameters 
The most difficult data to obtain in designing a 

solar-powered repeater is the time the repeater is 
actually on the air. The time that the repeater is used 
varies from location to location and is also deter- 
mined, to a great extent by the number of other 
repeaters in the area. The transmit time and transmit- 
ter power output will directly determine the size of 
the solar array. A mistake made in this estimate could 
be very costly; over-estimation is expensive; under- 
estimation is embarrassing. The best estimate can be 
obtained by timing the repeater use. The data should 
be accumulated for as long a period as possible. 
Ideally the period measured should be one year; this 
measurement will average out the concentrated 
operating times, seasonal variations, and other 
factors. 

If the repeater is to cover an area not presently 
covered by an existing repeater, an arbitrary decision 
should be made regarding the length of time the 
transmitter will be in use. When the repeater has 
been in service for a period of time, the amount of its 
use can be determined. The transmitter output pow- 
er can then be adjusted upward or downward to 

wise, the COR, control circuitry, supervisor, and 
Ouplexar cavities are mounted in a barrel. Styrofoam pack- 

timers all combined draw less than 1 mA. ing chips slow rapid thermal changes. Cavities are copper- 
Reasonable numbers to achieve in equipment plated steel to minimize any detuning due to thermal 

design or selection are idle currents (total) of 5-20 stresses. 
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design procedure 

Solar panel is oriented true south and is inclined about 40 
degrees for horizontal. Latitude of the repeater is approxi- 
mately 36 degrees north. An additional four degrees of in- 
clination optimizes the array output during winter when the 
sun is lower in the sky and days are shorter. 

match the time use to the solar array. WR5ARO was 
designed to handle one-half the local traffic load 
that's presently divided between four local, wide- 
coverage repeaters. At  its present power output, the 
repeater can comfortably provide 35 hours of opera- 
tion per week. 

Battery capacity is an important consideration in 
system design. The capacity figure will determine 
how long the repeater will operate when the solar 
array is not charging, or when the repeater is being 
used at a current rate greater than can be supplied by 
the array. It's necessary for the solar array to supply 
more current than the repeater will consume. It's not 
necessary for the array to fully charge the battery 
each day. The system can tolerate some deficit as 
long as the battery is not damaged by freezing or any 
peculiarities typically inherent to the type of battery 
used. 

Designing a solar power supply for a repeater isn't 
difficult. Remember that solar energy collection is a 
cumulative process. Its occurence is very regular and 
very predictable. Year-to-year variations are less than 
10 per cent. Repeater use must be averaged to fit the 
collection criteria. The battery capacity is selected to 
be adequate to equalize the short-term variations in 
repeater use and local weather phenomena, which 
are highly unpredictable. The steps necessary for 
design are as follows: 

1. Determine solar insolation for the proposed site. 
Source data can be obtained from sources listed 
at the end of this article. Fig. 2 may be consulted 
directly. 

2. Determine continuous idle current, multiply by 
24 hours to determine the daily idle current ampere- 
hours. 

3. Determine the transmitter current; multiply it by 
the transmitter on time to determine the daily aver- 
age transmitter ampere hours. 

4. Average the repeater load over a 24-hour period. 
Then, divide the idle ampere-hours plus the transmit 
ampere-hours by 24. This is the average load current. 
This number must be less than the average charge 
current as supplied by the array. 

5. Determine the ~eak- ane el ou t~u t .  The average 
solar intensity should be found (step 1) and divided 
into the average daily load current. Remember that if 
the average intensity is 22 mW/cm2, then the aver- 
age current available from a solar panel will be 22 per 
cent of the peak. 

6. Calculate the "no-sun" storage requirement of 
the battery. Ten days of storage is an average num- 
ber. Multiply the total ampere-hour load (steps 2 and 
3) by ten to obtain the battery capacity. 

Note that nothing has been said about battery- 
charging efficiency. Battery efficiency cancels, 
because the charging voltage is greater than the dis- 
charge voltage. The solar array provides the addition- 
al charging voltage required by design, with no sacri- 
fice in performance. This assumption is valid if the 
internal leakage of the battery is not great (less than 
3-5 per cent per month). 

conclusions 
Solar power is useful in providing adequate power 

to operate a radio repeater if care is used in designing 
the system. The designer has a wide latitude of op- 
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tions available. Enough considerations have been 
given to demonstrate that gross overdesign of a 
solar-power generator is not necessary. Attention to 
details and careful consideration of all available op- 
tions will produce an economical design. 

The Redondo Peak repeater has been in full solar- 
power operation since June 18, 1977. There has been 
no down time. A system checkout on December 16, 
1977, showed that the solar array was generating its 
rated power outputand the batterywasfully charged. 

The cost of the solar generator, when averaged 
over its 20-year life, comes to about $35 per year. 
This number compares quite favorably with the price 
charged to many mountain-top customers for similar 
power. As the price of solar power drops, so will the 
yearly cost for power generated by this means. In to- 
day's energy-cost spiral, solar power will become 
very attractive in the near future. 
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appendix 
WR5ARO 
Specifications 
idle current (mA) 
transmit current (A)  
operation 
design average daily use 
transmitter power output (W) 
effective radiated power (W) 
solar array source 

battery source 

environmental characteristics 

12. 
1.07. 
available 24 hours (open repeater). 
2.5 hours per day. 
9.5. 
35. 
Solar Power Corporation 
E-01-369-1.5(1.5A peakoutput). 
Globe Union Gel Cel40 A-h 
(2 each GC12200). 
elevation 3.43 km (11,254 feet). 
temperature -34OC to 38OC 
( - 30F to 100°F). solar insolation 
750 kJ/cm*/year. average solar in- 
tensity 23.7 mWlcm2. rainfall 46 
cm (18 inches) per year. snowfall 
91 cm (36 inches) per year. 

Sample Calculations Using WR5ARO Data 
Step 1 Solar insolation data = 750 kJlcm21yr = 23.7 mWlcm2. 

Step 2 Continuous load = 0.012 A x 24 hrs = 0.288 A-h. 

Step 3 Intermittent load = 1.07 A x 2.5 hrs = 2.675 A-h 

Step 4 Daily average load = 2.963 A-hl24 hrs = 0.123 A. 

Step 5 Peak panel output = 0.123 A + 10 per centl(23.7 
mWlcmzll0O) = 0.570 A peak. 

Step6 Storage Capacity = 2.963 A-h x 10 days = 29.63 A-h 
battery. (Add some additional capacity to prevent freezing 
in the winter). 
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universal digital readout 

A universal digital 
readout system featuring 

reduced ambiguity, 
high input frequency, 

and low power 
con sumpt 

This article describes a relatively simple design for 
a digital dial that evolved over several years of build- 
ing and improving. For easy home duplication, it 
uses a minimum number of specially selected com- 
ponents. I t  is adaptable to virtually all types of short- 
wave equipment. Options are also described for low- 
power operation and reduced last-digit flicker. 

The counter is connected to the vfo of the equip- 
ment and preset to the i-f, or the complement of the 
i-f. It is wired to count up or down depending on the 
internal frequency scheme of the equipment. I t  is 
even possible, without knowing these parameters, to 
set up the counter using only one calibration point 
and check whether the frequency indication moves 
in the right direction. 

This counter has a 35-MHz capability, and thus 
covers the entire conventional shortwave range (3 to 
30 MHz). It is therefore possible to measure the fre- 
quency that is generated by the premixing scheme in 
Drake equipment. 

counter components 
counter and readout. The basic four-digit counter 
consists of four low-power Schottky BCD counters, 
the 74LS190 (see fig. 1). The BCD outputs of the 
counters are connected to special LED readouts 
which contain an internal latchldecoder. The read- 
outs, HP-type 7300, are somewhat expensive. How- 
ever, for the home brewer they immensely simplify 
construction. 

As mentioned, the counter reads only the four 
most significant digits, since the MHz digits have 
always been read from the band switch in the past. 
Plus, the complexity of added digits might make the 

job more than the average ham would want for a 
home project. The motto here is keep it simple. 
time base. The time base is a very simple circuit, It 
consists of a single IC (CD4060) and a crystal, a trim- 
mer capacitor, and a resistor. The IC contains the 
necessary amplifiers for a crystal oscillator and 14 di- 
vide-by-2 stages. A t  the output of the last stage, 
labeled QI4, the oscillator frequency has been divided 
by a factor of 214. Starting with a 409.6-kHz crystal, 
the final output is a 25-Hz squarewave. This output, 
plus the 50-Hz squarewave from Q13, are used to 
generate the necessary counter timing pulses. 
counter timing. Operation of a counter generally re- 
quires various timing pulses to control the counter. in 
a conventional counter, the count gate provides a 
precisely timed interval which allows the number of 
counts admitted to be equal to the frequency of the 
signal. Since frequency is measured in terms of 
events per second, this gate is always a fraction of a 
second. Or, in this case, where we want to read t c  
hundreds of Hz, the gate is exactly 0.01 second long. 
Other pulses are required for presetting the counter 
to a fixed starting number (frequency) and for trans- 
ferring the final count to the readouts. 

4 PREi/hfER w pREsaLER FOUR-D!GlT COUNTER I 
I 2 3 4  

DIGIT 

1 - 1 
SUPPLY 

fig. 1. Simplified block diagram of the universal digital 
readout. 

The count gate, the display, and the preset pulse 
are all derived from the two squarewaves provided by 
the time base (see fig. 2). The first two gates con- 
nected to the CD4060 buffer the CMOS outputs of 
the time base. 
preamplifier. A preamplifier, though not always 
necessary, is a good idea. It not only increases sensi- 

By Gerd Schrick, WBOIFM, 4741 Harlou Drive, 
Dayton, Ohio 45432 
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n TIMING WAVEFORMS 

P 

0 

+ 
COUNTER 

INPUT FROM PREAMPLIFIER 

2 0  mrac 
it. 

it 4 0  mrec -4 
- 
014 A HI 7 // 2 5  HZ 

U 

t 1 0  mrac 

lupr PRESET GATE 

DISPLAY 

X 
fig. 2. Schematic diagram of the three different timebase versions. In  A, the count gate is actually enabled for 20 mS, but since 
the counters are held in  the preset state for the first 10 mS, the time that the counters are allowed to  be clocked is 10 mS. The 
low-power version, B, runs the display at a 25 per cent duty cycle. For the low-ambiguity version, C, the crystal is changed to  
204.8 kHz, effectively quadrupling the count gate to40 mS. 

tivity but also acts as a buffer, reducing possible 
spurious responses in the receiver generated by the 
timing pulses. A single transistor, as shown in fig. 3, 
is used in common-emitter configuration. The sensi- 
tivity is better than 50 mV RMS from 100 kHz to 30 
MHz. The maximum voltage is about 1 volt RMS. 
power supply. The digital dial, using mainly TTL- 
devices, requires a 5-volt dc power source. The cur- 
rent, depending on the desired version, will range 
from 170 mA for battery-powered equipment to 500 
mA for the low-ambiguity 100 per cent display 
version. 

last digit ambiguity 
The problem last-digit ambiguity arises from the 

fact that the count gate, as generated from the crys- 
tal oscillator, is not synchronized to the incoming fre- 
quency. The gate will sometimes accept an addition- 
al count, changing the digit, for example, from a 5 to 
a 6. This is the well-publicized + 1 digit ambiguity 
that digital counters exhibit. One way of overcoming 
this ambiguity is to increase the number of digits 
counted, yet only display a limited number. This, in 
effect, is the same as simply covering the blinking 
digit. 
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TO COUNTER 

fig. 3. Schematic diagram of a simple bufferlpreamplifier 
which can be used between the counter and the receiver. 
Sensitivity is better than 50 mV RMS. 

The conventional counter can achieve the addi- 
tional counts only by lengthening the gate; if we con- 
sider another decade, the count gate would be 0.1 
second, reducing the counter's final update rate to 
only 6-8 Hz. It is still possible, using the memory cap- 
ability of the readout, to obtain a blink free and 
almost instantaneous update when turning the dial of 
the VFO. 

However, it is not actually necessary to add a com- 
plete decade to the counter; any integer will do. How 
then is the ambiguity affected by the addition of the 
new counter? In reality, it never goes away. What 
does happen is that the probability that the + 1 ambi- 
guity will occur is reduced by the reciprocal of the 
additional factor. For example, if you add a divide- 
by-two, the probability will be reduced by 112, or 50 
per cent; for a divide-by-four it will be 114, or 25 per 
cent. However, for this reduced probability, there is a 
price that must be paid. The count gate will have to 
be lengthened by the same factor. 

programming 
To program the counters, the individual load lines, 

labeled DA, DB, DC, DD in fig. 4, are connected ac- 
cording to the required BCD code. To program a 5 in- 
to a particular counter, ground the data lines for DB 
and DD. The other data lines may remain open or 
connected to + 5 volts. 

A simple scheme using a single-pole, double- 
throw switch, as shown in fig. 5, can be used to pre- 
set the counter to two different starting frequencies. 
For more than two positions, a multiple-deck switch 
would be required. 

counter options 
standard versior;. This is thz simplest fori-ii of the 
digital dial, with no precounting to reduce ambiguity. 
The time base generates a 0.01 -second gate, giving a 
readout to the nearest 100 Hz. The display is updated 
at the rate of 25 Hz, with a display duty cycle of 50 
per cent. Power requirements are 5 volts at 300 mA. 

low-power version. In this version the time base 
output is slowed to 0.02 second, permitting the addi- 
tion of a single divide-by-two counter which reduces 
the last digit flicker to 50 per cent. The display duty 
cycle is also reduced, to 25 per cent, giving a some- 
what dimmer, but still quite visible, display. The up- 
date rate is still 25 times per second. Power con- 
sumption is under 1 watt (170 mA at 5 volts). 

low-ambiguity version. For a little added complexi- 
ty, this version is the most useful for fixed-station 
use. The time base is further slowed to 0.04 second 
by substituting a 204.8-kHz crystal for the 409.6 crys- 
tal. With this change, a divide-by-four prescaler, 
which reduces the last digit ambiguity to 25 per cent, 
can be used. 

Since the update rate is now only 12.5 Hz, an intol- 
erableflickerwould occur if the display were switched 
at that rate. To eliminate the flicker, the latch in the 

k I 1 I 
UP/DOWN 

A L L  7 4 L S 1 9 0 5  

PRESET 
8 . h  1 6 .  + 5 v  

4 t h  DIGIT 3rd DIGIT 2nd DIGIT 1st DIGIT 
D OR +5V 0 

OR GROUND 0 1 

fig. 4. Schematic diagram of the four 74LS190 counters and the HP-7300 LEDs. The R line, connected to pin 5 of the 7300s, is used  
to strobe the latches when used in the low-ambiguity version. Pin 5 of the counters is taken low for up counting, and can b e  l e f t  
open to count down. 

5 
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H P 7 3 0 0  

6 

H P 7 3 0 0  

8 1 2 3  

A E C D  

3 2 6 7  

8 1  2 3  8 1  2 3  8 1  2 3  

A E C D  

3 2 6 7  

COUNTER 4 7 4 L S 1 9 0  
13 14 - 7 4 L S 1 9 0  

I 3  14 - 7 4 L S 1 9 0  
13 14 - 

INPUT 
7 4 L S 1 9 0  

A B C D  

3 2 6 7  

A E C D  

3 2 6 7  



DATA / INPUTS 
4 f h  3 r d  2nd 

fig. 5. Example of using a single-pole double-throw switch 
to select different preset programming. Those lines that 
are always high are left open, while those that are always 
low are held low. The switch changes the level into the in- 
puts depending upon the preset value. 

7300s is also strobed, giving a 100 per cent display 
cycle. Even with the bright display power consump- 
tion is quite reasonable, 500 mA at 5 volts. 

checkout and calibration 
With an adequate power supply connected to the 

counter, checkout and calibration can be completed 
in a few simple steps: 

1. Program the preset inputs according to the re- 
quired BCD input. For a quick check, the number 7 
can be programmed into the counter by grounding all 
pin 9s. 

2. Apply a stable rf signal to the input of the pream- 
plifier. The counter should count either up or down, 
depending upon the input to the control pin. 

3. Next, apply a signal of known frequency (crystal 
calibrator, for instance). Check the displayed fre- 
quency against the input, the preset, and whether 
the counter was programmed to count up or down. 

parts list Plus: 
Standard Version 

4 ea 74LS190 409.6 kHz crystal 
4 ea HP 7300 Numerical Indicators pNp trans, 
1 ea CD 4060A 820Q Res. 
4 ea Resistors 2.2k, 15k, 22k, 

721, 1 I A W  Low-Current Version --.., . , r . . 
5 ea Ceramic Cap2x.l,800p, 409.6 kHz crystal 

360p. 50p 50v PNP trans. 

1 ea Trimmer Cap 35p 74LS109 1C 

1 ea Rectifier Diode 1A. 50V PIV 820n 

1 ea LM 309 K IC Low-Ambiguity Version 
1 ea Electrolytic Cap 250 pF 15V 204.8 kHz crystal 
div. HW, sockets, chassis, etc. 74LS109 IC 

If all readings are correct, the counter can then be 
permanently connected to the receiver. 
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the Oscar Calcu-pu ter 
If you are adventuresome enough to attempt 
automatic antenna tracking of Oscar, but don't have 
the necessary bucks to tie into a computer, this arti- 
cle should be just what you need. Even if mathemat- 
ics isn't your strong suit, don't get discouraged, read 
on. The formulas for tracking Oscar are not that 
tough, especially if you apply one of the inexpensive 
hand calculators. Unfortunately, the main disadvan- 
tage of the hand-calculator method is the need to 
constantly manipulate the buttons, even for informa- 
tion for the Oscar pass. This article will explain my 
method of solving this problem - automating a 
small hand-held calculator. I'II even explain a few 
ideas for making a complete steering system. That 
way all you have to do is enter the equator crossing 
longitude, punch a button when Oscar crosses the 
equator, and from there on it's automated all 
the way. 

program explanation 
The terms I've used in the program (see fig. 1) 

have been summarized in table 1. In addition, I've 
assigned line numbers to each program step to make 
it easier to follow. Actually, the program is divided 
into six separate parts, each part solving one of the 
following equations:l 

Lat(T) = sin-1[0.9790*sin (3.1319T)l (1) 

Long(T) = 
cos- ~{cos(3.1319~)/cos[~at(~)~) + 0.25T+ Lo (2) 

D = cos- 1 (sinAsinB + cosAcosBcosL) (3) 
Ar = cos - *[(sinB - sinAcosD)/cosAsinD] (4) 

El = 90 - tan - 1  [4867sinD/(4867cosD - 3957)l (5) 

M = (4867cosD - 3957)/cos(90 - El) (6) 

Steps 004 through 030 solve eq. 1, 031 to 058 eq. 

2, 059 to 108 eq. 3, 109 to 148 eq. 4, 149 to 191 eq. 
I 5, and steps 192 to 203 for eq. 6. Each step is actually 

a single key-stroke on the calculator. There are sever- 
al steps that should be briefly explained. This might 

I 

eliminate program questions as you follow the equa- , tions through the program. 
Step 000 represents the unit being turned on. In 

, addition, other circuitry resets the external logic back 
to a common starting point. The one-shot multivibra- 
tor which performs the reset function also enables 
the clock gate. Anytime the clock gate is enabled, 
the sequencer is allowed to advance to the next pro- 
gram step. If the gate is disabled, the program will 
stop on that particular step. This is an important 
feature, as I'II explain later on. 

Steps 001 through 003 merely clear the calculator ' of any previous computations or stored answers. The 
next two steps shift the calculator into four decimal 
place readout. The calculations are actually done to 
the limit of the ICs involved, and the answers round- 
ed. For all program steps you'll notice a listing for 
type of entry. This notation is explained in table 2. 

Program steps 013 and 014 cause the time since 
the satellite crossed the equator to be entered into 
the calculator. This is entered as even minutes and 
results in a readout for antenna azimuth, elevation, 
and distance to the satellite for each minute of the 
pass. In theory, at least, if you provide the correct ini- 
tial data and accurately enter the time, the calculator 
could provide information for tracking for the next 
pass, or even several later passes. This is limited only 
by the accuracy of the entries you make, and could 
easily be updated. 

The last unusual steps are 038 and 039. In some 
calculations it is easier to find a denominator before 

By Dave Brown, WSCGI, Route 5, Box 39, 
Noblesville, Indiana 46060 
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fig. 1. Program solved by the Calcu-puter. When broken in to parts, this program w i l l  solve the six equations necessary t o  track 
Oscar. 

Typr  of  P r o g r a m  / Type of Program 
E n t r y  S t e p  Key  E n t r y  S t e p  K e y  

DP S 
CLR 
CLX 
- - -  
UP:, 

4 
3 

DP 
1 
3 
I 
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E r n  

' t e n s  
T o n e s  

S TO 

Y 
ST0 

2 
SlN 
DP 
9 
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Y 
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X 

I K V  
SIN 
ST0 
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COS 
ST0 

4 
RCL 

COS 

DP S 
l i X  
INV 
COS 
DP 
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5 

RCL 
1 
X 
+ 

EQX 100 
EQX 10 

EQX 1 
DP 

EQX . I  
EQX .01 

+ 
ST0 

5 
CLX 

LL.T 10 
LAT 1 

DP 
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LA1 .O1 

ST0 
6 

SIN 
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7 
RCL 

3 
SiN 
ST0 
8 
X 

ST0 
9 

CLX 
RCL 

6 
C0S 
ST0 

1 
EN'I 
RCL 

4 
ENT 

LONG 100 
LONG 1 0  
LONG 1 
DP 

LONG . l  
LONG .O1 

ENT 
RCL 

5 

c 0 s  
X 
X 

RCL 
9 

its associated numerator. This leads to dividing the 
denominator ( d l  by the numerator (n), or d/n. To get 
the correct answer (n/d vs d/n), the reciprocal key 
( l / X )  is used after the division answer has been 
obtained. On my calculator, I have to use the DPS 
key to access the I/X function. This accounts for the 
use of two steps. 

circuit description 
The heart of the automating device is a 1702A 

EPROM (see fig. 2). The program, from fig. 1, is 
entered into the PROM such that the outputs, when 
decoded, will electrically press the appropriate keys 
on the calculator. For general use, a RAM would be 
more appropriate, but I wanted to solve one specific 
problem: the equations necessary to track Oscar. 

The 1702A PROM has 256 distinct address loca- 
tions, enough to handle the 205-step program. Each 
step of the program represents a sequential binary 

Type o f  
E n t r y  

Y 
Me 
Me 
T 
T 

Me 
Me 
Ne 
Me 
p.1 

Xe 
Xe 
M 

Me 
Me 
?le 
Ple \, 
Me 
Me 
M 

Me 
Yle 
Y 

Me 
?le 
M 

?le 
>le 
T 

Me 
Me 
M 

Me 
Me 

Y 
K 
K 
T 

D 
D 
R 
D 
D 
Ile 
Me 
M 

co  
co 
CO 

CO 

Program 
S t e p  

102 
1 0 3  
104 
105 
106 
107 
108 
109 
110 
111 
11' 
1 1 3  
114 
115 
l i b  
117 
118 
119 
120 
1 2 1  
122 
123 
124 
125 
126 
127 
128 
129 
130 
1 3 1  
132 
133 
134 
135 
136 
137 
138 
139 
1 4 0  
1 4 1  
142 
1 4 3  
144 
145 
146 
147 
148 
149 
150 
1 5 1  
152 
1 5 3  

Key 

+ 
STO 

2 
1m7 
COS 
ST0 

3 
RCL 

7 
E m  
RCL 

2 
X 

ST(! 
5 

RCL 
8 

EN? 
RCL 

5 

ST0 
5 

CLX 
RCL 

1 
ENT 
RCI. 

3 

SIX 
ST0 

6 
7. 

RCL 
5 

DPS 
l / X  
INV 
COS 
DP S 

0 
GoSUBl 

DP S 
4 

ST0 

CLX 
4 
8 
6 
7 

Type o f  P r o g r a m  
E n t r y  S t e p  

Me 154 
>1e 155 
He 156 
M e  157 

M 1Se 
C o  159 
Co 1 6 0  
Co 161 
Co I 6 2  
*I 1 6 3  

I le 164 
Xe 165 
Ile 166 
Me 167 
Y 168 

Me 169 
Me 170 

171 
M 172 
T 173 
T 174 

M e  175 
It 176 
Co 177 
Co 178 
M 179 

Pie 180 
Ye 181 
Y 182 

Mc 183 
Ye 184 
D 185 
D 186 
R 187 
D 188 
D 189 

He 190 
Me 19 1 
Ye 192 
Xe 1 9 3  
M 194 

Me 195 
M c  196 
T 197 
M 198 
D 199 
D 200 
R 201 

Ye 202 
>le 203 
** 204 
*X 205 

Key 

S TO 
7 

RCL 
2 
X 
3 
9 
3 

7 

ST0 
8 

RCL 
7 

ENr 
RCL 

6 
'i 

INV 
TAN 
ST0 

9 
9 
0 

EN? 
RCL 

9 

ST0 
1 

DPS 
0 

GoSUB2 
DPS 

4 
ST0 

6 
RCL 

8 
ENT 
RCL 

1 
cos 

DPS 
0 

GoSUB3 
S TO 

5 
STOP 
END 

address in the PROM. As seen in the schematic dia- 
gram, 74193, 4-bit binary counters are used to  
sequentially address the 1702A. I decided to use the 

table 1. Def in i t ion o f  terms used i n  the  Ca lcu -pu te r  
program. 

(T) Time in minutes since EQX 
Lat(T) Satellite sub-point Latitude in degrees at (T) 
EQX Satellite equator crossing reference 
Long(T) Satellite sub-point Longitude in degrees at (T) 
Lo Satellite sub-point Longitude in degrees at EQX 
D Great Circle distance Stn to Sat in degrees 
Stn Station location (your QTH) 
Sat Satellite location 
A Latitude of Stn in degrees 
B Lat(T) 
Ls Longitude of Stn (QTH) in degrees 
L Ls - Long(T) 
Az Azimuth bearing for antennas (from true North) 
E or El Elevation bearing for antennas (from horizon upward) 
M Distance in statute miles from Stn to Sat (true position) 
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GROUND FOR SIYGLE 
PROGRAM USE BUT ?-- ALLOW FOR REMOVAL 

b* 

03 
1702A 

+ 5 v  be 
EPROM 

- 9 v  a, 

00 

fig. 2. Schematic diagram of 
the input and output logic con- 
nected t o  the 1702A EPROM. 
The preset inputs for the 74193s 
are normally connected to  V,, 

CLOCK 

CHOOSE RC FOR REOUlREO 
l T O 3  SECOND DELAY FOR 

+5Y TRIG FUNCTION 

4 GATING 

1 1  15 1 10 9 

through 1000-ohm resistors: 74121 

The clock and gating connect ba - TOCG- I  STOP 

to the input of the first 74193 as 6, I *I I -CLOCK GATE CLOCK 

shown in  fig. 3. i f  required, 
- 

L ~ c ~ 4 ~ : I N  18 
ENABLE SIN. OR cos. n E c - 4  OR OUTPUT TAN 

buffers can be inserted be- 
tween the outputs of the PROM and any external devices. The actual pin numbers on the inverters and NAND 
gates have not been shown to allow flexibility in  other systems. To incorporate the trigonometric delay fea- 
ture, a 74121 is inserted between the decoder and the 7430 NAND gate. 

74193 instead of the 7493, taking advantage of the 
preset capability. This means that the program can 
be started at any spot by simply entering the correct 
starting address into the data inputs and momentarily 
taking load line low. If this capability is not desired, 
the 7493 could be used. 

Eight output lines are available on the 1702A. For 
direct calculator control, I've only used six of the 
available outputs. The first four outputs, bo to b3, are 

used as normal addresses for 74154 one-of-sixteen 
decoders. The outputs are simultaneously applied to 
all four decoders. The b4 and b5 outputs from the 
1702A are also decoded and used to select the appro- 
priate 751 54. 

The final two outputs, b6 and b7, are used as a pro- 
gram stop and program halt. When step 204 is ad- 
dressed, the output from the PROM will be 01000000. 
The high level from the be output is detected and 
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used to stop the program until a new "minutes" time equator, the first flip-flop is set, which in turn sets 
is entered. This is one of the different means of dis- the second flip-flop. Having both set will enable the 
abling the clock gate. Output b7 is programmed in a clock gate. 
like manner to provide a high output at step 205. This I have tried to divide the decoders into a logical 
Gutput ,.,:II vvlll .-.+-.. atup the piog;aifi, i e g ~ i d l e ~ ~  of ihe oidei, with DECl iisiiiy the binary codes for number 
minutes timer. 0 through 9, to directly decode the number informa- 

INPUT 

TRIG. DEL. OS-CGI  

GO SUB 05.-CG 2 

CLOCK 
TO FIG. I 
SEQUENCER 
PIN 5 

+5v 

. N.O. MANUAL MOM , , , +! KLvri7STop (HOLD) 

I I* 

f ig .  3. Schematic dia- 
gram of the clock gating 
logic. The actual input 
clock frequency wil l  de- 
pend upon the speed at 
wh ich  your calculator 
can do the computa- 
tions. For initial testing, 
it could be as slow as 1 
pulse per second. 

+5v +5V 

START 

74 /21  
ONE SHOT 

FROM REAL TIME 
AT EQX IF USED 

CLOCK 

L 

u 74/21 
ONE SHOT 

p.4 FROM 1702A PROM 

+ 5 v _ L  <806, 
u 

RESTART ( IN IT IAL  START FROM 
FF- I 5 LINE 

MANUAL STOP 

74121 
ONE SHOT - -L 

STP %+5v0 3 
A 

FROM 170ZA 
PROM re (STOP) 

Two flip-flops are used for clock gating. As seen in 
fig. 3, the one-shot multivibrators receive the various 
start and stop commands. The pulses are then used 
to trigger the flip-flop into the desired states. In addi- 
tion, provisions have been made to interface a real- 
time clock to signify the equator crossing. When you 
initiate the start command as Oscar crosses the 

table2. Type of entry notation used in the program. 

1 

M 
D 
Co 
cq 

Ti 
Me 
T 
K 
S 
C 
R 
X *  

STOP 
END 

Power on, reset timer (T) and program sequencer to 000, 
and all readouts to zero 
Machine function - CLX, ENT, + , - etc. 
Change of decimal point location 
Constants defined by Oscar and put into PROM 
Constants defined by your QTH and put into only your 
PROM 
Entry from timer output 
Storage or Recall function tolfrom memory and number 
Trigonometric function (and added delay trigger) 
Keyboard shift function (SHIFT that is not DPS) 
EQX Longitude entry by switches 
Constant (decimal point entry) 
Readout Sub-routine function (external to calculator) 
Operational system command (Stop, End) 
Halts calculator until next timer period enters 
Detects maximum period of pass elapsed - full stop 

tion. The keys for the four basic math functions are 
also included in DEC1. As seen in fig. 4, outputs 
from the decoders are used to drive open-collector 
buffers. The buffers then drive the reed relays which 
are connected across the calculator keys. It is imper- 
ative that the relays have a very high resistance 
across the open contacts, and also a very low closed- 
contact resistance. 

A complete listing of the respective decoder 
addresses is given in table 3. Note that the first 
address in DECl does not have an associated func- 
tion. This is to  prevent a problem when the step 204 
and step 205 commands are initiated. If the address 
were used, you would have a simultaneous key clo- 
sure in addition to  either a stop or halt command. 

You'll notice that the only functions in DEC4 are 
the trig functions. This was done for a very specific 
reason. In most calculators, depending upon the IC 
set used, a trigonometric operation will take longer to 
perform than a basic math function. This was also 
true in the calculator I used. To overcome the prob- 
lem, I needed some method of momentarily stopping 
the program until the calculator had completed the 
trig operation. Otherwise, the program might have 
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advanced several steps without correct data from the 
trig operation. By placing these operations in DEC4, 
detecting any OOllxxxx number will automatically 
indicate that a trig function is present. After the func- 
tion has been detected, a one-shot disables the clock 
gate long enough for the calculator to do the compu- 
tation. 

Instead of using this program-delay technique, the 
time between steps could be made long enough to 

vll con aiiow for a rrigonurnetric operation, but this vr;'l 
siderably slow down the time necessary to perform 
all the calculations. Using the one-shot requires a 
few more parts, but the tradeoff is worthwhile, con- 
sidering the time saved. 

The GoSub routines, listed in DEC3, are used to 
output the data from the calculator to external read- 
outs and other external processing. Gating for the 
GoSub routines is shown in fig. 5, with a quasi-sche- 
matic diagram of the readout system shown in fig. 6. 

On the subject of the GoSub routines, you'll notice 
a DPS 0 step just before each GoSub step in the pro- 
gram. This truncates the display to eliminate any 
numbers to the right of the decimal point, and also 
shifts the answer to position the units digit on the ex- 
treme right of the display. 

In the multiplexed displays (as used in my calcula- 
tor), the same segments of each display are tied 
together, with a digit strobe activating the appropri- 
ate digit. The Calcu-puter, as I've aptly named it, is 
interfaced to external readouts by connecting the 
segment information lines and the data strobe lines 
to external latches. Fig. 6 is not an absolute sche- 
matic diagram since the voltage levels and required 
interface, will differ between calculators.2 You'll also 
notice the use of digital information to indicate the 
actual antenna position. This information, combined 
with the Calcu-puter information, nicely lends itself 
to completely automated antenna control.3 

6 SW CLOSE 

DEVICES 
ACROSS 
KEYBOARD 
KEYS 

I fig. 4. The outputs from the decoders are 

DEC-4 I used to drive either reed relays or solid- ! state swi tches through open-collector 
1 buffers. For complete buffering, 24 wil l  be 

1 required, 15 in  DEC1, 6 in  DEC2, and 3 in  
1 1 1 1 1 ~  DEC4. The logic connected t o  DEC3 i s  

DEC OUTPUTS shown in  fig. 7. 

DEC3 also decodes the commands necessary to 
enter the equator crossing longitude and time since 
crossing from the external BCD switches. As seen in 
f ig .  7, the switches and outputs from the timers are 
OR-wired and used to feed a 7445 BCD-to-decimal 

table 3. DEC output functions. I n  DEC 2, only the underlined functions are used in  the program. 

binary 

000000 
OOOOO 1 
m 1 0  
00001 1 
000100 
000101 
0001 10 
000111 
001000 
001001 
001010 
00101 1 
001 100 
001 101 
001 110 
001111 

DEC 1 
decoded function 

not used 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
D.P. 
+ (add) 
- (sub) 
x (mult) 
+ (div) 

binary 

010000 
010001 
010010 
01001 1 
010100 
010101 
010110 
010111 
011000 
01 1001 
011010 
01 101 1 
01 1 100 
0111101 
0111110 
0111111 

DEC 2 
decoded function 

not used 
SHIFT (DPS) 
CLX - (elf) 
ENT - (sci) - 
ST0 - (INV) 
RCL - (HYP) 
EE 1 /x 
In (log) 
sigma+ (x,s) 
+ / - (x!) 
x -v ( % I  
roll x (delta%) 
v ( s q r  X) 

not used not used 
not used not used 
not used not used 

binary 

1 m  
loo001 
100010 
10001 1 
100100 
100101 
1001 10 
100111 
101OOO 
101001 
101010 
10101 1 
101 100 
101101 
101 110 
101111 

DEC 3 
decoded function 

not used 
EQX 100 
EQX 10 
EQX 1 
EQX .1 
EQX .O1 
(T) 10 (minutes) 
(TI 1 (minutes) 
Go Sub 1 
Go Sub 2 
Go Sub 3 
not used 
not used 
not used 
not used 
not used 

binary 

110000 
110001 
110010 
110011 
110100 
110101 
1101 10 
110111 
11 1000 
111001 
11 1010 
111011 
111700 
111101 
111110 
111111 

DEC 4 
decoded function 

not used 
sine 
cosine 
tangent 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
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CLOCK 
GATE-2 

fig. 5. Details of the GoSub routine logic. The output pulse, 
in conjunction wi th the digit strobe, is used to enter the out- 
put data into the 7475 latches. 

decoder. The output from the decoder also drives 
reed relays connected across the calculator keys. 

Fig. 6 shows digital information indicating the 
actual azimuth and elevation of my antennas. In 

addition to being applied to the 7485, 4-bit compara- 
tors, the information is applied to BCD-to-7 segment 
decoders and readouts. Also, fig. 7 indicates where 
decoders could be connected to readout the time 
since equator crossing. With all the information con- 
verted for readouts, I have a panel that shows dis- 
plays of: azimuth (beam), azimuth (calculated), ele- 
vation (beam), elevation (calculated), distance M 
(calculated), distance M (for later use), time, and 
sequencer location. The sequencer location was 
included as a troubleshooting aid should the program 
ever stop. 

Limit switches have been included in my system to 
stop the antenna from going beyond the prescribed 
limits. If you run the program only during valid pass 
times, the program should never produce invalid 
commands. But, should this ever be a problem, the 
limit switches will prevent major damage. You can 
readily see from the readouts where the problems are 
if they occur. 

Trigonometric functions near 0 or 90 degrees, and 
numbers which result in zero denominators can give 
the program fits, but there just isn't any easy way 
around this. I haven't found it to be a problem, how- 
ever, except on way out, very short passes. A final 
note on PROM programming: in steps 059-063 and 

CA 

S 

'ELEVATION' 

sert an interface device between the 7-segment information and the BCD format required by the 7475s. The 
author uses another 1702A EPROM programmed to do the necessary conversion. An alternate method cw ccw 

would be to  use the National 746915 to convert the data. Though not shown in this diagram, the author has .GO" 

also connected decoders and readouts to indicate the actual antenna position. The 7404 buffers between the calculator and the 
latches may have to  be changed depending upon the type of strobe coming from the calculator. 
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EOX I W  

EOX 100 

EOX 10 

EOX 1 
+5v 

EOX . I  

EOX .01 
+SV 

IT1 10 +5V 

+5v 

( T )  I 
READOUTS ATTACH 

GSI 1 TO THESE POINTS 

::j* 

X SEE FIG. 5 8 6 
FOR GO SUB 
DETAILS 

* 
IT1 TIMER 

fig. 7. The external BCD switches, 
for entering equator crossing 
longitude, are OR-wired with 
the 7490 minutes counters. This 
information is also used to drive 

buffers information and into relays the which calculator. input +,, j:, 16 A , ~ ~ 7 : ~ ~  0 8 
CONT 

( T I  I 

The gates are all 7409 open-col- 7 4 4 5  

lector AND gates. The 1 pulse per ( 0  9 
2 3 4 5 6  

minute clock will have to come 2 3 4 5 6 7 9 1 0  

from an external source. " / .  .2. .3. .5X "6. .," .9" 

087-092 be sure to enter the latitude and longitude 
for your location. This will be retained as permanent 
information in the PROM. 

concluding comments 
The primary message of this article has been to 

show you that a complete computer/microprocessor 
is not required to do simple math problems. The 
PROM is in a sense a simple BASIC language like no 
other. It has automated a calculator, providing both 
for inputing and outputing of data, much in the same 
way as a full-scale computer. 

I did write a program in algebraic notation instead 
of RPN, but quickly discarded it when I couldn't find 
an inexpensive calculator with enough onboard 
memory. Lacking this capability meant dumping out 
the interim answers, performing more calculations, 
and retrieving the interim answers before the final 
numbers could be outputed. It generally amounted 
to a lot more hardware, fast approaching a full-blown 
computer, a mess that I wanted to avoid from the 

beginning. The APF 55 calculator I finally used was 
provided by a friend because some of the digit seg- 
ments would not light. It was about as cheap, and 
definitely quicker, for him to buy a new calculator 
and give me his remains! Shop around because the 
price on some of the very sophisticated units is get- 
ting ridiculously low. For that matter, one of the 
many calculator shops around these days might part 
with some of their damaged returns, for the right 
price. 

For anyone wishing additional information, a self- 
addressed, stamped, envelope will bring a quick 
reply; and any comments on improvements to the 
system will be welcomed. 
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simple video display 

Two projects 
to get you started 

in building a 
video display unit 

using readily 
available devices 

There has been much recent interest in video 
display units. They can be used as part of a video 
typewriter, for putting up displays on ATV and 
SSTV, and for decoding RTTY and Morse off the air. 
Most of the displays are complex and expensive. 
Even the available kits aren't suitable for those who 
haven't had much experience. For normal use you 
don't need whole screens full of characters, and the 
simple 32-character single-line display described here 
is an excellent beginning for those who would like to 
play around with an inexpensive video display unit. 

description 
The heart of the unit is the Fairchild 3258 dot- 

matrix character generator IC. Externally it's a 16-pin 
package (I hate to think what's inside it!), which ac- 
cepts ASCII inputs and produces 64 characters on a 
5 x 7 dot matrix. Apart from the inputs and outputs, 
the only other signal connections to the chip are in- 
puts to a clock and a master reset. The chip has an 
internal clock and addressing system. After the 
master reset input operates and goes high, the in- 
formation representing the first row of the character 
is available after the first clock pulse. Subsequent 

clock pulses select the next six rows in turn; after 
that, the outputs are clamped high and the character 
generator stops until another master reset pulse ap- 
pears. Thus, if the character-generator clock is 
pulsed at line frequency, the character will appear on 
the screen. 

experimental system: 
one character 32 times 

Fig. 1 shows the logic diagram of the display unit. 
Only nine integrated circuits, including the character 
generator, are required. There is no reference crystal 
or dividing network. I used a monitor from a non- 
composite camera and monitor combination and 
simply fed the horizontal and vertical sync pulses into 
the VDU. If you wish to use a regular TV set, it's 
quite easy to add two 555 timers to provide horizon- 
tal and vertical sync pulses. Fig. 2 shows the connec- 
tions for the monitor, which would be typical, and 
fig. 3 shows the circuit for the 555 timers required. 

1 system operation 
The second half of the 74123 feeds a gate, which 

feeds a second gate, which in turn feeds back into 
the 74123. This action sets up an oscillating circuit 
whose frequency is determined by the 5k pot in the 
+ 5-volt line. This frequency is used to step the 74195 
shift registers and provides the basic video signal. 
The character-generator output is loaded into the 
74195 shift registers then clocked out in a serial mode 
at the VIDEO OUT terminals. The J and R inputs of 
the first shift register cause highs to  be entered as the 
data from the character generator is shifted along. 
Finally, when the six outputs to the 9007 gate are all 
high, a low is sent on the MOD 7 counter line, which 
reloads the shift registers and clocks the horizontal 
character count 7493 ICs. 

By Roy Hartkopf, VKSAOH, 34, Toolangi 
Road, Aiphington, Victoria, Australia 3078 
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fig. 1. Logic diagram of the video display unit (VDU). Only nine ICs, including the character generator, are used. 

When this action occurs 32 times, the 7493 pro- 
vides an output to the HORIZONTAL STOP line, which 
inhibits the 5-MHz oscillator and stops the sequence. 

This action occupies about two-thirds of a single 
horizontal line. When the end of the TV line is 
reached, a horizontal sync pulse operates the first 
half of the 74123, resetting the 7493 counters, pro- 
viding a clock pulse to the character generator. This 
pulse acts to output the information for the next line 
and resets the 74195 shift registers. The sequence 
then repeats for the next line. 

The character generator automatically blanks out 
after a complete row of characters has been sent, 
and if it's required to have more than one row, the 
9316 will count the rows and reset the character 
generator. A vertical sync pulse resets the 9316, so 
the information is always at the same position on 
successive frames. 

There are no critical adjustments in this circuit. 

The 25k pot in the first half of the 74123 positions the 
first character on the left-hand side of the screen, 
and the 5k pot in the second half opens up or closes 
the 32-character-length display so it can be spaced 
evenly across the screen. 

The logic shown in fig. 1 will produce a display of 
one character repeated 32 times across the screen. 
The character will be determined by the ASCII input 
to the character generator. For test purposes you can 
apply a combination of 5-volt and ground inputs as 
required. This can be treated as a project in itself, so 
that those who want to take a bit at a time can do 
this, then go on to the second half of the project. 

32 different characters 
The logic for the second half of the project is 

shown in fig. 4 and again is quite simple. Here, the 
main device is a Fairchild 3349 hex 32-bit static shift 
register. Like the character generator, the 3349 has a 
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fig. 3. Circuit using the NE- 
555 timer to provide hori- 

fig. 2. Connections for a zontal and vertical sync 
typical monitor (Toshiba pulses if a regular TV set is 
TMC2AX). used as a monitor. 

R /  R 2  C I  

VERTICAL 4.7k IOOk 0 . 0 4 7  

HORIZONTAL 4.7k 2 2 k  0 . 0 0 2 2  

deceptively simple 16-pin package; and again, there 
is a complex integrated circuit inside. 

Only two signal controls are needed: a clock input 
and a load/recirculate input. The clock pulse steps 
the 32 bits in each of the shift registers, which recir- 
culate until the LOADIRECIRCULATE input goes low. 
Then new data is accepted and the data at the other 
end is lost. When the LOAD/RECIRCULATE input 
goes high again, the 32 bits in each of the six shift 
registers at that time resume recirculating. To obtain 
32 different characters across the screen, the shift 
registers must present the six new bits to the 
character generator each time the Mod 7 counter 
operates so that the shift-register clock is fed from 
the Mod 7 counter. This action would produce 32 
characters, but they would be random characters 
that happened to come up when the display was first 

switched on. So we must have some way of putting 
in the characters we want. This is done by 
simuitaneousiy presenting the required ASCII code to 
the shift-register inputs and applying a negative key 
pulse to the set input of a flip-flop. This action sets 
the flip-flop output high and puts a high on the data 
input of a second flip-flop (both halves of a 7474). A 
pulse from the HORIZONTAL STOP line (at the end of 
the display of the 32 characters) clocks the second 
flip-flop. This allows a low to be put on the load input 
and also operates a gate, allowing an extra clock 
pulse (from the horizontal sync) to clock the new 
data into the shift registers. Then, at the end of the 
horizontal sync pulse, the flip-flops are reset and the 
31 old characters and the one new one recirculate 
until another character is entered. 

The two 74121s merely give a controlled-length 

fig. 5. Full-size PC-board layout for both sections of the display unit. I t  has been tested by the author and works perfectly. 
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ASCII IN 

999999 
MOD 7 COUNTER 

ptsv 

fig. 4. Video-display logic for producing 32 different on-line 
characters. The main device is a Fairchild 3349 hex 32-bit 
static shift register. 

pulse and could be replaced with a resistor-capacitor 
combination, but they were used because the pulse 
length is more controllable. Apart from the shift 
register and flip-flops, the only other ICs are a couple 
of normal gates. The only other point worth mention- 
ing is that the shift register outputs require external 
resistors (8.2k) from each output to the - 12-volt 
supply. 

construction 
Two simple circuit boards about 3 inches (76mm) 

square will accommodate the entire system, or it can 
be built on a slightly larger board (fig. 5). It's a good 
idea to use sockets for the character generator and 
the shift register. Sockets for the other devices are a 
matter of personal preference. 

When testing the circuit be very careful not to let 
the - 12-volt supply get into any of the + 5  volt TTL 
devices - it can have disastrous results! 

final remarks 
This project will give a beginner in this area an in- 

sight into the principles of VDUs and provide an ex- 
cellent starting point for developing something more 
complex. To keep the project as simple as possible 
no attempt has been made to eliminate additional 
lines, so there will be several identical lines of 32 
characters across the screen. In practice, they help 
rather than hinder reading the characters. 

ham radio 

december 1978 49 



updating the 
Collins 32s-1 

Never being satisfied with the status quo when it 
comes to any radio equipment I've ever owned, I 
eventually succumbed to the urge to modify my re- 
cently acquired Collins 32s-1 transmitter. The modi- 
fications described here include :he following: 

1. BFO generation of the CW carrier 

2. Voltage regulation of the PTO and HFO 

3. Control of the keyed wave shape 

4. A spotting switch (CW CALI 

5. The ability to monitor the final-amplifier plate 
(cathode) currents individually 

6. Alterations to the tone oscillator 

The modifications were made to bring the per- 
formance of the 32s-1 up to the standards of its suc- 
cessor, the 32s-3, without incurring an expenditure 
of some $300-$400 in the process. 

Table 1 identifies the components involved in the 
modifications discussed here. Schematics and parts 
lists should be changed accordingly to reflect these 
changes, since removed components will have their 
identities transferred to newly installed pieces that 
correlate with those used in the 32s-3. 

BFO CW generation 
The 32s-1 generates its CW carrier with a tone fed 

from the tone oscillator through the mechanical filter 
(much like whistling into the mike or feeding AFSK in- 
to the mike jack on RTTY). The frequency of the tone 
used in the 32s-1 was chosen specifically so that its 
second harmonic falls well outside the mechanical- 
filter passband. However a weak residual signal still 
exists, and it has been heard on occasion at some 
distance. 

The 32s-3, uses the BFO signal to generate the 
CW carrier, eliminating this residual signal. The resul- 
tant on-the-air signal is much cleaner and sounds 
much more like a true CW signal when compared 
with that of the 32s-1. 

Installing this feature requires extra switching capa- 
bilities, which must be performed by the EMISSION 

switch, S8. The 32s-1 has four wafers on this 
switch, while the 328-3 has five. Here are some ways 
in which this additional switching may be handled; a 
separate 4 PDT toggle switch may be used; S8 may 
be entirely replaced; or the existing switch may be 
disassembled and a new index and wafer added. 
Although the first possibility was initially pursued, I 
found it to be inconvenient. The most satisfactory ar- 
rangement was to replace the index assembly and 
add an additional wafer to S8. 

The MIC GAlN pot and switch must also be re- 
placed with a new unit using two pots commonly 
controlled and switch S14. The additional pot con- 
trols the cathode bias (CW DRIVE) on the rf amplifier, 
V6. Both parts are available from Collins; the switch 
is part no. CPN 259-1628-000 and the dual pot and 
switch is part no. CPN 376-2648-0000. 

First, replace the existing MIC GAlN pot with the 
new dual unit. Note that space is at a premium, and 
the possibility of a shorted terminal strip lug exists 
next to V12. To avoid this, mount a two-lug terminal 
strip on the opposite side of the crystal board and 
secure it with the self-tapping screw that holds 
another two-lug strip. Remove the B + ends of R60, 
L20, and the B + feed wire (greenlwhite) from their 
original location. Attach them to the new terminal 
strip. The now empty lug may be bent over to clear 
the pot and switch R8lS14. 

Mount a single-lug terminal strip under the hard- 
ware securing the two ground lugs between V13 and 
V4. Lift C20 (0.01 pF) from ground and connect it to 
the strip. Route a length of RG-174lU cable from this 
junction to the vicinity of S8. Lift R39 (V6, pin 7) 
from ground and connect that end to a single-lug 
strip that has its ground lug straightened and sol- 
dered to the ground shieldlbarrier across V6. From 
this same point, run a wire to R8B and install a new 
R71 (68k12W) between this lug and the terminal lug 
near V5 where R29 and R30 (4.7k/2W) connect to 
the + 275-volt line (redlwhite wire). 

From R8B run another wire to S8-B lugs 9 and 10, 
which are then connected in parallel. In the 32s-1 

By Paul K. Pagel, NIFB, 4 Roberts Road, En- 
field, Connecticut 06082 
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these two lugs are empty, as are those on the wafer 
to which R87 (470 ohms) is attached. Connect the 
empty lug of R8B to ground. 

Connect a 33-ohm resistor (new R70) to V2A pin 9. 
Remove the BFO input cable. At this time S8 should 
be modified or replaced. Assuming the index and 
wafer are to be replaced and added, remove the 
switch and thread some bare wire through the rivet 
holes (which secure the switch contacts on wafers 1 
through 4) at two points 180 degrees apart to prevent 
the spacers from separating from the wafers. Then 
the existing index may be removed, replaced, and 
the 5th wafer added with little effort. 

Wire the switch as shown in fig. 1. Run a wire 
from S8B lug 11 (presently empty) to V10 pin 1 to 
prevent premature VOX relay dropout on CW. 

ALC modification 
Unlike the 32s-1, the 32s-3 does not use ALC in 

the CW position. During CW, switch selection S8G-5 
grounds the midpoint of ALC capacitors C83 and 
C142. This change may be added to the modified 

$6 s; L U G  I !  

' - - - t - - -  

fig. 1. Schematic of the BFO generated CW showing modifi- 
cation of switch S8 to eliminate the weak residual signal in 
the 32s-1 when in the CW mode. 

R70, R71, and R72 may be removed from the ter- 
minal strips at the bottom left of the chassis and 
R125 mounted in place of R72; R126 in place of R71; 
and R124 in place of R70. Remove relay Kl's lead 
and mount it onto the newly installed terminal strip. 

table 1. Component identification for the 32s-1 mods des- 
cribed in the text. Instead of using the multiple-leaf switch and 250k 

pot arrangement of the 32s-3 for the CW CAL func- 
32s-3 original 32s-1 modified 32s-1 tion, a fixed resistor and three-pole rotary switch 

part no. part no. value part no. value location 
were used (fig. 4). The rotary (or toggle) switch has 

C81 not used C81 0.005 PF second mixer 
C115 C115 0.01 PF C115 0.33pF keying circuit a more positive action and doesn't require constant 

R17 R17 33kl lW R17 5kilOW voltage regulator depression to activate the desired function. A value 

32s-1 by simply adding a jumper wire from S8G-1 
and -2 to S8G-5 (fig. 2). Now, during CW operation, 
the GRID CURRENT position (instead of ALC) is moni- 
tored, and the MIC GAlN control is adjusted to obtain 
a grid current reading of 1 to 2 dB on the meter while 
sending a series of dots. 

keying circuit and CW calibrate 
The 328-3 keying circuit provides some manual 

control of the keyed wave shape, fig. 3. The spotting 
feature (CW CALI may be installed coincidentally. 
The CW CAL function switch should be front-panel 
mounted for ease of operation. The KEY SHAPE con- 
trol, R123, may be located under the lid of the 32s-1 
exciter on the bracket containing the VOX controls, 
or a separate bracket can be made and attached to 
the power-amplifier cage with self-tapping screws. 
Most of the other components are mounted on the 
terminal strips from which the 32s-1 keying circuit 
components will be removed. The addition of a 
single three-lug terminal strip (center ground) be- 
tween K1 and V14 ensures that all components are 
securely mounted. 

of 68k resulted in a satisfactory over-all spotting level 
and this resistor was secured to the two innermost 
lugs of a 5-lug (center-ground) terminal strip mount- 
ed with its ground lug soldered to the ground lug of 
the strip behind K1 and at right angles to it. (The 
other lugs will be used in the regulated voltage modi- 
fication. 

Mount the 3PDT switch (S13) on the front panel 
between the FREQUENCY CONTROL and MIC GAlN 
shafts. Center the holes 87 rnm (3-7116 inches) from 
the top of the panel. If done carefully it will appear to 
have been factory installed. 

For ease of wiring and'installation I recommend 
that the FREQUENCY CONTROL switch be temporarily 
removed. Unsolder and tie back the greenlwhite 

I A D D E D  
JUMPER 

r - - - - 1  J 

fig. 2. A jumper wire is added to switch S8-G to ground 
ALC voltage during CW operation. 
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wire at S9E-1. Wire the remaining circuit according 
to fig. 4. 

In operation the transmitter must be properly 
tuned for CW operation for the CW CAL function to 
be enabled; it will not work on ssb. 

The KEY SHAPE control (R123) should be adjusted 
to eliminate key clicks created by the rapid rise of the 
keyed signal. The effect of this control will be fully 
appreciated when the transmitted signal is monitored 
on an oscilloscope. The control should be adjusted to 
round the leading edge of the waveshape slightly. 

Additional shaping of the waveform on the trailing 
edge may be accomplished by adding capacitance in 
two places: between the key line to ground and be- 
tween the junction of R33lR37 and ground in the 

4 7 0 1  
KEY 

S E E  0  01 

C W S 8 D  B I A S  

R37 

R I 2 3  IMEG 47k 

fig. 3. Keying circuits of the 32S-1 (A) and 32s-3 (B). By 
modifying the 32S-1 as described, you can have control of 
the keyed waveform within limits. The CW CAL feature is a 
handy addition. I t  won't work on ssb, however. 

first mixer, V5. Some experimentation should pro- 
vide a wave with the desired characteristics, with 
values of 0.025 pF (C115-A) and 0.005 pF (C81) being 
a good starting point in their respective positions. 
See fig. 5. 

A difference will be noticed between on-the-air 
signals when using a transistor-output keyer versus a 
bug or relay-output keyer; the transistor provides a 
softer signal and you might use considerably more 
key-line capacitance with a bug or relay-output key- 
er, depending on personal preference and speed. 
Too much capacitance at high speeds tends to slur 
the code elements. 

voltage regulation 
In the 328-3, the 6AL5 ALC rectifier was deleted 

and solid-state devices used in the ALC circuit. This 

KEY SHAPE R l 2 4  R I 2 7  
R l 2 3  IM  47k 47h 

T T T 
K E Y  

fig. 4. Modifications to the CW CAL circuit. A fixed resistor 
and a 3-pole rotary switch provide more positive action. 
It isn't necessary to hold down the switch to activate the 
desired function. 

freed socket V13, which was used to hold an OA2 
tube to supply the regulated voltage for the oscilla- 
tors. I found it simpler to use a 140-volt, 10-watt 
zener (1 N3010A) for the regulator. They are inexpen- 
sive and eliminate the need to free V-13's socket, 
with the problems of rewiring the ALC circuit and 
finding space for more parts. 

An advantage of the zener is its ease of mounting. 
Mount CR9 (fig. 6) on the perforated wall of the bot- 
tom side of the power-amplifier cage by enlarging 
one of the holes to accept the 10-32 threaded stud of 
CR9. Mount a dropping resistor (new R17, 5kI10W) 
on the terminal strip installed previously to the rear of 
K1. (Note: The original R17 must be removed ac- 
cording to the following steps.) 

A convenient source of + 275 volts is the terminal 
of C137 on the PA-cage wall; it has the 100-ohm/ 
112-W resistor attached. 

Modify the PTO and HFO circuit as follows. 
Remove the original R17 (33k/lW) and substitute 

1 Y;05 
/r ISEE T E X T 1  

fig. 5. Improved keying wave is provided by this change. 
The added capacitances improve shaping of the signal trail- 
ing edge. Capacitances C115A and C81 (respectively 0.25 pF 
and 0.005 pF) are good starting points. Some experimen- 
tation might be needed to provide desired waveform char- 
acteristics. 
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3  T R A N S  V F O  L 2 0  

4 S Y N C  - 
TO V l l  

* T 

L 2 2  
2 m H  C' ' T 3 0 1  R 3 0 2  

v 3 0 ,  

( S E E  T E X T J  8 2 h  
6 A U 6  

rrm 
T 1 1 I I 

fig. 6. Regulated-voltage modifications. A 140-volt, 10-watt 
zener replaces the old OA2 regulator. This change is even 
simpler than that in the 328-3 (see text). 

L22 (2-mH). R17 is located close to C57 and the 
shield can. Run a wire from CR9 past the crystal 
board and up through the grommet to S9. At  S9, 
locate the red/whitelgreen/blue wire that connects 
to L22's B +  end. Cut the black jumper connecting 
the two S9 wafers (+275 volts) and attach the 
+ 140-volt line to the commoned lugs, 3 and 4, 
TRANS VFO and SYNC (fig. 6). 

One of the two green/white wires on S9's rear 
wafer supplies +275 volts to the HFO, V12. Locate 
this wire, disconnect i t  at S9 rear, and move it to the 
+ 140-volt line on lugs 3 and 4. Disconnect R60 (47k) 
completely. Install L23 (1 mH) in its place. This com- 
pletes this modification. 

tone-oscillator changes 
Both before and after the modifications described, 

an unwanted high-frequency oscillation was audible. 
I found it necessary to add 0.1 pF of capacitance be- 
tween V11 screen and ground in parallel with C107. 

Since the tone oscillator no longer supplies the on- 

CX 
R 6 3  R l l 8  

1 " 1 0 0 0 p F l  
4 7h 1  M E G  

. , r l " h . 7  
1 / I  I 

' C l l O  ' C 1 0 9  ; 3 9 0  i l o o  

fig. 7. Tone oscillator changes. This change eliminates an 
unwanted high-frequency oscillation in the output. Capaci- 
tor CX in parallel with CllO provided a more pleasing moni- 
toring note. 

the-air CW signal, its frequency may be altered to 
provide a more pleasant monitoring note. This note is 
purely a matter of personal preference, so some ex- 
perimentation may be necessary. In my case, a 100- 
pF mica capacitor was paralleled with C110. 

separate piaie-current 
monitoring of the power amp 

Unsolder R52 ( lk ) .  (Note: This value may differ 
from unit to unit.) R52 is attached to the copper strap 
joining the cathode pins of the two 6146s. Cut and 
remove the strap from between the tubes. Attach a 
length of hookup wire to each of the pins from which 
the strap was removed and route them toward the 
perforated wall of the PA cage. Mount a 4-lug termi- 

fig. 8. Modifications to 
provide separate power- 
amplifier monitoring. 
N o w  you can monitor 1 . 4 . 6  

tube b e  balance that may and be identify going 1 
soft. To R 4 6  C l Z 5  TO C I 2 7  

112 E A C H ,  ( 5 0 0  EACH'  

( S E E  TEXTJ ( 1 2  E A C H )  

T O  S 7 8  

N O T E :  B R E A K  AT P O I N T S  X 

nal strip inside the enclosure toward the rear of the 
chassis with 4-40 (M3) hardware and wire as shown 
in fig. 8. Mount the DPDT switch, S15, directly 
beneath the meter. For ease of access the meter 
should be removed before drilling the mounting hole. 
Use a miniature toggle switch in this location, which 
is almost unnoticeable. 

No interpolation of the readings is necessary since 
the cathode voltage1 resistance ratios are unchanged. 
Tube balance, which is necessary in all parallel-tube 
amplifiers, is readily observed, and a soft tube may 
be easily spotted. The cathode currents of the indi- 
vidual tubes should track within + 10 per cent to sat- 
isfy a balanced condition. 

closing remarks 
The incorporation of these mods into the Collins 

32S-1 provided performance that rivals that of the 
more costly 323-3. It's given a new lease on life to a 
veteran of some 18 years and has saved a couple of 
hundred dollars in the process! 

ham radio 
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delta loop antenna 

Design and construction 
of an efficient, 
low-f requency, 

vertically polarized 
antenna using 
wire elements 

The vert ical ly polarized fu l l -wave loop  has 
emerged as a popular antenna on the low-frequency 
bands. The most common form of this antenna is the 
triangular (delta) loop12 with one of its vertices 
pointing skyward. Such an antenna can be suspend- 
ed from a single point located on a tower or a tree. 

The delta loop antenna is an interesting cousin of the popular in- 
verted-V dipole. I t  has been around for quite a while and yet pro- 
vides some pleasant surprises. For those interested in tracing its 
background I have provided references 1 and 2. Reference 1 is par- 
ticularly informative and provides polar diagrams of the delta radia- 
tion pattern in three planes together with supporting mathematics. 
These references are available in most of the libraries in large cities. 

Editor, WGNIF 

On the 80- and 160-meter bands, height limitations 
can reduce the effectiveness of the delta loop. This 
article describes a method for reducing this problem 
by means of an easily implemented loading proce- 
dure. The case of a support height of 20 meters (65 
feet) for an 80-meter antenna is shown in fig. 1. An 
interesting aspect of this comparison is that the top- 
loaded delta loop fig. 16 (TLDL) has more gain than 
a full delta loop. Experience since the end of 1976 at 
WIDTV has been that the antenna performs as well 
as an inverted V for short-range contacts and pro- 
vides one to two S units better performance for DX 
contacts. In this article, I discuss the evolution of the 
TLDL and provide detailed design information for an 
80-meter TLDL. 

Two kinds of vertically polarized antennas are in 

I Homebrew matching transformer for the tap-hwded ds)ts 
loop antenna. 

By Frank J. Witt, W I D N ,  20 Chatharn Road, 
Andover, Massachusetts 01810 
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L O A O i N G  S T U B  
M A K E  AS H O R I Z O N T A L  

/ / / / / / / / / / / / / / t / / / / / / / / / / /  
3 M  ( l o f t  1 

F R O N T  S I D E  

fig. 1. An 80-meter delta-loop antenna with apex at 20 
meters (65 feet). Sketch A shows the classic delta loop for 
3.825 MHz; B shows a top-loaded delta loop for the same 
resonant frequency. Loading-stub dimensions are discussed 
in the text. 

common use on the low-frequency bands. One type 
is suspended above ground and fed directly; the 
other is erected from ground level and excitation oc- 
curs between ground or a simulated ground plane 
and the antenna. Both antennas would benefit from 
a highly conductive ground; but in the latter case, 
since ground resistance appears in series with the 
antenna at the drive point, efficiency is highly depen- 
dent on ground conditions. Therefore, the more suc- 
cessful monopole installations are those that use 
many radials. The TLDL is not fed against ground 
and hence ground plays only the role of a reflector. 
This is also true of full delta loops and sloping di- 
poles. Experience has shown that impressive per- 
formance may be obtained with such antennas with- 
out an elaborate system of radials. 

evolution of the 
top-loaded delta loop 

The signal at a distant point from a part of a trans- 
mitting antenna is proportional to the current in that 
part of the antenna. For a half-wave dipole, for in- 
stance, maximum radiation is received from the cen- 
ter of the dipole, where the current is greatest. The 
radiated contribution from the ends of the antenna is 
negligible. 

The TLDL concept resulted from a recognition of 
the fact that for a conventional, vertically polarized 
delta loop, much of the antenna where high currents 
exist is horizontal and near ground. The objective of 

the TLDL design is to get these parts of the antenna 
away from ground and at least partly vertically orient- 
ed to increase antenna gain. Fig. 2A shows a typi- 
cal vertically polarized conventional delta loop 
designed for 3.825 MHz. Actually, this antenna can 
only be said to be mostly vertically polarized because 
of the position of the feed point. True vertical polari- 
zation (in a direction perpendicular to the plane of the 
loop, i.e., the direction of maximum gain) is obtained 
when the feed point is one-quarter wavelength away 
from the peak of the triangle as shown in fig. 26. 
You can see that the polarization is vertical by noting 
the current flow: the vertical components from the 
currents in the two upper sides of the triangle add, 
while the horizontal components cancel. 

The objective of the loading is to "lift" the current 
nodes higher in the vertical space available for the 
antenna and to make the vertically radiating sides of 
the antenna more vertical. Both actions will increase 

A / B  B E T W E E N  D O T S  
ARROWS I N D I C A T E  
I N S T A N T A N E O U S  

H D I R E C T I O N  Of --: - - // \\ \- -- C U R R E N T  FLOW 

H O R i Z O N T A L  
A N D  N E A R  
G R O U N D  

4 

fig. 2. Physical dimensions of a typical corner-fed delta loop 
antenna (A). True vertical polarization occurs when the 
feedpoint is one-quarter wavelength from the apex (B). 
Sketch C shows current distribution. 

58 december 1978 



the low-angle gain for vertically polarized signals. 
The derivation of the TLDL from a conventional delta 
loop is shown in fig. 3. 

The feedpoint resistance for both a conventional 
delta loop and a TLDL has been measured at W1 DTV 
to be i30 ohms. From this information and from the 

SIDE VIEW O F  LOOF 

C O N V E N T I O N A L  D E L T A  L O O P  

B R I N G  POINTS 2 A N D  4 T O G E T H E R  

S I N C E  P O I N T S  2 A N D  4 A R E  A T  S A M E  
P O T E N T I A L ,  R E P L A C E  S E G M E N T S  2 , 3  A N D  
3 . 4  W I T H  A  S I N G L E  W I R E  

7 6 . 7 . 8  

F R O N T  SIDE 

T 

C U R R E N T  D I S T R I B U T I O N  % H O R I Z O N T A L  
O F  T L D L  N O T E  H O R I Z O N T A L  S T U B  
" D O U B L E " C U R R E N T  I N  S T U B  A N D  N E A R  G R O U N D  

fig. 3. How the top-loaded delta loop (TLDL) is derived from 
the conventional delta loop. The top loading makes the cur- 
rent nodes higher with respect to ground and increases the 
vertical polarization from the antenna sides. This improves 
low-angle radiation. 

fig. 4. Method of adding the stubs on both sides of the delta 
loop to reduce horizontally polarized radiation. 

geometry of the two antennas (and if one assumes 
sinusoidal current distribution), the TLDL has a gain 
of 2.3 dB over a conventional delta loop. The dimen- 
sions of fig. 1 have been assumed for this calcula- 
tion. See reference 3 and fig. 4 for an explanation of 
the methods used to arrive at this result. 

The TLDL is truly vertically polarized in a direction 
perpendicular to the plane of the loop. It is mostly 
vertically polarized in other directions and exhibits an 
almost omnidirectional pattern. 

loading stub 
The loading (or matching) stub is shown in fig. 3 

to be horizontal, but this is rarely possible. A t  
W1DTV it runs to the farthest point on the property 
and makes about a 60-degree angle with the plane of 
the loop. The stub should be X/8 or 9.8 meters (32 
feet) at 3.825 MHz. However, it was necessary to 
lengthen it to 13 meters (43 feet) for resonance at 
that frequency. The probable reason for this is that 
the stub is severely folded back toward the loop; the 
consequent detuning is overcome by lengthening the 
stub. This effect is observed in inverted V antennas, 
where the length must be made longer than would be 
necessary for a straight dipole. 

The stub could be added on both sides of the loop 
as shown in fig. 4. This would virtually eliminate the 
effect of the stub on the radiated pattern. This 
method hasn't been tried, and the practical effects 
are unknown. 

The stub can be shortened considerably by means 
of a loading coil installed in series with the stub at the 
point where the stub is connected to  the triangle 
apex. See fig. 5. The 13-meter (43 foot) stub was 
reduced to 4.9 meters (16 feet) by the use of a 32-pH 
loading coil. The loading coil reduces radiation from 
the stub, but it results in a reduction in antenna 
bandwidth. The loading coil is a BBW 302913905-1," 
which is 63.5 mm (2 1 12 inches) diameter by 254 mm 

'Barker and Williamson, Inc., Canal Street and Beaver Dam Road, Bristol, 
Pennsylvania 19007. 
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+ L O A ~ l ~ ~  C O I ~  top of the antenna, and the feedpoint resistance is 
-STUB r . . changed. For the purist, a more optimum trans- . . . former for this case would be one where the 3-1 12- 

'. . . . __ turn winding of fig. 6 is reduced to 2-112 turns. In all 

I . . . . cases, the installation involved a steel tower with the . . . .. antennas supported 1.2 meters (4 feet) from the tow- . 
er on a boom at the 19.8-meter (65-foot) level. All 

S,OE VIEW OF  LOOP 
guy wires were broken with irisuiators to avoid reso- 
nance, and no guying was used above the 10.7- 

fig. 5. Using a loading coil to reduce stub radiation. meter (35-foot) level. 

concluding remarks 
(10 inches) long (6 turns per 25 mm). This coil with The TLDL antenna performs as well as other simi- 
the 4.9-meter (16-foot) stub allows the TLDL to reso- lar antennas requiring higher points of support. The 
nate anywhere in the 80-meter band by changing the design is based on the positioning of the high-current 
tap position. parts of the antenna so that they will provide a pri- 

matching methods 
marily vertically polarized radiated signal. The TLDL 
has substantially more bandwidth than its nearest 

A common method for feeding delta-loop anten- low-height competitor, the XI4 sloping dipole (load- 
nas is to use a quarter wavelength of 75-ohm trans- ed). Calculations indicate that the antenna should be 
mission line between a 50-ohm transmission line and a good performer, and on-the-air experience has sub- 
the feedpoint. For a feedpoint resistance of 130 stantiated these results. 
ohms, the vswr at resonance would be A point of caution - if you try this antenna, or any 

new antenna, take steps to convince yourself that 

which is quite acceptable. Since the conventional 
delta loop and the TLDL are essentially balanced an- 
tennas, it's desirable to use a 1:1 balun at the anten- 
na to prevent antenna currents on the coax feedline. 

At  W1 DTV, a transformer (shown in fig. 6 and the 
photo) accomplishes both impedance matching and 
the unbalanced-to-balanced transformation; it 
handles the legal power limit quite satisfactorily. The 
transformer has been evaluated only on 80 meters, 
but the design could be trimmed to work over several 
bands. See reference 4 for details on optimizing such 
designs. 

voltage standing-wave ratio 
The vswr using the transformer of fig. 6 and 50- 

ohm coax is shown in fig. 7 for the conventional del- 
ta loop, the TLDL using a wire stub only, and the 
TLDL with a wire stub and loading coil. Note that an 
excellent midband match is obtained for all three 
cases, but the bandwidth depends on the configura- 

2 7  
T U R N S  R A T I O  : - = 1.588 

17 

TURNS 
zA = 5 0  x I 5 8 8 2 = 1 2 6 n  

1 2 6 R  
IJl ,2 I B A L A N C E O )  

TURNS ? 

WIRE I m m  (AWG 181 HOOKUP WIRE The bandwidth of the TLDL case (using 
CORE AMIDON FERRITE  ROO, l l m m  D IAMETER,  IOOmm L 0 N G . p :  125  I A M l D O N  

the loading coil) is substantially better (6.6 times wid- A S S O C I A T E S .  1 2 0 3 3  OTSEGO STREET. NO HOLLYWOOD, C A ,  9 1 6 0 7 1  

er) than that of a loaded 20-meter (&foot), 80-meter CONSTRUCTION 13 1 / 2  T R I F I L A R  TURNS WITH 10 TURNS REMOVED FROM ONE 
WINDING WRAP WITH  V I N Y L  E L E C T R I C A L  TAPE AND TAPE TO THE FEEDPOINT 

sloping dipole,5 which would require about the same INSULATOR NO OTHER PROTECTION NECESSARY 

mounting height. The vswr plot of the latter is also fig. 6. Construction of the matching transformer for the top- 

shown in fig. 7 for comparison. loaded delta loop antenna. Sketch A shows the basic prin- 
ciple. Any impedance ratio between 1: l  and 1:4 may be ob- 

Note from fig' that the vswr of the TLDL with a tained by tapping winding 1. The basic configuration is 
loading coil is not unity. The reason is that the induc- shown in B. Sketch C shows the schematic and winding 
tive loading modifies the current distribution at the logic. 
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C O N V E N ~ I O N ~ L  LOOP 
(FIG / A )  

T L D L  WITH I N D U C T I V E  LOADING 

X / 4  S L O P I N G  D I P O L E  WITH INDUCTIVE LOADING 
F R E Q U E N C Y  ( M H z 1  

fig. 7. Voltage standing wave ratio and bandwidth of the 
conventional delta loop, the TLDL, the TLDL with induc- 
tive loading, and a quarter-wavelength sloping dipole an- 
tenna with inductive loading. Resonant frequency is 3.825 
MHz in this model. 

other nearby antennas are not significantly influ- 
encing its behavior. A considerable amount of inter- 
action between a TLDL, an inverted V, and a sloping 
dipole, all supported by the same tower, has been 
observed. The data in this article were taken with the 
inverted V and sloping dipole removed from the 
tower. 
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updating the 
vacuum-t ube receiver 

Rejuvenate that old 
vacuum-tube receiver 

by replacing 
the tubes with 

equivalent transistor stages 

All of the communications receivers made in the 
1940s and 1950s, and most of those made in the 
1960s, were vacuum-tube designs. Receivers manu- 
factured during those decades were intended for the 
amateur modes then popular - a-m and CW - and 
they usually performed quite well on a-m. Inclusion 
of the beat frequency oscillator made possible re- 
ception of ssb and CW, but, by today's standards, 
much was left to be desired. These older receivers 
can often be picked up at flea markets or swap meets 
for a small fraction of their original cost and, properly 
modernized, can be made to equal or even surpass 

the performance of new models selling at many times 
the price. 

Probably the two worst shortcomings of older 
tube-type receivers are their lack of selectivity and 
their warm-up drift. The drift results mainly from 
temperature changes brought about by the large 
amount of heat generated by the tubes. Although 
much can be done with tube receivers to minimize 
temperature drift,' the best solution is to abandon 
tubes altogether and substitute transistors. Modern 
field-effect transistors have characteristics so similar 
to those of tubes that often a direct one-for-one re- 
placement is possible with only minor circuit and 
supply voltage changes. 

Any of several possible routes can be taken when 
transistorizing a tube receiver. Probably the most 
conservative (some would say cowardly) approach is 
to proceed one stage at a time; that is, substitute a 

I transistor circuit for a vacuum tube stage and perfect 
1 .  

its performance before moving on to the next stage. 
This strategy makes debugging easy, but, because of 
different impedance and signal levels, tubes and 
transistors do not always interface easily. Sometimes 

By Fred Brown, WGHPH, 1169 Los Corderos, 
Lake San Marcos, California 92069 
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a transistor stage will have to be modified when a 
following or preceding stage is changed over from 
tube to transistor. 

Next to frequency drift, the greatest shortcoming 
of these old a-m receivers is usually their poor skirt 
selectivity. The old single-pole crystal filters and Q- 
multipliers gave good selectivity at about 6 dB down, 
but the skirts were very wide at 30 to 60 dB down. 
The rectangular passband so necessary for today's 
ssb communications calls for a mechanical or multi- 
pole crystal filter. 

If your receiver is a single-conversion general- 
coverage type, you will probably have to stick with 
the original intermediate frequency. This means a 
mechanical filter if the i-f is below 1 MHz. A ham- 
band-only receiver, however, can be converted to 
practically any intermediate frequency so long as the 
i-f does not lie inside or near an amateur band. (It's 
very hard to make a superhet that will tune through 
its own intermediate frequency. 1 

Generally speaking, a high intermediate frequency 
is to be preferred, because it improves image rejec- 
tion. Furthermore, if the local oscillator operates on 
the low side of the signal, a high i-f means a lower LO 
frequency, and this contributes to frequency stabil- 
ity. Today, the availability of high-frequency multi- 
pole crystal filters makes possible single conversion 
designs with high intermediate frequencies, thereby 
avoiding the spurious response, birdie, and cross- 
mod problems of dual-conversion designs. 

modernizing the HQIIOA 
To start this project, I tore out all the old circuits 

and started with a clean slate, leaving intact only the 
front-end tuned circuits and bandswitch. Most of the 

Rear view of the HQIIOA. The i-f amplifier, detector, first 
audio, and S-meter circuits are built on the circuit board 
that runs along the left side of the chassis. 

tube sockets were left, as they make handy tie-points 
for the new wiring. There is something to be said for 
building from the ground up, but most of the work 
with sheet-metal and the mechanical drudgery is 
avoided if you rebuild a commercial receiver. Also, it 
is hard for the average amateur to duplicate the pro- 
fessional appearance and calibrated dials of a manu- 
factured receiver. 

The HQllOA is a good example of how an inter- 
mediate frequency can be radically changed. Orig- 
inally, the receiver was dual conversion on all bands 
above 80 meters, with a first i-f of 3035 kHz and a 
second i-f of 455 kHz. I happened to have a McCoy 
Golden Guardian 9-MHz ssb filter. I wanted to move 
the i-f to this frequency and make the receiver single- 
conversion on all bands. This took some doing; it 
meant all the original i-f transformers had to be 
scrapped, and all the local oscillator coils rewound. 
The result was worth it. The transistorized receiver 
has much better selectivity, frequency stability, and 
image rejection than the original. And the existing 
dial calibration holds on every band, even better than 
in the tube version. 

Power supply and audio. A good place to start 
your conversion to solid state is in the power supply; 
you won't be able to try out any transistor circuits 
without low-voltage dc. Although the old power 
transformer will be less than ideal for a transistor 
power supply, it is possible to obtain low voltages 
from the 5.0- and 6.3- volt filament windings. For in- 
stance, a full-wave rectifier on the 6.3-volt winding 
will provide 9 volts dc, and a full-wave doubler about 
18 volts dc. In this receiver, however, I replaced the 
old power transformer with a more appropriate one 
having a 16-volt center-tapped secondary. 

Both positive and negative supplies were needed, 
since dual-gate MOSFETs, like vacuum tubes, nor- 
mally require a negative AGC voltage. Although it is 
possible to use FETs with positive-only voltages, the 
AGC system is simplified if a negative supply is 
available. 

The positive supply (see fig. 1) is filtered by a con- 
ventional L-C filter which uses an 88-mH toroid for a 
filter choke. The resulting unregulated 19 volts is 
used for the audio output stage and diode bias. A 
conventional emitter-follower regulator, Q1 and CR5, 
is used to regulate the positive supply to + 12 volts 
dc for the remainder of the receiver. 

Most designers would use a class B integrated cir- 
cuit for the audio output, but I prefer the class A 
arrangement shown in fig. 1. This circuit has proven 
reliable in many different applications. It has excel- 
lent dc stability due to the negative-feedback biasing 
arrangement, and low distortion because of the neg- 
ative-audio feedback around the output transformer. 
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Detector, i-f, and AGC systems. The 9-MHz i-f 
signal from the McCoy filter is applied to the first i-f 
stage, 05. This common emitter stage is R-C 
coupled to the dual-gate MOSFET second i-f stage. 
R-C coupling is used for simplicity and to avoid the 
need for neutralization. The added gain that could be 
obtained from transformer coupling was no: needed. 

The i-f transformers, T3, T4, and T5, are ordinary 
fm transistor radio transformers which are shunted 

time to avoid "popping" at the beginning of a word. 
One inherent limitation on attack time is the delay 
caused by the crystal filter. Envelope delay time in a 
bandpass filter is determined by the skirt steepness 
ratio: the steeper the skirts, the longer the delay. The 
McCoy filter, having exceptionally steep skirts, has 
an inordinately long delay time, and for this reason it 
was not possible to use as much AGC feedback 
around the filter as would have been desirable. The 

IN400114 PLACES1 

0 + 1 9 V O C  

I 2 0  M C  0 l2VDC. REGULATED 

fig. 1. Schematic diagram of the revised power supply and audio circuit. 0 1  and Q4 should be mounted on heatsinks. The audio 
stage will provide 100 mW of undistorted audio output. In addition, the use of Class-A transistors vs. an IC may prevent destruc- 
tion of the devices if the output is shorted. 

with sufficient capacity to resonate at 9 rather than 
10.7 MHz. The different resonating capacitors are 
due to the use of different brands of transformers. 

The third i-f stage is an emitter-coupled pair, 07  
and 08. The emitter of 0 7  also drives the AGC ampli-- 
fier, 0 9  and 010. It was not possible to derive the 
AGC signal from the collector circuit of 0 8  because 
the BFO signal is too strong at this point and would 
swamp the AGC. An audio-derived AGC system 
would have been easier, but in this receiver I wanted 
AGC that would work on a-m carriers. 

The AGC signal is rectified by CR9, with the result- 
ing dc applied to 011. An emitter follower is used 
because its low output impedance allows C1 to 
quickly charge through CR10. In any single-sideband 
AGC system it is important to have a short attack 

AGC control voltage to the r-f and mixer stages 
(AGC 2) is attenuated by the voltage divider, R4-R5. 
In addition, AGC 2 also controls the S-meter driver 
through the S9 adjustment pot R4. 

The product detector, CR7-CR8, requires push- 
pull BFO drive which is provided by the center-tapped 
secondary of T6. The BFO is switched by means of 
diode switches for upper or lower sideband. 

Local oscillator. In the interest of best frequency 
stability, the local oscillator operates on the low fre- 
quency side of the signal on the 20-, 15-, lo-, and 6- 
meter bands. On 160, 80, and 40 meters, the oscilla- 
tor is 9 MHz higher than the signal frequency. This 
arrangement automatically takes care of sideband 
switching; upper sideband is received on 20 meters 
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fig. 2. Diagram of the i-f amplifier, detector, BFO. AGC. and S-meter circuits. FL1 is a McCoy Golden Guardian 9-MHz ssb filter. T3, T4, and T5 are 10.7 MH.2 i-f transformers 
fromfm-styleradios. lnthecaseof T3andT5, whereonlyone winding is shown. the primary and secondary have been connected in series so as to provide maximum in- 
ductance. T6 is wound on a T-50-2 core wi th 33 turns of no. 30 (0.25mml AWG on the primary and 8 turns of no. 30 (0.25mm) AWG on each side of the center tap for thesec- 
ondary. Normally. R4 is used to  set the S-meter for an S9 indication wi th 100 pV applied to the receiver. 



and the higher bands and lower sideband on 40 
meters and lower, as is the accepted standard. The 
BFO switch can therefore be labeled NORMAL and 
REVERSE without any reference to the bandswitch 
position. 

Table 1 gives the required oscillator tuning range 
of each amateur band. On three bands - 20, 15, and 
10 meters - the HQllOA dial calibration is wider 

total shunting capacitance must be reduced to a 
mere 23 pF. This 23 pF includes the 8 pF minimum of 
the tuning capacitor, and a few pF of stray and coil- 
distributed capacitance, and a few pF for the trim- 
mer. When all this is added up, the shunting capaci- 
tance left for the remainder of the circuit w~ l l  have to 
be limited to a maximum of about 12 pF in order not 
to exceed the 23-pF total. This is one restriction on 
the oscillator c~rcult. In add~t~on, the osc~llator IS cail- 
ed upon to operate over a wide frequency range 
(5 to 45 MHz) and also tolerate a wide range of L to 
C ratios. 

13. 40 - 
zoo 
\ "I". 

L1 14 turns no. 24 (0.5rnrn) L4 60 turns no. 32 (0.2rnrn) L7 7.5 turns no. 24 (0.5rnrn); 
L2 17 turns no. 28 (0.3rnrn) L5 17 turns no. 28 (0.3rnrn) L8 17 turns no. 24 (0.5rnrn); 
L3 20 turns no. 22 (0.6rnm); L6 16 turns no. 28 10.3mm) 

fig. 3. In the local oscillator, C3B is one section of the main tuning capacitor. Inductors L1, L2, L4, L5, and L6 are wound on the 
original 6.5 m m  (%'? slug-tuned form; L3 is wound on a T-68-6 toroid; L7 and L8 are wound on 6.5 m m  (%"I slug-tuned forms. 
Most of the components can be mounted on a small circuit board. 

than the amateur band limits. Table 1 also gives the 
LO tuning range as a percentage of the lowest oscil- 
lator frequency on that band. Notice that the per- 
centage tuning range varies from a maximum of 
10.53 per cent on 10 meters to a minimum of 1.85 
per cent on 160 meters. The oscillator percentage 
tuning range is determined by the amount of fixed 
capacity which shunts the tuning capacitor; the 
smaller this capacity, the greater the range. 

To make the dial calibration come out right, both 
the inductance and shunt capacitance of the LO tank 
must be correctly chosen. In the HQ1 IOA, the oscil- 
lator tuning capacitor (only one of two sections is 
used) has a minimum capacitance of 8 pF and a max- 
imum of 13 pF, or a range of only 5 pF. This capacitor 
must be shunted with a total of about 134 pF to pro- 
vide the 1.85 per cent tuning range for the 160-meter 
band (10.8 to 11.0 MHz). On ten meters, however, 
the tuning range expands to  10.53 per cent, and the 

Many different oscillator circuits were tried in 
search for one that would meet these stringent re- 
quirements and would also be stable in frequency. 
The circuit shown in fig. 3 worked best. It is an fet 
version of the Seiler oscillator,2 followed by a two- 
stage buffer amplifier. Table 1 shows the excellent 
frequency stability of this oscillator for supply voltage 
changes of one volt (from 11 .O to 12.0 volts). Since 
the 12-volt supply is fairly well regulated, it's possible 
to vary the line voltage from 80 to 130 volts ac with 
no noticeable change in beat note. Try to do that 
with your tube receiver! 

Theoretically, this circuit will oscillate with any L 
to C ratio in the tuned circuit. The only limitation on 
L-to-C ratio is 0; the lower the ratio, the higher the 
tank circuit Q must be to sustain oscillation. The low- 
est L-to-C ratios occur on those bands with the 
smallest percentage tuning range, 160 and 40 me- 
ters. On 40 meters,-it was not possible to get enough 
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Q with the original 6.5-mm (0.25-inch) slug-tuned 
coil form. Therefore, a toroidal coil was used for this 
band. Since toroids are not adjustable, the circuit 
arrangement shown in the schematic was adopted. 
The capacitor in series with the coil (C2) effectively 
trims the inductance. 

On 160 meters, it was possible to wind the coil on 
the original coil form and still get enough Q, but just 
barely. All the other coils, except 6 meters, are 
wound on the original forms and mounted in the 
original shield cans. 

Notice in fig. 3 that the 10-meter coil is shorted by 
S6F when the bandswitch is in the 6-meter position. 
This is because the ten-meter coil happened to res- 
onate near 42 MHz, which, unfortunately, was with- 
in the oscillator tuning range on the 6-meter band 
and caused a back "suck-out" as the oscillator was 
tuned past this resonant frequency. Also, unfor- 
tunately, there was no unused contact on the band- 
switch in the 6-meter position, so one had to be add- 
ed to do this shorting job. This, however, was the 
only modification that was necessary to the original 
bandswitch. 

The untuned buffer amplifier is made up of a corn- 
mon-emitter stage (0151, for amplification, directly 
coupled to an emitter follower (016) for low output 
impedance. As with any amplifier, there is an upper- 
frequency limit where gain begins to fall off. In this 
case, output is down about 3 dB at 19 MHz (10 
meters), but on 41 MHz (6 meters), it is down about 
12 dB. For this reason, a compensating coil (L8) is 
placed in series with the output. This inductance 
forms an L network in conjunction with the mixer in- 
put capacitance, thereby boosting the 41-MHz LO 
voltage at the mixer gate. On the lower bands it has 
little effect. 

The 82-ohm resistor in series with the emitter re- 
sistor of Q16 delivers a local oscillator signal to a 
phone jack located on the rear apron of the chassis. 
By plugging a frequency counter into this jack, you 
can have a poor-man's digital readout. Of course, it 
is necessary to add or subtract 9 MHz from the 
counter reading, but in practice it is easier to simply 
ignore the digits to the left of the decimal point and 
mentally substitute the appropriate digits for the 
band being received. For example, the receiver is 
on forty meters and the counter reads 16.238. 
Obviously, this means 7.238 MHz. Remember also, 
that the counter reading corresponds to the center 
of the passband, which is typically 1500 Hz higher or 
lower than the carrier frequency, depending on 
which sideband is being received. 

The tuning rate of the HQ110A was a bit fast for 
ssb, especially on 10 and 6 meters. For this reason, a 
clarifier, or ultra-fine tuning control (C4 in fig. 3) was 

added to the LO circuit. This variable capacitor is 
mounted in the hole formerly occupied by the func- 
tion switch and is turned by the large, function- 
switch knob, which is ideal for the purpose. 

A very small capacitance range is needed for the 
clarifier capacitor. It could have been made from a 
small variable by removing all but two plates, but in 

table 1. Frequency ranges for the new local oscillator in the 
rebuilt HQ11OA. 

oscillator oscillator oscillator clarifier 
band range percentage stability range 
MHz MHz range Hz!vo!t Hz 

1.8- 2.0 10.8- 11.0 1.852 169 420 
3.5 - 4.0 12.5 - 13.0 4.0 225 870 
7.0 - 7.3 16.0 - 16.3 1.875 165 510 

14.0 - 14.4 5.0 - 5.4 8.0 340 1100 
21.0 -21.6 12.0 - 12.6 5.0 257 1 000 
28.0 - 30.0 19.0 - 21 .O 10.53 400 3200 
50.0- 54.0 41.0-45.0 9.76 280 7300 

my case it was fabricated from the remains of an old 
wire-wound pot. The resistance element and wiper 
arm were removed and a semi-circular plate was 
soldered to the rotor shaft. Another semi-circular 
plate was fastened to the Bakelite case to form the 
stator. The resulting capacitor has a range of only 1 
pF and produced the frequency ranges given in the 
fifth column of Table 1. 

rf and mixer stages. Because dual-gate MOSFETs 
make such ideal replacements for pentode vacuum 
tubes, no radical changes were necessary in the re- 
ceiver rf and mixer stages shown in fig. 4. None of 
the antenna or rf stage coils were changed, with the 
exception of the tap on the six-meter antenna coil: it 
was moved up to three turns above ground. Both rf 
and mixer stages, 017 and 018, are RCA40673 dual- 
gate MOSFETs. For simplicity, coils for only the 6-, 
lo-, 15-, and 20-meter bands are shown in fig. 4. 
Experimentally, it was found that receiver sensitivity 
on these four bands could be optimized for a 50-ohm 
antenna by placing a proper size capacitor in series 
with the antenna input. 

When the receiver is tuned to 28.0 MHz, the image 
frequency happens to be 10.0 MHz, a fact that is 
exploited with a minimal increase in complexity to 
provide 10-MHz reception of WWV. For WWV, S5 
in fig. 4 shunts the 10-meter rf stage coil with trim- 
mer C5. This capacitor resonates the 28-MHz coil 
down to 10 MHz, with the WWV signal from the an- 
tenna coupled into the mixer through the series- 
tuned circuit, L9-C6. The rf stage is not used in this 
mode; WWV is normally so strong that an rf stage 
is not really needed. 
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fig. 4. Schematic diagram of the rf, mixer, noise limiter, and crystal calibrator circuits. The antenna and rf stage coils and trim- 
mers are unchanged from the original receiver. For simplicity, only four bands are shown. L9 is 7 pH, made by close winding 30 
turns of no. 24 (0.5mml AWG wire on a 4-mm (5/32-inch) diameter ferrite rod. 

Noise limiter and crystal calibrator. I wanted 
some kind of first-line defense against impulse noise 
without resorting to all the complexity of a noise 
blanker. Thus, the simple noise limiter in fig. 4 was 
included. In order to be effective, the limiter should 
clip the noise pulses before they become stretched 
out by the crystal filter. 

The limiter was placed between the mixer and 
sideband filter and has the option of being switched 
in or out. The common-emitter stage, 019, ampli- 
fies the noise pulses up to a level where they can be 
clipped by the shunt limiter, CR19-CR20. These sili- 
con diodes are biased by R6  to a point where they are 
just beginning to conduct. After being clipped, the 
signal is brought back down to its original level by 
means of the capacitive voltage divider, C7-C8. 

I make no claim that this limiter can compete with 
a good noise blanker, but it can make the difference 
between copy and no-copy. Only high-amplitude 
noise pulses are clipped. It takes about 50 microvolts 
at the antenna before clipping begins to occur. This 
means weak noise pulses are unaffected, but the 

weak pulses are not normally a problem because they 
are reduced in amplitude after being stretched out 
by the i-f filter. For best results, the AGC should be 
turned off when using the noise limiter. 

Of course, the greatest shortcoming of this type of 
limiter is that it is highly susceptible to cross-mod 
from strong in-band signals. If yocr have both high 
noise and strong signals at the same time, you must 
choose between cross-mod and impulse noise, 
depending on which is worse. 

The 100-kHz crystal calibrator, Q19 and 020, uses 
the original 100-kHz crystal and trimmer capacitor. 
The circuit is patterned after one in the Atlas 210X; 
it provides plenty of harmonic strength right up 
through 54 MHz. 
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double-stub tuner 
for 1296 MHz 

Feedline and matching 
problems at 1296 MHz 

are easily overcome 
by using 

this simple 
but effective 

double-stub tuner 

Shortly after the military APX-6 became available 
on the surplus market in the 1950s, a number of mag- 
azine articles were published which described con- 
version of the unit to the 1215-1300 MHz amateur 
band. For a time there was considerable interest in 
this band; here in the San Fernando Valley there 
were about seven stations active for a year or more. 
Eventually interest declined, until there were only 
two of us left - K6BV and myself. We had 85 MHz 
of amateur frequency spectrum with almost no 
takers. That's too bad, because this band is ideal for 
repeaters, wide-band television, satellite communi- 
cations, and amateur experimentation. 

Why is the use of this band so meager? Probably 
the main reason is that there is no equipment avail- 
able for the band. Also, it requires the application of 
techniques quite different from those used on the low- 
er frequencies; of necessity, striplines and cavities 
must be used. These take some getting used to by 
newcomers to the amateur bands above 1000 MHz. 

Another aspect that has not received too much 
attention is transmission lines. Losses in coaxial 
cable are tremendous at this frequency. Standing 
waves are a disaster if they appear on the line. The 
best RG-8IU coax has a loss of 8 dB per 30 meters 
(100 feet) at 1296 MHz. Any reflection at the antenna 
is power lost in all but the shortest lines, and putting 

a radiator at the top of a tower does not promote a 
short feedline. On the low-frequency amateur Bands 
a reasonable reflection of power at the antenna does 
not represent any appreciable loss in radiated power; 
if nothing gets hot, and the transmitter loads, the 
power has to radiate. Reflected power makes a 
round trip at low frequencies. At  1296 MHz: the 
reflected power suffers the %-dB loss on the trip back 
to the transmitter and again on the second trip to the 
antenna. The net result is that reflected power is 
power lost, and power is hard to come by at 
1296 MHz. 

Measurement of power and standing waves on the 
feedline was a serious problem at my station for sev- 
eral years. A field-strength meter is easy to make for 
1296 MHz, and setting it up in front of the antenna 
gives a good indication of relative power levels, but it 
usually turned out that a slotted line was still showing 
a considerable standing wave on the feedline, even 
after everything was tweaked for hours on end. Just 
taking the slotted line out of the line was apt to be a 
disaster if only because of the change in length of the 
line. In addition to this problem, the field-strength 
meter didn't give a true reading of the actual power 
being radiated. It was strictly a relative measure- 
ment, and I could not tell whether the transmitter 
was running at 5 per cent efficiency or the hoped for 

I 30 to 40 per cent. 
' Uncertainty over the power output of the transmit- 

ter and the unhappy situation with standing waves 
on the feedline led to several not-so-cheap purchases 

I and also a rather close-tolerance construction proj- 

i ect. The first purchase was a Bird model 43 watt- 
meter with a plug-in covering 1 .I to 1 .8 GHz. The 
second purchase was a Sierra Model 160B-300 dum- ' my load (I couldn't build a suitable dummy load and 
gave up after a number of attempts). The way to 
rationalize these purchases is to say that the test gear 
will not wear out and with much cheaper plug-in ele- 
ments the Bird 43 wattmeter will work on other ama- 
teur bands. 

With the wattmeter and the dummy load I could 
read transmitter power output and pick up reflected 

By George Hatherell, KGLK, 10160 Maude 
Avenue, Sunland, California 91040 
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power when the feedline was moved from the dum- 
my load to  the antenna radiator. Things began to fall 
into place. It became possible to trim the driving 
dipole for a reasonable match to the line. Single-helix 
antennas were stubborn, and responded only half- 
heartedly to matching devices; a twin-helix antenna 
was much better; a quad helix never seemed to work 
just right, regardless of the matching scheme I tried. 

A nasty development surfaced when the dipole in 
front of my 2.5-meter (8-foot) dish was moved for 

fig. 1. Mechanical diagram of the double-stub tuner. As 
mentioned in the text, the length of the center conductor 
of the main line is determined by the type of N connector 
which is used. Matching is accomplished by the two stubs 
with sliding shorts which provide adjustable amounts of 
reactance. 

field-strength tests and beamwidth measurements. 
Any change of antenna configuration forced me to  
retune the driver. The answer, of course, was to  find 
some kind of impedance-matching device that could 
be put into the line at the antenna and at the trans- 
mitter. The double-stub impedance transformer was 
the logical solution. But, where to find one? The sur- 
plus houses I trade with never had a single one that 
could possibly have worked at 1296 MHz. I had to  
build one; in fact, I had to make four of them. (Any- 
body working 1296 is bound to have more than one 
antenna.) 

The impedance-matching range of the double-stub 
impedance-matching transformer is astonishing. For 
example, it is no problem at all to  bring the feedlines 
from two dipole antennas together at a T and match 
the resulting 25-ohm impedance to a 50-ohm line. 

tuner construction 
The stubs of a double-stub tuner are normally 318 

wavelength apart and mounted at right angles to a 
50-ohm line section. Insertion loss is not readable on 
a 0- to 25-watt rf power meter running at half scale, 
There is just one problem with the tuners: they are 
hard to  make because mechanical tolerances must 
be held tightly so that the tuning plungers do not 
bind when they are adjusted. It is not necessary to 
have a mill to build a double-stub tuner, although 
there is one minor place where it produces a more 
professional job. A lathe should be available. 

construction 
Referring to the cross-sectional sketch (see fig. I ) ,  

tubing sections used for the stubs can be sawed to  
length; remember that they must be long enough to 
reach halfway around the mainline section. Cut and 
file one end of each stub tube to fit snugly around the 
main section line. Scribe the outside contour of one 
of the stub tubes onto the main line, 43 mm (1.7 
inches) from the center of the main line; scribe a 
similar contour 43 mm (1.7 inches) from the center 
toward the other end. These outlines must be parallel 
along the main line tube. Remember, these scribed 
contours are the outside of the stub tubes. Cut and 
file openings in the main line tube to match the inside 
diameter of the stub sections. Final fit must be made 
with the file strokes at right angles to the line tube 
and parallel to the axis of the stub tubes, as they will 
solder in place. This may sound difficult, but it's not, 
just a bit tedious. 

Assembly of the two stubs to the main line must 
be done accurately. I found the simplest way was to 
lay the three parts on a piece of 1.9-cm (314-inch) 
plywood and drive nails on both sides of all three 
tubes to hold them in place. A square will indicate 
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when the stubs are at right angles to the main line. 
The plywood will keep all three parts in the same 
plane. Put something heavy on each of the tubes to 
keep it from shifting during the soldering operation. 
The stubs are soldered to the main line section with a 
substantial bead halfway around the joint. The as- 
sembly is then turned over in the jig to complete the 
second half of the soldering job. If the half-soldered 

SOLDER 

I 4 (9/2'0) /N,R"yEN, 
SPECIALTIES 

97-308 

fig. 2. Close-up view of the fingerstock assembly. If brass 
shim stock is used instead of fingerstock, the size of the 
brass ring can be changed to compensate for the size dif- 
ference. 

assembly, when flipped over, does not drop into the 
nail jig without binding, the right-angle alignment of 
the jig is faulty. If this happens, it is best to start over. 

In fig. 1, the dimension of the inner conductor of 
the main line has not been shown. This is because 
flanged N connectors vary somewhat in design, and 
the builder must determine this length to match the 
available fittings. For final assembly, the outer face 
of both N flanges must be recessed into the main line 
tube approximately 1.5 mm (1 I16 inch). The normal- 
ly square flanges are turned on a lathe to a diameter 
allowing a slip fit into the copper tube. The center- 
conductor's length is set to  fit snugly up against the 
boss at the base of the conductor extension of each 
N fitting. This is not critical, but recessing of the N 
connector flanges is necessary to permit a substan- 
tial solder bead for maximum strength under torque 
load from connected equipment. 

Once the inner conductor length is established, the 
ends of the rod are tapered and an 11 mm (7116 inch) 
deep hole is drilled in each end. The diameter of the 

hole is selected to provide a slip fit on the center pin 
of the connector. With a jeweler's saw, three longitu- 
dinal cuts are made on each end of the center-con- 
ductor rod, giving six segments at each end. The 
segments are given a set toward the center to estab- 
lish a press fit over the center pin of the N conductor 
(no soldering is possible at final assembly). The longi- 
tudinal cuts are 9.5 mm (3/8 inch) deep, If the N con- 
ductor pins are more than 6.5 mm (114 inch) long, 
cut them back to 6.5 mm (1 14 inch). 

There is one very critical dimension in the inner 
conductor assembly, the spacing between the points 
at which the stubs connect. This spacing must 
match, as closely as possible, the center spacing be- 
tween the outer tubes already assembled. Measure 
the distance between the stub centers accurately and 
transfer this measurement to the center conductor of 
the main line. (Center-to-center measurement is 
most easily done by measuring from the left-hand 
side of one tube to the left-hand side of the other 
tube, or conversely, from the right-hand side of one 
tube to the right-hand side of the other tube.) This 
measurement is transferred to the center conductor 
of the main line so that the distance from one end of 
the line to the first stub is equal to the distance from 
the other end of the line to the second stub. 

Clamp the rod in a vise and file flat spots 6.5 mm 
(1  I 4  inch) wide over the stub locations. These should 
be filed one-third of the way through the rod. The 
faces must be flat and parallel to each other since 
they affect final alignment of the stubs. Drill and tap 
each flat for a 4-40 (M3) machine screw, ensuring 
that the distance between the drilled holes is exactly 
the same as the distance between the centers of the 
two stub tubes already assembled. Insert brass 4-40 
(M3) machine screws from the bottom so that the 
threaded end of the screws extends 9.5 mm (318 
inch) above the face of the flats. The above proce- 
dure is for those who don't have access to a mill. 
(With a mill, sink a 6.5-mm [1/4-inch] end mill 3 mm 
[1 18 inch1 deep, then drill and tap for the screws.) 

The center-stub conductors are squared in the 
lathe, drilled and tapped for the screws already in 
place in the main line. Screw the stubs onto the 4-40 
(M3) studs and check for perpendicular projection 
from the line and for parallel alignment. If alignment 
is correct, the screws can be soldered to the main 
line, after which the excess should be sawed off and 
smoothed to maintain the shape of the line. The 
stubs must be removed from the mounting studs for 
final assernbly. 

The plungers are made from 6.5-mm (1  /4-inch) ID 
brass hobby tubing, which is a slip fit on the center 
conductor stubs. The tubing is also split with a jewel- 
er's saw as indicated in fig. 2. The segments are 
pressed inward to give a good sliding fit on the center 
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conductor. The brass ring which supports the finger- 
stock is bored, turned and soldered in place. The in- 
dicated fingerstock is ideal for the job, but brass shim 
stock may be substituted if the fingerstock is not 
available. When using shim stock, wrap it around the 
ring, slit in segments, and solder in place. Give the 
segments an outward bias and contour the tips to 
slide rather than dig in iv  the outer conductor. 

TUNER 

with the plungers completely in. It is good insurance 
to wrap the base of the stub tuner lines, where they 
solder to the main line, with a damp cloth while sol- 
dering the N fittings into place. 

With these three pieces of gear, directional watt 
meter dummy load, and stub tuners, 1215 MHz to 
1300 MHz becomes one of the easiest of the amateur 
bands to work on, rather than one of the hardest. 

ANTENNA 

3 

fig. 3. Different configurations for using one or two double-stub tuners. 

The plastic fitting at the end of each stub is drilled 
for a slip fit on the plunger tubing and pressed onto 
the end of the stub. The plunger knobs may be any 
type of plastic and are also press fitted onto the 
plunger tubing. 

final assembly 
The center conductor of the main line is slipped in- 

to the tube, the center conductor stub lines are 
screwed into place on the 4-40 (M3) screws and set 
tight with a pair of heavy pliers. The N fittings are 
pressed into the ends of the main line center conduc- 
tor and the plungers are slid down over the stub cen- 
ter lines. The plastic guide sleeves are pressed into 
the open end of the stub tubes and the plungers are 
run up and down to check for any binding. There 
should be none, though a slight difference in resis- 
tance may be noticed at first as the plungers move 
full stroke. If no problems show up, the flanges of 
the N fittings may be soldered with the plungers both 
fully inserted. This is important, as any misalignment 
will be less troublesome if the N fittings are soldered 

The guesswork disappears in checking cavity or 
stripline efficiency, antenna match, and line reflec- 
tions. Comparing one antenna to another becomes 
routine, rather than the long, drawn-out process of 
trying to match power into an antenna system in the 
face of all the line and feed problems that constantly 
disturb the results. 

Different tuner configurations are illustrated in fig. 
3. Asa simpleindication ofwhat can beaccomplished 
with one of these tuners, a test set-up was arranged 
on the bench. Eight watts of power was fed into a 
dipole that had been trimmed to give a good match 
to a 50-ohm line when used to drive a 2.5-meter (8- 
foot) parabolic dish. The wattmeter showed that two 
watts were being reflected. With a double-stub tuner 
into the line at the dipole, it took less than ten 
seconds to wipe out the reflected power by adjusting 
the stub plungers. This was a 25 per cent increase in 
radiated power without having to touch the antenna. 
If aggravation has a price tag, these three pieces of 
gear are a bargain. 
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1.5 GHz divide-by-four prescaler 
Extending the range 

of your counter 
is made easy 
by this simple 
divide-by-four 

1500-MHz prescaler 

In the last few years frequency counters have 
developed from bulky, slow, costly units affordable 
only by well-heeled laboratories, into small, high- 
frequency instruments at a price easily within the 
reach of the average ham. Quite a few manufacturers 
now offer counters with 1-Hertz resolution to 50 or 
60 MHz, low power drain, and a price in the neigh- 
borhood of $100. In addition, many articles have ap- 
peared in the amateur magazines describing the con- 
struction of frequency counters and prescalers; 
recently, an entire issue (February 1978) of ham radio 
was devoted to the subject of frequency counters. 

The upper frequency limit of every counter is set 
by the maximum operating speed of the input divider 
stage. This first divider is usually a fast prescaler - a 
fixed, asynchronous divider operating with the main 
divider chain. The most popular low-cost prescalers 
use the l lC90 digital divider, which has a typical 
maximum operating frequency of about 600 MHz. IC 

prescalers with higher operating speeds are available, 
but their high prices have kept them from finding 
much amateur use. 

However it is now possible to inexpensively extend 
a counter's operating frequency range to  well 
beyond 1 GHz, with a recently introduced ECL 
(emitter-coupled logic) divide-by-four prescaler. This 
device is the Motorola MC1697, a very fast ECL 
prescaler which has a typical operating frequency of 
1600 Mhz. Thus, a prescaler using this circuit will ex- 
tend the range of a 400-MHz counter to above 1.5 
GHz. It will operate with signals as low as 1 mW, re- 
quires only a single dc supply, and will drive 50-ohm 
loads. The MC1697 is a low-cost, plastic-packaged 
device that sells for less than $18. 

fig. 1. Schematic diagram of the divide-by-four prescaler 
using the Motorola MC1697. Chip capacitors are preferred 
for the input and output coupling capacitors, though silver 
micas may be used if the other types cannot be obtained. 
If the IC should free-run, the oscillations can be stopped 
by connecting a 10k resistor across pins 4 and 5. 

By Jerry Hinshaw, NGJH, 2500 Medallion 
#193, Union City, California 94587 
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circuit description 
The schematic diagram of the prescaler's circuit is 

shown in fig. 1. The signal to be counted is fed 
through C1 to the MC1697, which contains two 
divide-by-two stages in cascade. The input to the 
first counter is internally biased to accept zero-mean 
signals so that no external set-up bias is needed. The 
second flip-flop has complementary outputs. One of 
these is fed to the output connector through C2, the 
other is terminated in a 51-ohm resistor. The 200- 
ohm resistor terminates the open emitter of the out- 
put emitter follower. 

A single dc power supply is required to provide - 7 
volts at approximately 60 mA. A simple power supply 
for this prescaler module can be built using an adjust- 
able voltage regulator. The design of power supplies 
using this type of regulator has been discussed by 

The board was designed to f i t  into a Bud CU124 
cast aluminum box, although it will also fit into a 5.1 
x 7.6 x 10.2-cm (2 x 3 x Cinch) sheet-metal box. 
The cast box provides better grounding and rf shield- 
ing. The board fits into the box as shown in fig. 3. 
The component side is mounted facing down; this is 
done so that the BNC input and output connectors 
can be directly soldered to the microstrip lines after 
the board has been installed in the box. 

The board itself is mounted in the box with four 
9.5-mm (318-inch) standoffs located at the four 
mounting pads near the corners of the board. The 
standoffs should be soldered to the ground plane and 
then securely clamped to the box with screws. 

If an external power supply is used, the lead may 

K5VKQ.1 

construction 
The prescaler is built on the small printed circuit 

board shown in fig. 2." Double-clad, 1.6-mm (1 116- 
inch) glass-epoxy board is used. One side forms a 

Q 
ground plane, which provides for low-impedance 
grounding and permits the use of microstrip lines for 
the input and output. 

All components, with the exception of C1 and C2, 
are mounted on the ground plane side of the board. 
If chip capacitors are used for C1 and C2, they should 
be soldered directly across the gaps in the microstrip 
lines. If silver mica capacitors are to be used, they 
may be mounted on the ground plane side of the 
board with the rest of the components. The use of - 7 

chip capacitors is preferable, as they will provide low- 
Q 

1 N 

er loss and less inductance than capacitors with wire 
leads. 

Be sure to leave enough clearance under the 
bodies of the two 1000-pF bypass capacitors so that 
the lead can be soldered to the ground plane at the 
points indicated by Xs on fig. 2C. One end of the 51- 
ohm resistor is connected to the top side of the 
board. 

If a socket is used to mount the MC1697, it must 
be the type that can be soldered to both sides of the 
board so that pins 1 and 8 can be properly grounded. 
Molex or swage-in pins will work here, or the IC can 
be soldered in the circuit board. Soldering the IC is 
the best choice in terms of electrical and thermal per- 
formance, but it does make changing the device diffi- 
cult. If you are going to purchase only one IC (rather 
than buy several to select the fastest), you may as fig. 2. The top and bottom sides of the printed circuit board 

well solder it directly to the board. are shown in A and B respectively. In the parts placement 
diagram, C, C1, and C2 are installed on the top of the board 

'An etched, drilled, and plated glass-epoxy circuit board is available for if glass or mica capacitors are used; if chip ceramics are 
$6.00 postpaid, from HEtM Microwave, Post Office Box 185, Montrose, used, they are mounted on the foil side. The leads marked 
California 91020. California residents please add 6 per cent sales tax. with an X are to be soldered on the ground plane side. 
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be brought into the box with a feedthrough bypass- 
type capacitor. Alternatively, a small power supply 
can be built in the box containing the prescaler. 

operation 
This prescaler module has no adjustable compo- 

nents and should work, Murphy willing, when it is 
first turned on. However, if it does not, there are sev- 
eral points to check. First, see that the - 7 volts is 
present at pin 5 on the MC1697. If you have an oscil- 
loscope, check to see that the IC is not oscillating. (A 
cure for sscillations is to connect a 10k-ohm resistor 
from pin 4 to V,,.) Also check the grounds on the 
two bypass capacitors, pins 1 and 8 on the MC1697, 
and on the 51-ohm resistor. All of these ground 
points must be soldered to the top of the printed cir- 
cuit board. 

Once the prescaler is built and operating you will 
naturally want to check it to find the maximum oper- 
ating frequency. One way of doing this involves find- 
ing a signal generator or source that covers the 1- to 
2-GHz range. Attach the prescaler and counter to 
the generator. Start with the generator set near 1 
GHz and verify that the counter reads approximately 
250 MHz. 

Slowly increase the frequency of the signal gener- 
ator and watch the counter display. Somewhere be- 
tween 1500 and 1700 MHz (about 375 to 425 MHz on 
the display) the indicated frequency will suddenly 
jump downward. This shows that the divider is no 
longer able to operate normally. The point at which 
the display jumps to a radically different value in- 
dicates the maximum input frequency at which your 
prescaler will operate. 

There is another test that will help locate the criti- 
cal upper frequency. While slowly increasing the in- 
put signal frequency, watch the least significant 
digits on the display of the counter. As the maximum 
operating frequency is approached these digits will 
become erratic, indicating that the phase noise on 
the prescaler's output is becoming significant. This 
flickering occurs a few megahertz below the cutoff 
frequency. 

If you wish to vary the power supply voltage slight- 
ly, you may be able to find a point at which the maxi- 
mum operating frequency is increased. However, I 
found that presetting the supply to - 7 volts is nearly 
optimal, and that adjusting the voltage never raised 
the upper frequency limit by more than a small 
amount. 

Another good test of the prescaler is to count a 
signal whose frequency is near the maximum limit for 
the counter itself, note the frequency displayed, and 
then count the same signal using the prescaler. If the 
counts (after multiplying by four) are very nearly the 
same, the prescaler is probably operating correctly. 

The most serious shortcoming of this prescaler 
module is its limited dynamic range. Typically, the in- 
put signal must be in the range of 200 to 1600 mV p-p 
for proper operation. The dynamic range could be 
extended by the use of an input stage of amplifica- 
tion and limiting. The problem with this approach is 
that the amplifier stage must be broadband, covering 
at least 600 to 1500 MHz; such amplifiers are not 
easily built. Avantek2 has published an application 

SOLDER FILLET 

\ 

fig. 3. Mounting details for the divide-by-four prescaler. The 
center pin of the BNC connectors is soldered to the trace on 
the printed circuit board. 

note which covers the construction of a 40-dB dy- 
namic range preamplifier covering 25 to 1000 MHz. 
Using thin-film hybrid amplifier modules to achieve 
its performance, its principal shortcoming lies in the 
cost - more than $120. 

The simple prescaler described here, even without 
a preamplifier, is a useful test instrument. If the input 
signal's amplitude is outside the operating range, the 
prescaler does not produce spurious outputs - it 
simply stops operating. As long as the input signal 
source can provide at least 1 mW, some attenuator 
level can be found which will permit operation of the 
scaler. Several versions of this prescaler module have 
been built. All functioned without problems and all 
had a maximum operating frequency of at least 
1500 MHz. 

references 
1. Chris Cogburn, K5VKQ. "How to Design Regulated Power Supplies," 
ham radio, September 1977, page 58. 
2. "A 1-GHz Prescaler Using GPD Series Thin-Film Amplifier Modules," 
Avantek Application Note ATP 1036, Avantek Corporation, 3175 Bowers 
Avenue, Santa Clara, California 95051. 
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ham radio 
cumu~ative index 
antennas and 
transmission lines 
general 
Antenna control, automatic azimuth/elevation 

for satellite communications 
WA3HLT D. 26. Jan 75 
Correction p. 58. Dec 75 

Antenna dimension (HN) 
WA9JMY p. 66; Jun 70 

Antennas and capture area 
K6MIO p. 42. Nov 69 

Antenna and control.link calculations for 
repeater licensing 
W7PUG p. 58. Nov 73 
Short circuit p. 59. Dec 73 

Antenna and feedline facts and fallacies 
W5JJ p. 24. May 73 

Antenna design, programmable 
calculator simplifies (HN) 
W3DVO p. 70, May 74 

Antenna gain (letter) 
W3AFM D. 62. Mav 76 

Antenna gain, measuring 
K6JYO D. 26. Jul  69 

Antenna wire, low-cost copper (HN)' 
W2EUQ p. 73. Feb 77 

Anti-ORM methods 
W ~ ~ Q J  p. 50, May 71 

Bridge for antenna measurements, simple 
WLCTK p. 34. Sep 70 

Cubical quad measurements 
W4YM p. 42. Jan 69 

Dipole center insulator (HN) 
WAlABP D. 69. Mav 69 

Diversity receiving system 
WZEEY p. 12. Dec 71 

Dummy load and r f  wattmeter, low-power 
WZOLU p. 56. Apr 70 

Dummy load. low.power vhf 
WB9DNI p. 40. Sep 73 

Effective radiated power (HN) 
VE7CB p. 72. May 73 

Feedpoint impedance characteristics 
of practical antennas 
W5JJ p. 50, Dec 73 

Filters. low.pass. for 10 and 15 
WZEEY P. 42. Jan 72 

Gain calculations, simplified 
W 1 DTV p. 78. May 78 

Gain vs antenna height, calculating 
WB8IFM p. 54, Nov 73 

Gin pole, simple lever for raising masts 
WA2ANU p. 72. May 77 

Ground screen, alternative to radials 
WBQlJGP p. 22. May 77 

Grounding, safer (letter) 
WA5KTC p. 59. May 72 

Ground rods (letter) 
W7FS p. 66. May 71 

Ground systems, vertical antenna 
W7LR P. 30. May 74 

Headings. beam antenna 
W6FFC p. 64. Apr 71 

Horizontal o r  vertical (HN) 
W71V p. 62. Jun 72 

Impedance measurements, nonresonant antenna 
W7CSD p. 46, Apr 74 

Insulators, homemade antenna (HN) 
W7ZC p. 70. May 73 

Isotropic source and practical antennas 
K6FD p. 32. May 70 

Lightning protection (CLT) 
WlDTY D. 50. Jun 76 . . 

Line-of.sight distance, calculating 
WB5CBC p. 56, NOV 76 

Measurement techniques for antennas 
and transmission lines 
W40Q p. 36, May 74 

~ e a s u r i n g  antenna gain 
K6JYO D. 26. Jul 69 

Mobile mount, rigid (HN) 
VE7ABK p. 69. Jan 73 

Power i n  reflected waves 
Woods p. 49, Oct 71 

Reflected power, some reflections on 
VE3AAZ p. 44, May 70 

Reflectometers 
KlYZW p. 65. Dec 69 

Rf poivsr  ir'eter, low leve! 
W5WGF p. 58, Oct 72 

Sampling network, rf - the milli.trap 
W6QJW p. 34, Jan 73 

Smith chart, how to use 
WlDTY p. 16. Nov 70 
Correction p. 76. Dec 71 

Sniith chart, numerical 
W8MQW p. 104, Mar 78 

Standing-wave ratios, importance of 
W2HB p. 26. Jul 73 
Correction (letter) p. 67, May 74 

Time.domain reflectometry, practical 
experimenter's approach 
WAQlPIA p. 22. May 71 

T-R switch 
K3KMO o. 61.  AD^ 69 . . .  

Voltage-probe antenna 
W l  DTY p. 20, Oct 70 

high-frequency antennas 
All band antenna portable (HN) 

W2lNS p. 68, Jun 70 
All-band phased-vertical 

WA7GXO p. 32. May 72 
Antenna. 3.5 MHz, for a small lot 

W6AGX p. 28. May 73 
Antenna potpourri 

W3FQJ p. 54, May 72 
Antenna systems for 80 and 40 meters 

K6KA p. 55. Feb 70 
Army loop antenna - revisited 

W3FQJ p. 59, Sep 71 
Added notes p. 64. Jan 72 

Beam antenna, improved triangular shaped 
W6DL p. 20. May 70 

Beam for ten meters, economical 
WlFPF p. 54. Mar 70 

Beverage antenna 
W3FQJ p. 67, Dec 71 

Bobtail curtain array 
W8YFB p. 81, May 77 

Bobtail curtain array, forty-meter 
VEITG p. 58. Jul 69 

Coaxial dipole antenna, analysis of 
W2DU p. 46. Aug 76 

Coaxial dipole, multiband (HN) 
W4BDK p. 71, May 73 

Collinear, six-element. for 
W0YBF p. 22. May 76 

Compact antennas for 20 meters 
W4ROS p. 38, May 71 

Converted.vee, 80 and 40 meter 
W6JKR p. 18. Dec 69 

Corner-fed loop, low frequency 
ZL lBN p. 30. Apr 76 
Installation modified p. 41, Feb 77 

Cubical quad antenna design parameters 
K6OPZ p. 55, Aug 70 

Cubical-quad antennas, mechanical design of 
VE311 p. 44, Oct 74 

CubicaCquad antennas, unusual 
WlDTY p. 6. May 70 

Cubical quad, improved low-profile, three band 
W l  HXU p. 25. May 76 

Cub~cal quad, three.band 
WlHXU p. 22, Jul 75 

Curtain antenna (HN) 
W4ATE p. 66, May 72 

Delta loop, top-loaded 
WlDTY p. 57. Dec 78 

Dipole, all-band tuned 
ZS6BT p. 22, Oct 72 

Dipole antennas on nowharmonic 
frequencies (HN) 
WZCTK p. 72, Mar 69 

Dipole beam 
W3FQJ p. 56. Jun 74 

Dipole pairs, low SWR 
W6FPO p. 42, Oct 72 

Dipole sloping inverted-vee 
W6NlF p. 48. Feb 69 

Double bi-square array 
W6FFF p. 32, May 71 

Duabband antennas, compact 
W6SAl p. 18. Mar 70 

DX antenna, single-element 
W6FHM p. 52. Dec 72 
Performance (letter) p. 65, Oct 73 

Four-band wire antenna 
W3FQJ p. 53. Aug 75 

Gr3urd pla-e antenna. h~story  and development 
K2FF p 26. Jan 77 

Ground-olane. mul t~band (HN) . . 
J A ~ Q ~ Y  p. 62, May 71 

Groundplane, three-band 
LAlE l  p. 6. May 72 
Correction p. 91, Dec 72 
Footnote (letter) p. 65. Oct 72 

High-frequency amateur antennas 
WPWLR p. 28, Apr 69 

High-frequency diversity antennas 
W2WLR p. 28. Oct 69 

Horizontal-antenna gain at selected 
vertica! radiation-angles 
W7LR p. 54. Feb 76 

Horizontal antennas, optimum height for 
W7LR p. 40. Jun 74 

Horizontal antennas, vertical radiation patterns 
WA9RQY p. 58. May 74 

Inverted-vee antenna (letter) 
WB6AQF p. 66, May 71 

Inverted-vee antenna, modified 
W2KTW p. 40. Oct 71 

Inverted-vee installation, improved low-band (HN) 
W9KNI p. 68. May 76 

Inverted V or delta loop, how to add to tower 
K4DJC p. 32. Jul 76 

Large vertical, 160 and 80 meters 
W71V p. 8. May 75 

Log-periodic antenna. 14. 21 and 28 MHz 
W ~ A E O  P. 18, Aug 73 

Log-periodic antennas, 7.MHz 
W4AEO P. 16. May 73 

Log-periodic antennas, feed system for 
W4AEO p. 30. Oct 74 

Log periodic antennas, graphical design 
method for 
W ~ A E O  p. 14, May 75 

Log-periodic antennas, vertical 
monopole, 3.5 and 7.0 MHz 
W4AEO p. 44. Sep 73 

Log-periodic beams, improved (letter) 
W4AEO p. 74, May 75 

Log-periodic beam. 15 and 20 meters 
W4AEO p. 6. May 74 

Log periodic feeds (letter) 
W4AEO p. 66, May 74 

Logperiodic, three.band 
W4AEO p. 28. Sep 72 

Longwire antenna, new design 
K4EF p. 10, May 77 

Long-wire multiband antenna 
W3FQJ p. 28. Nov 69 

Loop antennas 
W40Q p. 18. Dec 76 

Loop receiving antenna 
W2lMB p. 66. May 75 
Correction p. 58, Dec 75 

Loop-yagi antennas 
VK2ZTB D. 30. Mav 76 

Low-band antenna problem, so~ut idn to ' 
- 

WEYFB p. 46. Jan 78 
Low-mounted antennas 

W3FQJ p. 66, May 73 
Mobile antenna, helically wound 

ZE6JP p. 40, Dec 72 
Mobile color code (letter) 

W66JFD p. 90. Jan 78 
Mono-loop antenna (HN) 

W8BW p. 70. Sep 69 
Multiband dipoles for portable use 

W6SAI p. 12. May 70 
Multiband vertical antenna system 

WQlNCU p. 28, May 78 
Phased antenna (letter) 

Thacker. Jerry p. 6, Oct 78 
Phased array, design your own 

K l  AON p. 78. May 77 
Phased array, electrically-controlled 

W5TRS p. 52, May 75 
Phased vertical array, fine tuning 

W4FXE p. 46, May 77 
Phased vertical array, four.element 

W8HXR p. 24. May 75 
Quad antenna, modified 

ZFl  MA p. 68, Sep 78 
Quad antenna, multiband 

DJ4VM p. 41, Aug 69 
Quad antenna repairs (HN) 

K9MM P. 87, May 78 
Receiving antennas 

K6ZGQ p. 56. May 70 
Satellite antenna, simple (HN) 

WA6PXY P. 59, Feb 75 



Selective antenna system minimizes 
unwanted signals 
W5TRS P. 28, May 76 

Selective receiving antennas 
W5TRS p. 20, May 78 

Shunt-feed systems for grounded vertical 
radiators, how to design 
W400 p 34. May 75 

Simple Bntennas for 40 and 80 
W5RUB p. 16. Dec 72 

Sloping dipoles 
W5RUB p. 19. Dec 72 
Performance (letter) p. 76, May 73 

Small-loop antennas 
W4YOT p. 36. May 72 

Stressed quad (HN) 
W5TIU p. 40. Sep 78 

Stub bandswitched antennas 
W2EEY p. 50. Jul  69 

Suitcase antenna, high-frequency 
VK5Bl p. 61. May 73 

Tailoring your antenna, how to 
KH6HDM p. 34. May 73 

Telephone-w~re antenna (HN) 
K9TBD p. 70. May 76 

Triangle antennas 
W3FQJ p. 56. Aug 71 

Triangle antennas 
W6KlW P. 58. May 72 

Triangle antennas (letter) 
K4ZZV p. 72. Nov 71 

Triangle beams 
W3FQJ p. 70. Dec 71 

Tuning aid for the sightless (HN) 
W6VX p. 83. Sep 76 

Unidirectional antenna for the low-frequency 
bands 
GW3NJY p. 61. Jan 70 

Vertical antenna radiation patterns 
W7LR p. 50. Apr 74 

Vertical antenna, low-band 
W41YB p. 70, Jul 72 

Vertical antenna, portable 
WA8NWL p. 48. Jun 78 

Vertical antenna, three-band 
W9BOE P. 44. May 74 

~ertical'antennas, improving perfoimance o f  
K6FD p. 54. Dec 74 

Vertical antennas, performance characteristics 
W7LR p. 34, Mar 74 

Vertical beam antenna. 80 meter 
VElTG p. 26. May 70 

Vertical dipole, gamma-loop-fed 
W6SAI p. 19. May 72 

Vertical for 80 meters, top-loaded 
WZMB p. 20. Sep 71 

Vertical radiators 
W400  o. 16. Apr 73 

vertical: top-loaded 80 meter 
VElTG p. 48, Jun 69 

Vertical-tower antenna system 
W40Q p. 56. May 73 

Windom antenna, four-band 
W4VUO p. 62. Jan 74 
Correction (letter) p. 74. Sep 74 

Windom antennas 
K4KJ p. 10, May 78 

Windom antenna (letter) 
K6KA p. 6, Nov 78 

Zepp antenna, extended 
W6QVI p. 48, Dec 73 

ZL special antenna, understanding the 
WA6TKT p. 38. May 76 

3.5-MHz phased horizontal array 
K4JC p. 56, May 77 

3.5 MHz tree-mounted ground-plane 
K2lNA p. 48. May 78 

7-MHz antenna array 
K7CW p. 30. Aug 78 

7 MHz rotary beam 
W7DI p. 34, Nov 78 

7-MHz short vertical antenna 
W8TYX P. 60. Jun 77 

14-MHz delta-loop array 
NPGW p. 16, Sep 78 

160-meter loop, receiving 
K6HTM p. 46, May 74 

160-meter vertical, shortened (HN) 
W6VX o. 72. Mav 76 . . -  

160 meters with 40-meter vertical 
WPIMB p. 34, Oct 72 

vhf antennas 
Antennas for satellite communications, simple 

K4GSX p. 24. May 74 
Circularly-polarized ground-plane 

antenna for satellite communications 
K A G ~ X  o. 28. Dec 74 . . . - - . . 

Collinear antenna for two meters. nine-element 
W6RJO p. 12. May 72 

Collinear antenna (letter) 
W6SAI p. 70. Oct 71 

Collinear array for two meters. 4-element 
WB6KGF p. 6. May 71 

Collinear antenna, four element 440-MHz 
WA6HTP p. 38, May 73 

Collinear. six meter 
K4ERO p. 59. Nov 69 

Converting low-band mobile antenna to  
144-MHz (HN) 
K7ARR p. 90. May 77 

Corner reflector antenna. 432 MHz 
WA2FSQ p. 24. Nov 71 

Cubical quad, economy six-meter 
W6DOR p. 50. Apr 69 

Feed horn, cylindrical, for parabolic reflectors 
WA9HUV p. 16, May 76 

Ground plane. 2-meter. 0.7 wavelength 
W3WZA p. 40. Mar 69 

Ground plane, portable vhf (HN) 
K9DHD p. 71, May 73 

Log-periodic, yagi beam 
K6RIL. W6SAl p. 8. Jul  69 
Correction p. 68. Feb 70 

Magnet-mount antenna, portable (HN) 
WB2YYU p. 67, May 76 

Magnetic mount for mobile antennas 
W0HK p. 52. Nov 78 

Matching techniques for vhf/uhf antennas 
WlJAA p. 50. Jul  76 

Microwave antenna, Low-cost 
K6HlJ p. 52, Nov 69 

Mobile antenna. magnet-mount 
WlHCl p. 54. Sep 75 

Mobile antenna, six-meter (HN) 
W4PSJ p. 77, Oct 70 

Mobile antennas, vhf, comparison of 
W4MNW p. 52, May 77 

Moonbounce antenna, practical 144-MHz 
K6HCP p. 52. May 70 

Multiband J antenna 
WB6JPI p. 74. Jul 78 

Oscar antenna, mobile (HN) 
W60AL p. 67. May 76 

Oscar az-el antenna system 
WAlNXP p. 70. May 78 

Parabolic reflector antennas 
VK3ATN p. 12. May 74 

Parabolic reflector element spacing 
WA9HUV p. 28. May 75  

Parabolic reflector gain 
W2TQK p. 50. Jul  75 

Parabolic reflectors. findina the focal lenrrth (HN) - 
WA4WDL p. 57: ~ a r  

Parabolic reflector. 16-foot homebrew 
WB610M P. 8. Aug 

Quad-yagi arrays. 432- and 1296-MHz 
W3AED p. 20. May 
Short circuit p. 58. Dec 

Simple antennas. 144-MHz 
WA3NFW p. 30. May 

Switch, antenna for 2 meters, solid-state 
K2ZSQ p. 48. May 

Two-meter f m  antenna (HN) 
WB6KYE p. 64. May 

Vertical antennas. truth about %-wavelength 
K0DOK P. 48. May 
Added note (letter) p. 54. Jan 

Whip. 5/8-wave, 144 MHz (HN) 
VE3DDD p. 70, Apr 

Yagi antennas, how to  design 
WlJR o. 22. Aue . . -  

Yagi. 1296-MHz 
WZCQH p. 24, May 72 

7-MHz attic antenna (HN) 
WZlSL P. 68, May 76 

10-GHz dielectric antenna (HN) 
WA4WDL p. 80. May 75 

144-MHz vertical. S/s-wavelength 
K6KLO p. 40. Jul 74 

144-MHz antenna, Ye-wavelength 
built from CB mobile whip (HN) 
WB4WSU D. 67, Jun 74 

144-MHz colinear uses PVC pipe mast (HN) 
K8LLZ p. 66, May 76 

144-MHz mobile antenna (HN) 
W2EUQ p. 80. Mar 77 

144-MHz vertical mobile antennas. % and . . .  
5/8 wavelength. test data on 
W2LTJ. W2CQH p. 46, May 76 

144-MHz. %-wavelength vertical 
WlRHN p. 50. Mar 76 

144-MHz. S/8-wavelength, vertical antenna 
for mobile 
K4LPQ p. 42. May 76 

432-MHz high-gain Yagi 
K6HCP p. 46, Jan 76 
Comments. W0PW p. 63. May 76 

432-MHz OSCAR antenna (HN) 
WlJAA p. 58. Jul  75 

1296-MHz antenna, high-gain 
W3AED p. 74. May 78 

1296-MHz Yagi array 
W3AED p. 40. May 75 

matching and tuning 
Antenna bridge calculations 

Anderson, Leonard H. p. 34. May 78 
Antenna bridge calculations (letter) 

W5QJR p. 6. Aug 78 
Antenna coupler for three-band beams 

ZS6BT p. 42. May 72 

Antenna coupler, six-meter 
KlRAK p. 44. Jut 7 1  

Antenna impedance transformer for 
receivers (HN) 
W6NlF p. 70. Jan 70 

Antenna instrumentation, simple. (repair bench) 
K41W p. 71. Jul  77 

Antenna matcher, one-man 
W4SD P. 24. Jun 7 1  

Antenna tuner adjustment (HN) 
WA4MTH p. 53, Dec 75 

Antenna tuner, automatic 
WA0AQC p. 36. Nov 72 

Antenna tuner, medium-power toroidal 
WB2ZSH p. 58. Jan 74 

Antenna tuner for opt imum power transfer 
WZWLR p. 28. May 70 

Antenna tuners 
W3FQJ p. 58. Dec 72 

Antenna tuning units 
W3 FQJ p. 58, Jan 73 

Balun. adjustable for yagi antennas 
W6SAI p. 14. May 71 

Balun. Simplified (HN) 
WA0KKC p. 73, Oct 69 

Broadband balun, simple and efficient 
WlJR p. 12. Sep 78 

Couplers. random-length antenna 
WLEEY p. 32. Jan 70 

Dummy loads 
W4MB p. 40, Mar 76 

Feeding and matching techniques for  
vhf/uhf antennas 
WlJAA p. 54. May 76 

Gamma-match capacitor. remotely controlled 
KZBT p. 74, May 75 

Gamma-matching networks, how to  design 
W71TB p. 46. May 73 

Impedance bridge, low-cost RX 
W8Y FB p. 6, May 73 

Impedance-matching baluns, open-wire 
W6MUR p. 46. Nov 73 

Impedance-matching systems, designing 
W7CSD p. 58. Ju l  73 

Loads, affect of mismatched transmitter 
W5JJ p. 60. Sep 69 

Matching, antenna, two-band with stubs 
W6MUR p. 18. Oct 73 

Matching system. two-capacitor 
W6MUR p. 58. Sep 73 

Matching transformers, multiple quarter-wave 
K3BY p. 44. Nov 78 

Measuring complex impedance with swr bridge 
WB4KSS p. 46, May 75 

Mobile transmitter, loading 
W4YB p. 46. May 72 

RX noise bridge, improvements t o  
W6BXI. W6NKU p. 10, Feb 77 
Comments p. 100. Sep 77 

No~se  bridge construction (fetter) 
OHZZAZ p. 8. Sep 78 

Noise WB2EGZ bridge, antenna 
p. 18. Dec 70 

Noise bridge, antenna (HN) 
K8EEG p. 71. May 74 

Noise bridge calculations with 
TI 58/59 calculators 
WD4GRl P. 45. May 78 

Noise bridge for impedance measurements 
YAlGJM p. 62, Jan 73 
Added notes p. 66. May 74; p. 60. Mar 75 

Omega-matching networks, design of 
W71TB p. 54, May 78 

Phase meter, r f  
VEZAYU. Korth p. 28. Apr 73 

Quadrifilar toroid (HN) 
W9LL p. 52. Dec 75 

Stub-switched, stub-matched antennas 
WZEEY p. 34. Jan 69 

Swr alarm circuits 
WZEEY p. 73. Apr 70 

Swr bridge 
WBZZSH p. 55. Oct 7 1  

Swr bridge and power meter, integrated 
W6DOB p. 40, May 70 

Swr bridge readings (HN) 
W6FPO p. 63, Aug 73 

Swr indicator, aural, for the visualiy handicapped 
K6HTM p. 52, May 76 

Swr meter 
WB6AFT p. 68. Nov 78 

Swr meter 
W6VSV p. 6, Oct 70 

Swr meter, improving (HN) 
W5NPD p. 68, May 76 

T-Network impedance matching to coaxial 
feedlines 
W6EBY p. 22. Sep 78 

Transmatch, five-to-one 
W7IV p. 54. May 

Transmission lines, gr id dipping (HN) 
W20LU p. 72, Feb 

Transmission lines, uhf 
WAZVTR p. 36. May 

Uhf coax connectors (HN) 
W0LCP p. 70, Sep 
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towers and rotators 
Antenna and rotator preventive maintenance 

WAlABP p. 66. Jan 69 
Antenna and tower restrictions 

W71V p. 24. Jan 76 
Antenna guys and structural solution+ 

W6RTK p. 33. Jun 78 
Antenna mast. build your own tilt-over 

W6KRT p. 42. Feb 70 
Correction p. 76, Sep 70 

AZ-el antenna mount for satellite 
communicatrons 
W2LX p. 34. Mar 75 

Cornell-Dubilier rotators (HN) 
K6KA p. 82. May 75 

Ham-M modifications (HN) 
W2TQK p. 72, May 76 

Ham-M rotator automatic position control 
WB6GNM p. 42. May 77 

Pipe antenna masts, design data for 
W3MR p. 52. Sep 74 
Added design notes (letter) p. 75. May 75 

Rotator. AR-25, fixing a sticky 
WAlABP p. 34, Jun 71 

Rotator fo r  medium-sized beams 
K2BT p. 48. May 76 

Rotator. T-45. lmprovement (HN) 
WA0VAM p. 64. Sep 7 1  

Stress analysis of antenna systems 
W2FZ.I p. 23. Oct 71 

Telescoping t v  masts (HN) 
WAaKKC p. 57. Feb 73 - 

Tilt-over tower uses extension ladder 
W5TRS p. 71. May 75 

Tower guying (HN) 
K9MM p. 98. Nov 77 

Tower, homemade tilt.over 
WA3EWH p. 28. May 71 

Tower, wind-protected crank-up 
(HN) p. 74. Oct 69 

Towers and rotators 
K6KA p. 34. May 76 

Wind loading on towers and antenna 
structures. how to  calculate 
K4KJ p. 16. Aug 74 
Added note p. 56. Jul  75 

transmission lines 
Antenna-transmission line analog, part  1 

W6UYH p. 52. Apr 77 
Antenna-transmission line analog. part 2 

W6UY H p. 29. May 77 
Balun. coaxial 

WA0RDX p. 26. May 77 
Coax cable dehumidifier 

K4RJ p. 26, Sep 73 
Coax connectors. repairing broken (HN) 

W0HKF p. 66. Jun 70 
Coaxial cable (C&T) 

WlDTY p. 50. Jun 76 
Coaxial cable, checking (letter) 

W2OLU p. 68. May 71 
Coaxial cable connectors (HN) 

WAlABP p. 71. Mar 69 
Coaxial-cable fittings, type-F 

K2MDO p. 44. May 7 1  
Coaxial connectors can generate r f i  

W 1 DTY p. 48. Jun 76 
Coaxial feedthrough panel (HN) 

W3URE p. 70. Apr 69 
Coaxial-line loss. measuring with reflectometer 

W2VCl p. 50. May 72 
Coax. Low-cost (HN) 

K6BlJ p. 74. Oct 69 
Coaxial transmission lines. underground 

W0FCH p. 38. May 70 
lmpedance transformer, non-synchronous (HN) 

W5TRS p. 66. Sep 75 
Comments. W3DVO p. 63, May 76 

Matching transformers, multiple quarter-Wave 
K3BY p. 44. Nov 78 

Open-wire feedthrough insulator (HN) 
W4RNL p. 79, May 75 

Remote switching multiband antennas 
G3LTZ p. 68, May 77 

Single feedline for multiple antennas 
K2lSP p. 58, May 71 

Transmission line calculations. 
using your pocket calculator for 
W5TRS p. 40. Nov 76 

Transmit/receive switch. solid-state vhf-uhf 
W4NHH p. 54, Feb 78 

Tuner, receiver (HN) 
WA7KRE p. 72, Mar 69 

Tuner. wall-to-wall antenna (HN) 
W20UX p. 56. Dec 70 

Uhf microstrip swr bridge 
W4CGC p. 22. Dec 72 

VSWR indicator. computing 
WB9CYY p. 58. Jan 77 
short circuit p. 94. May 77 

Zip-cord feedlines (HN) 
W7RXV p. 32. Apr 78 

Zip-cord feedlines (letter) 
WB6BHI p. 6, Oct 78 

75-ohm CATV cable in amateur installations 
W7VK p. 28. Sep 78 

75-ohm CATV hardline matching 
t o  50-ohm systems 
K lXX p. 31. Sep 78 

audio 
Active filters 

K6JM D. 70. Feb 78 
Audio agc principles and practice 

WA5SNZ p. 28. Jun 71 
Audio CW filter 

W7DI p. 54. Nov 71 
Audio filter. tunable, for weak-signal 

communications 
K6HCP p. 28. Nov 75 

Audio filters. aligning (HN) 
W4ATE p. 72. Aug 72 

Audio filters. inexpensive 
W8YFB p. 24. Aug 72 

Audio filter mod (HN) 
K6HIL p. 60. Jan 72 

Audio mixer (HN) 
W6KNE p. 66. Nov 76 

Audio module, a complete 
K4DHC p. 18. Jun 73 

Audio-oscillator module, Cordover 
WB2GQY p. 44. Mar 71 
Correction p. 80. Dec 71 

Audio-power integrated circuits 
W3FQJ p. 64. Jan 76 

Audio transducer (HN) 
WAlOPN p. 59. Jul 75 

Binaural CW reception, synthesizer for 
W6NRW p. 46. Nov 75 
Comment p. 77. Feb 77 

Distortion and splatter 
K5LLI p. 44. Dec 70 

Dynamic microphones (C&T) 
W 1 DTY p. 46. Jun 76 

Filter for CW. tunable audio 
WAlJSM p. 34, Aug 70 

Filter-frequency translator for cw reception. 
integrated audio 
WZEEY p. 24. Jun 70 

Filter, lowpass audio, simple 
OD5CG p. 54. Jan 74 

Filter. simole audio 
W ~ N V K  ' p. 44. Oct 70 

Filter, tunable peak-notch audio 
W2EEY D. 22. Mar 70 

Filter. variable bandpass audio 
W3AEX P. 36. Apr 70 

Gain control IC for audio signal processing- 
Jung p. 47. Jul  

Hang agc circuit for ssb and CW 
WlERJ p. 50. Sep 

Headphone cords (HN) 
W2OLU p. 62. Nov 

lmpedance match, microphone (HN) 
W5JJ p. 67. Sep 

Increased flexibility for the MFJ 
Enterprises CW filters 
K3NEZ p. 58. Dec 

Intercom, simple (HN) 
W4AYV p. 66. Jul  

Microphone preamplifier with agc 
Bryant p. 28. Nov 

Microphone. using Shure 401A with 
the Drake TR-4 (HN) 
G3XOM p. 68, Sep 

Microphones, muting (HN) 
W61L D. 63. Nov . . 

Notch filter, tunable RC 
WA5SNZ p. 16. Sep 75 
Comment o. 78. Aor 77 . . 7  

Oscillator. audio. IC 
W6GXN p. 50. Feb 73 

Oscillator-monitor, solid-state audio 
WAlJSM p. 48. Sep 70 

Phone patch 
WBGRG p. 20. Jul  71 

Pre-emphasis for ssb transmitters 
OHPCD p. 38. Feb 72 

RC active filters using op amps 
W41YB p. 54, Oct 76 

RC active filters (letter) 
W6NRM p. 102. Jun 78 

Recervers, better audio for 
K7GCO p. 74. Apr 77 

Rf clipper for the Collins Wine 
KWYO D. 18. AUK 7 1  - 

Rf speech processor, ssb 
W2MB p. 18, Sep 73 

Speaker-driver module. IC 
WA2GCF p. 24. Sep 72 

Speech amplifiers, curing distortion 
Allen p. 42. Aug 70 

Speech clipper. IC 
K6HTM p. 18, Feb 73 
Added notes (letter) p. 64. Oct 73 

Speech clippers, rf 
G6XN p. 26. Nov; p. 12. Dec 72 
Added notes p. 58. Aug 73; p. 72, Sep 74 

Speech clipping i n  single-sideband equipment 
KlYZW p. 22. Feb 71 

Speech clipping (letter) 
W3EJD p. 72. Jut 72 

Speech compressor (HN) 
Novotnv p. 70, Feb 76 

Speech processing. principles of 
ZL lBN p. 28. Feb 75 
Added notes p. 75. May 75: p. 64. Nov 75 

Speech processing technique, split audio band 
WlDTY p. 30. Jun 76 

Speech processor, audio-frequency 
K3PDW p. 48, Aug 77 
Short circuit p. 68. Dec 77 

Speech processor for ssb. simple 
K6PHT p. 22. Apr 70 

Speech processor. IC 
VK9GN p. 31. Dec 71 

Speech processor, logarithmic 
WA3FIY p. 38. Jan 70 

Speech systems, improving 
K2PMA p. 72. Apr 78 

RC active filters using op amps 
W41YB p. 54. Oct 76 

Squelch, audio-actuated 
K4MOG p. 52, Apr 72 

Synthesizer-filter. binaural 
W6NRW p. 52. Nov 76 

Tape head cleaners (ietter) 
K4MSG p. 62. May 72 

Tape head cleaning (letter) 
Buchanan p. 67, Oct 72 

Voice-operated gate for carbon microphones 
W6GXN p. 35. Dec 77 

commercial equipment 
Alliance rotator improvement (HN) 

K6JVE p. 68. May 72 
Alliance T-45 rotator lmprovement (HN) 

WA0VAM p. 64. Sep 71 
Atlas 180, improved vfo stability (HN) 

K6KLO p. 73. Dec 77 
CDR AR-22 rotator, fixing a sticky 

WAlABP p. 34. Jun 71 
Cleanup t ips for amateur equipment (HN) 

Fisher p. 49, Jun 78 
Clegg 278. S-meter for (HN) 

WA2YUD p. 61. Nov 74 
Collins KWM-2/KWM-2A modifications (HN) 

W6SAI p. 80, Aug 76 
Collins KWM2 transceivers, improved 

reliability (HN) 
W6SAI p. 81. Jun 77 

Collins R390 r f  transformers, repairing (HN) 
WA2SUT p. 81. Aug 76 

Collins receivers. 300-Hz crystal fi lter for 
WlDTY p. 58. Sep 75 

300-Hz crystal fi lter for Collins receivers 
WlDTY p. 58, Sep 75 

300-Hz crystal fi lter for Collins receivers 
WlDTY p. 58. Sep 75 

300-Hz crystal filter for Collins receivers (letter) 
G3UFZ p. 90. Jan 78 

Collins S-line, improved frequency readout for the 
WlGFC p. 53, Jun 76 

Collins S-line power supply mod (HN) 
W61L p. 61. Ju l  74 

Collins S-line receivers, improved selectivity 
W6FR p. 36, Jun 76 

Collins S-line, reducing warm-up dr i f t  
W6VFR p. 46, Jun 75 

Collins S-line, r f  clipper for 
K6JYO p. 18, Aug 71 
Correction p. 80. Dec 71 

Collins S-line spinner knob (HN) 
WGVFR p. 69. Apr 72 

Collins S-line. syllabic vox system for 
W0 lP  p. 29. Oct 77 

Collins S-line transceiver mod (HN) 
W6VFR p. 71. Nov 72 

Collins 32s-series ALC meter improvement (HN) 
W6FR p. 100, Nov 77 

Collins 32s-3 audio (HN) 
K6KA p. 64, Oct 71 

Collins 325-1 CW modification (HN) 
WlDTY p. 82. Dec 69 
Correction p. 76. Sep 70 

Collins 32s-1, updating 
N l F B  p. 76, Dec 78 

Col l~ns 51J, modifying for ssb reception 
W6SAI p. 66. Feb 78 

Collins 51J product detector (letter) 
K5CE p. 6. Oct 78 

Collins 51J PTO restoration 
W6SAI p. 36. Dec 69 

Collins 70E12 PTO repair (HN) 
W6BIH p. 72, Feb 77 

Collins 70K-2 PTO. correcting mechanical 
backlash (HN) . 

- 
K9WEH p. 58. Feb 75 

Collins 75A4 avc mod (letter) 
W9KNl p. 63. Sep 75 

Collins 75A4 hints (HN) 
W6VFR p. 68. Apr 72 
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Collins 75A4. increased selectivity fo r  (HN) 
W 1 DTY P. 62. Nov 75 

Heath HW-100 tuning knob, loose (HN) 
VE3EPY p. 68, Jun 71 

Mini-miner II 
W6SLQ p. 72. Dec 

Mini-mitter II modifications (HN) 
K l  ETU P. 64. Apr 

Motorola channel elements 
WB4NEX p. 32. Dec 

Motorola Dispatcher, converting t o  12 volts 
WB6HXU p. 26, Jul  
Short circuit p. 64. Mar 

Motorola f m  receiver mods (HN) 
VE4RE p. 60, Aug 

Motorola P-33 series. improving 
WBZAEB p. 34, Feb 

Motorola receivers, op-amp relay for 
W6GDO p. 16. Ju l  

Motorola voice commander, improving 
w f i n ~ u  n. 70. ~ c t  

Collins 75A-4 modifications (HN) 
W4SD p. 67. Jan 71 

Collins 75A4 noise limiter 
WlDTY p. 43, Apr 76 

Collins 75A4 PTO, making it perform like new 
W3AFM p. 24. Dec 74 

Collins 75A-4 receiver. improving overload 
response i n  
W6ZO p. 42. Apr 70 
Short circuit p. 76. Sep 70 

Heath HW-101, using with a separa-te 
receiver (HN) 
WAlMKP D. 63. Oct 73 

Heath HW-202, adding private-line 
WABAWJ p. 53. Jun 74 

Heath HW-202, another look at the f m  
channel scanner for 
K7PYS p. 68. Mar 76 

Heath HW-202 lamp replacement (HN) 
W5UNF p. 83. Sep 76 

Heath HW2036; Lever action switch 
illumination (HN) 
WZlFR p. 99, Jul  78 

Heath HW2036, outboard LED frequency display ...- wc l8 i j L  p. 50, j u i  78 
Heath HWA-2036-3 crowbar circuit (HN) 

W3HCE p. 88. Nov 78 
Heath IM-11 vtvm, convert t o  IC voltmeter 

K6VCI p. 42. Dec 74 
Heath intrusion alarm (HN) 

Rossrnan p. 81. Jun 77 
Heath Micoder improvements 

WlOLP p. 42. Nov 78 
Heath Micoder matching (letter) 

WB8VUN p. 8. Sep 78 

Collins 755 frequency synthesizer 
W6NBI p. 8. Dec 75 
Short circuit D. 85. Oct 76 

Collins 75s receiver, (HN) 
N l  FB D. 94. Oct 78 . . 

Motrac Receivers (letter) 
K5ZBA p. 69. Jul  

National NCL-2000, using the Drake T-4XC (HI  
K5ER p. 94. Jan 

Regency HR transceivers, signal-peaking 
indicator and generator for (HN) 
W8HVG 0. 68. Jun 

Collins 75s-series crystal adapter (HN) 
K l  KXA D. 72. Feb 77 

Collins R-388(51J), inter-hand 
calibration stability (HN) 
W5OZF p. 95. Sep 77 

Collins R390A. improving the product detector 
W7D1 p. 12, Jul  74 

Collins R390A modifications 
WA2SUT P. 58. Nov 75 

Collins R392, Improved ssb reception with (HN) 
VE3LF p. 88. Jul 77 

Comdel speech processor, increasing the 
versatility of (HN) 
W6SAI p. 67. Mar 71 

Cornell-Dubilier rotators (HN) 
K6KA p. 82, May 75 

Drake gear, simple tune-up (HN) 
W7DIM p. 79, Jan 77 

Drake R-4 receiver frequency 
synthesizer for 
W6NBI p. 6. Aug 72 
Modification (letter) D. 74. Seo 74 

. . 
Regency HR-2, narrowbanding 

WABTMP p. 44, Dec 
Regency HR-212, channel scanner for 

WA0SJK p. 28, Mar 
R-392 receiver mods (HN) 

KH6FOX p. 65. Apr 
SBE linear implfier t ips (HN) 

WA6DCW p. 71. Mar 
SB301/401, Improved sidetone operation 

WlWLZ p. 73, Oct 
Signal One review 

WlNLB p. 56. May 
Spurious causes (HN) 

K6KA p. 66, Jan 
Standard 826M. more power from (HN) 

WB6KVF p. 68. Apr 
Swan television interference: an 

effective remedy 
W20UX p. 46. Apr 

Swan 160X birdie suppression (HN) 
W6SAI p. 36. Oct 

Swan 250 Carrier suppression (HN) 
WB8LGA p. 79, Oct 

Swan 350 CW monitor (HN) 
K 1 KXA p. 63. Jun 
Correction (letter) p. 77, May 

Swan 350. receiver incremental tuning (HN) 
K l  KXA p. 64. Jul  

Swan 350 and 400. RTTY operation (HN) 
WB2MIC p. 67. Aug 

Swan 250, update your (HN) 
K8ZHZ p. 84. Dec 

Telefax transceiver conversion 
K0QMR p. 16. Apr 

Ten-Tec Argonaut. accessow oackaee for 

Heath SB-100, using an outboard receiver 
with (HN) 
K4GMR D. 68. Feb 70 . . 

Heath SB-102 headphone operation (HN) 
KlKXA p. 87, Oct 77 

Heath SB102 modifications (HN) 
W2CNQ p. 58, Jun 75 

Heath SB-102 modifications (HN) 
WZCNQ p. 79. Mar 77 

Heath SB-102 modtfications (HN) 
WZCNQ p. 78. Mar 77 

Heath SB-102 modifications (letter) 
WlJE D. 110. Mar 78 Drake R-4C, cleaner 'udio for ( H N ~  

KlFO P. 88. Nov 78 Heath 58.102. rf speech processor for 
W61VI p. 38. Jun 75 

Heath SB-102. receiver incremental Drake R-4C. electronic bandpass t"ning in 
Horner D. 58. Oct 73 tuning for (HN) 

KIKXA p. 81. Aug 76 
Heath SB-102. WWV on (HN) 

KlKXA p. 78. Jan 77 
Heath SB-200 amplifier, modifying for  the 

8873 zero-bias triode 
W6UOV p. 32. Jan 71 

Heath SB-200 amplifier, six-meter conversion 
KlRAK D. 38. Nov 71 

Drake R-4C, new product detector for (HN) 
WBolJGP p. 94, Oct 78 

Drake TR-4, using the Shure 401A 
microphone with (HN) 
G3XOM p. 68. Sep 73 

Elmac chirp and dr i f t  (HN) 
W5OZF p. 68, Jun 70 

Feedline loss, calculating with a single 
measurement at the transmitter (HN) 
K9MM D. 96. Jun 78 

Heath SB200 CW modification 
K6YB p. 99. Nov 77 

Heath SB-303, 10-MHz coverage for (HN) 
WlJE p. 61. Feb 74 

Galaxy feedback (HN) 
WASTFK D. 71, Jan 70 

Genave transceivers. S-meter for (HN) 
K90XX p. 80. Mar 77 

Hallicrafters HT-37, increased sideband 
suporession 
W3CM p. 48. Nov 69 

Ham-M modification (HN) 
W2TQK p. 72. May 76 

Ham-M rotator automatic position control 
WB6GNM p. 42. May 77 

Hammarlund HQ215, adding 160meter 
coverage 
W2GHK p. 32. Jan 72 

Heath HD-I0 keyer, positive lead keying (HN) 
W4VAF p. 88, Nov 78 

Heath HD-1982 Micoder for low-imoedance 

Heath SB-400 and SB-401, improving alc 
response i n  (HN) 
WA9FDQ p. 71. Jan 70 

Heath SB-610 as RTTY monitor scope (HN) 
K9HVW p. 70. Sep 74 

Heath SB-650 using with other receivers 
KLBYM p. 40. Jun 73 

Heath SB receivers. RTTY reception with (HN) 
K9HVW p. 64, Oct 71 

Heath SB-series crystal control and 
narrow shift RTTY with (HN) 
WA4VY L p. 54. Jun 73 

Heathkit SB-series equipment, heterodyne 
crystal switching (HN) 
KlKXA p. 78. Mar 77 

Heath ten-minute t imer 
K6KA p. 75. Dec 71 

Heathkit Sixer, spot switch (HN) 
WA6FNR p. 84, Dec 69 

Heathkit. noise limiter for (HN) 
W7CKH D. 67. Mar 71 

- - .  - 
W7BBX p. 26. Apr 

Ten-Tec KR-20 keyer, stabilization of (HN) 
W3CRG p. 69. Ju l  

Ten-Tec RXlO communicators receiver 
WlNLB p. 63. Jun 

T150A frequency stability (HN) 
WB2MCP p. 70. Apr 

Yaesu sideband switching (HN) 
W2MUU p. 56. Dec 

Yaesu s ~ u r i o u s  signals (HN) - . .  
K ~ K A '  p. 69. Dec 
Units affected (letter) p. 67. Oct 

Yaesu FTlOl clarifier (letter) 
operation 
Johnson. Wesley p. 86, May 78 

Heath HG-IOB vfo, independent keying of (HN) 
K4BRR p. 67, Sep 70 

Heath HM-2102 wattmeter. better 

K lNUN p. 55. Nov 

construction 
techniques balancing (HN) 

VE6RF p. 56. Jan 75 
Heath HM 2102 vhf wattmeter, high power 

calibration for (HN) 
W9TKR p. 70. Feb 76 

Heath HM-2102 wattmeter mods (letter) 
K3VNR D. 64. Seo 75 

Heathkit HW202, f m  channel scann-er for 
W7BZ p. 41. Feb 75 

 hen^ 2K4 and 3KA linears. electronic 
AC line cords (letter) 

W6EG D. 80. Dec 
bias switching 
WlCBY p. 75. Aug 

Hy-Gain 400 rotator, improved indicator 
system for 
W4PSJ p. 60. May 

HP-35 calculator, keyboard cleaning (HN) 
Anderson. Leonard H. D. 40. Jul  

. . 
Aluminum tubing, clamping (HN) 

WA9HUV p. 78, May 
Antenna insulators. homemade IHN) 

Heath HO-10 as RTTY monitor scope (HN) 
' 

K9HVW p. 70. Sep 74 
Heath HR-2B external soeaker and tone Dad (HN) 

. . 
W7ZC p. 70. May 

APC trimmer. addinn shaft t o  (HN) - . . 
w l m  p. 68. Ju l  

Blower-to-chassis adapter (HN) 
K6JYO p. 73. Feb 

BNC connectors, mounting (HN) 
W9KXJ p. 70. Jan 

Capacitors, custom. how t o  make 
WBDESV p. 36. Feb 

Capacitors, oil-filled (HN) 
W2OLU p. 66. Dec 

Center insulator. dipole 
WAlABP P. 69. May 

N lFB  p. 89, N ~ V  78 
Heath HW-7 mods, keying and receiver 

blanking (HN) 
WA5KPG p. 60. Dec 74 

. . 
ICOM-22A wiring change (HN) 

K l  KXA D. 73. Feb 
lcom IC-230, adding splinter channels (HN) 

WAlOJX p. 82. Sep 
ICs. drilline temolate for (HN) 

Heath HW-12 on MARS (HN) 
K8AUH p. 63. Sep 71 

Heath HW-16 keying (HN) 
W7DI D. 57, Dec 73 

. . 
W A ~ W D ~ ,  W B ~ L J M  p. 78. Mar 

Kenwood TR7500, preprogramming (HN) 
W9KNI p. 95. Oct 

Kenwood TS-520 CW filter modification (HN) 
W7ZZ D. 21. Nov 

Heath HW-16, low-impedance headbhones 
for (HN) 
WNBWJR p. 88, Jul 77 

Heath HW16, vfo operations for 
WB6MZN 0. 54. Mar 73 

Circuit boards with terminal inserts (HN) 
W3KBM p. 61. Nov 

Coaxial cable connecton (HN) 
Kenwood TS-520, TVI cure for (HN)' 

. 

W3FUN p. 78. Jan 
Knight-kit inverter/charger review 

WlDTY p. 64. Apr 
Knight-kit two-meter transceiver 

WlDTY p. 62. Jun 
Measurements Corporation 59 grid-dip 

oscillator improvements 
W6GXN p. 82. Nov 

M~c ro  Mart RM terminal modification (HN) 
WA5VQK p. 99. Jun 

Short circuit 'p. 58; Dec 73 
Heath HW-17A. perking up (HN) p. 70, Aug 70 
Heath HW-17 modifications (HN) 

WA5PWX D. 66. Mar 71 

. . 
WAlABP p. 71, Mar 

Coax connecton, repairing broken (HN) 
WDHKF p. 66. Jun 

Coax relay coils. another use (HN) 
K0VQY p. 72, Aug 

Coils, self-supporting 
Anderson p. 42. Ju l  

Cold galvanizing compound (HN) 
W5UNF p. 70. Sep 

. . 
Heath HW-100, HW-101, grid-current 

monitor for 
K4MFR p. 46. Feb 73 

Heath HW-100 incremental tuning (HN) 
KlGUU p. 67. Jun 69 
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Color coding parts (HN) 
WA7B W 

Component marking (HN) 
WlJE 

Drill guide (HN) 
W5BVF 

Drilling aluminum (HN) 
W61L 

Enclosures. homebrew custom 
W4YUU 

Etch tank (HN) 
W3HUC 

Exploding diodes (HN) 
VE3FEZ 

Ferrite beads 
W5JJ 

Files, cleaning (HN) 
Walton 

Ferrite beads. how to  use 
KlORV 

Grounding (HN) 
W9KXJ 

Heat sinks. homemade (HN) 
WADWOZ 

Homebrew art 
W0PEM 

Hot etching (HN) 
K8EKG 

Hot wire stripper (HN) 
WBDWT 

IC holders (HN) 
W3HUC 

IC lead former (HN) 
W5ICV 

lndicator circuit, LED 
WB6AFT 

p. 58. Feb 72 

p. 66, Nov 71 

p. 68, Oct 71 

p. 67. Sep 75 

p. 50. Jul 74 

p. 79, Jan 77 

p. 57. Dec 73 

p. 48. Oct 70 

p. 66. Jun 74 

p. 34. Mat 73 

p. 67. Jun 69 

p. 69, Sep 70 

p. 56. Jun 69 

p. 66. Jan 73 

p. 67. Nov 71 

p. 80. Aug 76 

p. 67. Jan 74 

p. 60. Apr 77 
Inductance, toroidal coil (HN) 

W3WLX p. 26. Sep 75 
Inductors. graphical aid for winding 

W7POG p. 41. Apr 77 
Magnetic fields and the 7360 (HN) 

W7DI P. 66. Sep 73 
Metric conversions for screw and wire sizes 

WlDTY p. 67. Sep 75 
Microcircuits, visual aids for working on 

K9SRL p. 90. Jul 78 
Miniature sockets (HN) 

Lawyer p. 84, Dec 69 
Minibox. cutting down to size (HN) 

WZOUX p. 57. Mar 74 
Mobile installation, putting together 

W0FCH P- 
Mobile mount bracket (HN) 

W4NJF P. 
Modular converter, 144-MHz 

W6UOV P. 
Neutralizing t ip (HN) 

ZE6JP P. 

Aug 

Fe b 

Oct 

Dec 
Noisy fans (HN) 

W8lUF p. 70. Nov 72 
Correction (letter) p. 67, Oct 73 

Nuvistor heat sinks (HN) 
WADKKC p. 57. Dec 73 

Parasitic suppressor (HN) 
WA9JMY p. 80. Apr 70 

Printed-circuit boards, cleaning (HN) 
W5BVF p. 66, Mar 71 

Printed-circuit boards, how to clean 
KZPMA p. 56. Sep 76 

Printed-circuit boards, how to make 
K4EEU p. 58, Apr 73 

Printed-circuit boards, low-cost 
W6CMQ p. 44. Aug 71 

Printed-circuit boards, low-cost 
W8YFB p. 16, Jan 75 

Printed-circuit boards. practical 
photofabrication of 
Hutchinson p. 6. Sep 71 

Printed-circuit labels (HN) 
WA4WDK p. 76. Oct 70 

PC layout using longhand 
WB9QZE p. 26. Nov 78 

Printed-circuit standards (HN) 
W6JVE p. 58. Apr 74 

Printed-circuit tool (HN) 
WZGZ p. 74. May 73 

Printed-circuits, simple method for (HN) 
W4MTD p. 51. Apr 78 

Printed circuits without printing 
W4ZG p. 62. Nov 70 

Rack construction, a new approach 
KlEUJ p. 36. Mar 70 

Rectifier terminal strip (HN) 
W5PKK p. 80. Apr 70 

Rejuvenating transmitting tubes with 
Thoriated-tungsten filaments (HN) 
W6NIF p. 80, Aug 78 

Restoring panel iettering (HN) 
W8CL p. 69. Jan 73 

Screwdriver, adjustment (HN) 
WA0KGS p. 66, Jan 71 

Silver plating (letters) 
WAOAGD p. 94, Nov 77 

Silver plating made easy 
WA9HUV p. 42. Feb 77 

Soldering aluminum (HN) 
ZE6JP p. 67. May 72 

Soldering t ip (HN) 
Lawyer p. 68. Feb 70 

Soldering t ip cleaner (HN) 
W3HUC p. 79. Oct 76 

Soldering tips 
WA4MTH p. 15, May 76 

Thumbwheel switch modification (HN) 
VE3DGX p. 56. Mar 74 

Toroids, plug-in (HN) 
K8EEG p. 60. Jan 72 

Transfer letters (HN) 
WAZTGL p. 78. Oct 76 

Transformers. repairing 
W6N I F p. 66, Mar 69 

Trimmers (HN) 
W5LHG p. 76. Nov 69 

Uhf coax connectors (HN) 
W0LCP p. 70. Sep 72 

Uhf hardware (HN) 
WbCMQ p. 76. Oct 70 

Underwriter's knot (HN) 
WlDTY p. 69, May 69 

Vectorbord tool (HN) 
WAlKWJ p. 70. Apr 72 

Volume controls. noisy, temporary fix (HN) 
W9JUV P. 62. Aug 74 

Watercooling the 2C39 
K6MYC p. 30. Jun 69 

Wire-wound potentiometer repair (HN) 
W4ATE p. 77. Feb 78 

Wiring and grounding 
W l E A  p. 44, Jun 69 

Workbench. electronic 
W 1 EZT p. 50, Oct 70 

features and fiction 
Alarm, burglar-proof (HN) 

Eisenbrandt p. 56. Dec 75 
Binding 1970 issues of ham radio (HN) 

WlDHZ p. 72, Feb 71 
Brass pounding on wheels 

K60D P. 58. Mar 75 
~a ta l i i l a  wireless. 1902 

W6BLZ p. 32. Apr 70 
Fire protection in  the ham shack 

Darr p. 54. Jan 71 
First wireless in Alaska 

W6BU p. 48. Apr 73 
Ham Radio sweepstakes winners. 1972 

WlNLB p. 58. Jul 72 
Ham Radio sweepstakes winners. 1973 

WlNLB p. 68, Jul 73 
Ham Radio sweepstakes winners. 1975 

WlNLB p. 54, Jul 75 
Nostalgia with a vengeance 

W6HDM p. 28. Apr 72 
Photographic illustrations 

WA4GNW p. 72. Dec 69 
Reminisces of old-time radio 

K4NW p. 40, Apr 71 
Ten commandments for technicians 

p. 58. Oct 76 
Use your old magazines 

Foster p. 52. Jan 70 
Wireless Point Loma 

W6BLZ o. 54. Aor 69 .. .--- 
1929-1941. the Golden years of amateurradio 

W6SAI p. 34. Apr 76 
1979 world administrative radio conference 

W6APW p. 48, Feb 76 

fm and repeaters 
Antenna and control-link calculations 

for repeater licensing 
W7PUG o. 58. Nov 73 
Short circuit p. 59, Dec 73 

Antennas. simple, for two-meter fm 
WA3NFW P. 30. May 73 

Antenna. two-meter f m  (HN) 
WB6KYE p. 64. May 71 

Antenna. %-wavelength, two-meter 
K6KLO p. 40. Jul 74 

Antenna. % wavelength two-meter. 
build from CB mot;ile whips (HN) 
WB4WSU p. 67. Jun 74 

Automatically controlled access 
to open repeaters 
W8GRG p. 22, Mar 74 

Autopatch system for vhf f m  repeaters 
W8GRG D. 32. Jul 74 

Base station, two-meter fm 
W9JTQ p. 22. Aug 73 

Carrier-operated relay 
KQlPHF, WAQlUZO p. 58. Nov 72 

Carrier-operated relay and call monitor 
VE4RE p. 22. Jun 71 

Cavitv filter. 144-MHz 
W ~ S N N  . p. 22, Dec 73 

Channel scanner 
WZFPP p. 29. Aug 71 

Channels. three from two (HN) 
VE7ABK p. 68. Jun 71 

Charger. fet-controlled for nicad batteries 
WA0JYK p. 46, Aug 75 

Collinear antenna for two meters. nine- 
element 
W6RJO p. 12, May 72 

Collinear array for two meters. 4-element 
WBCKGF p. 6. May 71 

Command function debugging circuit 
WA7HFY P. 84. Jun 78 

Continuous tuning for f m  converters (HN) 
WlDHZ p. 54. Dec 70 

Control head. customizing 
VE7ABK p. 28. Apr 71 

Converting low-band mobile antenna 
to 144 MHz (HN) 
K7ARR p. 90. May 77 

Decoder. control function 
WA9FTH p. 66, Mar 77 

Detectors. fm, survey of 
W6GXN p. 22. Jun 76 

Deviation measurement (letter) 
K5ZBA p. 68. May 71 

Deviation measurements 
W3FQJ p. 52, Feb 72 

Deviation meter (HN) 
VE7ABK p. 58. Dec 70 

Digital scanner for 2-meter synthesizers 
K4GOK p. 56. Feb 78 

Digital touch-tone encoder for vhf fm 
W7FBB p. 28. Apr 75 

Discriminator, quartz crystal 
WA0JYK p. 67. Oct 75 

Distortion in  f m  systems 
W5JJ p. 26. Aug 69 

Encoder, combined digital and burst 
K8AUH p. 48, Aug 69 

European vhf-fm repeaters 
SM4GL p. 80. Sep 76 

Filter, 455-kHz for fm 
WAOIJYK D. 22. Mar 72 

Fm d&nodulator using the phase-l&ked. loop 
KL71PS p. 74, Sep 78 

Fm demodulator. TTL 
W3FQJ p. 66. Nov 72 

Fm receiver frequency control (letter) 
W3AFN p. 65, Apr 71 

Fm techniques and practices for vhf amateurs 
W6SAl p. 8, Sep 69 
Short circuit D. 79. Jun 70 

Fm transmitter, solid-state two-meter 
W6AJ F p. 14. Jul 71 

Fm transmitter. Sonobaby, 2 meter 
WA0UZO p. 8. Oct 71 
Short Circuit p. 96. Dec 71 
Crystal deck for Sonobaby p. 26, Oct 72 

Frequency meter. two-meter fm 
W4JAZ p. 40. Jan 71 
Short circuit p. 72. Apr 71 

Frequency synthesizer. inexpensive 
all.channe1. for two-meter fm 
W00A p. 50, Aug 73 
Correction (letter) p. 65. Jun 74 

Frequency-synthesizer. one-crystal 
for two-meter f m  
WQlMV P. 30. Sep 73 

Frequency synthesizer, for two-meter f m  
WB4FPK p. 34, Jul 73 

Frequency synthesizer sidebands. 
filter reduces (HN) 
K l  PCT p. 80. Jun 77 

Frequency synthesizers, 600 kHz offset for (HN) 
K6KLO p. 96, Jul 78 

High performance chf fm transmitter 
WAZGCF p. 10. Aug 76 

IC-230 modification (HN) 
W8PEY p. 80. Mar 77 

Identifier. programmable repeater 
W6AYZ p. 18. Apr 69 
Short circuit p. 76, Jul 69 

1.1 system, multimode 
WAZIKL p. 39. Sep 71 

Indicator. sensitive rf 
WB9DNl p. 38. Apr 73 

Interface problems, fm equipment (HN) 
W9DPY p. 58, Jun 75 

Interference, scanning receiver (HN) 
KPYAH p. 70, Sep 72 

Logic oscillator for multi-channel 
crystal control 
WlSNN p. 46, Jun 73 

Magnet mount antenna, portable (HN) 
WB2YYU D. 67. May 76 

Mobile antenna, magnet-mount 
WlHCl p. 54, Sep 75 

Mobile antennas, vhf, comparison of 
W4MNW D. 52. May 77 

Mobile operation with the   ouch-  one pad 
- 

W0LPQ. p. 58, Aug 72 
Correct~on o. 90. Dec 72 
Modification (letter) b. 72. Apr 73 

Mobile rig, protecting from theft (C&T) 
W l DTY p. 42, Apr 76 

Modulation standards for vhf fm 
W6TEE p. 16, Jun 70 

Monitor receivers, two-meter fm 
WB5EMl p. 34, Apr 74 

Motorola channel elements 
WB4NEX p. 32, Dec 72 

Motorola f m  receiver mods (HN) 
VE4RE p. 60, Aug 71 
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Motorola P-33 series, improving the 
WBZAEB p. 34, Feb 71 

Motorola voice commander. improving 
W0DKU p. 70. Oct 70 

Motrac Receivers (letter) 
K5ZBA p. 69, Jul 71 

Multimode transceivers, fm-ing on uhf (HN) 
W6SAl p, 98, Nov 77 

Phase4ocked loop, tunable, 28 and 
50 MHz 
W l K N l  p. 40. Jan 73 

Phase modulation principles and techniques 
VE2BEN p. 28, Jul 75 
Correction p. 59. Dec 75 

Power amplifier, rf 220-MHz f m  
K7JUE p. 6. Sep 73 

Power amplifier, r f ,  i 4 4  MHz 
Hatchett p. 6. Dec 73 

Power amplifier, rf, 144-MHz f m  
W4CGC p. 6. Apr 73 

Power amplifier, two-meter fm, 10-watt 
W 1 DTY p. 67, Jan 74 

Power supply, regulated ac for mobile 
f m  equipment 
WABTMP p. 28, Jun 73 

Preamplifier for handitalkies 
WBZlFV p. 89. Oct 78 

Preamplifier, two-meter 
WA2GCF p. 25. Mar 72 

Preamplifier, two meter 
W8BBB p. 36. Jun 74 

Private call system for vhf fm  
WA6TTY p. 62. Sep 77 

Private call system for vhf fm  (HN) 
W9ZTK p. 77. Feb 78 

Private-line, adding to Heath HW-202 
WA8AWJ p. 53, Jun 74 

Push-to-talk for Styleline telephones 
WlDRP p. 18, Dec 71  

Receiver alignment techniques, vhf f m  
K4 1 PV p. 14, Aug 75 

Receiver for six and two meters, 
multichannel f m  
WlSNN p. 54. Feb 74 

Receiver for two meter, f m  
W9SEK p. 22. Sep 70 
Short circuit p. 72. Apr 71 

Receiver Isolation, f m  repeater (HN) 
WlDTY p. 54. Dec 70 

Receiver, modular f m  communications 
KBAUH p. 32, Jun 69 
Correction p. 71, Jan 70 

Receiver, modular, for two-meter f m  
WA2GBF p. 42. Feb 72 
Added notes p. 73. Jul 72 

Receiver performance, comparison of 
VE7ABK p. 68. Aug 72 

Receiver performance of vacuum-tube vhf-fm 
equipment, how to  improve 
W6GGV p. 52, Oct 76 

Receiver, tunable vhf f m  
KBAUH p. 34. Nov 71 

Receiver, vhf f m  
WAPGCF p. 6, Nov 72 

Receiver. vhf f m  
WA2GCF p. 8, Nov 75 

Receiver. vhf f m  (letter) 
K8lHQ p. 76. May 73 

Rece~vers, setup using hf harmonics (HN) 
K9MM p. 89, Nov 78 

Relay, operational.amplifier, for 
Motorola receivers 
W6GDO p. 16. Jul 73 

Remote base, an alternative to  repeaters 
WA6LBV, WA6FVC p. 32, Apr 77 

Repeater channel spacing (letter) 
WB6JPI p. 90. Jan 78 

Repeater control wi th simple t imers 
WZFPP p. 46, Sep 72 
Correction p. 91, Dec 72 

Repeater decoder, multi -function 
WA6TBC p. 24. Jan 73 

Repeater installation 
WZFPP p. 24. Jun 73 

Repeater lammers, t racking down 
W4MB p. 56, Sep 78 

Repeater kerchunk eliminator 
WB6GTM p. 70. Oct 77 

Repeater linking, carrier-operated relay for 
K0PHF p. 57, Jul 76 

Repeater problems 
VE7ABK p. 38, Mar 71 

Repeater, receiving system degradation 
KSZBA p. 36. May 69 

Repeater transmitter, improving 
W6GDO p. 24, Oct 69 

Repeater shack temperature, remote checking 
ZLZAMJ p. 84. Sep 77 

Repeaters, slngle.frequency f m  
WPFPP p. 40, Nov 73 

Reset timer, automatic 
WSZHV p. 54, Oct 74 

Satellite receivers for repeaters 
WA4YAK p. 64. Oct 75 

Scanner, two-channel, for repeater monitoring 
WBGRG p. 48, Oct 76 

Scanner, vhf receiver 
K2LZG p. 22. Feb 73 

Scanning receiver, improved 
for vhf f m  
WAZGCF p. 26. Nov 74 

Scanning receiver modifications, vhf f m  
WA5WOU D. 60. Feb 74 

Scanning receivers for two-meter f m  
K41PV p. 28, Aug 74 

Sequential encoder, mobile f m  
W3JJU p. 34. Sep 71 

Sequential switching for Touch-Tone 
repeater control 
WBGRG p. 22. Jun 71  

Repeater ~nterference: some corrective actions 
W4MB p. 54. Apr 78 

S!mple scope mon!tor for vhf f.- 
WlRHN p. 66. Aug 78 

Single-frequency conversion, vlif/uhf 
W3FQJ p. 62. Apr 75 

Single-sideband fm, introduction to 
W3EJD p. 10. Jan 77 

Single.tone decoder 
WAPUMY D. 70. Aun 78 

S-meter, audible, for repeaters 
ZLZAMJ D. 49. Mar 77 

%meter for Clegg 278 (HN) 
WA2YUD p. 61, Nov 74 

Solar powered repeater design 
WBSREA/WB5RSN p. 28. Dec 78 

Squelch-audio amplif ier for 
f m  receivers 
WB4WSU p. 68. Sep 74 

Squelch circuit, another (HN) 
WB4WSU p. 78, Oct 76 

Squelch clrcuits for transistor radios 
WB4WSU p. 36. Dec 75 

Subaudible tone encoders and decoders 
W8GRG p. 26. Jul 78 

Synthesized channel scanning 
WA0UZO p. 68. Mar 77 

Synthesized two-meter f m  transceiver 
WlCMR. K l lJZ  p. 10, Jan 76 
Letter. W5GQV p. 78, Sep 76 

Telephone controller, automatic 
for your repeater 
KQPHF. WAQUZO p. 44. Nov 74 

Telephone controller for remote repeater 
operation 
K0PHF. WAQUZO 
Precautions (letters) 

p. 50. Jan 76 
D. 79. ADr 77 

Test set for Motorola radios 
KQIBKD D. 12. Nov 73 
S lor t  circuit p. 58. Dec 73 
Added note (letter) p. 64. Jun 74 

Time.out warning indicator for f m  repeater users 
K3NEZ D. 62. Jun 76 

Timer, simple (HN) 
W3CIX 

. . 

D. 58. Mar 73 
Tone-alert decoder 

W8ZXH p. 64. Nov 78 
Tone-burst generator (HN) 

K4COF p. 58. Mar 73 
Tone-burst generator for repeater accessing 

WA5KPG p. 68, Sep 77 
Tone-burst keyer for f m  repeaters 

WBGRG p. 36. Jan 72 
Tone encoder and secondary frequency 

oscillator (HN) 
K8AUH D. 66. Jun 69 . . 

Tone encoder, universal for vhf f m  
W6FUB p. 17, Jul 75 
Correction D. 58. Dec 75 

Tone generator. IC 
Ahrens p. 70, Feb 77 

Touch-tone circuit, mobile 
K7QWR p. 50. Mar 73 

Touch-Tone decoder. IC 
W3QG p. 26, Jul 78 

Touch-tone decoder, multi-function 
KQIPHF, WA0UZO p. 14, Oct 73 

Touch.tone decoder, three-digit 
W6AYZ p. 37. Dec 74 
Circuit board for p. 62, Sep 75 

Touch-Tone encoder 
W3HB p. 41. Aug 77 

Touch.tone, hand-held 
K7YAM p. 44, Sep 75 

Touch-tone handset, converting slim-line 
KZYAH p. 23. Jun 75 

Transceiver for two-meter fm. compact 
W6AOI p. 36. Jan 74 

Transmitter for two meters. phase-modulated 
W6AJF p. 18, Feb 70 

Transmitter, two-meter f m  
W9SEK p. 6, Apr 72 

Tunable receiver modification 
for vhf f m  
WB6VKY p. 40, Oct 74 

Two.meter synthesizer, direct output 
WBZCPA p. 10. Aug 77 
Short circuit p. 68. Dec 77 

144-MHz synthesizer, direct output 
WBPCPA p. 10, Aug 77 

144-MHz synthesizer, direct output (letter) 
WB6JPI p. 90, Jan 78 

Up/down repeater-mode circui t  for 
twometer synthesizers. 600 kHz 
WB4PHO p. 40, Jan 77 
Short circuit p. 94. May 77 

Vertical antennas, t ruth about %-wavelength 
K0DOK p. 48, May 74 
Added note (letter) p. 54, Jan 75 

Weather monitor receiver, retune to 
two-meter f m  (HN) 
W3WTO D. 56. Jan 75 

Whip, 5/8-wave. 144 MHz (HN) 
VE3DDD p. 70, Apr 73 

144-MHz dieital svnthesizers. readout diSDlaY - .  
WB4TZE p. 47; J"I 76 

144-MHz f m  exciter, high performance 
WAPGCF p. 10, Aug 76 

144.MHz mobile antenna (HN) 
i"i2EUQ p. 80, Mar 77 

144-MHz vertical mobile antennas, $4 and 
5/s wavelength, test data on 
W2LTJ. W2CQH p. 46, May 76 

144-MHz. S/s-wavelength vertical antenna 
WlRHN p. 50, Mar 76 

144.MHz. %-wavelength, vertical antenna 
for mobile 
K4LPQ p. 42. May 76 

144-MHz synthesizer, direct output 
WB2CPA p. 10, Aug 77 

144-MHz synthesizer, direct output (letter) 
WB6JPI p. 90, Jan 78 

220 MHz frequency synthesizer 
W6GXN D. 8. Dec 74 

450.MHz preamplif ier and converter 
WAPGCF p. 40, Jul 75 

integrated circuits 
Active filters 

K6JM p. 70. Feb 78 
Amplifiers, broadband IC 

W6GXN p. 36, Jun 73 
Applications, potpourri of IC 

WIDTY, Thorpe p. 8, May 69 
Audio-power ICs 

W3FQJ p. 64. Jan 76 
Balanced modulator, an integrated-circuit 

K70WR D. 6. S ~ D  70 
~ m o s ' l o ~ i c  circuits 

W3FQJ p. 50. Jun 75 
CMOS programmable dlvide-by-N counter (HN) 

W7BZ p. 94, Jan 78 
Counter gating sources 

K6KA p. 48. Nov 70 
Counter reset generator (HN) 

W3KBM 
C L logic circuit 

WlDTY 
Dieital counters (letter) - 

WlGGN 
Digital ICs, part I 

W3FQJ 
Digital ICs, part  II 

W3FQJ 
Correction 

Digital mixers 
WB81FM 

Digital multivibrators 
W3FQJ 

Dieital oscillators and dividers - 
W3FQJ 

Digital readout station accessory, 
K6KA 

Digital station accessory. part  II 
K6KA 

Digital station accessory, part  Ill 
K6KA 

Divide-by-n counters, high-speed 
WlOOP 

Electronic counter dials. IC 
K6KA 

Electronic keyer, cosmos IC 
WBZDFA 
Short circuit 

p. 68, Jan 73 

p. 4. Mar 75 

p. 76. May 73 

p. 41, Mar 72 

p. 58. Apr 72 
p. 66. Nov 72 

p. 42. Dec 73 

p. 42, Jun 72 

p. 62. Aug 72 
part  I 

p. 6, Feb 72 

p. 50, Mar 72 

p. 36. Apr 72 

p. 36, Mar 76 

p. 44, Sep 70 

p. 6. Jun 74 
p. 62. Dec 74 

Emitter.coupled logic 
W3FQJ p. 62. Sep 72 

Flip-flops 
W3FQJ p. 60, Jul  72 

Flop-flip, using (HN) 
W3KBM p. 60, Feb 72 

Function generator. IC 
WlDTY p. 40. Aug 71  

Function generator. IC 
K4DHC p. 22. Jun 74 

Gain control IC for audio signal processing 
Jung p. 47, Jul  77 

IC arrays 
K6J M p. 42. Sep 78 

IC op amp update 
Jung, Walter p. 62, Mar 78 

IC power (HN) 
W3KBM p. 68, Apr 72 

IC tester, TTL 
WA4LCO p. 66, Aug 76 

lntegrated circuits, part  I 
W3FQJ p. 40. Jun 71 

lntegrated circuits, part  II 
W3FQJ p. 58. Jul  71 
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Integrated circuits, pa r t  Ill 
W3FQJ p. 50, Aug  7 1  

I L logic c i rcui ts  
WlDTY p. 4, Nov 75 

Logic famil ies, IC  
W6GXN p. 26. Jan 74 

Logic mon i to r  (HN) 
WA5SAF p. 70, Apr 72 
Correction p. 91. Dec 72 

Logic test  probe 
VE6RF p. 53, Dec 73 

Logic test  probe (HN) 
Rossman p. 56, Feb 73 
Short  c i r cu i t  p. 58. Dec 73 

Low-cost l inear ICs 
WA7KRE p. 20, Oct 69 

Missent  ID 
K6KA p. 25, Apr 76 

Modular  modulos 
WYSEK p. 63. Aug Tir  

Mult i -funct ion bntegrated c i rcui ts  
W3FQJ p. 46, Oct 72 

Nat ional  LM373, us ing  i n  ssb transceiver 
W5BAA D. 32, Nov 73 

Op a m p  challenges the 741 
WASSNZ D. 76, Jan 78 

Op a m p  (741) c i rcui t  design 
WA5SNZ p. 26, Apr  76 

Operat ional  ampl i f iers 
WB2EGZ p. 6, Nov 69 

Phase-locked loops, IC 
W3FQJ p. 54. Sep 7 1  

Phase.locked loops, !C, experiments w i th  
W3FQJ p. 58, Oct 7 1  

Plessey SL600-series ICs, how t o  use 
G8FNT p. 26, Feb 73 

Removing ICs (HN) 
W6NIF D. 71. A u g  70 

Seven-segment readouts, mul t ip le> 
W5NPD 

Socket label for  ICs (HN) 
WA4WDL. WB4LJM 

Ssb detector. IC (HN) 
K4ODS 
Correction (letter) 

Ssb equipment,  us ing TTL ICs i n  
G4ADJ 

Surplus ICs (HN) 
W4AYV 

Sync generator, IC, for  ATV 
W 0 K G l  

Transceiver. 9.MHz ssb. IC 
G3ZVC 
Circui t  change (letter) 

TTL oscil lator (HN) 
WB6VZM 

:ed 
p. 37. J u l  

p. 94, Jan 

p. 67. Dec 
p. 72, Apr 

p. 18. Nov 

p. 68, Jul  

p. 34, Ju l  

p. 34, Aug  
p. 62. Sep 

D. 77. Feb 
TTL sub-serles ICS, how t o  select 

' 

WAlSNG p. 26, Dec 77 
U/ART, how i t  works 

Ti tus p. 58. Feb 76 
Us ing  ICs wi th single-polarity 

power supplles 
W2EEY p. 35. Sep 69 

Us ing  integrated c i rcui ts  (HN) 
W9KXJ p. 69. May 69 

Voltage regulators 
W6GXN p. 31, M a r  77 

Voltage regulators, IC 
W7FLC p. 22. Oct 7 0  

Voltage-regulator ICs, adjustable 
WB9KEY D. 36. Aug  75 

Voltage-regulator ICs, three-terminal  
WB5EMI p. 26, Dec 73 
Added note (letter) D. 73. SeD 74 

Vtvm, convert t o  an IC vol tmeter  
K6VCI p 42, Dec 74 

keying and control 
Accu-Mil l ,  keyboard interface for  the Accu-Keyer 

WN90VY p. 26, Sep 7 6  
ASCII.to-Morse dode t ranslator  

Morley, Scharon p. 41. Dec 76 
Automat ic  beeper for  s tat ion contro l  

WA6URN p. 38, Sep 76 
Break-in circuit, CW 

WBSYK p. 40, J a n  72 
Break-in contro l  system, IC (HN) 

W9ZTK p. 68. Sep 70 
Bug, solid-state 

K2FV p. 50, Jun  73 
Carrier.operated relay 

K@PHF, WA0UZD p. 58. Nov 72 
Cmos keying c i rcui ts  (HN) 

WB2DFA p. 57. Jan 75 
Constant p i tch mon i to r  for cathode o r  grid-block 

keyed t ransmi t te rs  (HN) 
K4GMR p. 100. Sep 78 

Contest keyer (HN) 
KZUBC p. 79. Apr  70 

Contest keyer, programmable 
W7BBX p. 10. Apr 76 

CW reception, enhancing through a 
simulated-stereo technique 
W A l M K P  p. 61, Dc t  74 

CW regenerator fo r  interference.free 
communicat ions 
Leward, WBZEAX p. 54. Apr  74 

CW signal processor 
W7KGZ p. 34. Oct 78 

CW sidetone (C&T) 
W 1 DTY p. 51, Jun  76 

Differential keying c i rcui t  
W41YB p. 60, Aug  76 

Electronic hand keyer 
K5TCK p. 36, Jun  7 1  

Electronic keyer 
OK31A p. 10, Apr 78 

Electronic keyer, cosmos IC 
WB2DFA p. 6. Jun 74 
Short c i rcui t  p. 62, Dec 74 

Electronac keyer, IC 
VE7BFK p. 32. Nov 69 

Electronic keyer notes (HN) 
Z L l B N  p. 74, Dec 7 1  

Electronic keyer package, compact  
W4ATE p. 50. Nov 73 

Elect;onic keyei  v;iir: rdr;~iu:r!  &less  nber?tory 
WB9FHC p. 6. Oct 73 
Cor rec t~ons  (letter) p. 58, Dec 74 

p. 57. Jun  75 
Improvements (letter) p. 76, Feb 77 
Increased flexibil i ty (HN) p. 62, Mar  75 

Eiectronic keyer. 8043 IC 
W6GXN p. 8, Apr 75 

Electronic keyers, s imple IC 
WA5TRS p. 38, Mar  73 

Grid.b!ock keying, s imple (HN) 
WA4DHU p. 78. Apr 70 

Improv ing  t ransmi t te r  keying 
K6KA p. 44, Jun  76 

Key and  vox clicks (HN) 
K6KA p. 74. Aug  72 

Keyboard electronic keyer, the code m i l l  
W6CAB p. 38, Nov 74 

Keylng, paddle, Slamese 
WA5KPG p. 45, Jan 75 

Keyer modi f icat ion (HN) 
W9KNl p. 80. Aug 76 
Comments p. 94, Nov 77 

Keyer mods,  micro.TO 
DJ9RP p. 68. Ju l  76 

Keyer paddle, por table 
WASKPG p. 52. Feb 77 

Keying the  Heath HG-106 vfo (HN) 
K4BRR p. 67, Sep 70 

L a t c l  circuit, dc 
W0LPQ 
Correction 

p. 42, Aug  75 
p. 58. Dec 75 

Memo-key 
WA7SCB p. 58. Jun  72 

Memory accessory, programmable 
fo r  electronic keyers 
WA9 LU D p. 24, Aug  75 

MinCpaddle 
K6RIL p. 46, Feb 69 

Morse generator, keyboard 
W7CUU p. 36. Apr 75 

Morse sounder, r a d ~ o  controlled (HN) 
K6QEQ p. 66, Oct 71  

Oscil lators, electronic keyer 
WA6JNJ p. 44, Jun  70 

Paddle, electronic keyer (HN) 
KL7EVD p. 68, Sep 72 

Paddle for  electronic keyers 
ZS6AL p .  28, Apr 78 

Paddle, homebrew keyer 
W3NK p. 43. May 69 

Programmable accessory for electronic keyers 
(HN) 
K9WGN/W@SL p. 81, Aug  78 

Push.to.talk for  Stylel ine telephones 
W l D R P  p. 18. Dec 7 1  

RAM keyer update 
K3NEZ p. 60. Jan  76 

Relay act ivator  (HN) 
K6KA p. 62, Sep 7 1  

Relays, surplus (HN) 
WZDLU p. 70. Ju l  70 

Relay, t ransistor  replaces (HN) 
W3NK p. 72. Jan  70 

Relays, undervoltage (HN) 
W2OLU p. 64. M a r  7 1  

Remote keying your t ransmit ter  (HN) 
WA3HDU p. 74. Oct 69 

Reset t imer,  automat ic  
W5ZHV p. 54, Oct 74 

Sequential swi tching (HN) 
W5OSF p. 63. Oct  72 

Step-star t  circuit, high-voltage (HN) 
W6VFR p. 64. Sep 7 1  

Suppression networks, arc (HN) 
WA5EKA p. 70. Ju l  73 

Time base, cal ibrated electronic keyer 
W l P L J  p. 39, Aug  75 

Timer, ten-minute (HN) 
DJ9RP p. 66. Nov 7 6  

Transistor  swi tching f o r  
electronic keyers (HN) 
W3QBO p. 66. Jun  74 

Transmit/receive swi tch PIN diode 
W9KHC p. 10. May 76 

Typewriter-type electronic keys. 
fur ther  automat ion fo r  
W6PRO p. 26, M a r  70 

vox,  IC 
W2EEY 

Vox keying (HN) 
VE71G 

VOX, versati le 
W9KIT 
Short  c i rcui t  

p. 50, M a r  69 

p. 83, Dec 69 

p. 50. Ju l  7 1  
p. 96. Dec 7 1  

measurements and 
test equipment 
Absorpt ion measurements, us lng your  

signal generator  fo r  
W2OUX p. 79, Oct  7 6  

Ac current  mon i to r  ( letter) 
WB5MAP p. 61, M a r  75 

Ac power-l ine mon i to r  
W2OLU p. 46. Aug  7 1  

AFSK generator, crystal.controlled 
K7BVT p. 13, Ju l  72 

AFSK generator, ~hase . locked  loop 
K7ZOF p. 27, M a r  73 

A.m moauiat ion moni tor ,  vh f  (HN) 
K7UNL p. 67, J u l  7 1  

Antenna brldge calculat ions 
Anderson. Leonard H. p. 34, May  78 

Antenna br idge calculatbons (letter) 
W50JR p. 6, May 78 

Antenna gain, measur ing 
K6JYO p. 26, Ju! 69 

Antenna matcher  
W4SD p. 24, J u n  7 1  

Antenna and  transmission line 
measurement techniques 
W40Q p. 36, May  74 

Automat ic  noise.figure measurements 
Repair Bench 
W6NBl p. 40. A u g  78 

Base step generator  
WB4YDZ p. 44, J u l  76 

Br idge fo r  antenna measurements, s imple 
W2CTK p. 34, Sep 70 

Bridge, noise, fo r  impedance measurements 
YA lGJM p. 62, Jan  73 
Added notes o. 66. Mav 74: D. 60. M a r  75 

Bridge, r f  noise 
WB2EGZ p. 18, Dec 70 

Cal ibrat ing ac scales on the vtvm, i cvm 
and  fet  vol tmeter  
W7KQ p. 48, Sep 7 6  

Callbrator, p lug -in IC 
K6KA p. 22. M a r  69 

Capacitance mete r  
Mathieson, P. H. p .  51, Feb 78 

Capacitance meter, d ig i ta l  
K4DHC p. 20. Feb 74 

Capacitance meter, direct.reading 
ZL2AUE p. 46, Apr  70 

Capacitance meter ,  d i rect -reading 
W6MUR p. 48. A u g  72 
Short crrcuit p. 64, M a r  74 

Capacitance meter, dbrect.reading 
WA5SNZ p. 32, Apr 75 
Added note p. 31. Oct  75 

Caoacitance meter. d i rect  reading. f o r  - 
D. 14. Oct  7 1  

Capacitance meter, s impl i f ied 
WA5SNZ D. 78. Nov 78 

Coaxial cable, checking (letter) 
WZOLU p. 68, M a y  7 1  

Coaxial-l ine loss, measur ing w i th  a 
reflectometer 
WZVCl D. 50. May  72 

Cont inui ty  bleeper for  c i rcui t  t rac ing  
G3SBA p. 67. J u l  77 

Converter, mosfet ,  fo r  receiver 
instrumentat ion 
WA9ZMT D. 62. J a n  7 1  

Counter, compact  frequency 
K4EEU p. 16. J u l  7 0  
Short  circubt p. 72, Dec 7 0  

Counter  ga t ing  sources 
K6KA p. 48, Nov 7 0  

Counter readouts, swi tching (HN) 
K6KA p. 66, J u n  7 1  

Counter  reset generator  (HN) 
W3KBM D. 68, J a n  73 

Counters: a solut ion t o  the  readou t  p rob lem 
WA0GDZ p. 66. J a n  70 

CRT intensi f ier  fo r  RTTY 
K4VFA p. 18, J u l  7 1  

Crysta l  checker 
W6GXN p. 46. Feb 72 

Crystal test  osci l la tor  and  s ignal  
generator 
K4EEU p. 46. M a r  73 

Crystal.controlled f requency markers (HN) 
WA4WDK p. 64, Sep 71  

Cubical  quad  measurements 
W4Y M p. 42, J a n  69 

Decade standards, economical (HN) 
W4ATE p. 66. J u n  7 1  

Digi ta l  counters (letter) 
W l G G N  p. 76, May  73 
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Digi ta l  readout stat ion accessory, p a r t  I 
K6KA p. 6, Feb 72 

Digi ta l  s tat ion accessory, pa r t  II 
K6KA D. 50. Mar  72 

Digi ta l  s tat ion accessory, p a r t  I l l  
K6KA p. 36. Apr 72 

Diode tester 
W6DOB p. 46. Jan  77 

D u m m y  load and  rf wat tmeter ,  low-power 
W 2 0 L U  p. 56, Apr 70 

D u m m y  load low-power v h f  
WB9DNI o. 40. Seo 73 

D u m m y  loads 
W4MB D. 40. Mar  76 

Dynamtc t ransistor  tester  (HN) 
VE7ABK p. 65. Oct 7 1  

Electrolvtic c a ~ a c i t o r s .  measurement o f  (HN) 
W ~ N A  p. 7 0 , ' ~ e b  7 1  

F m  deviation measurement (letter) 
K5ZBA p. 68. May 71  

F m  deviat ion measurements 
W3FQJ p. 52, Feb 72 

F m  frequency meter ,  two-meter  
W4JAZ p. 40, Jan 7 1  
Short  c i rcui t  p. 72, Apr 7 1  

Frequencies, counted (HN) 
K6KA D. 62. Aua 74 - 

Frequency calibrator, general  coverage 
W5UQS p. 28, Dec 7 1  

Frequency cal ibrator ,  how t o  design 
W3AEX p. 54, Jul  7 1  

Frequency counter, modtfy for  d i rect  
count ing t o  100 MHz 
WAlSNG p. 26, Feb 78 

Frequency counter. CMOS 
W20KO p. 22, Feb 77 
Short  c i rcui t  p .  94. May 77 

Frequency counter, front.ends fo r  a 500-MHz 
K4JIU p. 30. Feb 78 

Frequency counter ,  how t o  improve the 
accuracy of 
W l R F  p. 26. Oct 77 

Frequency counter, high.impedance p reamp 
and  pulse shaper for  
I4YAF p. 47, Feb 78 

Frequency counter, s imple (HN) 
W2QBR p. 81, Aug 78 

Frequency counter, s tmpl t fy ing 
W l W P  p. 22, Feb 78 

Frequency counters, understandlng and using 
W6NBI p. 10, Feb 78 

Frequency counters, high.senslt lvity 
preamplifier fo r  
W l C F l  p. 80. Oct 78 

Frequency counter. 50 MHz. 6 d ig i t  
WBZDFA p. 18, Jan 76 
Comment p. 79, Apr 77 

Frequency-marker standard us ing  cmos 
W41YB p. 44, Aug  77 

Frequency measurement of received 
s ignals 
W4AAD p. 38. Oct 73 

Frequency measurement,  vhf, w i th  
hf  recetver and  scaler (HN) 
W3LB p. 90. May 77 

Frequency meter, crysta l  contro l led (HN) 
W5JSN D. 71. S ~ D  69 

Frequency scaler, divide.by.ten 
K4EEU p. 26. Aug  70 
Short  c i rcui t  p. 72. Apr 71  

Frequency scaler, divide.by-ten 
W6PBC p. 41. Sep 72 
Correction p. 90, Dec 72 
Added comments  (letter) p. 64. Nov 73 
Pre.scaler, improvements for  
W6PBC p. 30, Oct 73 

Frequency scaler, uh f  ( l l C 9 0 )  
WB9KEY p. 50. Dec 75 

Frequency scaler, 500.MHz 
W6URH p. 32, Jun  75 

Frequency scalers. 1200-MHz 
W B ~ K E Y  p. 38, Feb 75 

Frequency-shift meter. RTTY 
VK3ZNV p. 33, Jun  7 0  

Frequency standard (HN) 
WA7JIK p. 69, Sep 72 

Frequency standard, universal 
K4EEU p. 40. Feb 74 
Short  c i rcui t  p. 72. May 74 

Frequency synthesizer, h igh-f requency 
K2BLA p. 16, Oct 72 

Funct ion generator, IC 
W l D T Y  p. 40, A u g  7 1  

Funct ion generator. IC 
K4DHC p. 22, Jun  74 

Funct ion/uni ts  indicator  using LED displays 
K 0 F O P  p. 58, Mar  77 

Gate.dip meter  
W3WLX p. 42, Jun  77 

Gr id -d ip meter, no-cost 
W8YFB p. 87, Feb 78 

Grid.dip oscil lator, solid-state conversion of 
W6AJZ p. 20, Jun  70 

Harmon ic  generator  (HN) 
W5GDQ p. 76. Oct 70 

I-f a l ignment generator  455-kHz 
WA5SNZ p. 50. Feb 74 

1.f sweep generator 
K4DHC p. 10, Sep 73 

Impedance br idge (HN) 
W6KZK p. 67. Feb 70 

Impedance bridge, low-cost RX 
W8YFB D. 6. Mav  73 

Impedance, measur ing wi th swr br idge 
WB4KSS p. 46. May 75 

Impulse generator, pulse-snap diode 
Siegal. Turner p. 29. Oct 72 

Intermodulat ion -d istor t ion measurements 
on ssb transmitters 
W6VFR p. 34. Sep 74 

L. C. R bridge, universal 
W6AOI p. 54, Apr 76 

Linearity meter  fo r  ssb ampl i f iers 
W4MB p .  40. J u n  7 6  

Line-voltage mon i to r  (HN) 
WA8VFK p .  66. Jan  74 
Current mon i to r  mod (letter) p. 61. M a r  75 

Logic moni tor  (HN) 
WA5SAF p. 70, Apr 72 
Correction p. 91. Dec 72 

Logic test probe 
VE6RF p. 53, Dec 73 

Logic test probe (HN) 
Rossman p. 56. Feb 73 
Short c i rcui t  p. 58, Dec 73 

Meter amplit iers, cal lbrat lng 
W40HT p. 80, Sep 78 

Meter amplifier, electronic 
WA9HUV p. 38, Dec 76 

Meter tnterface, htgh-impedance 
Laughlin p. 20. Jan  74 

Meters, test ing unknown (HN) 
WlONC p. 66. Jan 7 1  

Microwave marker generator. 3cm band (HN) 
WA4WDL D. 69. J u n  76 

M~ l l i ammeters ,  how t o  use 
W4PSJ p .  48, Sep 75 

Monitorscooe. miniature . . 
WA3FIY 

Monltorscope, RTTY 
W3CIX 

Multi.box (HN) 
W3KBM 

p. 34, M a r  69 

p. 36, A u g  72 

0. 68. Ju l  69 
Mu l t~p lexed  counter  d ~ s p l a y s  (HN) 

K lXX p 87, May 78 
Multltester (HN) , , 

WlDTY p. 63. May 71  
N o ~ s e  bridge, antenna (HN) 

K8EEG p. 71. May 74 
Nolse bridge ca lcu la t~ons  w i th  

TI  58/59 calculators 
WD4GRI p. 45, May 78 

Noise-f igure measurements for  vh f  
WB6NMT p. 36. Jun  72 

Nolse figure, vhf ,  est imat ing 
WA9HUV D. 42. Jun  75 

Noise generator. 1296.MHz 
W3BSV p. 46, A u g  73 

Oscillator, audio 
W6GXN p. 50. Feb 73 

Oscil lator, frequency measur ing 
W61EL p. 16. Apr 72 
Added notes p. 90. Dec 72 

Oscillator, two-tone, fo r  ssb test ing 
W6GXN p. 11. Apr  72 

Oscilloscope cal ibrator  (HN) 
K4EEU p .  69, Ju l  69 

Oscilloscope, pu t t ing  i t  t o  work 
Allen p. 64. Sep 69 

Osc~lloscope, t roubleshoot ing amateur  
gear wi th 
Allen p. 52. Aug  69 

Oscilloscope voltage cal ibrator  
W6PBC p. 54, Aug  72 

Peak envelope power, how t o  measure 
W5JJ p .  32, Nov 74 

Phase meter, rf 
VEZAYU, Korth p. 28, Apr 73 

Power meter, rf 
K8EEG p. 26, Oct 73 

Power meter, rf, how t o  use (repair  bench) 
W6NBI p .  44, Apr 77 

Prescaler, vhf (HN) 
W6MGI p. 57, Feb 73 

Prescaler, vhf, for  d ig i ta l  f requency counters 
K4GOK p. 32. Feb 76 

Prescaler. l.GHz, for frequency counters 
W6NBI p. 84, Sep 78 

Probe, sensit ive rf (HN) 
W5JJ p. 61. Dec 74 

Q measurement 
G3SBA p. 49, Jan  77 

Radio Shack meters, in ternal  resistance 
Katzenberger p. 94. Nov 77 

Reflectometers 
K lYZW p. 65. Dec 69 

Regenerative detectors and  a wideband ampl i f ier  
W8YFB p. 61. M a r  70 

Repairs, th ink ing your way through 
Allen p. 58. Feb 7 1  

Resistance standard, s imple (HN) 
WPOLU p. 65, M a r  7 1  

Resistance values below 1 ohm, measur ing 
W4DHT p. 66. Sep 77 

Resistance values below 1 ohm. 
measurtng (letter) 
W l P T  p. 91, Jan  78 

Resistance values, measur ing below 1 o h m  
W40HT p. 66. Sep 77 

Resistor decades, versati le 
W4ATE p. 66, Ju l  71 

Rf current  readout, remote (HN)  
W4ATE p. 87. May 78 

Rf detector, sensit ive 
WB9DNI p .  38, Apr 73 

Rf power meter, low-level 
W5WGF p. 58, Oct  72 

Rf signal genera!or, solid-state 
VE5FP p. 42. Ju l  70 

Rf wat tmeter ,  accurate low power 
WA4ZRP p. 38, Dec 77 

RTTY mon i to r  scope, solid-state 
WB2MPZ p. 33, Oct  7 1  

RTTY signal generator 
W72TC p. 23, M a r  7 1  
Short c i rcui t  p. 96. Dec 7 1  

RTTY test  generator (HN) 
W3EAG p. 67, Jan  73 

RTTY test generator (HN) 
W3EAG P 59, M a r  73 

RTTY test generator 
VV'B9ATW p. 64. Jan  78 

RX impedance bridge 
W2CTK p. 34. Sep 70 

RX impedance bridge, low-cost 
W8YFB p. 6, May  73 

RX notse bridge, improvements t o  
W6BXI. WBNKU p. 10. Feb 77 
Comments p. 100 Sep 77 

Noise bridge constructton ( let ter)  
OH2ZAZ p. 8. Sep 78 

Safer suicide cord (HN) 
K6JYO p. 64, M a r  7 1  

Sampl ing network, r f  - the mi l l i . tap 
W6QJW p. 34, Jan  73 

Signal generator, tone modulated fo r  
two and  six meters 
WA8OlK p. 54. Nov 69 

Signal generator, wide range 
W6GXN p .  18, Dec 73 

Slotted line. how t o  use (repair  bench) 
W6NBI p .  58, May 77 

Slow-scan tv  test generator 
K4EEU p. 6, J u l  73 

Spectrum analyzer, dc-100 M H z  
W6URH p. 16, J u n  77 
Short c l rcui t  p. 69. Dec 77 

Spectrum analyzer for  ssb 
W3JW p. 24, Ju l  77 

Spectrum analyzer, four  channel  
W91A p .  6. Oct 72 

Spectrum analyzer, microwave 
N6TX p. 34, Ju l  78 

Spectrum analyzer t rack lng  generator  
W6URH p. 30, Apr 78 

Spectrum analyzers, understandlng 
WA5SNZ p. 50. Jun  74 

Ssb, signals, moni tor ing 
W6VFR P. 35. M a r  72 

Sweep generator, how to use 
Allen p. 60. A p r  70 

Sweep response curves f o r  low-f requency i-f's 
Allen p. 56. M a r  7 1  

Switch.off f lasher (HN) 
Thomas p. 64, Ju l  7 1  

Swr bridge 
WB2ZSH p. 55, Oct 7 1  

Swr bridge and  power meter ,  in tegrated 
W6DOB P. 40, May  70 

Swr bridge (HN) 
WA5TFK P. 66. May 72 

Swr bridge readings (HN) 
W6FPO p. 63, A u g  73 

Swr indicator, aural, fo r  the v isual ly  handicapped 
K6HTM p. 52, May  76 

Swr indicator, how t o  use (repair  bench) 
W6NBI p. 66. Jan  77 

Swr meter  
W6VSV p. 6, Oct  70 

Swr mete r  
WB6AFT p. 68. Nov 7 8  

Swr meter, improving (HN) 
W5NPD p. 68, May  7 6  

Swr meters, direct reading a n d  expanded scale 
WA4WDK p. 28, May 72 
Correction p. 90, Dec 72 

Tester for  6146 tubes (HN) 
W6KNE p. 81. A u g  78 

Test probe accessory (HN) 
W2 lMB p. 89, J u l  77 

Test ing power tubes 
K41PV p. 60, Apr  78 

Time-base oscil lators, improved cal lbrat ion 
WA7LUJ. WA7KMR p. 70. M a r  77 

Time.domain reflectometry, experimenter's 
approach t o  
WA0PIA p. 22. May  7 1  

Toroid permeabi l i ty  meter  
W6RJO p. 46, Jun  77 

Transconductance tester fo r  fets 
W6NBI p. 44, Sep 7 1  

Transistor and diode tester  
ZL2AMJ p. 65, Nov 70 

Transistor curve t racer 
WA9LCX p. 52, J u l  73 
Short c i rcui t  p. 63, Apr  74 
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Transistor  tester, shi r t  pocket 
WGMAY D. 40. J u l  76 

~ r a n g m i t t e r  tun ing  uni t  for  the b l ind 
W9NTP P. 60. Jun  7 1  

Trapezoidal mon i to r  scope 
VE3CUS p. 22, Dec 69 

Turn.off t imer  fo r  por table equipment 
W5OXD o. 42. Seo 76 

TVI locator 
W6BD 

Uhf  tuner  tester for  t v  
Schuler  

Vacuum tubes,  test ing 
WZOLU 

Vhf prescaler 
W8ChK 

sets 

h igh 

P. 24. 

p. 73. 
(HN) 
p 64. 

Aug  78 

Sep 63 

M a r  72 

p. 92, Jun  78 
Vhf p re  scaler, Improvements for  

W6PBC p 30, Oct 73 
Vol+ene -2' t r - t -?  fnr +be,+st ~ ,n t+mn+~rc  

w 6 i j B l  p. 66. Jul  78 
Vol tmeter  calibrator, precision 

Woods, Hubert  p. 94, J u n  78 
Vom/vtvm, added uses fo r  (HN) 

W7D1 o.  67. Jan 73 
VSWR ~nd ica to r ,  snmputtng 

WB9CYY D 58. Jan 77 
Short  c i r cu i t  p .  94. May 77 

V tvm modi f icat ion 
W6HPH p. 51, Feh 69 

Vtvm, convert  t o  an IC vol tmeter  
K6VCI o. 42. Dec 74 . . 

Wa~,emeter ,  indica!:r;g 
W6NIF p .  26, Dec 70 
Short  c i rcui t  p. 72, Apr 7 1  

Weak-signal source, stable, variable.output 
K6JYO o. 36. Seo 7 1  . . 

Weak-slgnal source. 144 and 432 M'HZ 
K6JC D. 58. M a r  70 

WWV receiver, s ~ m p l e  regenerative' 
WA5SNZ p. 42. Apr 73 

WWV-WWVH. amateur a ~ o l i c a t i o n s  fo r  . . 
W3FQJ p. 53. Jan  72 

WWVB signal processor 
W9BTI p. 28, M a r  7 6  

Zener tester, low.voltage (HN) 
K3 D PJ p. 72, Nov 69 

1.5 GHz prescaler, d ~ v ~ d e  by 4 
N6JH p. 88, Dec 78 

computers and 
calculators 
Accumulator  1/0 versus memory 1/0 

WB4HYJ. Rony, Tltus p. 64, Jun  76 
CW keyboard. M~croprocessor controlled 

WB2DFA p. 81. Jan 78 
Data converters 

W A I M O P  p .  79. Oct 77 
Decision, how does a microcomputer  make a 

WB4HYJ, Titus, Rony p. 74. A u g  76 
Dev~ce.select pulses, generat ing input /output  

WB4HYJ. Titus, Rony p. 44, Apr 76 
D i g ~ t a l  keyboard entry system 

N2YK/N2GW p .  92, Sep 78 
How microprocessors f ~ t  Into scheme o f  

compute rs  and  controllers 
WB4HYJ. Ronv. Ti tus D. 36. Jan  76 

IC tester  using the KIM.1 
W3GUL p. 74, Nov 78 

Input /output  device, what  is  a? 
WBPHYJ, Rony. Titus p. 50, Feb 7 6  

Inter facing a d ig i ta l  mul t imeter  w i th  
a n  8080-based microcomputer  
WB4HYJ. Rony. Tttus p. 66. Sep 76 

lnter factng a 1O.blt DAC (M~croprocessors)  
Rony, T ~ t u s ,  WB4HYJ p. 66, Apr 78 

Internal  reglsters. 8080 
Rony. Titus. WB4HYJ p. 63, Feb 77 

Interrupts,  microcomputer  
WB4HYJ. Rony, Ti tus p. 66, Dec 76 

Introduct ion t o  microprocessors 
WB4HYJ, Rony, Ti tus p. 32. Dec 75 
Comments,  WB4FAR p. 63. May 76 

Logical  instruct ions 
Titus, WB4HYJ, Rony p .  83, Ju l  77 

MOV and  MVI 8080 instructions 
Titus. WB4HYJ. Rony p. 74, M a r  77 

Register pai r  instruct ion 
Rony, Titus, WB4HYJ p. 76. Jun  77 

Sof tware UAR/T, inter facing a 
WB4HYJ, Rony, Ti tus p. 60, Nov 76 

Subst i tut ion o f  software fo r  hardware 
WB4HYJ, Rony. Ti tus p. 62, J u l  76 

UAR/T, how it works 
Ti tus D. 58. Feb 76 

Vectored interrupts 
WB4HYJ, Rony. Titus p. 74. Jan 77 

Video display, s imple 
VK3AOH p .  46, Dec 78 

8080 logical instruct ions 
WB4HYJ, Rony. T ~ t u s  P. 89, Sep 77 

8080 microcomputer  output  instruct ions 
WB4HYJ. Rony, Ti tus p. 54. M a r  76 

miscellaneous 
technical 
Admit tance,  impedance and c i rcui t  analysis 

Anderson p .  76, Aug 77 
Alarm, wet basement (HN) 

WZEMF p. 68, Apr 72 
Antenna masts, d e s ~ g n  for p ipe 

W3MR p. 52. Sep 74 
Added design notes (letter) p. 75. May 75 

Antennas and caoture area 
KGMlO p 42 .  Nov 59 

Bandpass f ~ l t e r  design 
K4KJ D. 36. Dec 73 

Bandpass fi l ters for  50 and 144 MHZ, etched 
W5KHT p. 6. Feb 71  

Bandpass fi l ters, single-pole 
Lt'6HPH p. 51. Sep b9 

Bandpass f~ l te rs ,  top-coupled 
Anderson p. 34, Jun  77 

Bandspreading techniques for  resonant circuits 
Anderson p. 46. Feb 77 
Short  c i rcui ts  p, 69, Dec 77 

Batteries, selecting fo r  portabie e q u ~ p m e n t  
WBmAlK p. 40. Aug  73 

Bipolar -fet  ampl i f iers 
W6HDM p .  16, Feb 76 
Comments,  Worcester p. 76, Sep 76 

Broadband amp l~ f te r ,  b ~ p o l a r  
WB4KSS p. 58, Apr 75 

Broadband a m p l ~ f ~ e r  uses mospower fet 
Oxner p. 32, Dec 76 

Broadband ampl i f ier ,  wtde-range 
W6GXN a. 40. Aor 74 

Bypassing, rf, a t  u h f  
WB6BHI p. 50. Jan 72 

Calculator-aided c i rcui t  analysis 
Anderson p .  38. Oct 77 

Calculator, hand-held electronlc, i ts 
f u n c t ~ o n  and use 
W4MB p. 18, Aug  76 

Calculator, hand-held electronlc, 
solvlng problems wi th i t  
W4MB p. 34, Sep 76 

Capacitors, o i l . f~ l led (HN) 
WPOLU p. 66. Dec 72 

Clock, 24-hour d ~ g i t a l  
K4ALS P. 51, Apr 70 
Short c i rcui t  p. 76. Sep 70 

Co~ l -w ind ing  data, vh f  and uhf  
K3SVC p .  6, Apr 71 

Communicat ions receivers, designing 
fo r  strong-signal performance 
Moore p. 6, Feb 73 

Computer.aided c i rcui t  ana lys~s  
K lORV p. 30. Aug  70 

Contact bounce e l im~nato rs  (letters) 
W71V p 94, Nov 77 

Crystal f~ l te rs ,  mono l~ th ic  
D K l A G  p. 28. Nov 78 

D i g ~ t a l  clock, low-cost 
WA6DYW p .  26. Feb 76 

Digi ta l  mixer, introduction 
WB8lFM p. 42, Dec 73 

D i g ~ t a l  readout system, s i m p l ~ f ~ e d  
W6OlS p. 42. Mar  74 

Double.balanced modulator, broadband 
WA6NCT p. 8. Mar 70 

Earth currents (HN) 
W7OUI p. 80. Apr  70 

Effective radiated power (HN) 
VE7CB p. 72. May 73 

Electrical units: the i r  derivation and htstory 
WB6EYV p. 30. Aug  76 

Electrolytic capacitors, r e - f o r m ~ n g  
the  o x ~ d e  layer (HN) 
K9MM p. 99, Jul  78 

Ferrite beads 
W5JJ p. 48, Oct 70 

Ferrite beads, how t o  use 
K lORV p. 34, Mar  73 

Fet b iasing 
W3FQJ p. 61. Nov 72 

Filter preampl i f iers for  50 and 144 
MHz, etched 
W5KHT p. 6, Feb 71  

Filters, active fo r  direct.conversion receivers 
W7ZOI p. 12, Apr 74 

Fire extinguishers (letter) 
W5PGG p. 68, Jul  71  

Fire protection 
Dar r  p. 54, Jan  71  

Fire protect ion (letter) 
K7QCM p. 62. Aug  7 1  

F m  techniques 
W6SAl p. 8, Sep 69 
Short  c i rcui t  p. 79, Jun  70 

Frequency counter as a synthesizer 
DJ2LR p. 44, Sep 77 

Freon danger (letter) 
WABRTB p. 63, May 72 

Frequency-lock loop 
WA3ZKZ p. 17, Aug 78 

Frequency mul t ip l iers 
W6GXN p. 6. Aug  7 1  

Frequency mu l t~p l ie rs ,  transistor 
W6AJF p. 49, Jun  70 

Frequency synchronization fo r  scatter-mode 
propagat ion 
K2DVS p. 26. Sep 7 1  

Frequency synthesis 
WA5SKM p. 42. Dec 69 

Frequency synthesizer, h igh-f requency 
K2BLA p. 16, Oct 72 

Frequency synthesizer sidebands, f ~ l t e r  
reduces (HN) 
K l P C T  p. 80, Jun 77 

Frequency synthesizers, how t o  design 
DJ2LR p. 10, Jul  76 
Short c i r cu i t  p. 85, Oct 76 

Gamma -match ing  networks, how t o  design 
W71TB D. 46. Mav 73 

Glass semiconductors 
W 1 EZT p. 54. Jul  69 

G r a p h ~ c a l  network solutions 
WINCK.  W2CTK p. 26, Dec 69 

Gridded tubes, vhf -uht  effects 
W6UOV p. 8, Jan  69 

Grounding and  w i r ing  
W 1 EZT p. 44, Jun  69 

Ground p low 
WlEZT p. 64, May 70 

Gyrator: a s y n t h e t ~ c  inductor  
WB9ATW p. 96. Jun  78 

Harmonic generator, crysta l -contro l led 
W l K N l  p. 66. Nov 77 

Harmonic output ,  how to predict  
Utne p. 34. Nov 74 

HeatsFqk problems, how t o  sol~re 
WA5SNZ p .  46, Jan 74 

H f  synthestzer, h ~ g h e r  resolution for  
N4ES p. 34. Aug 78 

Hybr ids and  couolers. h f  
W2CTK 
Short c i rcui t  

p. 57. Ju l  70 
D. 72. Dec 70 

Hydroe lec t r~c  station, amateur  
K6WX p. 50. Sep 77 

Impedance-matching systems, designing 
W7CSD p. 58, Jul  73 

Inductors, h o w  t o  use ferr i te and  
powdered.iron fo r  
W6GXN p. 15, Apr 7 1  
Correction p. 63, May 72 

Infrared communicat ions (letter) 
KPOAW p. 65, Jan 72 

In ject ion lasers (letter) 
M i m s  p. 64, Apr 7 1  

In ject ion lasers, h igh  power 
M i m s  p. 28, Sep 71 

Integrated c i rcui ts ,  par t  I 
W3FQJ p. 40, J u n  7 1  

Integrated circuits. oar t  I I  
W3FQJ p. 58, Ju l  7 1  

lntegrated circuits, pa r t  I l l  
W3FQJ p .  50. Aug  7 1  

Interference, h i -f i  (HN) 
K6KA D. 63. Mar  75 , .~~ 

Interference problems, h o w  t o  solve 
ON4UN p. 93. Jul  78 

Interference, r f  
WlDTY p 12, Dec 70 

Interference, r f  ( letter) 
G3LLL p. 65. Nov 75 

Interference, r f  
WA3NFW p. 30. Mar  73 

Interference, rf, coaxial connectors c a n  generate 
W 1 DTY p. 48, Jun  7 6  

Interference, rf, i ts  cause a n d  cure 
G3LLL p. 26, Jun  75 

Intermit tent  voice operation of power 
tubes 
W6SAI p. 24, Jan  7 1  

Isotropic source and  p r a c t ~ c a l  antennas 
K6FD p. 32. May  70 

Laser communicat ions 
W4KAE p. 28. Nov 70 

LC c i rcu i t  calculat ions 
W2OUX p. 68. Feb 77 

LED exper iments 
W4KAE p. 6, J u n  70 

L igh tn ing  protect ion for  the amateur  stat ion 
K9MM p. 18. Dec 78 

Lighthouse tubes fo r  uh f  
W6UOV p. 27, Jun  69 

Local-oscil lator waveform effects 
on spurtous mixer  responses 
Robinson. S m ~ t h  p .  44. J u n  7 4  

Lowpass f i l ters fo r  soltd.state l inear ampl i f iers 
WA0JYK p. 38, M a r  74 
Short c i r cu i t  p. 62. Dec 7 4  

L.networks, how t o  design 
W7LR p. 26, Feb 74 
Short c i r cu i t  p. 62, Dec 74 

Lunar -path nomograph 
WA6NCT p. 28. Oct 70 

Mar ine installations, amateur, on sma l l  boats 
W3MR p .  44. A u g  7 4  

Match ing  networks, how t o  design 
Anderson, Leonard H. p. 44, A p r  78 

Match ing  techniques, broadband, fo r  
t ransistor  rf ampl i f iers 
WA7WHZ p. 30, Jan  77 

Microprocessors, in t roduct ion t o  
WB4HYJ. Rony, Ti tus p. 32, Dec 75  
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M ~ c r o w a v e  rf generators, solid-state 
W l H R  p. 10. Apr 

Microwaves, ge t t ing  star ted in 
Roubal p. 53, Jun  

Microwaves, Int roduct ion 
WICBY p. 20, Jan 

Minbmobi le 
K9UQN p. 58. Aug 

Mismatched t ransmi t te r  loads, affect of 
W5JJ p. 60, Sep 

Mnemonics 
W6NIF p. 69. Dec 

Mul t i -funct ion integrated c i rcui ts  
W3FQJ p. 46, Oct 

Network, the  ladder 
W2CHO p .  48. Dec 

Networks, t ransmi t te r  match ing  
W6FFC p. 6. Jan 

Neutra l iz ing small.signal ampl i f iers 
WA4WDK p. 40, Sep 

Noise figure, mean ing  o f  
K6MIO o. 26. Mar  

Operational ampl i f iers 
WB2EGZ D. 6. Nov 

Phase detector, ha rmon ic  
W5TRS P. 40, Aug  

Phase-locked looos 
WB6FOC P. 54. Jul 

Phase-locked looos. IC 
W3FQJ p. 54. Sep 

Phase-locked loops, IC, exper iments w i th  
W3FQJ p. 58. Oct 

Phase-shift networks, design cr i ter ia for  
G3NRW D. 34. Jun  . . 

Pi network design 
W6FFC P. 6. S ~ P  

Pi network design 
Anderson, Leonard H. p. 36. Mar 

P i  network design and  analysis 
W2HB p. 30. Sep 
Short  c i r cu i t  p. 68, Dec 

Pi network inductors (letter) 
W71V p. 78, Dec 

Pi networks, series-tuned 
W2EGH p .  42, Oct 

Power ampl i f iers,  high-eff iciency rf 
WB8LQK p. 8, Oct 

Power d iv iders a n d  hybr ids 
W l D A X  P. 30, Aug  

Power supplies, survey o f  solid-state 
W6GXN p .  25. Feb 

Power, vol tage a n d  impedance nomograph 
W2TQK p .  32. Apr 

Pr inted-c i rcui t  boards, photofabr icat ion of 
Hutchinson P. 6. Sep 

Programmable calculator  s impl i f ies 
antenna design (HN) 
W3DVO p. 70. May 

Programmable calculators, us ing  
W3DVO p. 40. Mar  

Proport ional  temperature contro l  f o r  crysta l  
ovens 
VE5FP p. 44, Jan  

Pulse-duration modulat ion 
W3 FQJ p. 65, NOV 

Q factor, understanding 
W5JJ D. 16. Dec 

Radiat ion hazard, rf 
WlDTY 
Correction 

P. 4. Sep 
o. 59. Dec 

Radio communicat ions l inks 
W I EZT p. 44. Oct 

Radio observatory, vhf  
H a m  p. 44, Ju l  

Radio-frequency interference 
WA3 N FW p. 30, Mar  

Radio sounding system 
KL7GLK p. 42, Jul  78 

Radiotelegraph t ranslator  and  t ranscr iber  
W7CUU. K7KFA p. 8, Nov 71  
El iminat ing the  mat r i x  
KH6AP p. 60, May 72 

Rat ing  tubes for  l inear ampl i f ier  service 
W6UOV. W6SAI p. 50. Mar  71  

Reactance problems, nomograph fo r  
W6NIF p. 51, Sep 70 

Resistor performance a t  h igh  frequencies 
K l O R V  p. 36. Oct 71  

Resistors. f reauencv sens~ t i ve  (HN) . . -  
W8YFB p. 54, Dec 70 

Resistors, frequency sensit ive (letter) 
W5UHV p. 68, Jul  7 1  

RF ampl i f ier ,  wideband 
WB4KSS p. 58, Apr 75 

Rf autotransformers,  wideband 
K4KJ p. 10. Nov 76 

Rf chokes, performance above and  
below resonance 
WA5SNZ p. 40. Jun 78 

Rf power-detect ing devices 
K6JYO p. 28, Jun 70 

Rf  power transistors, how t o  use 
WA7KRE p. 8, Jan 70 

Rf interference, suppression In telephones 
K6LDZ o. 79. Mar  77 

Safety c i rcui t ,  pushbut ton swi tch (HN) 
K3RFF. WAIFHB p. 73. Feb 77 

Safety i n  the  h a m  shack 
Darr, James p. 44, Mar  69 

Satell i te communications, f i rs t  s tep t o  
K l M T A  p. 52. Nov 72 
Added notes (letter) p. 73, Apr 73 

Satell i te signal polarization 
KH61J p. 6, Dec 72 

Signal detection and  communicat ion 
i n  the presence o f  white nolse 
WB610M D. 16. Feb 69 

Silver/silicone grease (HN) 
W6DDB p. 63, May 7 1  

Simple formula fo r  microstr ip Impedance (HN) 
W l H R  p. 72. Dec 77 

Smi th  chart, how t o  use 
WlDTY D. 16. Nov 70 
Correction p. 76, Dec 71  

Solar energy 
W3FQJ p. 54. Ju l  74 

Speech clippers, rf, per formance of 
G6XN p .  26, Nov 72 

Square roots, f inding (HN) 
K9DHD p. 67. Sep 73 
Increased accuracy (letter) p. 55, Mar  74 

Staircase generator (C&T) 
W l DTY p. 52, Jun 76 

Standing-wave ratios, importance o f  
W2HB p. 26, Ju l  73 
Correction (letter) p. 67. May 74 

Stress analysls of antenna systems 
W2FZJ p. 23. Oct 71  

Synthesizer design (letters) 
WB2CPA D 94. Nov 77 

Temperature sensor, remote (HN) 
WAlNJG p .  72, Feb 77 

Tetrodes, external anode 
W6SAI p 23, Jun  69 

Thermometer, electronic 
VK3ZNV p. 30. Apr 70 

Thyristors, in t roduct ion t o  
WA7KRE p. 54. Oct 70 

Toro~da l  coil inductance (HN) 
W3WLX p. 26, Sep 75 

Toroid coils. 88-mH (HN) 
WAlNJG p. 70, Jun  76 

Toroids, calculat ing inductance of  
WB9FHC p. 50, Feb 72 

Toroids, plug.in (HN) 
K8EEG p. 60, Jan  72 

Transistor amplifiers, tabulated 
character~st ics of  
W5JJ p. 30. Mar 71  

Tr ig  functions o n  a pocket calculator (HN) 
W9ZTK p. 60. Nov 75 

Tube shields (HN) 
W9KNI p. 69. Ju l  76 

Tuning, Current.controlled 
K2ZSQ p. 38, Jan 69 

TVI locator 
W6BD p. 23. Aug 78 

Vacuum.tube amp l~ f le rs ,  tabulated 
characteristics o f  
W5JJ p. 30, Mar  71  

W a r n ~ n g  l ights, increasing re l iab i l~ ty  of 
W3NK o. 40. Feb 70 

White noise diodes, select ing (HN) 
W6DOB p. 65. Apr 76 

Wind generators 
W3FQJ p. 24, Jul  76 

Wind loading on towers and antenna 
structures, how t o  calculate 
K4KJ p .  16. Aug  74 
Added note p. 56, Jul  75 

Y parameters, us ing in r f  ampl i f ier  deslgn 
WABTCU p. 46, Ju l  72 

24.hour clock, d ig i ta l  
WB6AFT p. 44, Mar  77 

novice reading 
Ac power line moni tor  

W20LU p. 46, Aug 7 1  
Amplif iers, tube and transistor. 

tabulated characteristlcs of 
W5JJ p. 30, Mar  7 1  

Antenna, bobtail cur ta in for  40 meters 
VElTG p. 58, Ju l  69 

Antenna, bow t ie fo r  80 meters 
W9VMQ p. 56, May 75 

Antenna, converted vee fo r  80 and 40 
W6JKR p. 18, Oec 69 

Antenna couplers, s imp le  
WZEEY p. 32, Jan 70 

Antenna ground system installation 
WlEZT p. 64, May 70 

Antenna, long wire, mul t iband 
W3FQJ p. 28, Nov 69 

Antenna, mul t iband phased vertical 
WA7GXO p. 33, May 72 

Antenna systems fo r  40 and 80 mete rs  
K6KA p. 55, Feb 70 

Antenna, top.loaded 80-meter vertical 
VElTG p. 48. Jun  69 

Antenna tun ing  uni ts  
W3FQJ p. 58. Dec 72, p. 58, Jan 73 

Antenna, unidirectional fo r  40 meters 
GW3NJY p. 61, Jan 70 

Antenna, 80-meter vertical 
VElTG p. 26, May 70 

Antenna, 80 meters, for  sma l l  lo t  
W6AGX p. 28, May  

Anlennas, dipole 
KH6HDM p. 60. Nov 

Antennas, low elevation 
W3FQJ p. 66, May 

Antennas. QRM reducing receiv ing types 
W3FOJ o. 54. Mav 

~ n t e n n a s ,  s imple dual.band 
W6SAI p. 18, M a r  

Antennas, s imple fo r  80 and 40 mete rs  
W5RUB p. 16, Dec 

A u d ~ o  agc pr inc ip les and  pract ice 
WA5SNZ p. 28. Jun  

Audio f i l ter, tunable 
WAIJSM p. 34. Aug  

Audio f i l ters, inexpensive 
W8YFB p. 24, Aug  

Audlo module, solid-state receiver 
K4DHC p.18. Jun  

Batteries, selecting fo r  portable equ ipment  
WBDAIK p. 40, A u g  

Bat tery power 
W3FQJ P. 56, Aug  74, p. 57. Oct  

COSMOS integrated c l rcul ts  
W3FQJ p. 50. J u n  

CW audio f i l ter, s imple 
W7DI p. 54. Nov 

CW audio filter, s implest  
W4VNK P. 44. Oct  

CW moni tor ,  stmple 
WA90HR p. 65. Jan 

CW reception, improved through s imulated stei 
W A l M K P  p. 53, Oct 

CW transceiver, low-power fo r  40 meters 
W7BBX p. 16, Jul  

Detectors, regenerat~ve 
W8YFB p. 61, M a r  

Diode detectors 
W6GXN p. 28. Jan  

Dipoles, mul t iband fo r  portable use 
W6SAI p. 12, May 

D u m m y  load and r f  wat tmeter  
WZOLU p. 56. Apr 

Feedpoint impedance characteristlcs of 
pract ical  antennas 
W5JJ p .  50. Dec 

F~ l te r ,  tunable for  audto selectivjty 
W2EEY p. 22. M a r  

Fire protect ion in the h a m  shack 
Dar r  p. 54, Jan  

Frequency spotter. crysta l  contro l led 
W5JJ p. 36, Nov 

ICs, basics of 
W3 FQJ p. 40. Jun  71, p. 58, Ju l  

ICs, digital, basics 
W3FQJ p. 41, M a r  72. p. 58, Apr 

ICs, d ig i ta l  flip-flops 
W3FQJ p .  60, Ju l  

ICs, d ig i ta l  mul t iv ibrators 
W3FQJ p. 42, Jun  

ICs, d~g i ta l ,  oscil lators and div iders 
W3 FQJ p. 62, A u g  

Interference, h i - f ~  
G3LLL p. 26, Jun  

Interference, radlo frequency 
WA3NFW p. 30, M a r  

Man.made interference, how t o  f ind 
WlDTY p. 12, Dec 

Meters, how to use 
W4PSJ p. 48, Sep 

Morse code, speed standards fo r  
VE2ZK p .  58, Apr 

Mosfet  c i r c u ~ t s  
W3FQJ D. 50. Feb 

~ r e a m ~ l i f ~ e r ,  2 1  M H z  
WA5SNZ p. 20, Apr  

Pr inted.c i rcu~t  boards, how t o  make  your  own 
K4EEU p. 58. Apr  

Printed-circuit boards, low cost  
W8YFB p. 16, J a n  

Q factor, unders tand~ng 
W5JJ p.16. Dec 

Radio communicat ions l inks, basics of 
WlEZT p. 44, Oct  

Receiver frequency cal ibrator  
W5UQS p. 28, Dec 

Receiver, regenerative for  WWV 
WA5SNZ p. 42, Apr  

Receivers, direct.conversion 
W3FQJ p. 59, Nov  

Rectifiers, improved hal f -wave 
Bailey p. 34, Oct 

Safety in the  h a m  shack 
Darr  p. 44, M a r  

Semiconductors, charge flow i n  
WB6BIH p. 50, Apr  

Semiconductor diodes, evaluat ing 
W5JJ p .  52, Dec 

S-meters, c i rcui ts  fo r  
K6SDX p. 20, Mar  

Speaker intell igibi l i ty, improv ing  
WA5RAQ p. 53, A u g  

Swr bridge 
WB2ZSH p. 55, o c t  

Towers and  rotators 
K6KA p. 34, May 
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Transistor  power dissipation, how t o  determine 
WN9CGW p. 56, Jun  7 1  

Transmit ter  keying, improv ing  
K6KA p .  44, J u n  7 6  

Transmit ter ,  low-power, 80-meter 
W3FQJ p. 50, Aug  75 

Transmit ter ,  mu l t iband  low power w ~ t h  vfo 
K8EEG p. 39, Ju l  72 

Transmit ter  power levels 
WA5SNZ p .  62, Apr  71  

Troubleshooting, basic 
James p. 54, Jan  76 

Troubleshoot ing by voltage measurements 
James p. 64. Feb 76 

Troubleshooting, resistance measurements 
James p. 58, Apr 76 

Troubleshooting, th ink ing  your way through 
Al len p. 58, Feb 7 1  

T u n e u ~ .  of f -the -a i r  
W4MB p. 40, Mar 76 

Underground coaxla l  t ransmission line. 
how t o  insta l l  
W d F C H  p. 38, May  7 0  

Vert ical  antennas, improving eff lciency 
K6FD p. 54, Dec 74 

Vfo fo r  40 and  80 meters 
W3QBO p. 36, A u g  70 

Vfo, stable solid.state 
K4BGF p. 8, Dec 7 1  

Wi r ing  and  groundtng 
WlEZT p. 44, Jun  69 

Workbench, electronics 
W 1 EZT p. 50, Oct 70 

operating 
Beam antenna headings 

W6FFC p. 64. Apr 7 1  
Code pract ice stat ions (letter) 

WB4LXJ p. 75, Dec 72 
Code pract ice (HN) 

W2OUX p. 74, May 73 
Computers a n d  h a m  radio 

W5TOM p. 60, M a r  69 
CW mon i to r  

W2EEY p. 46, A u g  69 
CW moni tor ,  s imple 

WA90HR p .  65, Jan 7 1  
cw transceiver operation wi th 

transmit.receive offset 
WIDAX p. 56, Sep 70 

DXCC check l ist, s imple 
W2CNQ p. 55. Jun  73 

Fluorescent l ight, por table (HN) 
KBBYO p. 62, Oct  73 

Great.circle charts (HN) 
K6KA p. 62. Oct  73 

ldent t f icat ion t imer  (HN) 
K9UQN p. 60, Nov 74 

Magazines, use your o ld 
Foster p. 52, Jan  70 

Morse code, speed standards fo r  
VEZZK p. 68, Apr  73 
Added note (letter) p. 68, Jan 74 

protect ive mater ia l ,  p last ic  (HN) 
W6BKX p. 58, Dec 70 

Replays, instant  (HN) 
W6DNS p. 67, Feb 70 

Sideband locat ion (HN) 
K6KA p. 62, Aug  73 

Spur ious s ignals (HN) 
K6KA p. 61, Nov 74 

Tun ing  w i th  ssb gear 
W 0 K D  p. 40. Oct 70 

Zulu t ime  (HN) 
K6KA p. 58, Mar  73 

oscillators 
Audio oscil lator, NE566 IC 

W 1 EZT p. 36. Jan 75  
Blocking oscil lators 

W6GXN p. 45, Apr 69 
Clock oscil lator, TTL  (HN) 

W9ZTK p. 56, Dec 73 
Colpi t ts  oscil lator design technique 

WB6BPI p. 78, Jul  78 
Crysta l  oscil lator, frequency adjustment of  

W9ZTK p. 42, Aug  72 
Crystal oscil lator, h igh  stabi l i ty  

W6TNS p. 36. Oct  74 
Crystal oscil lators 

W6GXN p. 33, Ju l  69 
Crysta l  oscil lator, s imple (HN) 

WZOUX p. 98, Nov 77 
Crysta l  oscil lators, stable 

DJZLR p. 34, Jun  75 
Correction p. 67, Sep 75 

Crysta l  oscil lators, survey Of 
VK2ZTB p. 10, M a r  76 

IC crysta l  controlled oscil lators (letter) 
W7EKC p. 91, Jan  78 

Crystal oven, s imple (HN) 
Mathieson p. 66, Apr 7 6  

Crystal ovens, precision temperature contro l  
K4VA p. 34, Feb 78 

IC crysta l  controlled oscil lators 
VK2ZTB p. 10, M a r  76 

Crysta l  switching (HN) 
K6LZM p. 70. Mar  69 

Crystal test  oscil lator and  signal 
generator 
K4EEU p. 46. Mar  73 

Crystals, overtone (HN) 
GBABR p. 72, Aug 72 

Dr i f t -correct ion c i rcui t  for free 
runn ing  osc~ l la to rs  
PAdKSB p .  45, Dec 77 

Goral osc~ l la to r  notes (HN) 

Hex ~ n v e r t e r  vxo c l rcul t  
WZLTJ p. 50. Apr 75 

Local oscil lator, phase locked 
VE5FP p. 6, Mar  71  

Mon i to r ing  oscil lator 
W2JIO p. 36. Dec 72 

M u l t ~ p l e  band master-frequency oscil lator 
K6SDX p .  50. Nov 75 

Mul t iv ibrator ,  crystal-controlled 
WN2MQY p. 65. Ju l  71  

N o ~ s e  sideband performance In oscillators, 
evaluat ing 
DJ2LR p. 51. Oct 78 

Oscil lator, audio, IC 
W6GXN p. 50, Feb 73 

Oscil lator, electronic keyer 
WA6JNJ p. 44. Jun  70 

Oscil lator, Franklin (HN) 
W5J! P. 61. Jan 72 

Oscil lator, frequency measur ing 
W61EL p. 16, Apr 72 
Added notes p. 90, Dec 72 

Osc~ l la to r ,  gated (HN) 
WB9KEY p .  59, Jul 75 

Oscil lator-monitor, audio 
WAIJSM p .  48, Sep 70 

Oscillator, phase.locked 
VE5FP p. 6. Mar  71  

Oscil lator, two.tone, for  ssb test ing 
W6GXN p. 11, Apr 72 

Oscil lators (HN) 
WlDTY p. 68, Nov 69 

Oscil lators, cure for  cranky (HN) 
W8YFB p. 55, Dec 70 

Oscillators, repair ing 
Allen p. 69. Mar  70 

Osctllators, resistance.capac~tance 
W6GXN p. 18, Jul  72 

Overtone crystal osc~l lators without inductors 
WA5SNZ p. 50. Apr 78 

Quadrature-phased local oscil lator (letter) 
K6ZX p. 62. Sep 75 

Quartz crysta ls (letter) 
WB2EGZ D. 74. Dec 72 . . 

Stable vfo (C&T) 
WlDTY D. 51. Jun 76 

TTL crystal oscil lators (HN) 
WDJVA 

TTL oscillator (HN) , . 
WB6VZW 

Vco, crystal.controlled 
WB610M 

Versati le audio oscil lator (HN) 
W7BBX 

Vfo buffer a m p l i f ~ e r  (HN) 
W30BO 

Vfo d;sign, stable 
WlCER 

Vfo design us lng  characteristic 
I2BVZ 

. . 

p. 60, Aug  75 

p. 77. Feb 78 

p. 58, Oct 69 

p. 72, Jan 76 

p. 66, Jul  71  

p. 10, Jun 76 
curves 

p. 36, J u n  78 
Regulated power supplies, des lgn~ng  

KSVKO p. 58, Sep 77 
Vfo, d ig i ta l  readout 

WB8lFM p. 14, Jan 73 
Vfo fo r  so l ide ta te  t ransmit ters 

W3QBO p. 36, Aug 70 
Vfo, h igh  stabi l i ty  

W8Y FB p. 14, Mar  69 
Vfo, high-stabil i ty, vh f  

OH2CD D. 27. Jan 72 
vf;, mu l t iband  fe t  

K8EEG p. 39, Jul  72 
Vfo, stable 

K4BGF p. 8, Dec 7 1  
Vfo t ransistors (HN) 

WlOOP p. 74, Nov 69 
Vxo design, pract ical  

K6BIJ p. 22. Aug 7 0  
5-ampere power supply, adjustable 

N l J R  p. 50. Dec 7 8  

power supplies 
Ac current  mon i to r  (letter) 

WB5MAP p. 61, Mar  75 
Ac power supply, regulated, for mobi le 

f m  equipment 
WASTMP p. 28. Jun  73 

All.rnode-protected power supply 
K2PMA p. 74, Oct 77 

Arc suppression networks (HN) 
WA5EKA p. 70, Jul  73 

Batteries, select ing for portable equipment 
W A 0 A l K  p. 40, Aug  73 

Bat tery drain,  auxil iary, guard for  (HN) 
W l D T Y  p. 74, Oct 74 

Bat tery power 
W3FQJ p. 56, Aug  74 

Charger, fet -controlled, fo r  n icad bat ter ies 
WAdJYK p. 46, Aug  75 

Constant.current bat tery charger for  
por table operation 
K5PA p. 34, Apr 78 

Converter, 12 t o  6 vol t  (C&T) 
W l D T Y  p. 42, Apr  76 

Current  l im i t i ng  (HN) 
WQLPQ p. 70, Dec 72 

Current  l ~ m i t i n g  (letter) 
K5MKO p. 66, Oct 73 

Dc-dc converter, low-power 
W5MLY p. 54, M a r  75 

Dc power supply,  regulated (C&T) 
W 1 DTY p. 51, J u n  76 

Diode surge protect ion (HN) 
WA7LLJJ p. 65. Mar  72 
Added no te  p. 77. A u g  72 

Dry.cell l i fe  
W 1 DTY p. 41, Apr  76 

Dual-voltage power supply (HN) 
W l O O P  p. 71, Apr 69 
Short  c i r cu i t  p .  80, A u g  69 

Dual.voltage power  supply (HN) 
WSJJ p. 68, Nov 7 1  

Fi lament t ransformers,  m in ia tu re  
Bailey p. 66. Sep 74 

tC power (HN) 
W3KBM p. 68. Apr 72 

IC power supply,  adlustable (HN) 
W3HB p. 95, Jan  78 

IC regulated power supply 
W2FBW p. 50, Nov 70 

IC regulated power supply 
W9SEK p. 51. Dec 70 

Instantaneous.shutdown h ighxur ren t  
regulated supply 
W6GB p. 81. J u n  78 

Klystrons, reflex power for  (HN) 
W6BPK p. 71, Ju l  73 

Line-voltage mon i to r  (HN) 
WA8VFK p. 66. Jan  74 
Current monttor  mod (letter) p .  61, Mar  75 

Load protection, scr  (HN) 
W5OZF p. 62. Oct  72 

Low-value vol tage source (HN) 
WA5EKA p. 66. Nov 71  

Low voltage, var iable bench power supply 
(weekender) 
W6NBI p. 58, M a r  76 

Mobi le power supplies, t roubleshoot ing 
Allen p. 56, J u n  7 0  

Mobi le power supply (HN) 
WN8DJV p. 79. Apr  70 

Mobi le supply, low.cost (HN) 
W4GEG p. 69, J u l  70 

Motorola Dispatcher, convert ing t o  
12  vol ts  
WB6HXU p. 26, Ju l  72 

Nicad bat tery care (HN) 
W l  DHZ D. 71. Feb 76 . . 

Operational power supply 
WA21KL p. 8. Apr  7 0  

Overvoltage protect ion (HN) 
W l A A Z  p. 64, Apr  7 6  

Pilot. lamp l ~ f e  (HN) 
WZOLU p. 71, J u l  73 

Polarity inverter, med ium current  
Laughl in p. 26, Nov  73 

Power suppl ies f o r  s ingle s ideband 
Bel t  p. 38, Feb 69 

Power-supply h u m  (HN) 
W8Y FB p. 64, M a y  71  

Power supply, improved (HN) 
W4ATE p. 72, Feb 72 

Power supply, precis ion 
W7SK p. 26. Ju l  7 1  

Power supply protect ion fo r  your  sol id -s tate 
c i rcui ts  
W5JJ p. 36, J a n  7 0  

Power supply t roubleshoot ing ( repair  bench) 
K4IPV p. 78, Sep 77 

Precision vol tage supply f o r  
phase-locked te rmina l  u n i t  (HN) 
WA6TLA p. 60. Ju l  74 

Protection for  solid-state power suppl ies (HN) 
W3NK p. 66. Sep 70 

Rectifier, half-wave, improved 
Bailey p. 34, Oc t  73 

Regulated power supplies, h o w  t o  design 
K5VKQ p. 58. Sep 77 

Regulated power supplies, designing ( let ter)  
W9HFR p .  110. M a r  7 8  

Regulated power supply, 500-watt 
WA6PEC p. 30, Dec 77 

Regulated solid-state high.voltage 
power supply 
W6GXN p. 40. Jan  75 
Short c i r cu i t  p. 69, Apr  75  

Regulated 5.volt supply (HN) 
W6UNF p. 67, J a n  7 3  

SCR-regulated power suppl ies 
W4GOC p. 52, Ju l  7 0  

Selenium rectif iers, replacing 
W l D T Y  p. 41. Apr  76 
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Servic ing power supplies 
W6GXN o. 44. Nov 76 . . 

Solar energy 
W3FQJ p .  54. Ju l  74 

Solar power 
W3FQJ p. 52, Nov 74 

Solar power sourse, 36.volt 
W3FQJ p. 54, Jan  77 

Step-star t  c i rcui t ,  high.voltage (HN) 
W6VFR p. 64. Sep 7 1  

Storage.battery QRP power 
W3FQJ p. 64, Oct 74 

Super regulator, the  MPClOOO 
W3HUC D. 52. Seo 76 

Survey of  solid-state power suppl ies 
W6GXN p. 25, Feb 70 
Short c i rcui t  D. 76. Seo 70 

Transformers, high.voltage, repair ing 
W6NIF o. 66 Mar  69 

Transformers, m in ia tu re  (HN) 
W4ATE p. 67, Ju l  72 

Transient e l iminator  C & T )  
W l D T Y  p. 52, Jun  76 

Transients, reducing 
W5JJ p. 50, Jan 73 

Variable power supply for  t ransistor  work 
WA4MTH D. 68. Mar  76 

Variable-voltage power supply. 1.2 amps  
WB6AFT p. 36, Jul  78 

Vibrator  replacement, solid-state i H N )  
K8RAY p. 70. Aug 72 

Voltage regulators, IC 
W7FLC p. 22, Oct 70 

Voltage resulator  ICs, adiustable . . 
W E ~ K E ~  p .  36. Aug 75 

Voltage.regulator ICs, three.termina1 
WB5EMI p. 26, Dec 73 
Added note (letter) p .  73, Sep 74 

Voltage regulators, boost ing bargain (HNj  
WA7VVC p. 90, May 77 

Voltage regulators, IC 
W6GXN p. 31, M a r  77 

Voltage safety valve 
W2UVF D. 78. Oct 76 

Wind  generators 
W3FQJ p .  50, Jan 75 

propagation 
Art i f tc ia l  radio aurora, scattering 

characteristics o f  
WB6KAP p. 18. Nov 74 

Echoes, long  delay 
WB6KAP p. 61. May 69 

Ionospheric E-layer 
WB6KAP p. 58, Aug  69 

Ionospheric science, short  h is tory o f  
WB6KAP p. 58. J u n  63 

Scatter,mode propagation, f requency 
synchronizat ion fo r  
K2OVS p .  26, Sep 71  

Solar cycle 20, vhfer's v iew of 
WASIYX p .  46, Dec 74 

Sunspot numbers  
WB6KAP p. 63. Jul  69 

Sunspots a n d  solar  act iv i ty  
WB6KAP p. 60, Jan 69 

Tropospheric.duct vhf communicat ions 
WB6KAP p. 68, Oct 69 

6-meter  sp0radic.E openings, predict ing 
WA9RAQ p. 38, Dc t  72 
Added note (letter) p. 69. Jan  74 

receivers and 
converters 
general 
Antenna impedance t ransformer fo r  

receivers (HN) 
W6NIF 0. 70, Jan 70 

Antenna tuner, m in ia tu re  receiver (HN) 
WA7KRE p. 72, Mar  69 

Ant i -QRM methods 
W3FQJ p. 50. May 71  

At tenuat ion pads, receiv ing (letter) 
K 0 H N Q  p. 69, Jan 74 

Audio agc ampl i f ier  
WA5SNZ p. 32, Dec 73 

Aud io  agc pr inc ip les and  pract ice 
WA5SNZ 0. 28. Jun  71  

Audio f i l ter  for  CW, tunable 
W A l J S M  p. 34, A u g  70 

Aud io  f i l ter-frequency t ranslator  for  CW 
recept ion 
W2EEY D. 24. Jun  70 

Aud io  f i l ter  m o d  (HN) 
K6HlU p. 60, Jan 72 

Aud io  f i l ter, s imple 
W4NVK p. 44. Oct 70 

Audio f i l ters, CW (letter) 
6Y5SR p. 56, Jun  75 

Audio f i l ters for  ssb and CW reception. 
K6SDX p. 18, Nov 76 

Audio-filters, inexpensive 
W8YFB p. 24, A u g  72 

Audio filter, tunable peak-notch 
W2EEY D. 22. Mar  7 0  

Audio filter, var iable bandpass 
W3AEX p. 36, Apr 70 

Audio, improved for  receivers 
K7GCO p. 74, Apr 77 

Audio module, complete 
K4DHC p. 18. J u n  73 

Bandspreading techniques fo r  resonant c i rcui ts  
Anderson P 46. Feb 77 
Short circuits p. 69, Dec 77 

Bandspreading techn~ques  fo r  resonant c i rcui ts  
Anderson. Leonard H. p. 46, Feb 77 

Bandspreadlng techniques fo r  
resonant c l rcui ts  (letter) 
WaEJO P. 6. Aug 78 

Batteries, how t o  select for  por table 
equipment 
WADAIK P. 40. A u g  73 

B fo  multiplexer for  a mu l t imode detector  
WA3YGJ p. 52, Oct 75 

Callbrator crvstals (HN) . . 
K6KA p. 66, Nov 7 1  

Calibrator, p l u g i n  frequency 
K6KA p .  22. Mar  69 

Calibrator, s imple frequency-divider 
using rnos ICs 
W6GXN P 30. Aug  69 

Corr~municat ions recetveis, destgn ideas for 
Moore p. 12, Jun 74 

Communications receivers, designing 
for  strong-signal per formance 
Moore P. 6. Feb 73 

Converting a vacuum-tube recelver t o  
solid-state 
WlOOP p. 26. Feb 69 

Counter dials, electronic 
K6KA P. 44, Sep 70 

Crystal-f i l ter design, pract ical  
PYPPEC P. 34, Nov 76 

CW fi l ter, adding (HN) 
WZOUX p. 66. Sep 73 

CW monitor, s imple 
WA90HR p. 65. Jan  7 1  

CW processor for  communicat ions receivers 
W6NRW p. 17. Oct 7 1  

CW reception, enhancing throueh a 
simulated-stereo technique - 
WAlMKP p. 61. Oct 74 

CW reception, noise reduction fo r  
WZELV P. 52, Seo 73 

CW regenerator for  interference-free 
comrnunications 
Leward, Libenschek P 54, Apr 74 

CW selectivity w i th  crysta i  bandpassing 
W2EEY D. 52. Jun  69 

CW transceiver operation w i th  transmit.receive 
offset 
WlDAX p. 56. Sep 70 

Detector, reciorocatina - 
W l S N N  p. 32, M a r  72 
Added notes p. 54. Mar  74: p. 76, May 75 

Detector, single-signal phasing type 
WB9CYY D. 71. Oct 76 
Short c i r c u ~ t  d.  68,' Dec 77 

Detector, superregenerative, op t im iz ing  
Rine D. 32. Jul  72 . . 

~ e t e c j o r s ,  fm,  survey o f  
W6GXN D. 22. Jun  76 

Digi ta l  frequency display 
WB2NYK p. 26, Sep 7 6  

D i g ~ t a l  readout, universal 
WBBIFM p. 34, Dec 78 

Digi ta l  vfo basics 
Earnshaw P. 18, Nov 78 

Diode detectors 
W6GXN p. 28, Jan 76 
Comments p. 77, Feb 77 

Direct-conversion receivers (HN) 
YU2HL p. 100, Sep 78 

Diversity receiving system 
W2EEY p. 12, Dec 7 1  

Double-balanced mixer, active, high. 
dynamic range 
DJ2LR o. 90. Nov 77 

Filter a l ignment 
W7UC 

Filter. vari.0 
p. 61, A u g  75 

W ~ S N N  ' p. 62, Sep 73 
Frequency calibrator, how t o  design 

W3AEX D. 54. Ju l  7 1  . . 
Frequency calibrator, receiver 

W5UQS p. 28, Dec 7 1  
Frequencymarker standard using cmos  

W41YB p. 44, Aug  77 
Frequency measurement of received 

signals 
W4AAD p. 38, Oct  73 

Frequency spotter, general coverage 
W5JJ p. 36, Nov 70 

Frequency standard (HN) 
WA7JIK p. 69, Sep 72 

Frequency standard, universal 
K4EEU p. 40, Feb 74 
Short c i rcui t  p. 72, May 74 

Hang agc c i rcui t  fo r  ssb a n d  CW 
WlERJ p. 50. Sep 

Headphone cords (HN) 
WZOLU p .  62, Nov 

1.f ampl i f ier  design 
DJZLR p. 10. M a r  
Short  c i r cu i t  p. 94, May  

I-f detector  receiver module 
K6SDX p. 34, A u g  

I-f system, mul t tmode 
WA21KL p. 39. Sep 

Image suppression ( H N j  
W6NIF p. 68, Dec 

Inte l l ig ib i l i ty  o f  communicat ions receivers, 
improv ing  
WA5RAQ p. 53, A u g  

Interference, electric fence 
K6KA p. 68, Ju l  

Interference, hi.fi (HN) 
K6KA P. 63. M a r  

Interference, r f  
W l D T Y  p. 12, Dec 

Interference, r f  
WA3NFW p. 30, M a r  

Interference, rf, i ts  cause and  cure  
G3LLL P. 26, Jun  

Intermodulat ion d i s t o r t i o ~ ,  reducing 
In  high-frequency receivers 
WB4ZNV p. 26, M a r  
Short circurt p. 69, Dec 

Local  oscil lator, phase-locked 
VE5FP p. 6, M a r  

Local-oscil lator waveform effects 
On Spurlous mixer responses 
Robinson. Srnith p. 44. J u n  

Mixer, crysta l  
W2LTJ p. 38, Nov 

Moni tor  receiver modi f icat ion (HN) 
WPCNQ P. 72, Feb 

Noise blanker 
K4DHC P. 38. Feb 

N o ~ s e  blanker design 
K7CVT p. 26. Nov 

Noise blanker, hot -carr ier  d iode 
W4KAE p. 16, Oct  
Short c ~ r c u i t  p. 76, Sep 

Noise blanker, IC 
W2EEY p. 52, May 
Short  c ~ r c u i t  p. 79, Jun  

Noise effects In  receiving systems 
DJ2LR p. 34, Nov 

Noise figure, the real mean ing  o f  
K6MIO p. 26, M a r  

Phase.locked ?-MHz b fo  
W7GHM p. 49. Nov 

Phase-shift networks, design crtterta 
G3NRW p. 34. Jun  

Prearnol l f~er .  w ~ d e b a n d  
W ~ A A Z  p. 60, O C ~  

Product detector, hot.carrier d iode 
VE3GFN p. 12. Oct 

Radio-direction f inder 
W6JTT p. 38, M a r  

Radio.frequency interference 
WA3NFW p .  30. M a r  

Radiotelegraph t ranslator  a n d  t ranscr iber  
W7CUU. K7KFA p. 8, Nov 
El iminat ing the mat r i x  
KH6AP p. 60, May  

Receiver spurious response 
Anderson p. 82, Nov 

Rece~vers - some prob lems and  cures 
WBPJGP. K8RRH p. 10, Dec 

Receiving RTTY, automat ic  f requency 
contro l  fo r  
W5NPO p. 50, Sep 

Reciprocating detector as f m  discr iminator  
W l S N N  p. 18. M a r  

Rec~procating.detector converter 
W l S N N  p. 58, Sep 

Resurrecting o ld receivers 
K4 1 PV P. 52. Dec 

Rf-agc ampl i f ier ,  h igh -performance 
W A l  FRJ p. 64, Sep 

Rf amplif iers for  communicat ions receivers 
Moore p. 42. Sep 

Rf amplif iers, iso lat ing paral le l  currents i n  
G3 1 PV p. 40, Feb 

Rf amplif ier, wideband 
WB4KSS P. 58, Apr  

Selectivity and gain control, improved 
VE3GFN p. 71. Nov 

Selectivity, receiver (letter) 
K4ZZV p. 68, Jan  

Sensit ivity, noise f igure and  dynamic  range 
W 1 DTY p. 8, Oct  

Signals, how many does a receiver see? 
DJ2LR p. 58, J u n  
Comments p .  101, Sep 

S-meters, solid-state 
K6SDX p. 20, M a r  

Spectrum analyzer, four  channel  
W9lA p. 6, Oct  

Squelch, audio-actuated 
K4MOG P 52, Apr  

Ssb signals, mon i to r ing  
W6VFR p. 36, M a r  
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Superhet t racking calculations 
WA5SNZ p. 30, Oct 78 

Superregenerative detector, optimizing 
Ring p. 32, Jul  72 

Superregenerative receiver, improved 
JAIBHG P. 48, Dec 70 

lhreshold.gate/l imiter for CW reception 
WZELV p. 46, Jan 72 
Added notes (letter) 
W2ELV p. 59, May 72 

Troubleshooting the dead receiver 
K4 1 PV p. 56. Jun 76 

Vacuum-tube receivers, updating 
W6HPH P. 62, Dec 78 

Vlf coriverter (HN) 
W3CPU o. 69. Jul  76 

Mult iband high.frequency converter 
K6SDX p. 32. Oct 76 

Outboard receiver wi th the SB-100, 
using an (HN) 
K4GMR o. 68. Feb 70 

HW-17A, perking u p  (HN) 
WB2EGZ p. 70. Aug 

Improving vhf/uhf receivers 
WlJAA p. 44, Mar 

Interdigital preamplif ier and comb-line 
bandpass fi l ter for  vhf and uhf 
W5KHT P. 6, Aug 

Interference, scanning receiver (HN) 
K2YAH p. 70, Sep 

Monitor receivers, two.meter f m  
WB5EMl p. 34. Apr 

Overload problems with vhf converters, 
solving 
WlOOP p. 53, ?an 

Recelver alignment techntques, vhf f m  
K4 I PV p. 14, Aug 

Receiver, modular two-meter f m  
WA2GFB p. 42, Feb 

Receiver, vhf  f m  
WA2GCF p 8, Nov 

Receiving converter, vhf four.band 
W3TQM p. 64, Dct 

Scanning receiver for vhf fm, improved 
WA2GCF p. 26. Nov 

Scanning receiver modifications, 
vhf f m  !HN) 
WA5WOU p. 60, Feb 

Scanning receivers for  two.meter f m  
K41PV P. 28, Aug 

Overload response i n  the Collins 7 5 ~ - 4  
receiver, improving 
W620 0. 42, Apr 70 
Short circuit p. 76. Sep 70 

Phasing-type ssb receiver 
WAmJYK p. 6, Aug 73 
Short circuit p. 58. Dec 73 
Added note (letter) p. 63, Jun 74 

Preamplifier, emitter-tuned, 21 MHz 
WASSNZ p. 20, Apr 72 

Preamplifier, low.noise high.gain transistor 
W2EEY p. 66, Feb 69 

Preselector, general-coverage (HN) 
W5OZF p. 75, Oct 70 

Q5er. solid-state 
W5TKP p. 20. Aug 69 

Receiver incremental tuning for the 
Swan 350 (HN) 
K lKXA D. 64. Jul  71  

Weak signal reception in  CW receivers 
ZS6BT p. 44, Nov 71  

WWV receiver, five-frequency 
W6GXN p. 36, Ju l  76 

high-f requency receivers 
Bandpass fllters for recelver preseiectors 

W7ZOI p. 18. Feb 75 
Bandpass tuning, electronic, in  the Drake R-4C 

Horner o. 58. Oct 73 

Receiver, reciprocating detector 
WlSNN p 44: Nov 72 
Correction (letter) p. 77, Dec 72 

Receiver, versatile solid-state 
W l  P U  0. 10. Ju l  70 

BC-1206 for 7 MHz, converted 
W4FlN p. 30. Oct 70 
S h o e  circuit p 72. Apr 71  

Coll ins receivers. 300-Hz crystal f i l ter for 
WlDTY 0. 58. Seo 75 

Receiving RTTV with Heath SB receivers (HN) 
K9HVW p. 64, Oct 71  

Rectprocating detector 
W1SNN p. 68. Oct 78 

Rf amplif iers, selective 
K6BlJ p. 58. Feb 72 

Regenerative detectors and a wideband 
amplif ier for  experimenters 
W8YFB p. 61, Mar 70 

RTTY monitor receiver 
K4EEU p. 27. Dec 72 

RTTY receiver-demodulator for net 
operation 
VE7BRK p. 42, Feb 73 

Swan 350 CW monitor (HN) 
K lKXA o. 63. Jun 72 

S lxmeter  converter, improved 
K l B Q T  p. 50, Aug 

Squelch-audio arnplifier for f m  receivers 
WB4WSU o. 68, Sep Coll ins receivers (!e?ter) 

G3 U FZ p. 90. Jan 78 
Coll ins 75A4 hints (HN) 

W6VFR p. 68, Apr 72 
Coll ins 75A.4 modifications (HN) 

W4SD p. 67. Jan 71  
Communications receiver, five band 

K6SDX p. 6. Jun 72 
Communications receiver for  80 

meters. IC 
VE3ELP p. 6, Jul  71  

Communications receiver, micropower 
WB9FHC p. 30. Jun 73 
Short c i rcui t  p. 58. Dec 73 

Communications receivers, miniature 
design ideas for 
K4DHC p. 18, Apr 76 

Communications receiver, miniaturized 
K4DHC P. 24. Sep 74 

Ssb mini-tuner 
K lBQT p. 16, Oct 

Terminator. 50.o\m for vhf converters 
WA6UAM p. 26. Feb 

Vhf f m  receiver (letter) 
K8lHQ p. 76, May 

Vhf receiver scanner 
K2LZG p. 22. Feb 

Vhf superregenerative receiver, low-voltage 
WA5SNZ p. 22, Jul  
Short c i rcui t  o. 64. Mar 

7 - .  
28.30 MHz preamplif ler for  satell i te 

reception 
WlJAA p. 48. Oct 

50.MHz preamplif ier, improved 
WA2GCF p. 46, Jan 

144-MHz converter (HN) 
K 0 V Q y  p. 71, Aug 

144-MHz converter (letter) 
W0LER 0. 71, Oct 

Transceiver selectivity improved (HN) 
VE3BWD p. 74. Oct 70 

Tuner overload, eliminating (HN) 
VE3GFN p. 66. Jan 73 
Attenuators for (letter) o. 69. Jan 74 

WWV receiver 
Hudor. Jr. p. 28, Feb 77 

WWV receiver, fixed.tuned 
W6GXN o. 24. Nov 69 

Communications receiver, opt imum design for 
DJ2LR P. 10, Oct 76  

Communications receiver, solid-state 
I5TDJ p. 32, Oct 75 
Correction o. 59. Dec 75 

WWV receiver, regenerative 
WASSNZ p. 42. Apr 73 

WWV recelver, simple (HN) 
WA3JBN p. 68, Jul  70 
Short circuit p. 72, Dec 70 

WWV receiver, slmple (HN) 
WA3JBN p. 55, Dec 70 

144 MHz converter, hot.carrier diode 
KBCJU p. 6, Oct 

144-MHz converter. modular Companion receiver, all -mode 
W l S N N  p. 18. Mar 73 

Converter, hf, solid.state 
VE3GFN p. 32, Feb 72 

Converter, tuned very low-frequency 
OH2KT p. 49, Nov 74 

Converter, very low frequency receiving 
W2lMB p. 24, Nov 76 

Crystal.controlled phase.locked converter 
W3VF p. 58, Dec 77 

D ig~ta l l y  programmable high.frequency 
commun~cat ions  receiver 
WA9HUV p. 10. Oct 78 

Direct-conversion receivers 
W3FQJ p. 59, Nov 71  

Direct.converslon receivers 
PAmSE o. 44. Nov 77 

W6UOV p. 64, Oct 
144 MHz converters, choosing fets fo r  (HN) 

K6JYO p. 70, Aug 
144-MHz oreamo. low-noise 

WIDTY' p. 40, Apr 
144.MHz preamp, super (HN) 

K6HCP p. 72. Oct 
144.MHz preampl i f~er,  Improved 

WAZGCF p. 25, Mar 
Added notes p. 73. Jul  

220.MHz mosfet converter 
WB2EGZ p. 28. Jan 
Short c i rcui t  D. 76, Jul  

WWV-WWVH, amateur applications for 
W3FQJ p. 53, Jan 72 

20-meter recelver w ~ t h  d ~ g l t a l  readout, part 1 
K6SDX 0. 48, Oct 77 

20.meter recelver with d i g ~ t a l  readout, part 2 
K6SDX p. 56, Nov 77 

160.meter receiver, simple 
W6FPO D. 44. Nov 70 

1.9 MHz receiver 
W3TNO 0. 6. Dec 69 432-MHz converter, low-noise 

K6JC p. 34, Oct 
432 MHz preamp (HN) 

WlDTY p. 66, Aug 

7-MHz d~rect.conversion recelver 
W0YBF p. 16, Jan 77 

7-MHz ssb recelver and transmitter. simole 
~ i r e c c c o n v e r s i o n  receivers, improved 

selectivity 
K6BIJ p. 32. Apr 72 432 MHz preamplif ier and converter 

WA2GCF p. 40, Jul 
1296-MHz converter. solid-state 

VE3GSD 
Short clrcult 

p. 6; Mar 74 
D. 62. Dec 74 Direct-conversion receivers, 

s imple active fi l ters for  
W7ZOI p. 12. Apr 74 

Double-conversion h f  receiver with 
mechanical frequency readout 
Perolo p. 26, Oct 76 

Fet converter for 10 to 40 meters, second- 
generation 
VE3GFN p. 28, Jan 70 
Short circuit p. 79, Jun 70 

Frequency synthes~zed local.osc~llator system 
W7GHM p. 60, Oct 78 

Frequency synthesizer for the Drake R.4 
W6NBI p. 6. Aug 72 
Modification (letter) p. 74, Sep 74 

General coverage communications receiver 
W6URH p. 10. NOV 77 

Gonset converter, solid-state modiftcation of 
Schuler p. 58, Sep 69 

Hammarlund HQ215, adding 160.meter 
coverage 
W2GHK p. 32. Jan 72 

Heath SB-650 frequency display, using 
with other receivers 
K2BYM P. 40. Jun 73 

VK4ZT p. 6, Nov 
1296 MHz, double.balanced mixers for  

WA6UAM p. 8, Jul 
1296-MHz preampl i f~er  

WA6UAM D. 42. Oct 

vhf receivers 
and converters 
Converters for six and two meters, mosfet 

WB2EGZ p. 41, Feb 
Short circuit p. 96. Dec 

Cooled preamplif ler for vhf.uhf 
WA0RDX p. 36. Jul 

F11ter.preamplifiers for  50 and 144 MHz 
etched 
W5KNT p. 6, Feb 

Fm channel scanner 
W2FPP p. 29. Aug 

Fm communications receiver, modular 
KBAUH p. 32, Jun 
Correction p. 71, Jan 

Fm receiver frequency control (letter) 
W3AFN p. 65, Apr 

Fm receiver performance, comparison of 
VE7ABK p. 68, Aug 

Fm receiver, multichannel for  six and two 
WlSNN p. 54, Feb 

Fm receiver, tunable vhf 
K8AUH p. 34, Nov 

Fm receiver, uhf 
WA2GCF p. 6, Nov 

Fm repeaters, receiving system 
degradation in  
K5ZBA p. 36. May 

1296-MHz preamplif ier, low-noise 
WA2VTR p. 50, Jun 
Added note (letter) o. 65. Jan , . 

2340.MHz converter, io l id -s ta te  
KPJNG, WA2LTM. WA2VTR p. 16, Mar 

2304-MHz preampl~f ier ,  solid-state 
WA2VTR p. 20, Aug 

receivers and converters, 
test and troubleshooting 
Rf and i.f amplifiers, troubleshooting 

Allen p. 60, Sep 
Weak-signal source, variable-output 

K6JYO p. 36. Sep 
Weak-signal source, 144 and 432 MHz 

K6JC p. 58. h!ar High dynamic range receiver input stages 
DJ2LR p. 26, Oct 75 

High-frequency DX receiver 
WB2ZVU p. 10. Dec 76 

Incremental tuning t o  your 
transceiver, adding 
VE3GFN p. 66, Feb 7 1  

Monitor ing oscillator 
W2JIO p. 36. Dec 72 

RTTY 
AFSK, digital 

WA4VOS 
Short circuit 

p. 22. Mar 
p. 94, Nay  
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AFSK generator (HN) 
F E K ~  p. 69. Jul  76 

AFSK generator and demodulator 
WB9ATW p. 26, Sep 77 

AFSK generator, crystal-controlled 
K7BVT o. 13. Jul 72 . . 

AFSK generator, crystal-controlled 
W6LLO p. 14, Dec 73 
Sluggish oscillator (letter) p. 59, Dec 74 

Audio.trequency keyer, simple 
W2LTJ p. 56, Aug 75 

Audio.frequency shift keyer 
KH6FMT 0. 45, Seo 76 

Audio-frequency shift keyer. simple' (C&T) 
' 

WlDTY p. 43. Apr 76 
Audio-shift keyer, continuous-phase 

VE3CTP p. 10, Oct 73 
Short c i r c u ~ t  p. 64, Mar 74 

Automatic frequency control for receiving RTTY 
W5NPO p. 50. Sep 71 
Added note (letter) p. 66. Jan 72 

Autostart, digital RTTY 
K4EEU P. 6. Jun 73 

Autostart monitor receiver 
K4EED p. 37, Dec 72 

CRT intensifier for RTTY 
K4VFA p. 18. Jul 71 

Carriage return, adding to the automatic 
line-feed generator (HN) 
K4EEU D. 71. S ~ D  74 . . .  

Cleaning teleprinters (HN) 
W8CD D. 86. May 78 

Coherent frequency-shift keying, n i e d  for 
K3WJQ p. 30, Jun 74 
Added notes (letter) p. 58. Nov 74 

Crystal test oscillator and s~gna?  generator 
K4EEU o. 46. Mar 73 

CW memory for RTTY identif ication 
W6LLO p. 6. Jan 74 

Digital reperf/TD 
WB9ATW p. 58. Nov 78 

DT-500 demodulator 
KBHVW, K40AH. WB4KUR p. 24. Mar 76 
Short circuit p. 85, Oct 76 

DT.600 demodulator 
KgHVW, K40AH, WB4KUR p. 8. Feb 76 
Letter, K5GZR p. 78. Sep 76 
Short circuit p. 85. Oct 76 

Dual demodulator terminal uni t  
WBBATW p. 74. Oct 78 

Electronic speed conversion for RTTY teleprinters 
WA6JYJ p. 36. Dec 71 
Printed circuit for p. 54, Oct 72 

Electronic teleprinter keyboard 
W0PHY p. 56. Aug 78 

Frequencyshift meter, RTTY 
VK3ZNV p. 53, Jun 70 

Line-end indicator, IC 
W20KO o. 22. Nov 75 

Line feed, automatic for RTTY 
K4EEU D. 20. Jan 73 

Mainline ST-5 autostart and antispace 
K2YAH p. 46. Dec 72 

Mainline ST.5 RTTY demodulator 
W6FFC D. 14. Seo 70 
Short circuit b. 72; D ~ C  70 

Mainline ST-6 RTTY demodulator 
W6FFC p. 6, Jan 71 
Short circuit p. 72, Apr 71 

Mainline ST-6 RTTY demodulator, more 
uses for (letter) 
W6FFC p. 69, Jul 71  

Mainline ST-6 RTTY demodulator, troubleshooting 
W6FFC p. 50, Feb 71 

Message generator, random access memory 
RTTY ... . . 
K4EEU 0. 8. Jan 75  . . 

Message generator, RTTY 
W60XP. W8KCQ D. 30, Feb 74 

~odulator-demodu-lator for vhf ope;atlon 
W6LLO p. 34. Sep 78 

Monitor scope, phase-shift 
W3CIX p. 36, Aug 72 

Monitor scope. RTTY, Heath 
HO-10 and 58.610 as (HN) 
K9HVW p. 70. Sep 74 

Monitor scope, RTTY, solid-state 
WBZMPZ p. 33. Oct 71  

Performance and signal-to.noise ratio 
of low-frequency Lhift RTTY 
K6SR D. 62. Dec 76 

Phase-locked loop AFSK generator 
K7ZOF p. 27, Mar 73 

Phase-locked loop RTTY terminal uni t  
W4FQM p. 8, Jan 72 
Correction p. 60. May 72 
Power supply for p. 60, Jul 74 
Optimization of the phase. 
locked terminal uni t  p. 22, Sep 75 
Update, W4AYV p. 16, Aug 76 

Precise tuning with ssb gear 
WDKD p. 40. Oct 70 

Printed circuit for RTTY speed converter 
W7POG p. 54. Oct 72 

RAM RTTY message generator, increasing 
capacity of (HN) 
F2ES p. 86, Dct 77 

Receiver-demodulator for RTTY net 
operation 
VE7BRK p. 42, Feb 73 

Ribbon re.inkers 
W6FFC p. 30, Jun 72 

RTTY converter, miniature IC 
K9MRL p. 40, May 69 
Short circuit p. 80, Aug 69 

RTTY distortion: causes and cures 
WB61MP p. 36. Sep 72 

RTTY for the blind (letter) 
VE7BRK p. 76, Aug 72 

RTTY. introduction to  
K ~ J  FP p. 38, Jun 69 

RTTY line.length indicator (HN) . . 
W2UVF p. 62. Nov 73 

RTTY reception with Heath SB receivers (HN) 
K9HVW P. 64, 

Selcom 
K9HVW. WB4KUR. K4EID o 10. ~~. 

Serial converter for %level teleprinters 
VE3CTP P. 67. 
Short circuit P. 68, 

Signal Generator, RTTY 
W7ZTC P. 23, 
Short circuit P. 96. 

Simple circuit replaces jack patch panel 
K4STE P. 25. 

Speed control, electronic, for RTTY 

. . 
Oct 

Jun 

Aug 
Dec 

Mar 
Dec 

A P ~  

W3VF p. 50. Aug 74 
ST.5 keys polar relay (HN) 

WQILPD p. 72. May 74 
Swan 350 and 400 equipment on RTTY (HN) 

WB2MlC p. 67. Aug 69 
Synchrophase afsk oscillator 

W6FOO p. 30. Dec 70 
Synchrophase RTTY reception 

W6FOO p. 38, Nov 70 
Tape editor 

W3EAG p. 32, Jun 77 
Teleprinters, new look i n  

W6JTT p. 38, Jul 70 
Terminal unit, phase-locked loop 

W4FQM p. 8. Jan 72 
Correction p. 60, May 72 

Terminal unit, phase-locked loop 
W4AYV p. 36, Feb 75 

Terminal unit, variable-shift RTTY 
W3VF p. 16. Nov 73 

Test generator, RTTY 
WB9ATW p. 64, Jan 78 

Test generator. RTTY (HN) 
W3EAG p. 67. Jan 73 

Test generator. RTTY (HN) 
W3EAG p. 59, Mar 73 

Test-message generator. RTTY 
KgGSC, K9PKQ p. 30, Nov 76 

Timeidate printout 
W0LZT p. 18, Jun 76 
Short circuit p. 68, Dec 77 

Voltage supply, precision for 
phase-locked terminal uni t  (HN) 
WA6TLA p. 60. Jul 74 

satellites 
Amsat-Oscar D 

W3PK. G3ZCZ p. 16, Apr 78 
Antenna control, automatic azimuth/elevation 

for satellite communications 
WA3HLT p. 26. Jan 75 
Correction p. 58, Dec 75 

Antenna, simple satellite (HN) 
WA6PXY p. 59. Feb 75 

Antennas, simple, for satellite 
communications 
K4GSX p. 24. May 74 

Az.el antenna mount for satellite 
communications 
WPLX p. 34, Mar 75 

Calcu-puter, OSCAR 
W9CGI p. 34, Dec 78 

Circularly-polarized ground.plane 
antenna for satellite communications 
K4GSX p. 28, Dec 74 

Communications, first step to satellite 
KlMTA p. 52, Nov 72 
Added notes (letter) p. 73, Apr 73 

Future of the amateur satellite service 
K2UBC p. 32. Aug 77 

Medical data relay via Oscar 
K7RGE p. 67, Apr 77 

Oscar antenna (C&T) 
WlDTY p. 50. Jun 76 

Oscar antenna, mobile (HN) 
W60AL p. 67. May 76 

Oscar az-el antenna system 
WAlNXP p. 70, May 78 

Oscar tracking program. HP-65 
calculator (letters) 
WA3THD p. 71, Jan 76 

Oscar 7, communications techniques for 
G3ZCZ p. 6, Apr 74 

Programming for automated satellite 
communicat~on 
KP4MD p. 68, Jun 78 

Receiving preamplifier for OSCAR 8 Mode J 
KlRX and Puglia p. 20, Jun 78 

Satellite t racking - point ing and 
range with with a pocket calculator 
Ball, John A. p. 40, Feb 78 

Signal polarization, satellite 
KH61J p. 6, Dec 72 

Tracking the OSCAR satellites 
Harmon, WA6UAP p. 18. Sep 77 

28-30 MHz preamplif ier for satellite 
reception 
WlJAA p. 48, Oct 75 

432.MHz OSCAR antenna (HN) 
WlJAA p. 58, Jul 75 

semiconductors 
Antenna bearings for aeostationary 

satellites, ca~cu la t ing  
N 6TX P. 67. 

Antenna switch for meters, solid-state 
K2ZSQ P. 48, 

Avalanche transistor circuits 
W4NVK P. 22, 

May 

May 

Dec 
Charge flow in semiconductors 

WB6BlH p. 50. Apr 71 
Converting a vacuum-tube receiver to  

solid-state 
WlOOP 
Short circuit 

p. 26. Feb 69 
p. 76. Jul  69 

Diodes, evaluating 
W5JJ p. 52, Dec 71 

Dynamic transistor tester (HN) 
VE7ABK p. 65, Oct 71 

European semiconductor numbering system (C8.T) 
WlDTY p. 42. Apr 76 

Fet bias problems simplif ied 
WA5SNZ p. 50, Mar 74 

Fet biasing 
WJFQJ p. 61. Nov 72 

Fetrons, solid-state replacements for tubes 
WlDTY p. 4. Aug 72 
Added notes n. 66, Oct 73: p. 62, Jun 74 - -  - 

Frequency multipliers 
W6GXN p. 6. Aug 71 

Frequency multipliers, transistor 
W6AJF p. 49. Jun 70 

GaAs field-effect transistors, introduction 
WA2ZZF p. 74, Jan 78 

Glass semiconductors 
W 1 EZT p. 54, Jul  69 

Grid-dip oscillator, solid-state conversion of 
W6AJZ p. 20, Jun 70 

Heatsink problems, how to solve transistor 
WA5SNZ p. 46, Jan 74 

Impulse generator, snap diode 
Siegal, Turner p. 29, Oct 72 

Injection lasers, high power 
Mim+ D. 28. See 71 . . . . . . - 

lnjection lasers (letter) 
Mims p. 64, Apr 71 

Llnear power amplifier, high power solid.state 
Chambers p. 6. Aug 74 

Linear transistor amplif ier 
W3FQJ p. 59, Sep 71  

Matching techniques, broadband, for 
transistor rf amplifiers 
WA7WHZ p. 30, Jan 77 

Microwave amplifier design, solid state 
WA6UAM p. 40, Oct 76 

Mobile converter, solid-state modification of 
Schuler p. 58. Sep 69 

Mosfet circuits 
W3FQJ 

Mosfet Dower amolifier. . . 
W A ~ W L W  

Mosfet transistors (HN) 
WB2EGZ 

Mospower fet  (letter) 
W3OOM 

P. 50, 
meters 

P. 12, 

P. 72. 

p. 110, 

Fe b 

Nov 

Aug 

Mar 
~ o t ~ r i l a  fets (letter) 

WlCER p. 64, Apr 71 
Neutralizing small-signal amplif iers 

WA4WDK p. 40, Sep 70 
Noise, zener-diode (HN) 

VE7ABK p. 59, Jun 75 
Parasitic oscillations in high.power 

translstor rf ampl l f~ers  
W0KGI p. 54, Sep 70 

Pentode replacement (HN) 
WlDTY p. 70, Feb 70 

Power dissipation ratings of transistors 
WN9CGW p. 56, Jun 71 

Power fets 
W3FQJ p. 34, Apr 71  

Power transistors, parallell ing (HN) 
WA5EKA p. 62, Jan 72 

Protecting solid-state devices from 
voltage transients 
WBSDEP p. 74. Jun 78 

Relay, transistor replaces (HN) 
W3NK p. 72, Jan 70 

Rf power detecting devices 
K6JYO p. 28, Jun 70 

Rf power transistors, how to  use 
WA7KRE p. 8. Jan 70 

Snap diode impulse generator 
Siegal. Turner p. 29, Oct 72 

Surplus transistors, identifying 
W2FPP p. 38, Dec 70 
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Switching inductive loads with 
solid-state devices (HN) 
WA6ROC p. 99, Jun 78 

Thyristors, introduction to  
WA7KRE p. 54, Oct 70 

Transconductance tester for field.effect 
transistors 
W6NBI p. 44, Sep 71  

Transistor amplifiers, tabulated 
characteristics Of 
W5JJ p. 30. Mar 71 

Transistor and diode tester 
ZLZAMJ p. 65, Nov 70 

Transistor breakdown voltages 
WA5EKA p. 44, Feb 75 

Transistors for vhf transmitters (HN) 
WlOOP p. 74, Sep 69 

Transistor testing 
Ailei; p. 62. Jo! 70 

Trapatt diodes (letter! 
WA7NLA p. 72, Apr 72 

Vfo transistors (HN) 
WlOOP p. 74, Nov 69 

Y parameters in rf design, using 
WAQiTCU p. 46, Jul  72 

Zener tester, Low voltage (HN) 
K3DPJ p. 72, Nov 69 

single sideband 
moduiaior. integrated-circuit 

p. 6. 
Balanced modulators, dual fet 

W3FQJ p. 63, Oct 71 
Communications receiver, phasing-type 

WA0JYK p. 6, Aug 73 
Detector, ssb, IC (HN) 

K40DS p. 67, Dec 72 
Correction p. 72. Apr 73 

Double-balanced modulator, broadband 
WA6NCT p. 8, Mar 70 

Electronjc bias switching for linear 
amplif iers 
W6VFR p. 50, Mar 75 

Filters, ssb (HN) 
K6KA p. 63, Nov 73 

Frequency dividers for ssb 
W7BZ p. 24, Dec 71 

Hang agc circuit for ssb and CW 
WlERJ p. 50, Sep 72 

Intermittent voice operation of power tubes 
W6SAI p. 24. Jan 71  

Intermodulation.d~stortion measurements 
on ssb transmitters 
W6VFR p. 34. Sep 74 

Linear amolifier, five-band conduction. - 
cooled 
W9KIT p. 6, Jul 72 

Linear amplifier, five.band kilowatt 
W40Q p. 14. Jan 74 
Improved operation (letter) p. 59. Dec 74 

Linear amplifier, homebrew five-band 
W71V p. 30. Mar 70 

Linear amplif ier performance, improving 
W4PSJ p. 68, Oct 71 

Linear amplifier, 100.watt 
W6WR p. 28, Dec 75 

Linear, five.band hf 
W7DI p. 6, Mar 72 

~ i & r  for 80-10 meters, high-power 
W6HHN p. 56, Apr 71 
Short circuit p. 96. Dec 71 

Linearity meter for ssb amplifiers 
W4MB p. 40. Jun 76 

Linears, three bands with two (HN) 
W4NJF p. 70, Nov 69 

Minituner, ssb 
K lBQT p. 16, Oct 70 

Modifying the Heath SB-200 amplifier 
for the new 8873 zero-bias triode 
W6UOV p. 32, Jan 71  

Peak envelope power, how to measure 
W5JJ p. 32. Nov 74 

Phase-shift networks, design crlteria for 
G3NRW p. 34, Jun 70 

Power supplies for ssb 
Belt p. 38. Feb 69 

Precise tuning with ssb gear 
WQIKD p. 40. Oct 70 

Pre.emphasis for ssb transmitters 
OH2CD p. 38. Feb 72 - .  -.- 

Rating tubes for linear amplif ier service 
W6UOV. W6SAI p. 50, Mar 71  

Rf clipper for the Collins S.line 
K6JYO p. 18, Aug 71 
Let ter  o. 68. Dec 71  

Rf speech processor, ssb 
W2MB p. 18. Sep 73 

Sideband location (HN) 
K6KA p. 62, Aug 73 

Solid.state circuits for ssb 
Belt p. 18. Jan 69 

Solid-state transmitting converter for - - - 
144.MHz ssb 
W6NBI p. 6, Feb 74 
Short circuit p. 62, Dec 74 

Speech process, logarithmic 
WA3FlY p. 38, Jan 70 

Speech clipper. IC 
K6HTM 
Added notes (letter) 

p. 18. Feb 73 
p. 64, Oct 73 

Speech clipper, rf, construction 
G6XN p. 12, Dec 72 

Speech clippers, rf, performance of 
GGXN p. 26, Nov 72 
Added notes p. 58. Aug 73; p. 72, Sep 74 

Speech clipping 
K6KA p. 24, Apr 69 

Speech clipping in single-sideband equipment 
KlYZW p. 22. Feb 71 

Speech processing, pnnrlples of 
ZLlBEj p. 28. Feb 75 
Added notes p. 75. May 75; p. 64, Nov 75 

Speech processor for ssb 
K6PHT p. 22. Apr 70 

Speech processor, ssb 
VK9GN o. 31, Dec 71 

Speech splatter on stngle s~deband 
W4MB p. 28, Sep 75 

Ssb generator, phasing-type 
W7CMJ p. 22, Apr 73 
Added comments (letter) p. 65, Nov 73 

Ssb generator, 9-MHz 
W9KIT p. 6, Dec 70 

Ssb phasing techniques, review 
VKZZTB p. 52, Jan 78 

Ssb phasing techn,qoes, ievieiv (letter: 
WB9YEM p. 82, Aug 78 

Phasing networks (letter) 
W2ESri p. 6, N o v  78 

Ssb transceiver, IC, for 80 meters 
VE3GSD p. 48, Apr 76 

Switching and linear amplification 
W3FQJ p. 61. Oct 71 

Syllabic vox system for Drake equipment 
W6RM P. 24. Aug 76 

Transceiver, high-frequency with d ~ g ~ t a l  readout 
DJZLR p. 12, Mar 78 

Transce~ver. miniature 7-MHz 
W7BBX p. 16. Jul 74 

Transceiver, single-band ssb 
W 1 DTY p. 8, Jun 69 

Transceiver, ssb. IC 
G3ZVC p. 34, Aug 74 
Circuit change (letter) p. 62, Sep 75 

Transceiver, ssb, ustng LM373 IC 
W5BAA p. 32, Nov 73 

Transceiver, 3.5-MHz ssb 
VE6ABX p. 6, Mar 73 

Transmitter alignment 
Allen p. 62, Oct 69 

Transmitter and receiver for 40 meters, ssb 
VE3GSD p. 6, Mar 74 
Short circuit p. 62, Dec 74 

Transmitter, phasing-type ssb 
WAOJYK p. 8, Jun 75 

Transmitting mixers, 6 and 2 meters 
K2lSP p. 8. Apr 69 

Transverter, low-power, high-frequency 
W0RBR p. 12, Dec 78 

Trapezoidal monitor scope 
VE3CUS p. 22. Dec 69 

TTL ICs, using in ssb equipment 
G4ADJ p. 18, Nov 75 

Tuning up ssb transmitters 
Allen p. 62. Nov 69 

TWO-tone oscillator for ssb testing 
W6GXN p. 11. Apr 72 

Vacuum tubes, using odd-ball types in 
linear amplifier service 
W5JJ p. 58. Sep 72 

Vhf, uhf transverter, input source for (HN) 
F8MK p. 69, Sep 70 

Vox, versatile 
W9KIT p. 50. Jul  71 
Short circuit p. 96, Dec 71 

144.MHz linear, 2kW 
W6UOV. W6ZO. K6DC p. 26, Apr 70 

144.MHz low.drive kilowatt linear 
W6HHN p. 26. Jul 70 

144-MHz transverter, the TR.144 
KlRAK p. 24, Feb 72 

432 MHz rf power amplifier 
K6JC p. 40. Apr 70 

432-MHz ssb converter 
K6JC p. 48, Jan 70 
Short circuit p. 79, Jun 70 

432-MHz ssb, practical approach to  
WA2FSQ p. 6, Jun 71  

1296-MHz ssb transceiver 
WA6UAM p. 8, Sep 74 

television 
Broadcast quality television camera 

WA8RMC p. 10. Jan 78 
Callsign generator 

WB2CPA p. 34. Feb 77 
Camera and monitor, sstv 

VE3EGO. Watson p. 38, Apr 69 
Caption device for SSTV 

G3LTZ p. 61, Jul 77 
Color tv, slow-scan 

W4UMF, WB8DQT p. 59, Dec 69 

Computer, processing, sstv pictures 
W4UMF p. 30, Jul  70 

Fast.scan camera converter for sstv 
WA9UHV p. 22. Jul 74 

Fast- to  slow-scan conversion, tv  
W3EFG. W3YZC p. 32, Jul 71 

Frequency-selective and sensitivity- 
controlled sstv preamp 
DK lBF  p. 36. Nov 75 

Interlaced sync generator for ATV camera control 
WA8RMC p. 10, Sep 77 

Slow-scan television 
WAZEMC p. 52, Dec 69 

Slow-to-fast-scan television conuerters, 
an introduction 
K4TWJ p. 44, Aug 76 

Sync generator for black-and.white 525-line TV 
K4EEU p. 79, Jul 77 

Sync generator. IC, for AT'/ 
WQIKGl p. 34. Jul 75 

Synch generator, sstv (letter) 
W l l A  p. 73, Apr 73 

Television DX 
WA9RAQ p. 30. Aug 73 

Test generator, sstv 
K4EEU p. 6, Jul 73 

Vestigial sideband microtransmitter 
for amateur television 
WA6UAM p. 20, Feb 76 
Short c i r cu~ t  p. 94. May 77 

50 years of television 
WlDTY. K4TW.i p. 36. Feb 76 
Letter, WA6JFP p. 77, Sep 76 

transmitters and 
power amplifiers 
general 
Amplitude modulation, a different approach 

WA5SNZ p. 50. Feb 70 
Batteries, how to  select for portable 

equipment 
WAQiAlK p. 40, Aug 73 

Blower maintenance (HN) 
W6NIF p. 71, Feb 71 

Blower-to.chassis adapter (HN) 
K6JYO p. 73, Feb 71  

Digital readout, universal 
WB8lFM p. 34, Dec 78 

Digital vfo basics 
Earnshaw p. 18, Nov 78 

Efficiency of linear power amplifiers, 
how t o  compare 
W5JJ p. 64, Jul 73 

Electronic bias switching for linear 
amplif iers 
W6VFR p. 50, Mar 75 

Fail-safe timer, transmitter (HN) 
K9HVW p. 72. Oct 74 

Filter converter, an  up/down 
W5DA p. 20, Dec 77 

Filters, ssb (HN) 
K6KA p. 63, Nov 73 

Frequency multipliers 
W6GXN p. 6. Aug 71  

High-voltage fuses in l ~nea r  amplif iers (HN) 
K9MM p. 76, Feb 78 

lntermittent voice operation of power 
tubes 
W6SAI P. 24. Jan 71 

Key and vox clicks (HN) 
K6KA p. 74, Aug 72 

Lowpass fi lters for solid-state linear amplif iers 
WAQIJYK p. 38. Mar 74 
Short circuit p. 62. Dec 74 

Matching techniques, broadband, for 
transistor r f  amplif iers 
WA7WHZ p. 30. Jan 77 

Multiple tubes i n  parallel grounding gr id (HN) 
W7CSD p. 60. Aug 71  

National NCX-500 modification for 15 meters (HN) 
WAlKYO p. 87, Oct 77 

Networks, transmitter matching 
W6FFC p. 6, Jan 73 

Neutralizing t i p  (HN) 
ZE6JP p. 69. Dec 72 

Parasitic oscillations in high-power 
transistor r f  amplif iers 
WQiKGl p. 54. Sep 70 

Parasitic suppressor (HN) 
WA9JMY p. 80. Apr 70 

Pi network design 
Anderson, Leonard H. p. 36, Mar 78 

Pi network design aid 
W6NIF p. 62, May 74 
Correction (letter) p. 58, Dec 74 

Pi-network design, high-frequency 
power amplif ier 

- 

W6FFC p. 6, Sep 72 
Pi networks (letter) 

W6NIF p. 6, Oct 78 
Pi-network inductors (letter) 

W71V p. 78, Dec 72 
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Pimetwork r f  choke (HN) 
W6KNE p. 98, Jun 78 

Pi networks, sertes tuned 
W2EGH p. 42, Oct 71 

Power attenuator, all-band 10.dB 
K lCCL p. 68, Apr 70 

Power fets 
W3FQJ p. 34, Apr 71 

Power tube open fi lament plns (HN) 
W9KNI p. 69, Apr 75 

Pre-emphasis for ssb transmitters 
OH2CD p. 38. Feb 72 

Relay activator (HN) 
K6KA p. 62. Sep 71 

Rf leakage from your transmitter, preventing 
K9MM p. 44. Jun 78 

Rf power amplifiers, high-efficiency 
WB8LQK p. 8. Oct 74 

Rf power transistors, how to use 
WA7KRE p. 8, Jan 70 

Sstv reporting system 
WB6ZYE p. 78. Sep 76 

Step-start circuit, high.voltage (HN) 
W6VFR p. 64. Sep 71 

Swr alarm circuits 
W2EEY p. 73, Apr 70 

Temperature alarms for high.power amplifiers 
W2EEY p. 48, Jul 70 

Transmitter power levels, some 
observations regarding 
WA5SNZ p. 62. Apr 71 

Transmitter, remote keying (HN) 
WA3HDU p. 74. Oct 6 1  

Transmit ter- iun~ng uni t  for the blind 
W9NTP p. 60. Jun 71 

Vacuum tubes, using odd.ball types in 
linear amplif iers 
W5JJ p. 58. Sep 72 

Vfo, digital readout 
WB81FM p. 14, Jan 73 

high-frequency 
transmitters 
ART-13. Modifying for noiseless CW (HN) 

K5GKN p. 68, Aug 69 
CW transceiver for 40 and 80 meters 

W3NNL. K3010 p. 14, Jul 69 
CW transceiver for 40 and 80 meters, improved 

W3NNL 0. 18. Jul 77 
CW transceiver, low-power 20-meter' 

W7ZOI D. 8. NOV 74 
CW transmitter, half-watt 

K0VQY p. 69. Nov 69 
Driver and final for 40 and 80 meters, 

solid-state 
W3QBO p. 20, Feb 72 

Electronic bias switch for negativelybiased 
power amplifiers 
WA5KPG p. 27. Nov 76 

Field-effect transistor transmitters 
K2BLA D. 30. Feb 71 

Filters, low.pass for 10 and 15 meters 
W2EEY p. 42. Jan 72 

Five-band transmitter, hf, solid-state 
I5TDJ p. 24. Apr 77 

Frequency synthesizer, high frequency 
K2 B LA p. 16, Oct 72 

Grounded-grid 2 kW PEP amolifier. 
h igh frequency 
W6SAI p. 6, Feb 69 

Heath HW-101 transceiver, using with 
a separate receiver (HN) 
WAlMKP p. 63. Oct 73 

Linear ampl i f~er,  five-band 
W71V D. 30. Mar 70 

Linear amplifier, five-band conductjon-cooled 
W9KIT p. 6, Jul 72 

Linear amplif ier performance, improving 
W4PSJ p. 68, Oct 71 

Linear amplifier, 100-watt 
W6WR p. 28. Dec 75 

Linear amplifiers, modifying for full 
break-in operation 
K4XU D. 38.  AD^ 78 

Linear, five.band h f  
W7DI P. 6, Mar 72 

Linear, five.band kilowatt 
W40Q p. 14, Jan 74 
Improved operation (letter) p. 59, Dec 74 

Linear for 80.10 meters, high.power 
W6HHN p. 56, Apr 71 
Short circuit p. 96. Dec 71 

Linear power amplifier, high-power 
solid-state 
Chambers P. 6, Aug 74 

Linears, three bands with two (HN) 
W4NJF D. 70. Nov 69 

Lowpass filter, high.frequency 
W2OLU D. 24. Mar 75 
Short circuit p. 59, Jun 75 

Modifying the Heath SB,200 amplif ier for 
the new 8873 zero-bias triode 
W6UOV p. 32. Jan 71  

Mosfet Dower am~ l i f i e r .  for 160 . 6 meters 
W A ~ W L W  p. 12, Nov 78 

Phase-locked loop, 28 MHz 
WlKNl  D. 40. Jan 73 

QRP fet transmitter, 80.meter 
W3FQJ p. 50, Aug 75 

Ssb transceiver, miniature 7-MHz 
W7BBX p. 16, Jul 74 

Ssb transceiver using LM373 IC 
WSBAA p. 32, Nov 73 

Ssb transcetver. 9.MHz. iC 
G3ZVC o. 34. Aue 74 
Circutt change (letter) b. 62. ~ e p  75 

Ssb transmitter and receiver, 40 meters 
VE3GSD p. 6, Mar 74 
Short circuit p. 62. Oec 74 

Ssb transmitter. Dhasina tvoe - ., 
WADJYK p. 8, Jun 75 

Tank circuit, inductively-tuned high-frequency 
W6SAI 0.  6. Jul 70 ~. - -  

Transceiver, high-frequency with digital readout 
DJPLR D. 12. Mar 78 . . 

Transcetver, single-band ssb 
WlDTY p. 8, Jun 69 

Transceiver, 3.5.MHz ssb 
VE6ABX p. 6. Mar 73 

Transmitter, five.band, CW and ssb 
WN3WTG P. 34, Jan 77 

Transmitter, low-power 
W6NlF p. 26. Dec 70 

Transmitter, universal flea-power 
K2ZSQ p. 58. Apr 69 

Ttansverter, low-power, high.frequency 
WADRBR p. 12, Dec 78 

W~deband linear ampi i f~er,  4 watt 
VE5FP P. 42, Jan 76 

3-4002, 3-5002 filament circuits, notes on 
K9WEH p. 66, Apr 76 

7-MHz QRP CW transmitter 
WA4MTH p. 26, Dec 76 

14-MHz vfo transmitter, solid.state 
W3QBO p. 6, Nov 73 

160-meters, 500-watt power amplif ier 
W2BP p. 8, Aug 75 

vhf and uhf transmitters 
Fm repeater transmitter, improving 

W6GDO p. 24, Oct 69 
Linear for 2 meters 

W4KAE p. 47, Jan 69 
Phase4ocked loop, 50 MHz 

WlKNl  p. 40, Jan 73 
Transistors for vhf transmitters (HN) 

WlOOP p. 74. Sep 69 
Transmitter, flea power 

K2ZSQ p. 58. Apr 69 
Transmitting mixers for 6 and 2 meters 

K21SP p. 8, Apr 69 
Transverter for 6 meters 

WA91GU p. 44, Jul 69 
Vhf linear, 2kW, design data for 

W6UOV p. 6, Mar 69 
10-GHz transceiver for amateur 

microwave communications 
DJ700 p. 10, Aug 78 

30.MHz preamplifier, low-noise 
WlHR p. 38, Oct 78 

50-MHz kilowatt, inductively tuned 
KlDPP p. 8, Sep 75 

50.MHz linear ampl~ f ie r  
KlRAK p. 38, Nov 71 

50.MHz linear amplifier, 2-kW 
W6UOV P 16. Feb 71 

50-MHz linear, inductively tuned 
W6SAl p 6, Jul 70 

50-MHz transverter 
KlRAK p. 12, Mar 71 

50/144.MHz multimode transmitter 
K2lSP p. 28, Sep 70 

144.MHz fm  transmitter 
W9SEK p. 6, Apr 72 

144-MHz f m  transmitter, solid-state 
W6AJ F p. 14, Jul 71 

144.MHz f m  transmitter, Sonobaby 
WA0UZO p. 8, Oct 71 
Short ctrcuit p. 96, Dec 71  
Crystal deck for p. 26, Oct 72 

144-MHz low-drive kilowatt linear 
W6HHN p. 26, Jul 70 

144.MHz low-power solid.state transmitter 
K0VQY p. 52, Mar 70 

144.MHz phase.modulated transmitter 
W6AJF p, 18, Feb 70 

144-MHz power amplifier, h igh performance 
W6UOV p. 22, Aug 71 

144.MHz power amplifier, 10.watt solid.state 
W 1 DTY p. 67, Jan 74 

144.MHz rf power amplifiers, solid state 
W4CGC p. 6, Apr 73 

144-MHz transmitting converter, solid-state ssb 
W6NBI p. 6, Feb 74 
Short circuit p. 62, Dec 74 

144.MHz transceiver, a.m 
KlAOB p. 55, Dec 71  

144-MHz two.kilowatt linear 
W6UOV, W6ZO. K6DC P 26, Apr 70 

144- and 432- stripline amplif ier/tripler 
K2RlW p. 6, Feb 70 

220-MHz exciter 
WB6DJV p. 50, Nov 71  

220-MHz power amplifier 
W6UOV p. 44. Dec 71  

220-MHz, r f  power amplif ier for 
WB6OJV p. 44, Jan 71 

220-MHz rf power ampl i f~er,  vhf f m  
K7JUE p. 6, Sep 73 

432.MHz exciter, solid-state 
WlOOP p. 38, Oct 69 

432-MHz rf  power amplifier 
K6JC p. 40, Apr 70 

432-MHz solid.state linear amplifter 
W56QXF P. 30, Aug 75 

432-MHz ssb converter 
K6JC p. 48, Jan 70 
Short circuit P. 79. Jun 70 

432-MHz 100.watt solid-state power amplif ier 
WA7CNP p. 36, Sep 75 

1296-MHz freouencv trioler 
K4SUM. W ~ A P I  . ' p. 40, Sep 69 

1296.MHz power amplif ier 
W2COH. W2CCY. W20J, 
W l M U  p. 43, Mar 70 

2304.MHz power amplif ier 
WA9HUV p. 8, Feb 75 

transmitters and 
power amplifiers, 
test and troubleshooting 
Ssb transmitter alignment 

Allen p. 62, Oct 69 
Tuning up ssb transmitters 

Alien p. 62, Nov 69 

troubleshooting 
Analyzing wrong dc voltages 

Allen p. 54, Feb 69 
Audio distortion, curing in speech 

amplifiers 
Alien p. 42, Aug 70 

Basic troubleshooting 
James p. 54, Jan 76 

Dc.dc converters, curing trouble in 
Allen p. 56, Jun 70 

Logic circuits, troubieshooting 
WBGRG p. 56, Feb 77 

Mobile power supplies, troubleshooting 
Allen p. 56, Jun 70 

Ohmmeter troubleshooting 
Allen p. 52, Jan 69 

Oscillators, repairing 
Allen p. 69, Mar 70 

Oscillator troubleshooting (repair bench) 
K41PV p. 54, Mar 77 

Oscilloscope, putt ing to work 
Allen p. 64, Sep 69 

Oscilloscope, troubleshooting amateur 
gear with 
Allen p. 52, Aug 69 

Power supply, troubleshooting 
K41PV p. 78, Sep 77 

Receiver alignment techniques, vhf f m  
K4 l PV p. 14, Aug 75 

Receivers, troubleshooting the dead 
K4 1 PV p. 56, Jun 76 

Resistance measurement, troubleshooting by 
James p. 58, Apr 76 

Rf and i-f amplifiers, troubleshooting 
Allen p. 60, Sep 70 

Speech amplifiers, curing distortlon 
Allen p. 42, Aug 70 

Ssb transmitter alignment 
Allen p. 62, Oct 69 

Sweep generator, how to  use 
Allen p. 60, Apr 70 

Transistor circuits, troubleshooting 
K41PV p. 60, Sep 76 

Transistor testing 
Allen p. 62. Jul 70 

Tuning up ssb transmitters 
Allen p. 62, Nov 69 

Voltage troubleshooting 
James p. 64, Feb 76 

vhf and microwave 
general 
Artificial radio aurora, vhf 

scattering characteristics 
WB6KAP p. 18, Nov 74 

A-m modulation monitor (HN) 
K7UNL p. 67, Jul  71 

Band change from six to two meters, quick 
K0YQY p. 64, Feb 70 

Bandpass filters, single-pole 
W6HPH p. 51. Sep 69 
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Bandpass filters, 25 t o  2500 MHz 
K6RIL p. 46, Sep 69 

Bypassing. rf, a t  vhf  
WB6BHI p. 50. Jan 72 

Cavity filter, 144.MHz 
W l S N N  p. 22, Dec 73 
Short clrcuit p. 64, Mar 74 

Coaxial filter, vhf 
W6SAI p. 36. Aug 71  

Coaxial-line resonators (HN) 
WA7KRE P. 82. Apr 70 

Coil-winding data, practical vhf and uhf 
K3SVC p. 6. Apt' 71  

Effective radiated power (HN; 
VE7CB p. 72, May 73 

Frequency multipliers 
W6GXN p. 6, Aug 71  

Frequency multipliers, transistor 
W6AJF p. 49. Jun 70 

Frequency scaler, 500-Mhz 
W6URH P. 32. Jun 75 

Frequency scalers, 1200.MHz 
WB9KEY p. 38. Feb 75 

Freauencv svnchronization for  
scatter-mdde propagation 
K2OVS D. 26. S ~ P  

Frequency synthesizer. 220 MHz 
W6GXN p. 8. Dec 

GaAs f~eld-ef fect  transistors, introduction 
WA2ZZF p. 74, Jan 

Gridded tubes, vhf/uhf effects in  
W6UOV o. 8. Jan 

Harmonic generator (HN) 
W5GDQ p. 76, Oct 

Impedance bridge (HN) 
W6KZK p. 67, Feb 

Improving vhf/uhf receivers 
WlJAA p. 44. Mar 

Indicator, sensitive rf 
WB9DNI p. 38, Apr 

Klystron cooler, waveguide (HN) 
WA4WDL p. 74, Oct 

Lunar-path nomograph 
WA6NCT p. 28, Oct 

M~cros t r ip  impedance, s ~ m p l e  formula for 
W l H R  p. 72, Dec 

M~cros t r ip  t ransm~ssion line 
W l H R  p. 28. Jan 

Microwave b~bl iography 
W6HDO p. 68. Jan 

Microwave communications, amateur 
standards for 
K6HIJ p. 54, Sep 69 

Microwave frequency doubler 
WA4WDL p. 69, Mar 76 

Microwave hybrids and couplers for amateur use 
WZCTK p. 57, Jul  70 
Short  circuit p. 72. Dec 70 

Microwave marker generator, 3cm band (HN) 
WA4WDL P. 69. Jun 76 

Microwave path evaluat~on 
N7DH p. 40. Jan 78 

Microwave rf generators, solid-state 
W l H R  p. 10, Apr 77 

Microwaves, gett ing started in  
Roubal p. 53, Jun 72 

Microwaves, introduction t o  
WlCBY p. 20. Jan 72 

Microwave solid-state amplifier design 
WAbUAM p. 40, Oct 76 
Comment. VK3TK. WAbUAM p. 98. Sep 77 

Noise figure, meaning of 
K6MIO p. 26, Mar 69 

Noise figure measurements, vhf 
WB6NMT p. 36, Jun 72 

Phase-locked loop, tunable 50 MHz 
W l K N l  p. 40, Jan 73 

Polaplexer design 
K6MBL p. 40, Mar 77 

Power dividers and hybrids 
WlDAX p. 30. Aug 72 

Proportional temperature control for crystal 
ovens 
VE5FP p 44, Jan 70 

Radlo observatory, vhf 
Ham p 44. Jul  74 

Reflex klystrons, pogo stlck for  (HN) 
W6BPK p 71. Jul  73 

Rf power detecting devlces 
K6JYO p 28. Jun 70 

Satell l te communlcattons 
K l T M A  p 52, Nov 72 
Added notes (letter) p 73. Apr 73 

Satell l te slgnal polarlzatlon 
KH61J p 6, Dec 72 

Solar cycle 20, vhfer's vlew of 
WA5IYX p 46, Dec 74 

Spectrum analyzer, mlcrowave 
WA6UAM p 54, Aug 77 

Spectrum analyzer mlcrowave 
N6TX p 34. Jul  78 

Tank clrcults, des~gn of vhf 
K7UNL p 56, Nov 70 

Uhf dummy load, 150-watt 
WB6QXF p 30, Sep 76 

Uhf hardware(HN) - -- - 
W6CMQ p 76, Oct 70 

Vfo, high-stabil ity vhf 
OH2CD p. 27, Jan 72 

Vhf beacons 
K6EDX 

Vhf beacons 
W3FQJ 

p. 52, Oct 69 

p. 66, Dec 71  
Vhf circuits, eliminating parallel currents (HN) 

G31PV p. 91. May 77 
Weak-s~gnal communications 

W4LTU p. 26, Mar 78 
50-MHz bandpass fi l ter 

W4EKO p. 70. Aug 76 
50.MHz frequency synthesizer 

W l K N l  p. 26. Mar 74 
144-MHz f m  frequency meter 

W4JAZ p. 40. Jan 71  
Short circuit p. 72, Apr 71 

144-MHz frequency synthesizer 
WB4FPK p. 34. Jul  73 

144-MHz freauencv.svntnes~zer. one- . . -  
crystal 
W0KMV D. 30. Seo 73 

220-MHz frequency synthesizer 
W6GXN p. 8. Dec 74 

432-MHz ssb, practical approach t o  
WAPFSQ p. 6. j u n  71 

1296.MHz double-stub tuner 
K6LK p. 70. Dec 78 

1296-MHz microstripline bandpass filters 
WA6UAM p. 46, Dec 75 

1296-MHz microstrio filter. 
Improved ground~ng for 
NGTX p. 60, Aug 78 

2304-MHz stripline bandpass fl l ter 
WAIWDL, W B 4 U M  p. 50. Apr 77 

vhf and microwave 
antennas 
Circularly-polar~zed ground-plane 

antenna for satelltte communications 
K4GSX p. 28, Dec 74 

Feed horn, cyl~ndr ical ,  for  parabolic reflectors 
WA9HUV p 16. May 76 

Feeding and matching techniques for 
vhf/uhf antennas 
WlJAA p. 54. May 76 

Ground plane, portable vhf (HN) 
K9DHD p. 71, May 73 

Log.periodic yagi beam antenna 
K6RIL. W6SAI p. 8, Jul 69 
Correction o. 68. Feb 70 . . 

Matching techniques for vhf/uhf antennas 
WlJAA p. 50, Ju l  76 

Microstrip swr bridge, vhf and uhf 
W4CGC p. 22, Dec 72 

Microwave antenna, low-cost 
K6HIJ p. 52, Nov 69 

Oscar az-el antenna system 
WAlNXP p. 70, May 78 

Parabolic reflector antennas 
VK3ATN p. 12, May 74 

Parabolic reflector element spacing 
WA9HUV p. 28, May 75 

Parabolic reflector gain 
WZTQK p. 50, Jut 75 

Parabolic reflector, 16-foot homebrew 
WB610M p. 8, Aug 69 

Parabolic reflectors, f inding 
focal length of (HN) 
WA4WDL p. 57. Mar 74 

Swr meter 
W6VSV p. 6, Oct 70 

Transmission lines, uhf 
WA2VTR p. 36, May 71  

10 GHz, broadband antenna 
WA4WDL, WB4LJM p. 40. May 77 

10 GHz d~electr ic antenna (HN) 
WA4WDL p. 80, May 75 

50.MHz antenna coupler 
K lRAK p. 44, Jul  71  

50-MHz collinear beam 
K4ERO p. 59, Nov 69 

50-MHz cubical quad, economy 
W6DOR p. 50, Apr 69 

50-MHz mobile antenna (HN) 
W4PSJ p. 77. Oct 7 0 .  

144-MHz antenna, % wave vertlcal 
K6KLO p. 40. Jul  74 

144-MHz antenna, %.wave vert~cal, 
b u ~ l d  f rom CB moblle w h ~ p s  
WB4WSU p 67, Jun 74 

144-MHz antennas, slmple 
WA3NFW p. 30, May 73 

144-MHz antenna swltch, sol~d.state 
K2ZSQ p 48. May 69 

144-MHz colllnear antenna 
W6RJO p 12. May 72 

144-MHz colltnear uses PVC plpe mast (HN) 
K8LLZ p 66. May 76 

144-MHz four element colllnear array 
WB6KGF p. 6. May 71  

144.MHz ground plane antenna, 0.7 - wavelength 
W3WZA P 40. Mar  69 

144-MHz rnoonbounce antenna 
K6HCP p. 52, May 70 

144.MHz whip, 5/8.wave (HN) 
VE3DDD P. 70, Apr 73 

432.MHz corner reflector antenna 
WA2 FSQ p. 24, Nov 7 1  

432-MHz hiah-aain Yaai - - - 
K6HCP p. 46. Jan 76 
Comments, W0PW P 63, May 76 

432-MHz OSCAR antenna (HN) 
WIJAA p. 58, Jul  75 

432. and 1296-MHz quad-yagi arrays 
W3AED p. 20. May 73 
Short c i rcui t  o. 58. Dec 73 

440-MHz coil lnear antenna, four element 
WA6HTP 0. 38. Mav 73 

1296-MHz antenna, hlgh.ga~n 
W3AED p. 74, May 78 

1296-MHz Yaei - 
WZCQH p. 24,  May 72 

1296-MHz Yagi array 
W3AED p. 40. May 75 

vhf and microwave 
receivers and converters 
Audio filter, tunable, for  weak-signal 

cOmmun~cat ions 
K6HCP p. 28, Nov 

Calculating preamplif ier gain f rom 
noise-f~gure measurements 
N6TX p. 30. NOV 

Cooled preamplif ier for  vhf-uhf reception 
WAQIRDX p. 36, Jul  

Double-balanced mixers, c i rcui t  packag~ng for 
WA6UAM p. 41, Sep 

Interdigital preamplif ier and comb.line 
bandpass fi l ter for vhf and uhf 
W6KHT P 6. A u ~  

Microwave amplif ier design, solid state 
WA6UAM p. 40, Oct 

Microwave mlxer, new 
WA0RDX P 84, Oct 

Noise figure, sensitivity and dynamic range 
WlDTY P 8. Oct 

Noise figure, vhf, estimating 
WA9HUV p. 42. Jun 

Overload problems with vhf converters, 
solving 
WlOOP p. 53, Jan 

Receiver scanner, vhf 
K2LZG p. 22, Feb 

Receiver, superregenerative, for  vhf 
WA5SNZ p. 22. J u l  

Signal detection and communication 
in  the presence of white noise 
WB610M p. 16. Feb 

Signal generator for two and six meters 
WA8OIK p. 54, Nov 

Single.frequency conversion, vhf/uhf 
W3FQJ p. 62. Apr 

Vhf receiver, general-purpose 
K lZJH p. 16, Jul  

Vhf/uhf preamplif ier burnout (HN) 
WlJR P. 43. Nov 

Vhf receiver, general-purpose 
K l Z J H  p. 16, Jul  

Weak-signal source, stable, variable output 
K6JYO p. 36, Sep 

Weak-sianal source. 144 and 432 MHz 
K ~ J C -  p. 58, Mar  

10 GHz hybrid-tee mixer 
G3NRT p. 34, Dc t  

28-30 MHz low-noise preamp 
WlJAA p. 48, Oct 

30-MHz preamplifier, low-noise 
W l H R  p. 38, Oct 

50.MHz deluxe mosfet converter 
WBPEGZ p. 41, Feb 

50-MHz etched-inductance bandpass fi l ters 
and fi l ter-preamplif iers 
W5KHT P. 6. Feb 

50-MHz preamplif ier, improved 
WA2GCF p. 46, Jan  73 

144.MHz converter (HN) 
K 0 v Q Y  p. 71, Aug 70 

144.MHz converter, high dynamic range 
DJZLR P. 55. Ju l  77 

144-MHz converters, choosing fets (HN) 
K6JYO P. 70, Aug 69 

144-MHz deluxe rnosfet converter 
WB2EGZ p. 41. Feb 7 1  
Short c i rcui t  D. 96. Dec 7 1  
Letter. WDLER p. 71, Oct 71  

144.MHz etched.inductance bandpass 
fi l ters and filter.prearnplifiers 
W5KHT p. 6, Feb 71 

144-MHz f m  receiver 
W9SEK p. 22, Sep 70 

144-MHz frn receiver 
WA2GBF p. 42, Feb 72 
Added notes p. 73, Ju l  72 

144-MHz f m  receiver 
WA2GCF p. 6, Nov 72 

144-MHz preamplifier, improved 
WA2GCF D. 25, M a r  72 
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144.MHz preamplifier, low noise 
W8BBB O. 36. Jun 74 vhf and microwave 

144-MHz power amplifiers, f m  
W4CGC D. 6.  AD^ 73 . . 

144-MHz preamp, low-noise 
WlOTY p. 40, Apr 76 

144-MHz preamp, super (HN) 
K6HCP p. 72. Oct 69 

144-MHz transverter using power fets 
WB6BPI p. 10, Sep 76 

220-MHz mosfet converter 
WB2EGZ p. 28. Jan 69 
Short circuit p. 76. Jul 69 

432-MHz converter, low-noise 
K6JC p. 34. Oct 70 

432-MHz fet preamp (HN) 
WlDTY p. 66, Aug 69 

432-MHz GaAs preamp 
JHlBRY p. 22. Apr 78 

432-MHz preampllf ier, low-noise 
WB5LUA p. 26. Oct 78 

432 MHz preampltfier and converter 
WA2GCF p. 40. Jul 75 

432-MHz preamplif ier, u l t ra low-noise 
WlJAA p. 8, Mar 75 

1296.MHz converter, solid state 
VK4ZT p. 6. Nov 70 

1296 MHz, double.balanced mixers fo r  
WA6UAM p. 8, Jul 75 

1296-MHz local.oscillator chain 
WA2ZZF p. 42, Oct 78 

1296-MHz noise generator 
W3BSV p. 46. Aug 73 

1296-MHz preamplif ier 
WA6UAM p. 42, Oct 75 

1296-MHz preamplif ier, low-noise 
transistor 
WAZVTR p. 50, Jun 71  
Added note (letter) p. 65, Jan 72 

1296-MHz preamplifiers, microstripline 
WA6UAM p. 12. Apr 75 
Comments. WZDU p. 68, Jan 76 

1296-MHz ssb transceiver 
WA6UAM p. 8. Sep 74 

1296-MHz rat.race balanced mixer 
WA6UAM p. 33, Jul 77 

2304-MHz balanced mixer 
WA2ZZF p. 58, Oct 75 

2304-MHz converter, solid-state 

transmitters 
External anode tetrodes 

W6SAI p.  23, Jun 63 
Inductively-tuned tank circult 

W6SAI p. 6, Jul  70 
Lighthouse tubes for uhf 

W6UOV p. 27, Jun 69 
Pi networks, series-tuned 

WPEGH p. 42. Oct 71  
Ssb input source for vhf, uhf  transverters (HN) 

F8MK p. 69, Sep 70 
Transistors for vhf transmitters (HN) 

WlOOP p. 74, Sep 69 
Vhf linear. 2 kW, design data fo r  

W6UOV p. 7. Mar 69 
Water-cooled 2C39 (HN) 

WA9RPB p. 94, Sep 77 
2C39. water cooling 

K6MYC p. 30. Jun 69 
50-MHz customized transverter 

KlRAK p. 12, Mar 71 
50-MHz heterodyne transmit t ing mlxer 

K2lSP p. 8, Apr 69 
Correction D. 76, Sep 70 

50-MHz kilowatt, ~nductively-tuned 
KlOPP p. 8, Sep 75 

50-MHz 2 kW linear amplif ier 
W6UOV p. 16, Feb 71  

50.MHz linear amplif ier 
K 1 RAK p. 38. Nov 7 1  

50-MHz multimode transmit ter  
K21SP p. 28, Sep 70 

50-MHz transverter 
WA9lGU D. 44. Jul  69 

144-MHz f m  transceiver, compact 
W6AOI p. 36, Jan 74 

144-MHz f m  transmit ter  
W6AJF p. 14. Ju l  71  

144-MHz frn transmitter 
W9SEK p. 6, Apr 72 

144-MHz f m  transmitter, Sonobaby 
WAQiUZO p. 8, Oct 71  
Crystal deck for Sonobaby p. 26, Oct 72 

144-MHz heterodyne transmit t ing mixers 
K2lSP p. 8, Apr 69 
Correction p. 76. Sep 70 

144.MHz linear 
W4KAE p. 47. Jan 69 

144-MHz linear. 2kW, design data fo r  
W6UOV p. 7, Mar 69 

144-MHz low.drive kilowatt l inear 
W6HHN p. 26. Jul  70 

144-MHz power amplif ier, l0.watt  
soild-state (HN) 
WlDTY p. 67. Jan 74 

144-MHz power amplifier, 80.watt, solid.state 
Hatchett p. 6, Dec 73 

144.MHz stripline kilowatt 
W2GN p. 10, Oct 77 

144-MHz transceiver, a.m 
K lAOB p. 55, Dec 71  

144.MHz transni l t t ing converter, solid-state ssb 
W6NBI p. 6, Feb 74 
Short circuit p. 62, Oec 74 

144-MHz transverter 
K 1 RAK p. 24, Feb 72 

144.MHz two-kilowatt l inear 
W6UOV. W6ZO. K6DC p. 26, Apr 70 

144- and 432-MHz stripline amplif ier/tripler 
KPRIW p. 6. Feb 70 

220-MHz exciter 
WB6DJV p. 50, Nov 7 1  

220-MHz power amplif ier 
W6UOV D. 44. Oec 7 1  

220.MHz rf power amplif ier 
WB6OJV p. 44. Jan 

220-MHz r f  power amplif ier, f m  
K7JUE P. 6, S ~ P  

432-MHz exciter. solid-state 
w l o o p  P. 38, 

432.MHz power ampl~ f ie r  using stripline 
techniques 
W3HMU P. 10. 

432.MHz r f  power amplif ier 
K6JC P. 40. 

432-MHz solid-state l inear amplif ier 
WB6QXF P. 30. 

432-MHz ssb converter 
K6JC P. 48, 
Short c i rcui t  P. 79. 

432-MHz ssb. practical aooroach , . 
WA2FSQ P. 6. 

432.MHz stripline t r lp ler  
K2RIW P. 6. 

432-MHz 100-watt solid-state power 

Oct 

Jun 

Jan 
Jun 

Jun 

W A ~ C N P  p. 36, Sep 
1152- to 2304-MHz power doubler 

WA9HUV p. 40, Dec 
1270.MHz video-modulated power amplif ier 

W9ZIH o. 67. Jun . .~ 
1296-MHz frequency tr ip ler  

K4SUM. W4API p. 40, Sep 
1296-MHz power amplif ier 

W2COH. WZCCY, W20J, 
K2JNG. WAPLTM, WAZVTR p. 16, Mar 72 144-MHz multimode transmit ter  W l l M U  p. 43, Mar  70 

2304-MHz preamplifier, solid-state 
K2lSP P. 28, Sep 70 1296.MHz ssb transceiver 

WAZVTR 
p, 20, Aug 72 144-MHz phase-modulated transmit ter  WA6UAM p. 8, Sep 74 

W6AJF 
2304-MHz preamplifiers, narrow-band 

P. 18. Feb 70 1296.MHz transverter 
144-MHz power amplifier, h igh K6ZMW D. 10. Ju l  77 

solid-state 
WA9HUV 

performance 
p. 6. Jul  74 W6UOV 

2304-MHz power amplif ier 
p. 22, Aug 71  WA9HUV p. 8. Feb 75 
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