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ond 
Jim Fi 

As the editor I would like to think that our articles have more effect on you, the reader, than 
anything else; if not the most immediate effect, certainly the longest lasting. To be completely 
realistic, however, the one department which has the greatest impact on readers is circulation. If 
your issue is mangled by the Postal Service, or is late in arriving, or doesn't come at all, little time is 
wasted in letting our Circulation Manager know about it! I would hope that our response is just as 
immediate. 

In the magazine business the word "fulfillment" is used to describe the internal business pro- 
cedures which ensure that you get your mailed copy each and every month of your paid subscription. 
All magazines use a computer for this task, and we're no different. In the past all subscription orders 
were keypunched here in Greenville, and the punched cards were sent on to a computer house in 
Boston which filed the information on magnetic tape in zip code order. That two-step procedure has 
worked well for a number of years, but the growth of ham radio and the introduction of our sister 
publication, Ham Radio Horizons, has begun to strain the system. To both reduce errors and improve 
service to our subscribers, we recently contracted with a professional magazine circulation fulfillment 
service to do the entire task. That means that the subscription information must be transferred from 
one computer to another. 

If this were a perfect world the changeover would go without a hitch, but Murphy's Law being 
what it is, there almost certainly will be some mistakes and garbled digits. We have instituted every 
safeguard we have available, but when you are faced with the humongous task of transferring nearly 
50,000 names, callsigns, addresses, and subscription expiration dates, a few errors are inevitable. 
As the old saying goes, "Computers are not perfect - they're only as smart as the data given 
to them!" 

We have been laying the groundwork for this changeover for several months, so we don't foresee 
any major problems. However, if your address label is garbled in the data transfer, please write to 
Ham Radio, Subscription Fulfillment Service, Post Office Box 711, Whitinsville, Massachusetts 
01588. A correction will be made just as quickly as possible. 

Although all subscription renewals, changes of address, and the like are to be mailed directly to 
our fulfillment service in Whitinsville, all correspondence to our editors or advertising department 
must be sent to our offices in Greenville. In the past, when readers have written to us about a 
subscription matter, they have often taken that opportunity to pose a question to our staff, or to 
comment on one of our previous articles. Such comments and questions are immensely useful as we 
plan future material for the magazine, but in the future such questions and comments should be 
separated from subscription matter and mailed directly to Greenville. Otherwise our staff won't have 
the benefit of your suggestions. 

If you have an occasion to write to our fulfillment service in Whitinsville, please be patient (for fast- 
est service, be sure to include the mailing label). Just remember that the computer does its work sev- 
eral weeks before the magazine goes into the mail, so there is considerable lead time involved (up to 
six weeks). This presents a problem for us, too, because we won't know a mistake has been made 
until you tell us about it, and we won't be certain the problem has been corrected until the computer 
prints the address labels for the next issue. However, with patience and understanding from you, our 
readers, the task will go much more smoothly. Thank you for your help. 

Jim Fisk, WIHR 
editor-in-chief 
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bandspreading 
techniques 
Dear HR: 

The suggestions by Robert Heider, 
WBEJO, on a different form of stan- 
dard capacitor ("Bandspreading 
Techniques," February 1977) are de- 
serving of some comment. 

The technique of using a guard for 
accurate calibration is a good one, 
but it must be used with care. The 
following points apply: 

1. Careful examination of the ref- 
erenced article's fig. 6 will show the 
variable insulated from the case and 
thus guarded if the case ground is 
used. 

2. Guard circuits must be used with 
bridges designed for that purpose 
(see, for example, Electronic Meas- 
urement by Terman and Pettit, 
McGraw-Hill, 1953, pages 102,103). 

3. Guard circuits used with "or- 
dinary" bridges, Q Meters, etc., will 
simply include the coaxial cable ca- 
pacitance. In this case it would be 
better to use two coax cables, one on 
each capacitor terminal, in order to 
halve the stray capacitance. Cables 
should remain in place for resonating 
with small values of C, since they 
contribute around 10 to 20 pF shunt. 

low end of the C range, compared 
with measurements made at 3 MHz. 
The series inductance addition was 
implied when the article suggested 
"heavy wire and short lengths." 

It's surprising that even pros and 
old timers forget inductance of con- 
nection. Small inductance of leads 
makes the original noise bridge wide- 
band. The largest stray inductance in 
the Hart bridge is the potentiometer 
arm connection, physically variable 
due to mechanical rotation. The arm 
is effectively balanced to ground on 
both sides of the bridge into the vhf 
region. 

Leonard H. Anderson 
Sun Valley, California 

Dear HR: 
After reading the September issue 

of ham radio, I feel the urge to write. 
That one issue paid for the whole 
year's subscription! The article by 
W7VK on CATV cable fittings was a 
godsend to me - I've had twelve 
112-inch-cable to SO-239 fittings on 
order for five months, at $7.50 each. 
I called them up and said send my 
money back. 

The article by KlXX of your staff 
gave me the "big answer" for match- 
ing 75-ohm hardline. Thanks guys! 

By the way, when preparing hard- 
line for use with fittings that termin- 
ate in a type N female, you must 
file the end of the center conductor 
into a round-nosed bullet shape, 
because the square end will spread 
and break the female pin on the cable 
side of the fitting. When buying male 
type-N connectors, be advised that 

82-84, and, apparently they are not 2 

s t ~ c k  item, at !east arsund here. Tht 
foregoing tips cost me $22.50 t c  

learn. Pass the word, and save other: 
some money. 

Thanks again for a great magazine 
and if you would like some hardline 
look me up. I've got a bunch! 

Don Ryan, WB4NND 
Virginia Beach, Virginia 

high resolution 
hf synthesizer 
Dear HR: 

The article in the August issue, 
"High-Frequency Resolution for ar 
HF Synthesizer," describes a prin- 
ciple which is used in the Collins 
651S1 receiver for which Collins 
Radio has a patent. While this systerr 
is apparently very attractive at firs1 
glance, it has the following disad- 
vantages: 

1. Because of the frequency se- 
lection, a large number of birdies are 
present if filtering is inadequate. 

2. The theoretical high-speed lock- 
ing is degraded because of the alge- 
braic logic. This slows down the syn- 
thesizer so much that it can't be used 
efficiently for search operation. In 
the 651 S1 receiver Collins engineers 
used an out-of-lock detector which 
mutes the receiver for virtually all 
tuning. 

Finally, I would like to point out 
that my company holds the patent 
for the combination upldown count- 
er with optical shaft encoder which 
was suggested for frequency syn- 

Any sort of coax at high frequen- thk Amphenol #82-61 is a 50-ohm thesizer&ntrol (patent 97780, issued 
cies (about 1 MHz or above) will connector, and the center pin will July 13, 1962). 
begin to show transmission line ef- break the female pin in a 70-ohm Ulrich L. Rohde, DJ2LR 
fects. A couple of feet of coax at 30 hardline fitting. For the 70-ohm con- Rohde 8 Schwarz Sales Company 
MHz will change calibration at the nector the Amphenol part number is Fairfield, New Jersey 



2-meter synthesizer 

2-meter synthesizer 
featuring 

single-board construction, 
15-kHz splits, 
and multiple 

output frequencies 

Back in 1975, after operating a converted Motorola 
80D for several years, I decided to move up to a more 
versatile rig that I could synthesize and also use 
mobile. I looked at the available commercial rigs and 
synthesizers, every construction article I could lo- 
cate, and talked to fellow hams who had gone this 
route. I found several rigs I liked, but no synthesizers; 
so, I decided to buy a rig (an HW202) and build a 
synthesizer. My first impulse was to build one that 
had appeared in a magazine construction article. I 
studied the circuit and started trying to locate parts, 
becoming quickly discouraged. After talking with a 
local ham who built a synthesizer from the same 
article, I was further discouraged. 

At this point, I decided to design and build from 

scratch. Having found several rigs that I liked, I felt 
the synthesizer should be universal enough that I 
could simply reprogram the i-f offset and output fre- 
quency for another rig. In addition I wanted only one 
crystal oscillator, since that would reduce the stabil- 
ity problems and eliminate spurious outputs as- 
sociated with mixers. I also wanted the entire syn- 
thesizer on one board; parts had to be inexpensive 
and easy to get. The end product was called the 
"400 PRO" (400 channels receive, 400 channels 
transmit with Programmable Receive Offset). 

circuit description 
The crystal oscillator, as shown in fig. 1, deter- 

mines the overall frequency stability of the synthe- 
sizer. The crystal is a 1-MHz, parallel resonant cut for 
32-pF load capacitance. For temperature stability, 
the crystal tolerance should be no more than .003 per 
cent from -23.5 to 66 degrees C ( -  10 to 150° F). 
U5 is a 7400 TTL NAND gate used as the oscillator. 

U2, U3, and U4 divide the 1-MHz frequency by 
600, producing a 1.666-kHz reference for the phase 
detector. The phase detector is made up of U1, U24, 
and U25. These three ICs were chosen over the more 
popular MC4044 phase detector strictly for a cost 
savings of about $1.50. 

By Bob Fanning, K4VB and Gary Grantland, 
WA4GJT. Mr. Fannings's address is 1332 Four 
Mile Post Road, Huntsville, Alabama 35802. Mr. 
Grantland's residence is R FD 2, Somerville, 
Alabama 35670. 
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- -  

IC + TYPE VDD GNO 

UI 7410 14 7 
U2. 4 7 4 9 0  5 10 
U3 7 4 9 2  5 10 
0 5 - 9  7 4 0 0  14 7 
UIO 74121 14 7 
UI I .  16 74193 16 8 
U12. 13. 

17.18 74192  1 6  8 
Ul9.  20 7 4 H 7 4  14 7 
U 2 I  7 4 H 5 2  14 7 
U 2 2  3 2 4  4 11 
U14 7 4 H 0 0  14  7 UI8.  U l3 .  PIN 4 
U15 7 4 8 7 3  4 11 
U 2 3  7 4 0 5  14  7 
U 2 4  7 4 0 0  14  7 
U25  7 4 2 0  1 4  7 

NOTE: 
I ADJUST L I  AND C18 FOR MINIMUM AC VOLTS 
FOR TRANSMITTER AN0 RECEIVER ON 1 4 6 . 0 0  MHz.  
2 CONNECT TO HT FOR HIGH RECEIVER I F  
OFFSET. CONNECT TO LT FOR LOW RECEIVER 
I F  OFFSET. 
3 SEE TABLE3  
4 SEE TABLE IAN02  

fig. 1. Schematic diagram of the vCO, phase detector, active filter, and crystal divider portions of the two-meter synthesizer. Starting with the basic 1-MHz crystal frequen- 
cy, the counters divide this down to 1.667 kHz for one input to the phase detector. The second phase detector input comes from pin 11 of U6 in the counter section (see fig. 2). 
To keep down costs, the phase detector in this synthesizer is composed of three individual ICs (UI, U24, and U25) instead of a single dedicated IC. The active filter, U22, at- 
tenuates the 1.667 kHz sidebands on the error signal from the phase detector before it is applied to the VCO. As discussed in the text, L1 and C18 should be adjusted for rnini- 
mum ac signal on pin 7 of U22. The input to Q4 should be connected to HT for receivers with a high i-f offset, or to LT for a low i-f offset. The output from U15 can be strapped 
to provide the appropriate frequency for the transmitter to be synthesized. 



The next portion of the circuit description may be a vided for the counter inputs, which remain the same 
little more difficult t o  understand. There are two in transmit and receive. The i-f program counter 
counter chains and a two-modulus prescaler which can be programmed to divide by 1200 to 1599, which 
make up the dividers necessary to divide the VCO corresponds to minus 16.0 to plus 23.9 MHz in 100- 
output frequency down to 1.666 kHz (see fig. 2). kHz steps. See table 1 for some standard i-f pro- 
U19, U20, and U21 make up the two-modulus pre- gramming information and table 2 for developirlg 
scaler. This circuit is arranged to divide the VCO fre- any i-f program. 

table 1. Connections for the i-f offset dividers for standard receiver offsets. 

Receiver Offset A B C D E F 

+ 5.5 MHz HT LT LT HT 0 HT 
- 5.5 MHz 1 0 0 H T O  HT 
t 8 . 0  MHz HT LT 0 1 0 HT 
- 8.0 MHz HT 0 0 HT LT HT 
+10.7MHz HT LT 0 1 0 1 
- 10.7 MHz HT 0 LT 1 0 HT 
+ 12 MHz HT L T O  HT LT HT 
- 12 MHz H T O  0 1 0 HT 
+13.1MHz HT LT LT HT LT HT 
-13.1 MHz HT 0 0 HT 0 1 
-11.7MHz HT 0 0 1 0 HT 

J K X  

0 0 HT 
0 0 LT 
0 0 HT 
0 0 LT 
0 LT HT 
0 LT LT 
0 0 HT 
0 0 LT 
0 0 HT 
LT 0 LT 
0 LT LT 

quency by 10 or 11, depending on the dc level at pin 
11 of U6. The output of the two-modulus prescaler 
is fed to both counter chains. 

The channel select divider, U11, U12, and U13, is 
programmed to divide by 400 plus the thumbwheel 
switch setting. If a frequency of 146.94 MHz is se- 
lected on the thumbwheel switches (6.94 is selected 
since all channels are in the 140-MHz band), the 
channel select divider divides by 400 plus 694, which 
equals 1094. This method is used so that it is impos- 
sible to select a frequency out of the 144 to 148 MHz 
range. When in the transmit mode, the i-f program 
divider, U16, U17, and U18, is always programmed 
to divide by 1360. When in the receive mode, the i-f 
frequency of the receiver being used is subtracted or 
added to 1360. For example, if the receiver has an i-f 

The output of U16, a negative-going 20 ns pulse, 
is lengthened to about 50 nS by U10. The sub- 
sequent output of U10 is inverted and buffered by U6 
and used to load the counter chains with the jam in- 
puts when the i-f program counter counts down to 
zero. The remainder of U6, which is connected as 
an RS latch, has a high output when the channel 
select divider counts down to  zero, and a low output 
when the i-f program divider counts down to zero. 
When the output, pin 11, is low, the two-modulus 
prescaler divides by eleven; when pin 11 is high, the 
prescaler divides by ten. 

Assume that the receive frequency is 146.94 MHz 
and the receiver has an i-f frequency of 10.7 MHz, 
with low-side injection. The i-f program divider 
would be set at 1360- 107= 1253. The channel se- 

table2. Example of programming for the i-f offset counters. The BCD 800 and 400 are preprogrammed. 

program terminal number none none B A E D F C J  H K G  

terminal BCD value 800 400 200 100 80 40 20 10 8 4 2 1 
transmit value 1360 1 1 0 1  0 1 1 0 0 0 0 0  
receive value 1467 1 1 1 0 0 1  1 0 0 1 1 1  
your program +5V +5V LT HT GND +5V +5V GND GND LT LT LT 

frequency of 10.7 MHz, high side injection, then 107 
would be added to the 1360 when in the receive 
mode. This is done by programming the i-f program 
counter to the HT and LT buss on the printed circuit 
board. The HT buss is high, or a logic 1, when in 
transmit; it is low, or a logic 0, when in the receive 
mode. The LT buss is just the opposite of the HT 
buss. A ground buss and a + 5 volt buss are also pro- 

lect divider would be set at 400+ 694 = 1094. The 
outputs of U6 load both counter chains and set the 
prescaler to divide by eleven. After 1094 counts, the 
prescaler is set to divide by ten; the prescaler is reset 
to divide by eleven after 1253 - 1094 = 159 counts. 
Therefore, the prescaler divides by eleven 1094 times 
and divides by ten 159 times. The frequency input to 
prescaler required to  receive 146.94 MHz would be 
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U19 
0-- 

PIN 9 

fig. 2. Diagram of the counter portion of the synthesizer. U11. U12, and U13 make up the channel select dividers, dividing by 400 plus the frequency selected. For example, 
400+ 625= 1052 for 146.52 MHz. The i-f program dividers, U16, U17, and U18, are normally programmed t o  divide by 1360 when in  the transmit mode. When receiving. the 
dividers are programmed by jumpers to  change the divide number according t o  the receiver i-f offset used. 



(146.94 x 106 - 10.7 x 106)/6=22.7066 x 106. CRI. CRI, C18, and L1 make up the VCO tank cir- 
Divided by 11 (1 094) + 10 (159) = 1.66666 x cuit. The capacitance of CR1 can be varied from 30 
103, or the same as the output of the reference fre- to 80 pF, depending on the bias voltage. L1 is ad- 
quency divider. justable from 0.5 to 1 uH. L1 and C18 are adjusted to 

These two signals, when compared by the phase center the VCO frequency. Before adjusting L1 and 
detector, generate an error voltage which controls C18, the i-f program counter chain should be pro- 

CR I - MV2209 
COIL ASSY 

fig. 3. Parts placement diagram for the circuit board of the two-meter synthesizer. The jumpers for the output and i-f offset fre- 
quencies are explained in the tables. 

the VCO. There are two outputs from the phase de- 
tector which drive pins 3 and 5 of U22. If no error 
voltage is generated, the level at pin 7 of U22 is 4 
Vdc. If an error voltage is present, negative or posi- 
tive pulses will be present at pin 7 of U22. The re- 
mainder of U22 is a four-pole, lowpass filter. At the 
output of the filter, the 1.666-kHz signal is 85 dB 
below the input. 

The dc voltage from the filter biases the varactor, 

grammed for the i-f frequency of the receiver and the 
channel select divider should be set to 146.00 MHz. 
For receivers with low-side injection, adjust L1 in 
transmit and C18 in receive mode for minimum ac 
voltage at pin 7 of U22. This can be done with an 
oscilloscope or ac voltmeter. Adjust L1 in receive 
and C18 in transmit for receivers with high-side in- 
jection. This adjustment is not critical and will affect 
only the frequency deviation of the VCO. Terminal X 
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is strapped to HT or LT and adds C18 to the tank cir- Component placement and sizes should be kept as 
cuit when X is high. 02 and U14 buffer the VCO and near as possible to those shown in the component 
drive the two-modulus prescaler and U15, a dual placement drawing (fig. 3). All parts used, with the 
J-K flip-flop which may be programmed to divide exception of the VCO coil and cover and copper pipes 
by two, three, or four. The output is buffered by over C18 and C20, are available from most parts 
U14 to drive the transmitter and receiver crystal os- houses advertising in this magazine. For best re- 
ciliators. 

The PTT input should be grounded during trans- 
mit. This turns 03  off. 03  is buffered by U9 and pro- 
vides the HT and LT levels to drive the thumbwheels 
used for transmit and receive. This provides any 
split or simplex operation on any set of thumb- 
wheels. 

assembly 
Assembly of the printed circuit board is straight- 

forward and requires no special tools or techniques 
(it does require good grounding, however). Boards 
are available from the author* and will be by far the 
easiest route to go. If you prefer to lay out your own 
circuit board. care should be taken in the   la cement 
of components and traces to prevent the introduc- 
tion of VCO whine and switching transients onto the 
signal lines. It is strongly recommended that a 
double-sided printed circuit board by used, as this is 
largely the secret to success in the virtual elimination 
of VCO shielding, the use of only one board, and the 
absence of "trash" on the output signal. Vector-type 
boards should not be used, because of the difficulty 
in attaining the high degree of shielding necessary. 
The very first 400 PRO built was on vector board. It 
was tough to get the output clean and it required two 
boards, one for the VCO and another for the rest of 
the synthesizer. It was also necessary to cover the 
entire VCO with a metal can and place a third copper- 
clad board between the two main boards, with every- 
thing securely grounded. 

table 3. Connection to U15, the output divider, for different 
transmitterlreceiver multiplication factors. 

receiver transmitter 
multiplier multiplier jumpers 

6 6 M-S, M-L 
6 12 M-L, P-S, V-GND, R-HT 
6 18 M-L, N-S, V-P, T-HT 
6 24 M-L, N-S, T-HT 

6 M-S,P-N,V-GND,R-LT 
12 L-P, N-S, V-GND 
18 U-L, V-N, P-S, R-HT 
24 U-L, P-S, R-HT 

6 M-S, L-N, V-P, R-HT 
12 L-P, U-S, V-N, R-LT 
18 L-N, V-P, N-S 

6 M-S, L-N, T-LT 
12 L-N, U-S, R-LT 
24 L-N, P-S 

In this view you can see the i-f transformer can, which is 
used to shield the varactor and coil. Also notice that the 
board mounting technique provides four secure grounds. 

sults, IC sockets should not be used. However, if 
they are used, a good quality socket is a must. First- 
run ICs should be used if at all possible, as problems 
can be encountered with "discount house" ICs. As 
a general rule, most discount houses will quickly 
replace any bad IC. Nevertheless, replacement of 
bad ICs is little compensation, in many cases, for the 
misery encountered in finding them in a circuit. 

A suitable source for the VCO coil and cover is the 
6.5-mm (I /Cinch), four-terminal transformer used 
in the i-f of commercial fm receivers. Strip off the 
existing coil and wind 17 turns (close wound) of 
number 32 (0.2-mm) AWG enamel wire, terminating 
on two of the four terminals. (See fig. 3 for the cor- 
rect terminals.) The MV-2209 varactor should be 
connected to the other two terminals, and both the 
coil and varactor should be covered with Q-dope and 
then placed back in the can. The can mounting tabs 
should be soldered to the ground point on the printed 
circuit board. If the VCO coil slug is not tight, the 
VCO will become sensitive to mechanical shock. If 
this occurs, the output of the VCO will sound just like 
a microphonic tube on both transmit and receive. 
The solution to this problem is fairly simple: after 
final VCO adjustment, apply a drop of candle wax or 

'Double-sided, plated-through, GI0 printed circuit boards with complete 
instructions ($18.75) , completely assembled and tested boards ($89.00), 
and coil assembly with MV2209 ($3.50) are available from G&F Electronics, 
P.O. Box 4151, Huntsville, Alabama 35802. 
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similar material onto the slug. Remember, if you 
should later change to a rig that has a different i-f off- 
set, the VCO may require a touchup. Don't lock the 
slug down too tightly. 

The covers over C18 and C20 were made from 
9.5-mm !3/8 inch) copper tubing cut in 12.5-mm 
(1 12-inch) lengths and soldered to the shield side of 
the printed circuit board. Care should be taken to 
prevent the inside of the copper tube from shorting 

fig. 4. Lowpass filter that can be used on the output of the 
synthesizer. 

the capacitor to ground. A piece of thin Mylar or 
Teflon sheet wrapped on the inside of the tubing will 
serve as a spacer. The Mylar used in drafting depart- 
ments for taping printed circuit board masters is ex- 
cellent for this purpose. The tubing should be quickly 
soldered in place using a hot iron. A thin strip of cop- 
per 1 mm (0.03 inch) thick should be soldered in 
place on the component side between 02, 04, and 
U6, U10 as shown in fig. 3. This 5 cm x 1.3 cm (2 
x 0.5 inch) shield is sometimes needed to prevent 
VCO whine. Since it is cheap and easy to install, one 
should be used as a preventive measure. 

The enclosure shown in the photos was hand- 
made from 1.5-mm (0.062-inch) aluminum sheet and 
painted with enamel paint. The lettering was applied 
using a Leroy lettering set with black India ink. Press- 
type, dry-transfer decals will also work quite well. 
The lettered surface should be protected with a clear 
Krylon spray. 

The enclosure shown in the photographs has no 
means of ventilation. Ventilation is recommended to 
reduce heat build-up, thus improving frequency 
stability. The unit shown was accidentally left on in- 
side a closed vehicle on a 38OC (lOO°F) day with no 
ill effects, except for the fact that the cover became 
hot enough to burn your hand. 

Most importantly, the box used should be one 
with good rf integrity. This usually means all metal 
with good metal-to-metal contact between pieces. 
Plastic panels should not be used, nor should metal 
boxes with vinyl contact coating. The Radio Shack 
box 270-254 is the most suitable commercially avail- 
able one I found. It costs about $5.00 and has only 
one shortcoming: The front panel is thin-gauge alu- 
minum which is a little too flimsy and thin for Digitran 
2300-series thumbwheels. This problem can be cor- 
rected by gluing strips of aluminum behind the front 

panel and on each side of the thumbwheel 
switches to act as shims. 

The printed circuit board should be mounted at 
all four corners with a good solid ground connec- 
tion to the box. Make sure that your spacers do not 
extend beyond the copper pads provided on the cir- 
cuit side of the printed circuit board, as this can 
cause portions of the circuit to short to ground. 

The printed circuit board should be positioned 
such that the transmit and receive outputs are just 
below the rf output connections on back of the box. 
Lowpass filters should be used between the printed 
circuit board and rf output connectors (see fig. 4 for 
values). If lowpass filters are not used, short pieces 
of buss wire (2.5 mm [ I  inch1 or less) should be used. 

The 3-ohm, 3-watt resistor (R1) should be con- 
nected directly to the LM309K input pin and clamped 
against the rear panel for mechanical strength and 
heat transfer. C2 and C3 should be connected to the 
LM309K terminals and grounded to a lug under one 
of the 309K mounting screws (C2 and C3 should be 
ceramic). The + 12 volt input should enter the box 
through a 0.01-pF feedthrough capacitor. 

If needed, the PTT line can enter through a feed- 
through capacitor. However, no situation has been 
encountered where an RCA phono jack with a 0.1-pF 
capacitor to ground would not suffice. All rf output 
connectorsare RCA phono-type, but any good quality 
rf connector with a good ground connection will 
work well. 

The thumbwheel switches used are the Digitran 
2300-series. Any thumbwheel or rotary switch pro- 
viding BCD output can be used. Lever-type thumb- 
wheels were not used for fear of unintentional fre- 
quency changes caused by the microphone cord. 
Rotary switches were not used because the larger 
front panel required was not desirable. 

programming the synthesizer 
Jumper wires should be used to connect terminals 

+5 KHZ 

fig. 5. To use the synthesizer on re- "ORMAL 

peaters that are on 15-kHz splits, the 
time base is shifted in frequency by 
the additional capacitor, COf,. This 
capacitor generates a time base error 
that shifts the output frequency the 
necessary 15 kHz. 

f;: 
ION PC BOARD) 

A through K to the HT, LT, + 5 volts, or GND buss to 
program the synthesizer to match the i-f frequency 
of your receiver. Terminal X should be connected to 
HT for receivers that use high-side injection, and 
connected to LT for receivers that use low-side in- 
jection. Table 1 lists several i-f frequencies and the 
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proper connections for programming. Receivers with 
i-f frequencies, other than those listed in table 1, 
can be programmed using the following example. 
Table 2 lists the BCD values that correspond to ter- 
minals A through K. The left-hand column lists the 
transmit and receive values that should be pro- 
grammed. The transmit value is always 1360. The 
receive value is determined by the receiver i-f fre- 
quency. If the receiver i-f frequency is 10.7 MHz 

duced, as required, by the addition of series resis- 
tance at the point of interface. Any additional inter- 
facing components should be as close to the inter- 
facing point (usually the crystal socket) as possible. 
Optimum results are obtained if connections are sol- 
dered at the interface point. Satisfactory results 
should be obtained by plugging into an unused crys- 
tal socket. If this method is used, insure that all 
mechanical connections are solid. 

fig. 6. Output of the synthesizer as seen on the display of a spectrum analyzer. A t  left, the horizontal scale is 2 MHz/division, 
while the vertical is 10 dB/division: right, the horizontal scale calibration has been shifted to200 kHz/division. 

with high-side injection, 107 should be added to 1360 
for the receive value. The 800 and 400 values are pre- 
wired on the printed circuit board and do not have 
to be programmed. In the transmit frequency row, 
write the BCD value which equals 1360. In the re- 
ceive row, write the BCD equivalent of the receive 
value. Under the receive row, write HT for all values 
which are 0 in transmit and 1 in receive. Write + 5 
volts for all values which are 1 in transmit and 1 in 
receive. Write GND for all values which are 0 in 
transmit and receive. These are the values which 
should be programmed to terminals A through K. 

Output divider program is given in table 3. Trans- 
mit and receive divider should be the same as the 
crystal multiplier for your transceiver. Output divider 
programming terminals L through V are the square 
pads located at either end of U14 and U15. 

interfacing 
A proper interface between the 400 PRO and your 

transceiver is a must for satisfactory performance. 
With the 400 PRO, the transceiver's oscillator (trans- 
mit and receive) must operate as a buffer amplifier 
instead of an oscillator. The drive level at the trans- 
ceiver must be the same as if a crystal were still 
being used. Drive level from the 400 PRO is in most 
cases higher than that of a crystal. It should be re- 

With some transceivers, one side of the crystal is 
switched with the channel selector while the other 
side is connected to ground through a trimmer ca- 
pacitor. Interfacing with this type of transceiver is 
best accomplished by adding a solid chassis ground 
to which the 400 PRO ground (shield side of coax) 
should be connected. The center conductor is then 
connected to the switched side of the crystal socket 
(through the proper interfacing components). 

The basic requirement for operation is adequate 
drive at the appropriate frequency, which need not 
necessarily be exactly the same as the crystal it re- 
places. For example, if your receiver requires a 48- 
MHz crystal (as does the HW2021, it will work quite 
well with a 24-MHz signal. The oscillator will then 
act as a doubler. Other transceivers require a 15- 
MHz crystal, which is multiplied by nine. These 0s- 
cillators will operate with a 23-MHz input multiplied 
by six. 

The 400 PRO, as wired in this article, will work the 
entire two-meter band. Few transceivers are broad 
enough to allow full power output or maximum sen- 
sitivity across the entire band. Don't be alarmed if a 
couple of MHz is your limit. This problem is very pro- 
nounced with commercial-band radios such as 
Motorola and GE. 

When interfaced properly, the transceiver will 
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work just the same with the 400 PRO as with a crys- 
tal. If it does not, it is either not interfaced properly 
or other problems exist. The most common other 
problem is rf leakage into the 400 PRO. The symp- 
toms of rf leakage are distorted or low frequency 
audio on transmit. This distortion may come and go 
when the equipment is moved. In some cases, move- 
ment of the microphone, rf or audio cables, nearby 
objects, or even people can cause the intermittent 
distortion. In severe cases, the movement of one's 
hand near the equipment can cause distortion. The 
most common cause is poor or missing ground con- 
nections. Signals can also be coupled in via either 
the transmitter, receiver, PTT, or the + 12 volt line. 
Any problems entering on the + 12 volt or PTT line 
can be eliminated by the use of feedthrough capaci- 
tors. Coupling through the transmitter or receiver 
lines can be eliminated by the addition of a lowpass 
filter inside the 400 PRO. In extreme cases, an ad- 
ditional lowpass filter may be required at the trans- 
mitter end of the coaxial cable. The filter can be the 
same as in the 400 PRO and should be mounted in- 
side the transceiver at the point of entry; ground it 
well. If filtering is done after interfacing, recheck the 
drive levels. 

The 400 PRO can be used in one crystal position, 
with crystals used in others. With this set-up, the 400 
PRO should be turned off any time the transceiver is 
used in a crystal mode. Failure to do so can result in 
spurious output in the transmit mode and unwanted 
birdies in the receive mode. 

lnterconnecting cables between the 400 PRO and 
your transceiver should be a good quality 50-ohm 
coax; the miniature RG-174 works very well. Never 
use audio cable, shielded or unshielded. Good 
grounding is an absolute must. Short interconnect- 
ing cables are obviously best, but several 400 PRO'S 
are now being used with trunk-mounted, com- 
mercial-band equipment. (I use one with a Motrac 
U43MHT.) Miniature coax is used between the dash- 
mounted 400 PRO and the trunk-mounted radio. One 
potential problem with commercial-band radios is 
high resistance in the tensile cord push-to-talk line. 
This manifests itself in the inability to switch the 400 
PRO from receive to transmit. The problem can be 
corrected by either replacing the microphone cord or 
reducing the resistance such that 03  will switch 
when the PTT button is pressed. 

direct fm 
Most transmitters are phase modulated instead of 

true fm. However, for those that are true fm, the 400 
PRO will not simply plug into the crystal socket and 
function. The phase lock action of the 400 PRO will 
not allow the output frequency to be shifted. To 
solve this problem, the VCO in the 400 PRO must be 

direct-fm modulated. This is accomplished by apply- 
ing audio from the transceiver directly to the 400 
PRO VCO. Fm produced in this manner is of superior 
quality. The 400 PRO can be frequency modulated 
when used with either fm or pm rigs. 

5-kHz offset 
The 400 PRO was not designed for 5-kHz output 

steps. A very simple modification, however, can be 
made that *ill provide 5kHz output increments. 
This is accomplished by the addition of a toggle- 
switch selectable capacitor (see fig. 5) which will 
alter the divide ratios. The change will result in an 
error of 34 HzIMHz at the two-meter output fre- 
quency. For example, if the 400 PRO is set up for no 
error at 146.005 MHz, the transceiver will exhibit a 
67-Hz error at each end of the band (144.000 to 
147.995). When not in the 5-kHz mode, the 400 PRO 
will operate normally and will have no error caused 
by this modification. 

The off-set capacitor shown in fig. 5 can be 
mounted on the printed circuit board or at the toggle 
switch. lnterconnecting cabling (RG-174) should be 
kept as short as is practical ( 15 cm 16 inches] or less). 

The easiest method found for initial setup is to cal- 
culate the required transmit frequency, with and 
without + 5 kHz off-set. With the off-set selected, 
adjust C20 for the required frequency. Switch back 
to the normal position and pull the frequency back 
down as required with Cofs YOU may have to repeat 
this procedure a couple of times. The transmit mode 
was chosen for initial setup because of the calcula- 
tion - no i-f off-set is involved. 

After the 400 PRO is interfaced to your rig and 
working properly, the same adjustment procedure 
can be used while monitoring your transmitter out- 
put frequency with a frequency counter. Once prop- 
erly adjusted in the transmit mode, the receive fre- 
quency is automatically set and will require no fur- 
ther adjustment. 

conclusion 
Although many 400 PROS have been built and 

used with a variety of rigs, additional interfacing in- 
formation is always welcome. If you encounter any 
unusual interfacing problems to which you find a 
solution, it would be greatly appreciated if you would 
jot down the details and mail them to me. By the 
same token, if you encounter problems you cannot 
solve, I will be glad to try to help you. The following 
information must be furnished: transmit and receive 
crystal formulas, multiplier arrangement, and a sche- 
matic. If you are going to have a problem with the 
400 PRO, it will most likely be in interfacing it to 
your rig. 

ham radio 
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optimizing 
and measuring 

fm deviation 
Louder isn't 

necessarily better 
in an fm transmitter - 

intelligent use 
of the deviation control 
will produce maximum 

talk power per watt 

In fm radio transmission, the louder the modulat- 
ing signal into the microphone the greater the varia- 
tion of the carrier from its center, or resting, frequen- 
cy. Generally this also means a stronger audio signal 
at the detector of a properly tuned fm receiver. The 
amount of the plus or minus frequency swing is called 
deviation. Deviation is talk power, and that's good - 
most of the time but not always. 

There are three conditions under which increased 
deviation is not to the user's advantage. First, FCC 
Regulation Part 97.65 limits the deviation to f 3 kHz 
on frequencies below 29.0 MHz and between 50.1 
and 52.5 MHz. Deviation is limited to f 20 kHz for all 
other authorized Amateur Radio frequencies. Contin- 
ued violation of the regulation could result in zero 
talk power. Get the message? 

Second, particularly in the 2-meter band, interfer- 
ence between stations operating on different fre- 
quencies is minimized if the portions of the frequency 
spectrum used by each of the stations don't overlap. 
This is shown graphically in fig. 1. The amateur com- 
munity long ago recognized the potential for a prob- 
lem and used some of its better thinking to find ways 
for avoiding the interference. The solution is best 
seen in the band plans for 2-meter repeater opera- 
tion, where the generally used frequencies are 10 kHz 
apart, corresponding approximately to a + 5 kHz 
deviation limit. 

The decision to self-impose a 5-kHz deviation limit 
when the FCC was offering up almost four times that 
much wasn't entirely magnanimous. (Required band- 

By Ray Isenson, NGUE, 4168 Glenview Drive, 
Santa Maria, California 93454 
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width is approximately 2 x deviation + maximum 
modulating frequency. Thus, for a 3-kHz modulating 
frequency, and FCC permitted maximum deviation, 

4 0 - 3  = 18.5 the required bandwidth would be -- 
kHz.) This becomes evident in an examination of the 
third condition, under which it's to the user's advan- 
tage to limit the deviation. 

modulation index 
In fm radio transmission, the total power radiated 

is independent of the modulation. When the carrier is 
modulated (deviated), power is transferred from the 
carrier to the intelligence sidebands. The amount of 
power that's transferred depends on the modulating- 
signal amplitude and something called the modula- 
tion index (MI). We noted previously that the achieved 
deviation varies with the modulating-signal ampli- 
tude. The modulation index is the ratio of the fre- 
quency deviation to the modulating-signal fre- 
quency. 

For example, if a transmitter deviates 5 kHz with a 
modulating signal of 2 kHz, at some amplitude the 
modulation index would be 5/2=2.5.  The relation- 
ship between the relative amount of power in the car- 
rier and sidebands and the modulation index is 
shown in fig. 2. It's evident that the maximum 
amount of power is transferred to the sidebands 
when the modulation index is approximately 2.4; 
that is, 

Deu 
M I  = - = 2 4  

Fm 

audio bandwidth 
Students of audio-frequency phenomena know 

that, although the full spectrum of human speech is 
between approximately 100 and 8000 Hz, only a small 
fraction of that range is normally used. If everything 
below 1000 Hz is filtered, comprehension is not af- 
fected, but the result is a mechanical, unnatural 

fig. 1. With center frequencies 10 kHz apart, two fm stations 
will still experience some mutual interference if each modu- 
lates to 4.5-kHz deviation with a 1.5-kHz tone. 

MDDULATION INDEX 

fig. 2. Relative amplitude of the rf power remaining in the 
carrier as a function of modulation index. 

sound. If frequencies above 1000 Hz are filtered, the 
result is a varying amplitude mumble that's almost 
devoid of intelligence. As more and more of the fre- 
quencies above 1 kHz are permitted to pass, compre- 
hension increases rapidly until about 1800 or 2000 Hz 
is reached. Comprehension then increases less rapid- 
ly until, by 3000 Hz, almost nothing is added to com- 
prehensibility by increasing bandwidth. If eq. 1 is 
examined in light of this: 

Deu 
MI = - = 2.4  

Fm 

Deu = Fm X 2.4  = (I kHz to 2 kHz) X 2.4  (2) 

Thus, the most effective way to use the rf power 
and obtain maximum readabilityis to hold theachieved 
deviation between about 2.5 and 4.5 kHz; the lower 
number for bass-voiced males, the higher number for 
tenors and sopranos. Thus it's possible at one and 
the same time to keep the FCC and fellow hams hap- 
py - or, at least, off your back - and to make effi- 
cient use of the rf power from the transmitter. Ad- 
justing the transmitter to achieve the desired and 
maximum deviation isn't difficult. It consists solely of 
tweaking a couple of potentiometers while making a 
few measurements. 

audio gain and deviation controls 
Typically, the signal from the microphone is ac- 

coupled to a one- or two-stage audio amplifier; then 
to a clipper and filter, then to a deviation-level control 
stage, and finally to the modulator. Most, but not all, 
transmitters have a means of gain adjustment in the 
audio amplifier stage. All fm transmitters should have 
a potentiometer for controlling deviation-level set, 
or, maximum deviation. Really good matching of the 
microphone, the user's speech characteristics, and 
the transmitter can be accomplished only when both 
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controls are present. If only a deviation-level set con- for a simple, inexpensive deviation meter is described 
trol is available a useful degree of optimization is still later. 
possible, although the user may have to experiment Two representative audio input circuits are shown 
with different microphones to get the best match. in fig. 3. One consists of discrete components; the 

other, an integrated circuit. The oscilloscope is con- 
an analogy nected to point A, and audio gain is varied with the 

To visualize the interaction between audio gain setting of R1. Excite the microphone with a steady 
control and deviation level set, it's convenient to use tone in a normal speaking voice. This can be done, 

fig. 3. Typical fm-transmitter audio input circuits. Sketch 
(A)  uses discrete components; sketch (B) uses an IC. R1 
is for audio gain; R2 is the deviation-limit control. Oscil- 
loscope is connected at point A in both circuits. 

a simple analogy. Picture a small system made up of 
a water well, an electric pump, a faucet, and the con- 
necting pipes. It's clear that until the pump is turned 
on no water will flow, faucet open or closed. Now, 
turn on the pump with the faucet closed and still no 
water flows. As the faucet is gradually opened, more 
and more water will flow until the maximum flow rate 
of the pump is reached. After that, further opening 
of the faucet results in no further flow increase. 

Thus we see that the pump really determines the 
flow rate; the faucet can only limit it. And so it is with 
the audio amplifier and deviation-level controls. The 
amplifier is the pump; the deviation control is the fau- 
cet. The point is that the amplifier establishes the 
average deviation achieved during transmission. The 
deviation control provides a high side limit to the 
deviation. 

setting the deviation 
For best results, audio amplifier gain should be set 

to place the achieved deviation somewhere between 
2.5 and 4.5 kHz for normal speech, as previously 
described; and the deviation level should be set to 
limit the deviation to 5 kHz on very loud sounds into 
the microphone. At the same time, care must be 
taken to avoid overdriving the audio amplifier so that 
speech fidelity will be maintained. Audio gain can be 
set only with an oscilloscope. A deviation meter is 
required for the remaining adjustments. The circuit 

for example, by saying "fo-o-o-ore," as on a golf 
course, while varying R1 until the audio peaks are 
barely flattened as seen on the scope. Even in the 
absence of an audio-gain control this is a good 
check. If it's necessary to holler into the microphone 
to get limiting, a new mike may be in order. 

simple deviation meter 
A minimal deviation meter consists of a suitable 

radio receiver and a calibrated, peak-reading volt- 
meter. The accompanying photograph shows such a 
device. It consists of the metering circuit shown in 
fig. 4 and a commercial scanner. Most of the circuit 
is mounted on a 25.4 x 38 mm ( 1  x 1.5 inch) printed 
circuit board fitted into the scanner. Voltage is taken 
from the scanner power supply. The only modifica- 
tion to the scanner is the removal of a capacitor, as 
described later. The scanner function is not affected. 
Contained in the meter housing are the two 
switches, the calibration pot, and the smoothing 
capacitor. The exact layout of the printed circuit 
board depends on the transformer and the meter- 
input pot used, so it's not shown here. The layout 
isn't at all critical. Any fm receiver capable of precise 
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tuning to the carrier frequency of the transmitter to 
be tested can be used. In many cases, no modifica- 
tion to the receiver need be made. At most, as dis- 
cussed later, it may be necessary to lift, temporarily, 
one end of a capacitor to use the receiver. 

component selection 
None of the voltmeter component values are criti- 

cal. The diagram represents what I had in my junk 
box. I salvaged the diodes from surplus computer 
boards. Those selected had the lowest reverse cur- 
rent (cataloged, not measured). If you don't have a 
100-microampere meter, the 50-microampere VU 
meter, 5E3705, currently offered by Polypaks for just 
over $1, is most acceptable. Transformer T I  was sal- 
vaged from a junked, transistorized a-m broadcast 
receiver. Anything with a 1k - 10k input impedance 
and with a transformation of two to three times that 
impedance in the center-tapped secondary will do. If 
all else fails, and your junk box is as barren as Mother 
Hubbard's cupboard, a Triad A31X, Stancor TA31, 
or Allied interstage 6T14PC would be ideal. 

Referring to fig. 4, C1 is an input coupling capaci- 
tor for U1. Any value between 10 and 100 micro- 
farads will do for capacitor C4; its function is to sta- 
bilize the voltage across CR3. The 40pF capacitor 
(C3), shunting pot R5, and the meter provide meter 
damping. The optimum value of C3 depends on the 
internal resistance of the meter and the magnitude of 
the calibration resistance. I tried several values be- 
tween 10 and 200 microfarads before deciding that, 
for my setup, the 40-microfarad capacitor was ade- 
quate. The meter movement was damped but not to 
the point of being sluggish. It's a matter of personal 
preference. 

precalibration notes 
Before discussing meter calibration, I should com- 

ment on a possible need for temporary modification 
of the receiver. To reduce the consequences of ther- 
mally induced noise in the a-f amplifiers, it's custo- 
mary to use frequency pre-emphasis and de-empha- 
sis. The fm transmitter emphasizes the higher audio 
frequencies by shaping the amplifier-response curve. 
The receiver uses a de-emphasis circuit following the 
discriminator or detector to re-establish balanced 
levels. 

To measure deviation the signal must be picked off 
ahead of the de-emphasis circuit. When discrete 
components are used, as in the circuit of fig. 3A, the 
deviation meter can be connected at point A with no 
circuit change. 

If the receiver uses an IC for the detector, it will be 
necessary to defeat temporarily the de-emphasis cir- 
cuit by lifting the ground side of a capacitor. If the IC 
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fig. 4. Schematic of a simple deviation meter discussed in 
the text. Component values are not critical. 

is a type CA3065, MC1358, pA3065, ULN2165, 
C6063P, or SK3072, lift the ground side of the capa- 
citor connected to pin 7 and connect the meter at pin 
14. If it is a type CA2111A, MC1357P, C6062P, or 
SK3135, lift the ground side of the capacitor con- 
nected at pin 14 and pick up the signal on pin 1. For 
other chips consult the manufacturer's data or per- 
haps the receiver circuit diagram. Look for a capaci- 
tor in the range 0.005 - 0.1 microfarad from a pin to 
ground and not by-passing a resistor. I removed the 
0.005-microfarad capacitor from the de-emphasis cir- 
cuit in my Pace scanner and found that it made so lit- 
tle difference in the audio quality that it was never 
replaced. 

meter calibration 
Having ensured the readings will be free of de-em- 

phasis effects, meter calibration is straightForward. 
The easiest way to do this is to use a digitally synthe- 
sized transmitter as a signal source. 

First, disconnect the transmitting antenna and 
connect a suitable dummy load. Tune the transmitter 
and the receiver to be used with the deviation meter 
to the same frequency. Ctose the transmit switch 
with no modulation present and measure the dc volt- 
age at the discriminator or detector output. Be sure 
to use a dc-coupled oscilloscope or a high-impe- 
dance voltmeter. If both rigs are tuned to frequency 
and the discriminator is properly balanced, there will 
be zero volts out. If some other voltage is sensed, 
find out why and correct it before proceding. 

Next, shift the transmitter frequency up 5 kHz by 
using the PLUS 5 KHz switch on the transmitter. 
Read and note the voltage at the discriminator out- 
put. It will be on the order of 1 volt. Now, leave the 5 
KHZ switch alone but decrease the transmitter fre- 
quency 10 kHz. Voltage at the discriminator should 
be of the same magnitude but of opposite polarity to 
that previously measured. That is, if it was + 1 volt, it 



DISCRIMINATOR 
TRANSFORMER calibration using a frequency counter 

In the absence of a digitally synthesized transmit- 
ter, the deviation meter can be calibrated using an 
audio signal generator and a frequency counter. The 
technique involved derives from further application 1 dT 'flj of eq. I .  At a modulation index of 2.4 there's no 

1 AUDIO 
power in the carrier, all of it having been transferred 

, I oLlr to the sidebands. For a deviation of 5 kHz. a modula- 
8 i 

TO SQUELCH CIRCUIT 

fig. 5. Typical fm discriminator using discrete components. 
The deviation meter can be connected at point A with no 
circuit changes. For circuits using ICs, see text. 

should now be - 1 volt. If necessary, retrim the dis- 
criminator until positive and negative frequency off- 
sets yield the same voltage amplitude at the discrimi- 
nator output. Having achieved that, the receiver is 
known to be balanced, and the detector output for 
+ 5 kHz is known. 

A decision is now in order. What is the desired full- 
scale reading for your deviation meter, and over what 
range is it to be linear? In the prototype unit I opted 
for, a 10-kHz full scale was necessary to have the 
desired 5 kHz at center scale. I chose, rather arbitrari- 
ly, to make the meter linear up to 7.5 kHz to allow for 
some padding beyond the region of primary interest. 
You may want to use some other numbers. Changes 
from the following procedure to yield numbers of 
your choice should be obvious. 

meter linearity 
Assuming the 7.5-kHz linear range is acceptable, 

set the output of an audio-frequency generator so 
that its peak-to-peak value is three times the previ- 
ously measured 5-kHz deviation output voltage. 
(Note that for 10-kHz linearity, the p-p reading 
should be four times the reading previously 
measured. ) 

The frequency isn't critical. If nothing else is avail- 
able, use a 60-Hz signal. A 1000 - 3000 Hz signal is 
preferred. Feed the signal to the deviation-meter in- 
put while observing the output waveform (pin 6 of 
the LM380) on your oscilloscope. Adjust the potenti- 
ometer connecting pins 2 and 3 of the IC for maxi- 
mum signal output without limiting or other distor- 
tion. This establishes meter linearity. 

Decrease the injected-signal amplitude until it's 
twice the 5-kHz deviation voltage. Again, this is 
peak-to-peak voltage. Adjust the meter series pot un- 
til the needle points where desired (center scale on 
the prototype). The deviation meter is now calibrated 
and can be used to set the deviation-limit level of the 
transmitter being adjusted. 

ting frequency of 2080 Hz is necessary to get an MI 
of 2.4. (5000/2080 = 2.4). 

Set up a transmitter and the receiver to be used 
with the deviation meter on a common frequency, as 
before. This time, however, adjust the discriminator 
very slightly so that a dc voltage is measured in the 
presence of unmodulated rf. Now inject the 2080-Hz 
signal into the audio input of the transmitter. It can 
be audio coupled through the microphone or directly 
coupled, whichever is convenient. Increase the 
injected-signal amplitude from a very low level while 
observing the dc voltage at the discriminator output. 
-. 
I his voitage wiii drop to zero when the injected-sig- 
nal amplitude corresponds to a 5-kHz deviation. 
Holding the amplitude constant, drop the frequency 
to about 1000 Hz and tweak the series pot used for 
calibrating the meter until the latter indicates 5 kHz. 
Check pin 6 of the LM380 to make sure that the sine 
wave at that point isn't distorted. If it is, adjust the 
pot across pins 2 and 3 of that chip to remove the dis- 
tortion, and readjust the meter calibrating resistor as 
necessary. 

setting deviation 
Excite the microphone with any loud, high-fre- 

quency tone - a loud sustained whistle is adequate. 
Adjust the deviation level control so that the devia- 
tion meter reads no more than 5 kHz. Talking into the 
microphone in normal tones should yield an average 
deviation of 2.5 kHz to 3.5 or 4 kHz - again depend- 
ing on individual voice pitch. If it's much less than 
this, and if the rig has an audio gain control, try 
increasing the gain slightly. Recall, however, that the 
gain control was previously set at the upper level of 
the amplifier's linear range. Therefore a tradeoff be- 
tween amplitude and amplitude linearity will have to 
be made. 

If a TOUCH TONETM pad is used, the high tone 
group should cause a deviation meter reading of 4 - 
4.5 kHz; for the low tone group, it should be about 
3 kHz. 

You've now properly set the average and maxi- 
mum deviation on your fm transmitter. Stand by to 
pride yourself on the fact that your rig is giving you 
maximum talk power per watt input, and that you're 
one of the good guys when it comes to bandwidth 
conservation. 

ham radio 
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10-G Hz Gunnplexer transceivers - 
construction 
and practice 

Discussion of the 
various aspects of 

Gunnplexer transceiver 
construction and operation, 

including two practical 
transceiver designs 

Microwave communications is one of the last 
frontiers of Amateur Radio; thanks to  the Gunnplex- 
er transceiver module offered by Microwave Associ- 
ates, it's now easier than ever to put together a prac- 
tical station for amateur operation on the 10-GHz 
band. Only a few years ago a "simple" microwave 
setup required a rack-full of equipment and friends in 
the industry who could provide hard-to-find parts. 
With the Gunnplexer, an entire microwave system 
can now be held in one hand. I t  can be easily back- 
packed to the highest mountain tops, and it can be 
operated from a single 12-volt battery. 

As you receive it, the Gunnplexer module is not a 
complete transceiver; t o  put it on the air you need a 
dc power supply, a simple speech amplifier, and an 
f m  receiver. You can put together a working system 
in one evening. To build a complete transceiver like 
that described in this article will take a little longer. 

what is a gunnplexer? 
The heart of the Gunnplexer is the Gunn diode 

oscillator, named after the IBM engineer who invent- 
ed it in 1963, John Gunn. While measuring the resis- 

By James R. Fisk, WlHR, ham radio, Green- 
ville, New Hampshire 03048 
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tance of gallium arsenide (GaAs), Gunn found that 
when the voltage across a thin wafer of the material 
was increased above a certain point, the current fluc- 
tuated at microwave frequencies. The mechanism 
which caused this was a mystery at first, but Gunn 
suspected a negative resistance due to electron 
movements within the gallium arsenide. This eventu- 
ally proved to be the case (a detailed description of 
the Gunn diode phenomenon is contained in refer- 
ence 1 ). 

When a Gunn diode is placed in a resonant micro- 
wave cavity, small amounts of power can be obtained 
at the desired frequency. The cavity can be tuned 
mechanically, or a voltage-variable capacitor (varac- 
tor) may be used to change the resonant frequency 
of the cavity. The Gunnplexer (fig. 1) uses both a 
mechanical tuning screw and a varactor diode; fre- 
quency modulation is obtained by placing a small 
modulating voltage across the varactor. Power is 
coupled out of the cavity through an iris. The size of 
the iris must be determined experimentally for the 
best compromise between maximum power output 
and isolation from changes in diode impedance and 
load. 

In the Gunnplexer the Gunn oscillator provides 
both the transmit power and the local-oscillator injec- 
tion for the mixer diode. The ferrite circulator couples 
a small amount of energy into the low-noise Schott- 
ky mixer diode and isolates the transmit and receive 
functions. Since the Gunn oscillator functions as 
both the transmitter and receive local oscillator, the 
i-f receiver at each end of the communications link 
must be tuned to the same frequency, and the fre- 
quencies of the Gunn oscillators at each end of the 
link must be separated by the i-f. 

Microwave Associates 10-GHz Gunnplexer. 

E 

MIXER 

CIRCULATOR 

GUNN OSCILIATOR 

fig. 1. Cutaway view of the Microwave Associates Gunn- 
plexer. The Gunn diode is mounted in a resonant cavity 
which is tuned by a tuning screw (coarse tuning) and a va- 
ractor (fine tuning). Microwave energy is coupled out of the 
cavity through an iris. The ferrite-rod circulator couples a 
small amount of rf energy into the Schottky mixer diode; 
the circulator also isolates the transmit and receive func- 
tions and allows full-duplex operation. 

Confused? Take a look at fig. 2. Here Gunnplexer 
1 is tuned to the center of the 10-GHz amateur band 
at 10250 MHz. If a 30-MHz i-f receiver is used, Gunn- 
plexer 2 must be tuned either 30 MHz higher or lower 
than Gunnplexer 1. Assume it's tuned 30 MHz higher 
at 10280 MHz; its signal will mix with the 10250-MHz 
LO in Gunnplexer 1 to provide an output to the 
receiver at 30 MHz. Conversely, the 10250-MHz 
transmit signal from Gunnplexer 1 will mix with the 
10280-MHz LO in Gunnplexer 2 to provide an output 
at 30 MHz. 

gunnplexer communications range 
One of the first and most asked questions about 

Gunnplexers is, what is their maximum range? Since 
most microwave communications systems are based 
on line-of-sight transmission, it's a relatively easy 
matter to determine the effective communications 
range of any Gunnplexer system. When the distance 
between the two stations is known, path loss in dB is 
given by: 

92.5 d B  + 20 log f (GHz) + 20 log D (kilometers) 

96.6 d B  + 20 log f (GHz) + 20 Log D (miles) 

where f is the operating frequency and D is the dis- 
tance between transmitting sites. Note that each 
time the frequency is doubled, the path loss increases 
by 6 dB. This is shown graphically in fig. 3, which 
shows the path loss vs distance for each of the ama- 
teur bands above 1000 MHz. At 10250 MHz, the ten- 

ter of the 10-GHz amateur band, the path loss equa- 
tion can be simplified to: 

112.7+ 20 log D (kilometers) 

11 6.8 + 20 log D (miles) 
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In other words, the path loss over a distance of 1 
km is 112.7 dB; it increases 6 dB each time the path 
length is doubled. The objective is to build enough 
gain and sensitivity into the microwave system to 
overcome the loss over the desired path. This is a 
function of transmitter power, antenna gain, receiver 
sensitivity (noise figure), and receiver bandwidth, but 
it's not as complicated as it sounds because all these 
factors can be easily translated into dB. 

The graph of fig. 4 has been designed to  simplify 
the calculation of communications range at 10250 
MHz and is normalized to a power output of 15 mW, 
receiver bandwidth of 200 kHz, 12-dB noise figure, 
and 17-dB gain antennas at each end of the link. This 
is what I consider a minimal Gunnplexer system. The 
horizontal line labelled THRESHOLD is the beginning 
of reception of intelligible speech and allows no mar- 
gin for fading diie to rainiaii, muitipath propagation, 
or other environmental effects. With the minimal 
Gunnplexer system, threshold occurs at a distance of 
about 127 kiliometers (76 miles). Since a carrier-to- 
noise ratio of 8-10 dB is recommended for reliable 
communications, about one-third this distance could 
be used for successful communications. 

There are four major things which can be done to 
increase range: use higher transmitter power, reduce 
receiver bandwidth, improve receiver sensitivity, or 
increase antenna gain. The effects of power output 
and receiver bandwidth are shown in the chart on 
fig. 4. Each improvement in system performance 
adds the stated number of dB to the carrier-to-noise 
ratio. A 40-mW Gunnplexer with a receiver band- 
width of 25 kHz, for example, improves the carrier- 
to-noise ratio by 13.3 dB (4.3 dB for 40 m W  transmit- 
ter power, plus 9.0 dB for reduced bandwidth). This 

fig. 2. Gunnplexer operation. Since the 
same oscillator is used as both a trans- 
mitter and local oscillator for the mixer, 
the i-f at each end of the link must be at  
the same frequency, and the Gunn oscil- 
lator frequencies must be separated by 
the i- f .  I n  the  example shown here, 
Gunnplexer 1 is tuned t o  10250 MHz; 30- 
MHz receivers are used, so Gunnplexer 
2 at the other end of the link must be 
tuned either exactly 30 MHz higher or 
lower ( to  10280 or 10220 MHz). 

MIC 

PATH LENGTH (MIL ESI 
3 4 5 6 7 8 9 1 0  1 5 2 0  3 0 4 0 5 0  100125  

fig. 3. Path loss vs distance for each of the six amateur 
microwave bands. Note that path loss increases 6 dB each 
t ime the frequency or path length is doubled. Loss over a 
61.7-km path at  1215 MHz, for example, is 130 dB; at  twice 
the frequency (2430 MHz) the loss is 6 dB greater; a t  8 times 
the frequency, near the 10 GHz band, loss is more than 18 
dB greater. This graph assumes line of sight w i t h  no  ob- 
structions of any kind. 

the path loss is 146.7 dB. The other item which is 
fixed is the thermal noise floor, at - 144 dBm, which 
is set by the laws of nature and determines the ulti- 
mate sensitivity of the receiver.2 

Beginning at the transmitting end of the link, we 
have 15 mW power output ( + 11.8 dBm). To this is 
added the 17-dB gain of the antenna. When the path 
loss is subtracted, the signal level at the receiving site 
is - 117.9 dBm. The 17-dB-gain receiving antenna 

GUNNPLEXER l GUNNPLEXER 2 

MOOULATOR ID 
30-MHz 

RECEIVER 

system would provide a carrier-to-noise ratio of 8 dB increases the signal to - 100.9 dBm. From this must 
at a line-of-sight distance of 233 kilometers (145 be subtracted the 12-dB noise figure and the 200-kHz 
miles). bandwidth factor (23 dB), for a signal level of - 135.9 

When calculating the communications range of a dBm. The difference between this and the thermal 
microwave system, all the gain and loss components noise floor at - 144 dBm is the carrier-to-noise ratio. 
of the system must be considered, as shown in fig. For this link, + 8.1 dB. 
5. Here a distance of 50 km (30 miles) is assumed, so The easiest way to  improve range is to use a higher 
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RANGE (MILES: tem which phase locks the Gunn oscillator t o  a crys- 
I 2 5 10 2 0  5 0  ,W 2 W  

$ 4 0  tat-controlled reference oscillator. The cost of a 
phase-locked system is somewhat less than that of a 
commercial parabolic reflector, but system gain is 

+30 only on the order of 12-13 dB when compared with a 
;s' 

53 + 3 0  ( 2 5  t 2 O  
system with 200-kHz receiving bandwidth. On the 

P 
3 5  + 3 7  / O O  t 3 0  other hand, a phase-locked system permits the use 

2 + 2 0  4 0  + 4 3  75 t 4 3  
Z 45  ' 4 8  5 0  t 6 0  of CW, which provides reliable communications with 

5 0  + 5 2  2 5  + 9 0  

$ lower carrier-to-noise ratios than voice, so there may 
2 
p + I 0  

be the equivalent of an additional 4-5 dB gain 
available. 8 

t For greater range you can also increase transmitter 
9 output or improve receiver noise figure, but both are 

1 j i expensive and limited to a certain extent by the pres- 
\ 

I / 
I \ ent state of the art. 

-10 
I 2 5 10  2 0  5 0  I 0 0  2 0 0  4 0 0  

RANGE rkm)  gunnplexer performance 
f ig. 4. Carrier-to-noise ratio vs distance for two  15-mW 
Gunnplexers at  10250 MHz, equipped w i th  17-dB-gain horn 
antennas; receiver noise figure is assumed t o  be 12 dB w i t h  
200 kHz bandwidth. The THRESHOLD line is the beginning of 
the reception o f  intelligence. A t  a distance of 127 k m  (76 
miles) the carrier is a t  the noise level or threshold; a t  a dis- 
tance of about 40 k m  (25 miles) the carrier-to-noise ratio is 
10 dB, the minimum signal level recommended for reliable 
voice communications. Range can be lengthened by in- 
creasing transmit power, decreasing bandwidth, or adding 
antenna gain (see text). Improvements in  dB for increased 
output and narrower bandwidth are shown. 

gain antenna. Unlike the lower frequencies, where 
antenna gain is hard to come by, on the microwave 
bands it's relatively easy. A 24-inch (61-cm) parabolic 
reflector, for example, yields 32 dBi gain. If used at 
only one end of the system shown in fig. 5, this 
would have the effect of increasing the range to 

The Gunnplexer performance measurements dis- 
cussed here were made by B. Chambers, G8AGN, of 
the Department of Electronic and Electrical Engineer- 
ing at the University of Sheffield, England, who is 
also a member of the Microwave Committee of the 
Radio Society of Great Britain. Front-end perform- 
ance was not  measured because, in  practice, 
receiver sensitivity and noise figure are highly depen- 
dent on the operator's choice of i-f strip and the 
degree of matching between the mixer diode and the 
i-f preamplifier. Therefore G8AGN made measure- 
ments only to check the performance of the Gunn 
oscillator. 

When a variable voltage was connected to the 
Gunn diode, i t  was found that rf power was pro- 
duced with an applied voltage as low as 5 volts. Most 
of the tests, however, were accomplished with + 10 

TRANSMITTER - 5 0 k m  -A 
l 5mW 

+I1 8d8m 

ANTENNA 
+ 1 7 d 8  +17dB 

-12 dB - 2 3 d B  - 144dBm 

f ig. 5. Example of a path-loss calculation at  10250 MHz. 
Wi th  t w o  15-mW Gunnplexers equipped w i th  17-dB gain an- 
tennas, and 12-dB noise figure i n  200-kHz bandwidth, the 
carrier-to-noise ratio at  50 k m  is8.1 dB. 

nearly 2000 km (1200 miles) for the same 8.1 dB 
carrier-to-noise level! That's obviously well beyond 
line-of-sight for any two earth-based locations. One 
disadvantage of high antenna gain is antenna align- 
ment; the 4-degree beamwidth of a 24-inch dish 
leaves little room for error when pointing the antenna 
at another station. 

You can also increase range by reducing the band- 
width of your receiving system, but because of the 
thermal drift of the Gunnplexer, this requires a sys- 

Transmitter power, 15 mW +11.8dBm 
Add transmitter antenna gain + 17.0 dBi 
Subtract path loss + 146.7 dB 
Add receiver antenna gain + 17.0 dBi 
Subtract receiver noise figure - 12.0 dB 
Subtract 200 kHz bandwidth factor - 23.0 dB 
Thermal noise floor 

Carrier-to-noise ratio: 

volts applied to the Gunn diode and + 4 volts bias on 
the varactor diode. 

Using a Systron-Donner model 6057 frequency 
counter with an upper frequency limit of 18 GHz, 
G8AGN found that the Gunn oscillator drifted down 
in frequency by about 3 MHz during the initial one- 
hour warm-up period. A further frequency check 15 
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fig. 6. Typical variation of Gunnplexer output power as the 
frequency is tuned mechanically through the 10-GHz ama- 
teur band, as measured by GlAt iN.  A t  ali frequencies the 
output was well above the rated 25 m W .  

minutes later showed that the oscillator was drifting 
down in frequency by about 28 kHz per minute. This 
rate of drift is quite acceptable in practice unless a 
narrow-band system is being used and there is no 
provision for AFC. 

The mechanical tuning range of the oscillator was 
checked next and found to extend from 9641 MHz up 
to 10764 MHz. The rf power output over this fre- 
quency range was measured with a Marconi model 
6460 power meter with a coaxial head, buffered by a 
fixed 20-dB pad. This was preceded by a coax-to- 
waveguide transition and slide-screw tuner which 
was adjusted before each reading to ensure that the 
oscillator was delivering power into a matched load. 
Fig. 6 shows the variation of rf output power over 
the frequency range from 10.0-10.5 GHz. Rf power 
measurements at the extremities of the tuning range 
showed 39 mW at 9641 MHz and 24 mW at 10764 
MHz. 

For a given setting of the mechanical tuning 
screw, the frequency of the Gunn oscillator may be 
tuned electrically by changing the voltage applied to 
either the Gunn diode or the varactor. Varying the 
voltage of the Gunn diode over the range from + 5 to 
+ 11 volts produced a frequency change of 13.3 MHz 
about a preset value of 10250 MHz. This represents 
approximately 2.2 MHz per volt for frequency push- 
ing and is well within the quoted specification. 

With the Gunn diode held at + 10 volts, the varac- 
tor bias was varied from + 1 to + 12 volts and meas- 
urements were made of both frequency and rf power 
output. Although up to +20 volts bias may be used 
on the varactor, measurements were made only to 
+ 12 volts because this is the maximum voltage usu- 
ally available for portable operation. Fig. 7 shows the 

result of these measurements. It can be seen that the 
maximum electronic tuning range was approximately 
100 MHz, and that over this range the rf power out- 
put varied by about 3.5 dB. 

The final set of Gunnpiexer measurements made 
by G8AGN were concerned with the frequency-pull- 
ing performance of the Gunn oscillator. To make 
these measurements, the Gunnplexer was set up to 
deliver power to a load consisting of an adjustable 
short circuit; therefore, by varying the axial position 
of the short-circuit plane within the waveguide, a 
wide range of load impedances would be seen by the 
oscillator. For an axial variation of the short-circuit 
plane of 20 mm (0.8 inch), corresponding to a dis- 
tance just greater than X2/2 at 10250 MHz, the total 
frequency variation was found to be 12 MHz. 

The result of this test suggested that the ferrite cir- 
culator should be "transparent" enough for the 
Gunnplexer to be frequency locked using a cavity 
wavemeter, and this, in fact, proved to be the case. A 
TEoll mode transmission-type cavity wavemeter 
with a quoted Q factor of 8000 was available. This 
was simply bolted to the Gunnplexer assembly - the 
resulting separation between the wavemeter and the 
coupling iris to the Gunn oscillator being about 6.5 
cm (2.6 inches). The wavemeter cavity had provision 
for attaching a waveguide diode holder, and this was 

1 2 3 4 5  6 7 8 9 1 0 1 1 1 2  
VARACTOR VOLTAGE (VOLTS) 

fig. 7. Frequency variation and measured power output with 
changes in varactor bias, as measured by GBAGN. Power 
output varies less than 3.5 dB over the nearly 100-MHz 
tuning range. 
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used in conjunction with a sensitive milliammeter to 
detect when the cavity was tuned near resonance. 

With a little practice, G8AGN found that it was 
possible to hold the frequency of the Gunn oscillator 
to within 1 kHz for periods of minutes at a time. In 
view of this, it seems probable that the Gunnplexer 
could also be injection locked using a crystal con- 
trolled source, although this was not tried. 

power supply A 
The first requirement for a Gunnplexer system is a 

regulated + 10 volt power supply. Unfortunately, 
there aren't any readily available, high-current, three- 
terminal IC regulators with a 10-volt output (the 
Lambda LAS1510 meets these requirements, but is 
difficult to  purchase in small quantities).* The 
answer is the Fairchild pA78MG 4-terminal regulator, 
which requires only two external resistors to set the 
regulated output voltage (see fig. 8). This regulator 
will provide in excess of 500 mA output, so it's ade- 
quate for most Gunnplexer systems. 

For precise voltage adjustments, I have included a 
miniature 500-ohm pot between the two 4700-ohm 
resistors; this allows the output voltage to be set 
within a few millivolts of + 10 volts. If you're not this 
fussy, you can connect the IC's control terminal (pin 
4) directly to the junction of two 4700-ohm resistors 
- the output voltage should be within 5 per cent of 
the required 10 volts. This is probably close enough 
for most applications. 

In many circuits using the /*A78MG regulator the 
bypass capacitors may not be required. However, for 
stable operation of the regulator IC over all voltage 
and current input ranges, bypassing is recommended 
by the manufacturer (0.33 pF at the input and 0.1 pF 
at the output). The input bypass is necessary if the 
regulator is located far from the filter capacitor in the 
power supply; bypassing the output improves the 
transient response of the regulator. 

tuning range 
The frequency of the Gunnplexer is controlled by 

fig. 8. Regulated Gunnplexer power supply can be adjusted 
to exactly + 10 volts; with proper heatsinking, this circuit 
will provide current in excess of 500 mA. The 0.33-~LF capaci- 
tor at the input and 0.1 pF at the output improve circuit per- 
f ormance. 

fig. 9. Simple +10 volt regulator using readily available 
parts, designed by WlSL, will supply up to 1 ampere. The 
723 regulator is available from Radio Shack (part number 
276-1740) as is the 2N3055 transistor (Radio Shack 276-1634). 

the voltage on the built-in tuning varactor, the set- 
ting of the mechanical tuning screw, and the supply 
voltage to the Gunn diode. Unless otherwise speci- 
fied, the Gunnplexer is mechanically tuned to 10250 
MHz at the factory with 10.0 volts on the Gunn diode 
and 4.0 volts across the varactor. The output fre- 
quency of the Gunnplexer can be adjusted f I00 
MHz with the tuning screw, but I don't recommend 
touching the mechanical tuner unless you have ac- 
cess to a microwave frequency counter; you will find 
it difficult to accurately retune the unit to 10250, the 
center of most amateur activity on this band. 

The Gunnplexer can also be electronically tuned by 
varying the voltage across the varactor from 1 to 20 
volts; this is the preferred method, and a tuning 
range of 60 MHz is guaranteed. Electronic tuning 
range varies from unit to unit, but data is furnished 
with each Gunnplexer so you can easily estimate fre- 
quency output vs varactor voltage. Many units have 
an electronic tuning range of 100 MHz or more, so 
it's not necessary to touch the mechanical tuning 
screw for most amateur applications. 

Shown in fig. 10 is a plot of frequency output vs 
varactor tuning voltage for a 40-mW Gunnplexer that 
I am using at my station. The tuning curve is quite 
nonlinear, with the greatest frequency change - 50 
MHz - occurring as the varactor voltage is increased 
from 1 volt to 4 volts. An increase from 4 volts to 10 
volts moves the output frequency up 40 MHz, and a 
change from 10 volts to 20 volts increases the output 
frequency 46 MHz. The total frequency change is 136 
MHz. The tuning range of other Gunnplexers won't 
exactly follow this curve, but it gives you an idea of 
what you can expect. 

The varactor also provides a way of frequency 
modulating the unit. If a small modulating voltage is 

*Shortly after this article was wrinen, Fairchild Semiconductor announced 
the pA78C00 series of 3-terminal voltage regulators which have rated out- 
put current greater than 500 mA. A 10-volt regulator, the pA78C10C, is 
included in theseries. 



impressed on the varactor bias, the frequency will be 
varied at an audio (or video) rate. Because of the 
wide electronic tuning range, the required modula- 
tion voltage is very small; 10 mV or so for 75 kHz 
deviatior;, or less than 1 mV for 5 kHz deviation. 
However, don't plan on using narrowband deviation 
unless you have a crystal-controlled, phase-locked 
system for stabilizing the Gunnplexer frequency. 

The output frequency also varies with changes in 
the Gunn diode supply voltage - 15 MHz per volt 
maximum - but this isn't recommended as a tuning 
method. In addition, the power output and efficiency 
of the Gunnplexer has been optimized for a 10.0-volt 
supply, and you don't want to risk damaging the 
expensive Gunn diode. 
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fig. 10. Output frequency vs varactor bias for a 40-mW 
Gunnplexer used by WlHR. The tuning range of other Gunn- 
plexers won't exactly follow this curve, but can be esti- 
mated from the data furnished by Microwave Associates 
with each Gunnplexer. 

In portable systems designed to operate from + 12 
volts, it's convenient to set the maximum varactor 
voltage at the + 10-volt Gunn diode supply. This pro- 
vides more than enough tuning range if you use a 30- 
MHz i-f system. Amateurs in Europe usually transmit 
voice on 10250 MHz and receive on 10280 or 10220; 
in the United States many stations have standardized 
10250 for transmitting and 10280 for receiving (for 
full duplex operation one station transmits on 10250 
and the other transmits on 10280). 

If you use fm broadcast receivers at each end of 
the link with a 10-volt varactor supply, you may not 
be able to obtain sufficient tuning range to cover the 
required 100 MHz. However, if you use an auxiliary 

+lOV 

VARACTOR 

FINE 

fig. 11. If a multi-turn potentiometer is unavailable, varactor 
bias can be controlled by one of the methods shown here, 
The resolution of the circuit at (A) is about four times better 
than with a 10-turn pot; the circuit at (B) has somewhat 
less resolution but is less expensive. 

from an automobile battery will be sufficient. If you 
use an ac-powered dc supply for the varactor, how- 
ever, be sure it's weii regulated and filtered. Any rip- 
ple on the supply line will result in hum modulation. 

varactor bias control 
Since small changes in varactor bias have a large 

effect on the output frequency, a multi-turn potenti- 
ometer should be used for the tuning control (with a 
conventional 270° pot, the frequency can change 
300 kHz or more for each 1 degree rotation of the pot's 
shaft). Sometimes you can find precision 10-turn 
pots on the surplus market, but, if not, there are sev- 
eral alternatives. One is to use a single-turn pot with 
a reduction unit like the Jackson Brothers 6:1 planet- 
ary drive. This may not be completely satisfactory, 
however, because resolution may be limited by man- 

varactOr supply that will provide up 20 voltsl fig. 12. Two simple speech amplifiers which are suitable for 
should have no difficulty obtaining the required use with Gunnplexers. The two-transistor circuit at (B) in- 
range. In many cases the nominal 12 volts available eludes limited filtering for shaping audio bandwidth. 
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Minimal Gunnplexer system used by W1HR includes a 10-volt IC voltage regulator, simple speech amplifier, and tone oscillator. 
A phono connector on the bottom of the chassis is provided for the f m  receiver. A 10-turn precision potentiometer found on the 
surplus market is used for frequency control. 

ufacturing tolerances in the potentiometer's resis- tem is about four times better than with a 10-turn pot 
tance element. and is suitable for the most demanding requirements. 

Two other possibilities for varactor control are The bias control arrangement in fig. 11B does not 
shown in fig. 11. The system in fig. 11A uses one provide as much resolution but is more economical. 
dual potentiometer for coarse adjustments and a A disadvantage is that the resolution of the fine 
single-turn pot for fine tuning. Resolution of this sys- adjustment varies, and depends upon the setting of 
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the coarse control; when the coarse potentiometer is 
in the center of its range, resolution approximates 
that of a 10-turn pot. 

speech amplifiers 
Because of the high sensitivity of the varactor, a 

very small modulation voltage (on the order of 10 mV 
p-p) is required to obtain 75-kHz deviation for wide- 
band frequency modulation of the Gunnplexer; this 
greatly simplifies the design of a suitable speech 

fig. 13. Speech amplifier circuit designed by G8AGN for 
Gunnplexer operation uses a low-cost 741 op amp and offers 
high input impedance. 

amplifier. In its simplest form, the Gunnplexer 
speech amplifier requires only one transistor, as 
shown in fig. 12A. In this circuit the MPF102 fet ex- 
hibits high input impedance for a crystal, ceramic, or 
dynamic microphone, and provides more than 
enough voltage gain for full 75-kHz deviation at 10.25 
GHz. Deviation is adjusted with the 10k potentiom- 
eter in the drain circuit. 

The two-transistor speech amplifier in fig. 12B has 
an input impedance of about 20 kilohms and includes 
filtering to limit the speech bandwidth. For those 
who prefer to use 1Cs the circuit in fig. 13 is recom- 

IN914 

VARACTOR 

fig. 14. Two-transistor speech amplifier for Gunnplexers 
features high input impedance, good gain, clipping for im- 
proved audio punch, and a lowpass filter for limited audio 
bandwidth. 

mended. This 741 speech amplifier was designed by 
G8AGNlG8CZO for use with a Gunn diode trans- 
mitter.3 

In any frequency-modulation system the speech 
amplifier should, in addition to providing audio gain, 
include some form of speech processing to limit 
dynamic range so the audio signal doesn't exceed 
the maximum frequency deviation. This can be done 
with audio compression or by using a simple diode 
clipper to limit the audio peaks. The two-stage 
speech amplifier shown in fig. 14 includes a clipper 
and lowpass RC filter (47k resistor and 0.02-pF capac- 
itor) to reduce the harmonics produced by clipping. I 
used 2N2222 transistors in this circuit because I had 
them in my junk box, but most high-gain NPN tran- 
sistors should work. If you wish, the same diode clip- 
per and RC filter can be added to the circuits of figs. 
12 and 13. 

For most effective fm communications, the speech 
system should include a system for limiting band- 
width to 300-3000 Hz, and de-emphasis to correct 
the speech frequency characteristic. A circuit which 

SPEECH AMPLIFIER CLIPPER ACTIVE FILTER DE- E M W A  SIS 

fig. 15. High-performance fm speech amplifier uses heavy feedback for reduced audio distortion. I t  also includes an audio clip- 
per, 300-3000 Hz active audio filter. and de-emphasis stage. Both input and output controls are provided. Circuit board for this 
circuit is shown in fig. 22. 

34 january 1979 



has a complete speech amplifier, clipper, active filter, 
and de-emphasis stage is shown in fig. 15.4 The first 
two stages use heavy feedback to reduce distortion 
and improve frequency response. These stages are 
followed by a double-diode clipper and a two-stage 
active filter that has a 500-3000 Hz passband. The 
last stage provides de-emphasis. This amplifier gives 
an output of 100 mV for an input of 2 mV across 300 
ohms; both input and output controls are provided. I 
have used this amplifier with good success at one 
end of a wideband Gunnplexer link. 

tone oscillator 
When lining up two Gunnplexer systems, particu- 

larly if you're using high-gain parabolic reflectors, it's 
helpful to continuously tone modulate your transmit- 
ter. There are several ways to generate an audio 
tone, but for minimum parts count I prefer the circuit 
of fig. 16, which uses a 555 timer IC. Total current 
drain with a 70-volt supply is only 10 mA. The l-kHz 
squarewave output swings from ground to + I 0  
volts; this is reduced to manageable levels for Gunn- 
plexer use with the series lOOk resistor and 200-ohm 
pot. The 10k resistor and 0.1-pF capacitor form a 
lowpass filter; in some applications the filter may not 
be required. 

If you have a memory keyer, it can be plugged into 
the key jack and used to send your call sign, a series 
of vees, or your location. If you wish to send only 
your call sign, you might consider the automatic CW 
ID unit manufactured by Autocode." Although this 
unit was designed for automatically sending CW 
identification for RTTY or vhf-fm transmissions, it is 
ideal for Gunnplexer systems. 

i-f receiver 
Although a 30-MHz i-f receiver is recommended if 

you want to work reliably over long distances, to get 
started with a Gunnplexer system many amateurs 

fig. 16. A 1000-Hz tone oscillator is very helpful when setting 
up a Gunnplexer link. I t  can also be used for MCW under 
weak-signal conditions. 

have used low-cost fm broadcast receivers tuned 
around 100 MHz. One popular unit is the Audiovox 
fm converter; this receiver sells for less than $20, can 
be completely converted to Gunnplexer use in one 
evening, and is a good compromise unit for getting 
started on 10 GHz with Gunnplexers. Complete con- 
version information is available from G. R ,  White- 
house & Company. t The main disadvantage of an fm 
broadcast receiver is i-f feedthrough. For best results 

TOP COVER 

- 11/16' SPACER 

-3/8" SPACER 

- BOTTOM COVER 

fig. 17. Method of mounting the DJ700 fm receiver with 
spacers and a long 6-32 (M3.5) screw. Similar mounting ar- 
rangements are used at the four corners of the frn receiver 
PC board. 

you must pick a frequency that is clear of local fm 
broadcasters. If you take this system mountain-top- 
ping, your problems with i-f feedthrough will in- 
crease dramatically, but it is still a good way to get 
started. Also, it's a simple matter to add a better 
receiver to your system later - no other parts of the 
set-up will have to be changed. 

Another low-cost approach to the i-f receiver can 
be found in the used two-way equipment market. 
Many of the fire, police, and public-service fm 
receivers built 10 or more years ago can now be pur- 
chased for a few dollars. The receiver you want for 
Gunnplexer use was originally designed to tune from 
30 to 50 MHz and is built for wideband fm. Many of 
the newer fm receivers for this band are for narrow- 
band fm, so they are not suitable for Gunnplexer use. 
A number of companies marketed solid-state receiv- 
ers of this type in the 1960s, including Lafayette, 
Radio Shack, and Regency. Some had provisions for 
crystal control; this, if you can find one, is the type 
most suited to Gunnplexer communications. Price 
for a receiver of this type is typically around $5; most 
users have switched to more portable narrow-band 
receivers with scanners, so the older, tunable 
receivers have practically no commercial value. 

'Autocode, 81 16 Glider Avenue, Dept. H, Los Angeles, California 90045. 

tG. R. Whitehouse stocks 15-, 25-, and 40-mW Gunnplexers; his address is 
Newbury Drive, Amherst. New Hampshire 03031. 



MODULATION 
VOLTAGE 

fig. 18. Gunnplexer AFC system designed by DJ700 for use 
with his 30-MHz fm receiver. Circuit may be adapted to 
other frn receivers by changing the ratio of resistors R1 and 
R2. I t  may be desirable in some cases to replace R3 with a 
trimmer pot. In the center position of switch S1, the AFC is 
turned off, the two outer positions provide positive- and 
negative-going AFC voltage with increasing frequency 
(see text). 

The choice of 30 MHz for the i-f receiver means 
that you can set up your Gunnplexer on 10250 MHz 
and tune in stations either 30 MHz above or below 
your center frequency. Many Gunnplexers don't 
have sufficient electronic tuning range to handle an 
i-f at 100 MHz with only + 10 volts of varactor bias. If 
you have a +20 volt bias supply available, many 
Gunnplexers will tune the required 100 MHz, but that 
precludes most portable operation unless you pro- 
vide additional batteries for the bias supply. For reas- 
ons mentioned previously, I don't recommend touch- 
ing the mechanical tuning screw. 

I have used both tunable and crystal-controlled 30- 
MHz i-f receivers in Gunnplexer links, and the differ- 
ence is like night and day. Tunable receivers are fine 
if you're interested . I I ~  in working over short dis- 
tances, but if you \ /ant to communicate farther than 
you can shout, you have to use a crystal-controlled 
i-f receiver. Remember that the local oscillator for 
your receiver is the Gunn oscillator at the other sta- 
tion; for communications, the receivers at both ends 
of the link must be tuned to exactly the same fre- 
quency. Even at 30 MHz, a tunable receiver that is off 
frequency by only 1 per cent will be completely out of 
the passband of a wideband fm signal. 

Automatic Frequency Control (AFC) is helpful 
when you first turn on your Gunnplexer, but if both 
stations are operating in essentially the same envi- 
ronment, I've found that frequency drift during 
warm-up is slow enough that it's an easy matter to 
keep the other station tuned in. Once the two Gunn- 
plexers have reached thermal equilibrium, they'll sit 
on frequency for hours at a time. 

The receiver I'm using in my Gunnplexer station 
was described by DJ700.5 In addition to being crys- 

tal controlled, it has built-in provisions for a tuning 
meter and signal strength meter; both are extremely 
useful in setting up Gunnplexer links over marginal 
paths. Also, the output from the discriminator is 
available for AFC purposes. If you're interested in ser- 
ious microwave communications, I highly recom- 
mend this receiver. 

As supplied, the DJ700 receiver is built into a tin- 
plated enclosure with no mounting tabs. If you wish, 
small L-shaped brackets could be soldered to the 
enclosure, or the receiver could be clamped into 
place, In my Gunnplexer transceiver I mounted the 
DJ700 receiver with spacers and long screws; this 
seems to be more rugged than brackets or clamps, 
and, since the transceiver is designed for portable 
use, I wanted something that would stand up to 
unintentional abuse (see fig. 17). 

If you purchase a DJ700 i-f receiver, the only 
problem you may have is obtaining knobs to fit the 
potentiometer shafts. The diameter of these shafts is 
4 mm - too large for 118 inch shafts, and too small 
for 114 inch! The best solution is to purchase knobs 
for 118 inch shafts and drill them out with a no. 22 or 
4 mm drill. You can also wind tape around the shafts 
to build them up to 114 inch, but the knob will tend 
to feel sloppy and will probably be eccentric. 

automatic frequency control 
After a Gunnplexer is initially turned on, its output 

frequency drifts rapidly as the unit warms up. The 
typical drift rate is about 300 kHz per degree Celsius, 
and since the Gunnplexer temperature may go up 10 
degrees per minute after it's first turned on, total fre- 
quency drift is 3 MHz or more. As the unit reaches 
thermal equilibrium, however, frequency drift slows, 
and, if the unit is shielded from wind currents, the 
output frequency is quite stable. If the Gunnplexers 
at opposite ends of a wideband fm communications 
link (4=200 kHz) are in similar environments, they 
can be used for voice communications over long 
periods of time without any frequency adjustments. 

fig. 19. Receiver passband showing upward frequency drift 
of Gunnplexers operating above (A) and below (B) a Gunn- 
plexer with AFC. To maintain the received signal in the cen- 
ter of the passband requires AFC with positive sense in (A) 
and negative sense in (B). 
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SPEECH AMPLIFIER CLIPPER 

1 
- 4CIOVREWlATED 

fig. 20. Circuit for a Gunn- 
plexer transceiver without 
a built-in i-f receiver. In the 
original model, this circuit 
was built on perf board. 
Resistor R1 is adjusted for 
the desired tone level; R2 
is set for a 1-volt drop. 

+I2 70 +ZO VDC 

MCW OSCILLATOR 

(After an initial warmup of 30 minutes, two enclosed 
Gunnplexers in my shop remained on channel for 
more than a day.) 

For closer frequency control you can either pre- 
heat the Gunnplexer (or use a proportional tempera- 
ture control system as I suggested in an earlier 
article?) or use automatic frequency control (AFC). 
Gunnplexer temperature control would probably be a 
good choice for use at a base station, but because of 

fig. 21. Complete Gunnplexer transceiver fea- 
turing high-performance speech amplifier with 
clipping and de-emphasis, crystal-controlled 
30-MHz receiver, and low-noise preamplifier. 
A circuit board for the speech amplifier, tone 
oscillator, AFC system, and regulated power 
supply is shown in fig. 22. 

VOLTAGE 
REGULATOR 

can be used with other fm receivers by simply chang- 
ing the values of resistors R1 and R2. In some cases 
the circuit will work as shown, but others will require 
more (or less) gain - which is set by the ratio of R1 
to R2. The only other adjustment is R3, which should 
be set for a voltage drop of 1 volt. 

In thecenterposition of switch S1 the AFC is turned 
off; the two outer positions provide positive- and 
negative-going AFC voltage with increasing frequen- 

the huge current drain of any heating system, AFC is 
better for portable use. In an AFC system any devia- 
tion in the average value of the i-f from the center fre- 
quency of the discriminator in the receiver will pro- 
duce a dc voltage determined by the direction of the 
frequency deviation. This dc voltage is applied to the 
varactor in the Gunnplexer to bring it back on fre- 
quency. Note that the use of AFC must be limited to 
one end of a Gunnplexer link; the other end is allowed 
to run free. 

In many cases, the AFC voltages for the Gunnplex- 
er can be obtained from the i-f receiver. The AFC sys- 
tem shown in fig. 18 was designed by DJ700 for use 
with his 30-MHz receiver.5 This same basic circuit 

cy. Which is chosen depends upon whether the fre- 
quency of the Gunnplexer with AFC is above or 
below the free-running Gunnplexer without AFC. 
Assume the Gunnplexer with AFC is set to 10250 
MHz (see fig. 19). If the free-running Gunnplexer is 
at 10280 MHz and drifting higher, the incoming sig- 
nal is moving upward through the receiver passband. 
Therefore, a positive AFC voltage is required to shift 
the 10250-MHz LO up to recenter the 10280-MHz sig- 
nal on the middle of the passband. If the free-running 
Gunnplexer drifts downward, the opposite occurs. In 
either case, however, the sense of the AFC voltage is 
the same (positive) as the necessary frequency shift. 

Now consider what happens if the free-running 
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Wideband 30-MHz fm receiver designed by DJ700 for use 
with Gunnplexer systems (described in the August, 1978, 
issue of ham radio). At the left is the mosfet input stage, fol- 
lowed by the S042P crystal-controlled local oscillator and 
mixer, TDA1047 i-f strip, and TAA611 audio power ampli- 
fier. The two controls are for squelch and audio gain. 

Gunnplexer is below the one with AFC at 10220 MHz. 
If it is drifting higher, the incoming signal is moving 
down through the receiver passband, and a negative 
AFC voltage is required to move the 10250-MHz LO 
down to shift the 10220-MHz signal to the center of 
the passband. Therefore, if the frequency of the 
Gunnplexer with AFC is above that of the free-run- 
ning Gunnplexer, the sense of the AFC voltage is 
opposite (negative) to the necessary frequency shift. 

Obviously, the sense of the AFC voltage is ex- 
tremely important. If the AFC sense is incorrect, it 
tends to chase the received signal out of the pass- 
band. In fig. 19B, for example, if positive AFC is 
used, upward drift toward 10221 MHz will reduce the 
AFC voltage, moving the LO toward 10249 MHz - 
the wrong direction! If the AFC has the wrong sense, 
you'll find it almost impossible to tune in the signal; 
in many cases the LO will actually oscillate back and 
forth across the receiver passband several times per 
second. If you've built a Gunnplexer system with 
AFC and have experienced this problem, now you 
know what caused it. 

gunnplexer transceivers 

graphs. The first, which I call the "minimal" Gunn- 
plexer system, is built into a 125 x 100 x 75 mm 
(5 x 4 x  3 inch) Minibox and doesn't include the 
receiver (a phono jack is provided so it can be used 
with a variety of external receivers). The other trans- 
ceiver, which is built into a 225x 150x 125 mm 
(9 x 6 x 5 inch) aluminum utility box, includes a built- 
in 30-MHz receiver with a low-noise preamp and 
speaker. 

The circuit of the minimal Gunnplexer transceiver 
is shown in fig. 20. Basically, it consists of the two- 
transistor speech amplifier (fig. 141, 1000-Hz tone 
oscillator (fig. 161, and regulated dc power supply. 
Note that the lowpass filter at the output of the tone 
oscillator is combined into the speech amplifier. No 
receiver was included because at the time I built this 
transceiver I was still undecided about a receiver and 
wanted to try several options. Since it was built it has 
been used successfully with a variety of i-f receivers 
at 30 MHz, 100 MHz, and, more recently, 11 1 MHz 
(the New England spot for retuned fm broadcast 
receivers). 

The Gunnplexer transceiver shown in fig. 21 might 
be called the "deluxe" model. In addition to the built- 
in 30-MHz receiver and low-noise preamps, it fea- 
tures the high-performance speech amplifier with 
clipping, audio shaping, and de-emphasis (fig. 15), 

To build a complete Gunnplexer transceiver, all 10-GHz Gunnplexer system setup by the WlFC group on 
Pack Monadnock in New Hampshire during the September you have to do is combine some of the previous 
vhf/uhf contest. Two-way communications were estab- 

cuits and build them into a single enclosure. TWO lished with Gunnplexer-equipped stations in Maine, New 
examples are shown in the accompanying photo- Hampshire, and Vermont. 

38 january 1979 



fig. 22. Component layout for 
the printed-circuit board for 
the Gunnplexer transceiver. A t  
the top of the board is the 
speech amplifier wi th clipping 
and de-emphasis. Below, right ' 
to left, are the 555 tone oscil- 
lator, 741 AFC amplifier, and 
78GU1 vo l t age  regu la to r .  
( N o t e  t h a t  t h e  78GU1 i s  
mounted on the foil side of the 
board.) In the speech amplifier, 
pot R1 sets the microphone 
gain; pot R2 is used to set max- 
imum deviation. Pot R3 sets 
the tone voltage level into the 
speech amplif ier; R4 is the 
+ 10 volt adjust, and R5 is set 
for +I vott at TPI. The capa- 
citors i n  the audio amplifier 
are tantalum types.* 

an AFC system, tone oscillator, and regulated power inch) thick, is mounted in the bottom of the enclo- 
supply. To save space and improve reliability, these sure and tapped for a 1/4-20 screw. This is the stan- 
circuits are built on a printed-circuit board (fig. 22). dard thread for camera tripods sold in the United 
For improved heatsinking of the 78GU1 voltage regu- States. 
lator, this IC is mounted on the foil side of the circuit When setting up this transceiver, first set the 500- 

fig. 23. Full-size printed- 
circuit layout for the Gunn- 
plexer speech amplifier. 
tone oscillator, AFC ampli- 
fier, and voltage regulator. 
Component layout is shown 
in fig. 22. 

"Complete parts kits, including PC 
board, are available from G. R. 
Whitehouse, 10 Newbury Drive, 
Amherst, New Hampshire 03031. 

board. In addition, an aluminum mounting spacer is ohm voltage adjust potentiometer, R4, for + 10.0 
used to conduct heat to the chassis. The result is a volts at the Gunn diode, then adjust R 5  for 1.0 volt at 
very cool-running voltage regulator, even with 500 test point 1 (TPI 1. The tone output level adjustment, 
mA of output current. In the transceiver this circuit R3, is set for the same deviation as the microphone; 
board is mounted on the rear wall of the utility box. A this and the other audio adjustments are discussed 
100 x 100 mm (4 x 4 inch) aluminum plate, 6 mm (1 I 4  later. 
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Head-on view of the Gunnplexer showing the mixer diode, 
left. and ferrite circulator (black cylinder to right). The small 
screw which protrudes through the top of the waveguide 
is used to adjust mixer injection. 

One feature of the transceiver which is not shown 
on the schematic should be mentioned: a small relay 
to turn off the speaker during voice transmissions. 
When communicating with a Gunnplexer system, 
the receiver detects both the signal from the distant 
station and the local transmitted signal. In addition to 
being annoying, this is sometimes the cause of 
unwanted howls and squeals because of audio feed- 
back. To solve this problem, some builders have in- 
stalled a spdt switch to transfer the audio output to a 
4.7-ohm resistor. In my transceiver I installed a minia- 
ture spdt relay which is operated by the PTT switch 
on the microphone (most 12-volt relays work quite 

Microwave Associates 10-GHz Gunnplexer and 17-dB horn 
antenna. Receiver section is housed in waveguide section 
machined from large block of metal. This improves thermal 
stability of the unit. 

well on + 10 volts). The speaker circuit isn't affected 
when the tone oscillator is used for CW, so I have a 
built-in CW sidetone system. 

waveguide flange layout 
If you wish to mount your Gunnplexer inside an 

aluminum Minibox, you must match the waveguide 
and mounting screws to a cutout in the enclosure. 
There are feedthrough waveguide flanges on the 
market, but they're expensive and seldom make their 
way into the surplus market. The only alternative is 
to carefully lay out the mounting holes for the UG- 
39lU waveguide flange and then hand file a cutout to 
match the interior dimensions of the waveguide. This 
is difficult if you don't have access to a waveguide 
handbook because the screw holes are not at the 
corners of a square, as you might suppose, but are 
slightly offset as shown in fig. 24. This is done inten- 
tionally so it is impossible for a technician to cross 
polarize sections of waveguide. 

To locate the mounting holes for the UG-39lU 
flange, prick punch the center and use a compass to 
swing an arc with a radius of 15.5 mm (0.61 inch) as 
shown in f ig. 24B. Now use a carpenter's or 
machinist's square to draw two vertical lines which 
are tangent to the arc (fig. 24C). Using the same 
center point, swing another arc with a radius of 16.3 
mm (0.64 inch) and use the square to draw two hori- 
zontal lines (fig. 24D). The screw mounting holes are 
located at the intersections of the straight lines. To 
check their location, swing an arc with a radius of 
22.5 mm (0.884 inch); it should cross the center point 
of each of the hole locations (fig. 24E). When you 
are satisfied that the mounting holes are correctly 
located, drill the holes with a number 18 (4.3 rnm) 
drill for the 8-32 mounting screws. Temporarily 
mount the Gunnplexer to make sure the holes mate 
with the tapped holes in the Gunnplexer flange. 

After the screw holes have been located you can 
make the rectangular cutout for the waveguide. This 
cutout measures exactly 0.4 to 0.9 inch and is cen- 
tered on the same point as the mounting holes. After 
scribing the outline with a square, I found the best 
approach was to drill out the center point with an 8 
mm (5116 inch) drill. This provides clearance for an 
Adel nibbling tool. 

A word of  warning: don't try to make the finished 
cutout with the nibbler; you're sure to botch the job. 
Use the nibbler only to make the rough cutout - 
within about 1 mm (1 I32 inch) of the finished edge. 
Then carefully hand file the edges of the opening so 
they match the waveguide. 

Temporarily install the Gunnplexer to check pro- 
gress, but carefully wipe off the metal filings first so 
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they don't get into the Gunnplexer. And don't leave pine lumber in front of the Gunnplexer reduces signal 
the Gunnplexer in place while you're filing the open- strength by 10 or 12 dB. Once you have reduced sig- 
ing - that's an open invitation to disaster! nal strength to manageable levels, you can make the 

setup and test 
necessary adjustments. First set one Gunnplexer up 
with + 10 volts on the Gunn diode and + 4  volts on 

The easiest way to set up a Gunnplexer system is the varactor; unless tuned specially by the manufac- 
to get together with a friend and set up your 10-GHz turer, the operating frequency will be close to  10250 
stations at the same time. With two Gunnplexers MHz. Now tune the other Gunnplexer t o  a frequency 

STANDARD UG-39/U WAVEGUIDE 0 SWING 0 6 1 0 " ~ ~ ~  FROM CENTER a DRAW VERTICAL LINES TANGENT'TO 

FLANGE POINT 0 610" ARC 

fig. 24. How to lay out the chassis to match a UG-39/U waveguide flange (used on all Microwave Associates Gunnplexers). 
Note that the flange holes are not symmetrical. Step-by-step instructions are given in the text. 

running on the bench, it takes only a few minutes to 
adjust the speech amplifier and tone oscillator for 
best performance. Tests and adjustment of an AFC 
system take longer, but most work can be done in 
one evening. 

The only problem you're apt to encounter with two 
Gunnplexers in the same workshop is high signal 
strength - if you have an S-meter, you can be sure it 
will be against the pin, regardless of the direction you 
point your Gunnplexers. However, wood makes an 
excellent microwave absorber, as does the conduc- 
tive black plastic foam which is often used to protect 
CMOS integrated circuits. A small section of black 
foam placed across the waveguide will reduce the 
radiated signal by 30 dB or more; a section of 2 x 4 

below the first where you hear the carrier, and care- 
fully adjust the varactor bias for a zero reading on the 
carrier meter (if your receiver doesn't have a zeroing 
meter, adjust for maximum signal strength). Make a 
note of the varactor voltage; this Gunnplexer will 
now be tuned to 10220 MHz if a 30-MHz i-f is be- 
ing used. 

Now tune the second Gunnplexer above the first 
until you hear the carrier and carefully center the car- 
rier in the passband of the receiver. Make a note of 
the varactor voltage (Gunnplexer tuned to  10280 
MHz with a 30-MHz i-f). If you wish, you can now set 
the varactor voltage on this Gunnplexer to + 4  volts 
and make similar measurements on the other unit. If 
you use a turns-counting dial on the varactor bias 
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potentiometer, it's helpful when mountain-topping GUNNPLEXER SYSTEM CRYSTAL MIXER 

to know which dial settings correspond to the oper- 
ating frequencies of 10220, 10250, and 10280 MHz. 

Now tune the Gunnplexers to one another and 
carefully center the carriers, Plug in your microphone 
and increase the speech gain control. You will note 
that the received audio signal will have excellent fidel- 
ity at a certain setting of the gain control, but, as gain 
is increased beyond that point, the signal becomes 
distorted. Back down the gain control to a setting 
slightly below that which causes audible distortion. 

If you wish to measure the actual deviation of your 
signal, you can use the Bessel function relationship 
to determine the audio input frequencies at which 
the fm carrier will completely disappear; this tech- 
nique is discussed in most of the popular vhf-fm 
books. Table 1 lists the audio frequencies for carrier 
nulls at several popular deviations (use 75-kHz devia- 
tion for wideband fm receivers); it is not practical to 
use carrier nulls beyond the third. 

In most cases it's not necessary to make an actual 
deviation measurement; reliable fm microwave com- 
munications can be obtained by a simple adjustment 
of the speech gain control for no audible distortion. 
Once the speech gain had been adjusted, turn on the 
tone oscillator and adjust the tone signal level for a 
signal strength approximately the same as for voice. 
If you have both input and output controls in your 
speech amplifier, set the output control for full devia- 
tion or minimum audio distortion with the micro- 
phone gain control set at about one-half full gain - 
this will leave plenty of leeway for microphones with 
higher or lower output. Set the tone oscillator level 
as before. 

If you don't have a friend with a Gunnplexer, you 
can use the Boorr .ng system shown in fig. 25, 
which was originz .ed by the San Bernadino Micro- 
wave Society. All you need is an X-band crystal mix- 
er and a 1 to 2 mW local-oscillator source at 30 MHz 
(if you're using a 30-MHz i-f receiver). When setting 
up the mixer, be sure to provide a dc return ( r f  choke) 
for the mixer diode. Place the mixer 100 meters (300 
feet) or so from the Gunnplexer. The transmitted sig- 
nal from the Gunnplexer will mix with the 30-MHz 

table 1. Audio frequencies which will produce a carrier null 
for various amounts of frequency deviation (use 75 kHz 
deviation for wideband fm receivers). 

modulation deviation produced 
frequency 1st null 2nd null 3rd null 

2717.3 Hz k6.53 kHz 5 15.00 kHz + 23.52 kHz 
4528.9 Hz f 10.89 kHz f 25.00 kHz k39.19 kHz 
5000.0 Hz + 12.02 kHz 527.60 kHz k 43.27 kHz 
8666.8 Hz + 20.84 kHz + 47.84 kHz f 75.00 kHz 

10000.0 Hz 524.05 kHz k 55.20 kHz f 86.54 kHz 
13586.7 Hz f 32.67 kHz k75.00 kHz k 117.58 kHz 

30-MHz SOURCE 
MODULATOR RECEIVER SPEAKER 

I-2mW 

fig. 25. Boomerang system devised by the San Bernadino 
Microwave Society for testing microwave systems. I t  re- 
quires only an X-band diode mixer and 1 to 2 m W  at 30 MHz.  
The mixer should be placed 100 meters or so from the Gunn- 
plexer to eliminate i-f feedthrough; if the X-band mixer is 
too close to the Gunnplexer. radiation from the %-MHz 
signal source will completely block the i-f receiver. 

LO, be re-radiated, and picked up by the Gunnplexer 
receiver. With this system you can make all the 
adjustments discussed previously. 

When using the Boomerang system don't place 
the X-band mixer too close to the Gunnplexer. If it is 
too close, primary 30-MHz radiation from the LO will 
feed directly through to the i-f receiver. You can tell 
very quickly if this is happening because the receiver 
will be completely blocked. 

radiation hazard 
Although 20 mW isn't usually considered to be 

very much r f  power, in the Gunnplexer it's concen- 
trated at the small, open end of the waveguide, so 
power density is about 6.2 mW per square cm (up to 
19 mWIcm2 for higher-powered Gunnplexers). This 
is considerably above OSHA's 10 mWIcm2 safety 
limit. Fortunately, rf power density falls off to safe 
levels with a few feet (2 meters), but remember that 
your eyes are especially susceptible to damage from 
rf radiation - never look into the open end of a 
Gunnplexer while it's operating. 
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quieting amplifiers 
for fast CW break-in 

Eliminate the 
clank and clatter 

of antenna transfer relays 
by using this 

fast and quiet TIR relay 

Observations made over a period of years indicate 
the majority of amateurs still cling to the push-to-talk 
method of operating their linear amplifiers during CW 
and voice operation. Continued use (or abuse) of 
push-to-talk operation can be blamed, in a large part, 
for the loud clacking noise generated by transfer 
(exciter/final) relays installed in most linear ampli- 
fiers. In an otherwise quiet ham shack, this loud and 
rapid clacking can become very annoying during 
both CW and phone operation. 

The T/R relay unit described in this article, and 
linear amplifier modification, will go a long way in 

REC ANT 

LIN-AMP 
BIAS ' 

CUT-OFF 

END VIEW 

I fig. 1. Full-scale drawing of the interconnections between 
the TIR relay unit, amplifier, and antennas. The four phono 
connectors, mounted on the small Minibox, are used for the 
connections to the receiver and control circuits. 

By Nick Lefor, WlDB, 2A Knollwood Acres, 
Storrs, Connecticut 06268 
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reducing the noise generated by the linear ampli- 
fier transfer relay; it will also provide fast CW break- 
in and VOX operation. 

Basically, the TIR relay unit and system is a free 
adaptation of the ideas suggested by Dick Frey, 
K4XU.1 The TIR relay unit consists of permanently 
connecting the operating antenna to  the linear ampli- 
fier rf output connector through a UHF T connector. 
As seen in fig. 1, the TIR relay unit acts as the inter- 
connection between the exciterlamplifier, receiver, 
and antenna. When the amplifier is being used, the 
STANDBYIOPERATE switch, having been rewired, 
holds in the amplifier's internal transfer relay, with 
the T IR unit controlling the operating bias. During 
exciter-only operation, placing the switch in STAND- 
BY will bypass the rf around the amplifier. 

construction 
The TIR relay unit consists of a small, aluminum 

utility box, approximately 7.6 x 7.6 x 5.1 crn (3 x 
3 x 2 inches [Radio Shack 270-2351), UHF and 
phono connectors, and a miniature dpdt 12 Vdc 
relay [Radio Shack 275-2061. The miniature relay is 
wired between the connectors using no. 22 (0.6mm) 
AWG wire. In addition, it's supported by small ure- 
thane pads which also serve as sound absorbers. 

operation 
When K2 (see fig. 2A)  is operated by the exciter1 

transceiver auxiliary TIR contacts, K2A transfers the 
receiver's antenna input from the antenna to ground. 
K2B shorts the amplifier cutoff bias resistor (R2, 
fig. 2B) to ground, thereby placing the proper op- 
erating bias on the amplifier tube. The 1 N914 diodes 
are installed for receiver input protection. The 
1 N4006 diode, installed across relay coil K2, is used 
for transient switching protection. This diode has a 
tendency to delay the release time of K2, however 
this delay is not noticeable, even at high keying 
speeds. The modifications, as outlined, are for a 
TENTEC "Triton IV" transceiver and a DenTron 
"MLA-1200" linear amplifier. However the principles 
can be applied to other linear amplifier-receiver1 
transceiver combinations. 

results 
Although the response time (TIR switching) and 

quieting does not approach that outlined by Dick 
Frey's article, the results have been quite satisfactory 
- and less expensive. Fast CW break-in at the I -kW 
input level has been retained, with no transients 
present on either transmitting or receiving. A gratify- 
ing improvement is the absence of the noise gen- 
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fig. 2. Schematic diagram of the T/R relay and modifica- 
tions to the DenTron MLA-1200 amplifier. The wiring within 
the Minibox containing the double-pole, double-throw is 
at (A). In (B), the MLA-1200 has been modified to provide 
remote switching of the amplifier's bias. Additional com- 
ponents have been installed to prevent rf from getting into 
the bias line. 

erated by the amplifier transfer relay. Note that this 
system of break-in can be applied only to receiver1 
exciter combinations and transceivers having a 
separate receiver antenna input. 

I wish to acknowledge the helpful suggestions of 
Milt Hirsch, WIAUB.  

references 
1. Dick Frey, K4XU. "How to Modify Linear Amplifiers for Full Break-in 
Operation," ham radio, April, 1978, page 38. 
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adjustable-vol tage 
5-ampere power supply 

High output current, 
adjustable voltage, 

and a low parts count 
highlight the benefits 

possible with the 
Fairchild A78179 

hybrid voltage regulators 

Fairchild has recently introduced its pA78HGC 
(positive) and pA79HGC (negative) "hybrid" voltage 
regulators, which should find wide application 
among amateurs. These regulators are capable of 
supplying current in excess of 5 amperes over a 5 to 
24 volt output range ( - 24 to - 2.2 volts for the neg- 
ative regulator). Load and line regulation is better 
than 1 per cent. The hybrid nature of these regulators 
is the result of mating a low-current voltage regulator 
IC, a Darlington series pass transistor, and two short- 
circuit detection transistors in one 4-pin TO-3 pack- 
age. A block diagram of the device is shown in fig. 1. 
The output voltage is set by two external resistors. 
This design greatly simplifies the construction of rela- 
tively high-current power supplies. 

The cost of the device is competitive with that of 
the discrete components. The parts count is a mere 
eight, including power transformer, rectifier, and fil- 
ter capacitor, and the numerous possible applica- 
tions include solid-state power amplifiers, vhf rigs, 
large digital projects, repeater supplies, audio equip- 
ment, and variable bench supplies. 

table 1. Characteristics of the Fairchild hybrid. 

voltage regulators 

Input Voltage Maximum 
Output Current 
Minimum Input-Output Differential 
Maximum Input-Output Differential 
Line Regulation 
Load Regulation 
Control Pin Voltage 
Short Circuit Current Limit 

40 volts 
5 amps 
3 volts 

25 volts 
1 per cent V,,, 
1 per cent V,,, 
4.8-5.2 volts 
7 amps 

Table 1 summarizes the electrical characteristics 
of this device family, which also includes three fixed- 
output devices with otherwise identical specifica- 
tions: pA78H05C (5 volts), pA78H12C (12 volts), and 
pA78H15C (15 volts). The fixed-output regulators 
come in a standard 2-pin TO-3 case and include inter- 
nal voltage-set resistors. 

All of these regulators have thermal overload pro- 
tection against excessive dissipation or current drain, 
along with internal short-circuit protection to limit 
current output. Safe area protection is provided for 

By James S. Robbins, Esq., NIJR, c /o  
Horovitz, Gordon, and Robbins, 6 Beacon 
Street, Boston, Massachusetts 02108 
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the output transistors. When a short circuit is seen 
by the regulator, the rise in internal temperature puts 
it into thermal overload, shutting down the device for 
as long as the current demand generates excessive 
heat. The short circuit current limit is 7 amperes. 

The basic positive regulator circuit (78HGC) is 
shown in fig. 2. R1 and R2 may be determined by the 
simple equations shown with the circuit. The nomi- 
nal reference voltage on the control terminal is 5.0 
volts (4.8 to 5.2 volts). To produce the recommended 
1.0 mA current flow in the control string would re- 
quire making R 2  = 5k ohms. With R2 = 5k ohms, 
the output voltage becomes Vo,, = [ ( R l +  
R2)/R2]*control voltage (where R1 and R2 are in k- 
ohms). For example, if the supply is to provide 13.8 

fig. 1. Block diagram of the (11 i n p u r r  V l ~ l  

pA78HG adjustable output volt- 
age regulator manufactured by 
Fairchild. 
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REGULATOR 
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volts and R2 = 5k ohms, then R1 must equal 8.8k 
ohms. Precise setting would require trim pots. 

As with virtually all such regulators, input and out- 
put capacitors should be used to improve transient 
response and to prevent oscillation of the regulator 
under certain feedback conditions. These capacitors 
also provide rf-field protection. Tantalum capacitors 
are preferred, but good quality ceramic discs may be 
used. Mounting should be as close to the device as 
possible. 

The four-pin base diagrams (top view) for the reg- 
ulators are shown in fig. 3. Note that the pin-outs for 
the two devices are different. The case is electrically 
isolated from the internal circuitry in the four-pin 
adjustable devices, but is the common in the fixed- 
output regulators. 

Mounting may be accomplished with or without a 
socket. I have used a modified TO-3 socket by 

A D J U S T A B L E  VOLTAGE OUTPUT 
5 - 2 0  VOLTS 

fig. 2. Typical circuit configuration to provide an adjustable 
output voltage. As discussed in the text, the resistor values 
are selected for approximately 1 mA of current flow in the 
divider and also to provide a control voltage input of 5 volts. 

"OUT 

removing the center (collector) pin and drilling two 
additional holes for pins 2 and 3. Mounting R1 and 
R2 directly at the regulator will significantly improve 
the load regulation of the device. 

This series of regulators is rated for 50 watts of in- 
ternal power dissipation at a case temperature of 
25OC. Increased case temperature, of course, 
reduces this rating. A graph of maximum power dis- 
sipation versus case temperature is shown in fig. 4. 

To achieve rated performance, attention must be 
paid to both heatsinking and input voltage, which are 
interrelated. Under normal operation the regulator 
will see some input voltages greater than that 
demanded as its output. The minimum input-output 
differential should be approximately 3 volts for prop- 
er regulation. The greater the difference between the 
input to the regulator and its output, the greater the 
dissipation required by the device (actually, by its in- 
ternal pass transistors). By tailoring the input voltage 
to the output voltage, heatsinking requirements are 
reduced, ire.,  less heat must be dissipated in normal 
operation. To draw 5 amps from the regulator would 
set a maximum limit on the input-output differential 
of 10 volts. A lower differential reduces the heat to 
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fig. 3. Pinout diagrams for the positive and negative voltage 
regulators (78HGC and 79HGC. respectively). 
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CASE TEMPERATURE - " C  

fig. 4. Graph of the maximum power dissipation for dif- 
ferent case temperatures. 

be dissipated. For example, a 13.8-volt supply draw- 
ing 5 amps and fed by a 24-volt input would require 
heatsinking sufficient to dissipate approximately 50 
watts in normal use. This same supply fed by an 18- 
volt input must accommodate only slightly over 20 
watts. 

Many transformers may be easily modified to ad- 
just their output voltage. Generally, the secondaries 
of these low-voltage transformers are on the outside 
and are readily reached after the laminations are 
removed. A count of the secondary turns will yield 
the voltage-turn ratio, making it a simple matter to 
remove (or, for that matter, add) the necessary 
turns. What you are looking for finally is an output 
voltage (after rectification and filtering) that, with full 
load, is only slightly above the 3-volt minimum input- 
output differential. 

Heatsinking must keep the junction temperature 
below 125OC to meet specifications. Typically, a sink 
with a thermal resistance of approximately 1.5OCl 
watt would be adequate. Proper mounting, along 
with the use of a good thermal compound, is 
required. 

This series of hybrid regulators from Fairchild of- 
fers a significant reduction in the parts count and 
complexity of power supplies. Its substantial curent 
capacity, along with regulation quality and device 
protection, make i t  an economical solution to a wide 
variety of amateur power-supply applications. The 
zener diode is increasingly being moved out of the 
power supply business as integrated regulators 
become more diverse. These Fairchild regulators are 
one more step in that evolution. 

ham radio 
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digital readout 
for the 

Ham-3 rotator 
Add a digital readout 

to the Ham-M rotator series 
by incorporating 

this simple but accurate 
analog-to-digital converter 

It appears tha t  Amateur Radio has gone digital. The 
signs of change are all around the shack. First came 
the digital IC keyer, which later had a digital memory 
added. Digital frequency readout was once a luxury; 
now, it's a standard feature of most new trans- 
ceivers. Every shack, of course, now sports a digital 
clock built from a $3 clock IC. With the exception of 
the keyer, all the "digital" applications are merely 
conversions of analog data to digital readout. Since 
this trend is likely to continue, it's worth looking into. 

Electronic analog-to-digital conversion can be 
accomplished using several different techniques." 
These include parallel (or "flash") tracking, succes- 
sive approximation, or single- and dual-ramp conver- 

"For detailed discussions of conversion techniques an excellent text, 
Analog-Digital Conversion Notes, is available from Analog Devices In- 
corporated, Norwood, Massachusetts. for $5.95. 

By Doug Grant, KlDG, 20 Oak Street, Win- 
chester, Massachusetts 01890 

ters. The flash converter is often used in extremely 
high-speed applications. Successive approximation 
is a general-purpose, medium-speed approach, while 
the dual-ramp or dual-slope is suited to low-speed 
applications. Integrated circuits are now available at 
reasonable cost t o  perform each of these conver- 
sions. In choosing a converter, you must consider 
several aspects: speed, accuracy, resolution, and 
output format. The actual analog signal being con- 
verted must also be considered. Is it a voltage or a 
current? Perhaps the best way to illustrate the rea- 
soning behind a data-conversion project is by ex- , ample. 

The largest analog indicator in my shack is the 
meter on my HAM-3 control box, an obvious choice 

/ for digital readout. First, consider the A-D converter. 
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1 Speed is not essential. Conversion times of a few 
hundred milliseconds are acceptable, so a dual-slope 
converter is adequate. The accuracy of this system 
is likely to be limited by the linearity of the Ham-3 
indicator system, since most converter products 
are within 0.1 per cent accuracy. The Ham-3 indica- 
tor has an accuracy of about 5 degrees.1 Resolution 
is a term describing the number of discrete values 
that can be recognized, in the same way that digital 
frequency readouts have resolution limitations. It 
seems foolish to  have rotator readouts to tenths of a 
degree. A resolution of 1 part in 360 is adequate. 

Since converter manufacturers produce both  
binary- and BCD-output devices, output format must 
be chosen. In this application, since the readout is a 
seven-segment visual display, the BCD output is the 



best choice. If you wanted to control the station 
from the shack computer (no doubt many hams are 
already considering this), a binary output would be 
better since computers tend to think in straight 
binary. 

The Analog Devices AD2020, a 3-digit BCD output 
A-D converter, fits the requirements. It is a low-cost, 
low-speed, 3-digit BCD output converter widely used 

usable 0-360 millivolt range. In addition, this divider 
must have a high enough input impedance that it 
doesn't load down the pot. A t  mid scale, the pot 
represents a source impedance of 250 ohms, de- 
creasing to zero at either extreme of its travel. The 
resistive divider shown in fig. 2, 100k-ohms and 
2.49k-ohms, will not cause loading problems. In 
addition, the 100 meg-ohm input impedance of the 
AD2020 will not cause errors due to  loading effects 

CRP 

CRI 
1 3 V  

BRAKE 
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fig. 1. Schematic diagram of the original Ham-3 control 
circuit. The metering circuit has been redrawn for clar- 

,,,,,, ity. Note that the zener reference is floating; the bottom 
end is not grounded. 

in digital panel-meter applications. It is an excellent on the equivalent source impedance of the voltage 
choice for the HAM-3 digital display because it re- divider. 
quires a minimum of external components; the read- 
out is in millivolts. If a 0-359 millivolt signal rep- circuit description 
resenting the antenna heading is generated, the IC Now that the required signal conditioning has 
receives a convenient scale requiring no special con- been accomplished, support for the AD2020 chip 
ditioning. must be examined. Very little additional circuitry is 

signal conditioning 
First, consider the original indicator circuit. Re- 

ferring to fig. 1, the 13-volt zener reference is applied 
directly across the 500-ohm slide wire potentiometer 
inside the rotator. The wiper of the pot is connected 
through a 10k-ohm fixed resistor, the 5k-ohm cali- 
bration pot, and the meter to the plus side of the 13 
volts. The current flowing through the meter is 1 
mA at full scale, representing full clockwise rotation. 
When the rotator is moved to the full counterclock- 
wise position, no current flows. Unfortunately, CDE 
chose to return the wiper of the indicator pot through 
the "ground" line, which also carries the ac for the 
brake and motor circuits. This causes problems with 
the digital display that aren't apparent when only the 
original analog meter is used. More on this later. 

If you consider the voltage at the wiper of the pot 
with respect to the minus side of the regulated 13- 
volt supply, it varies linearly from 0 volts at full clock- 
wise to 13 volts at full counterclockwise. A resistive 
voltage divider must be used to reduce this to a 

required. The displays can be any common-anode 
LEDs. Liquid crystals can be used, at the added ex- 
pense of some additional circuitry. Personally, I like 
the LEDs, since they are more visible under the cowl 
of the control-box cover. Driver transistors for the 
LEDs can be any pnp transistor capable of delivering 
about 100 mA. The AD2020 is designed t o  mate 
with the Fairchild 9374 decoderldriver chip. This chip 
differs from the commonly used 7447 in that it has 
on-board current limiting and requires no resistors. 
Also, the displays for numbers greater than BCD 9 
are different. When used as a pair, the decoding pro- 
vides EEE for positive overload and --- for negative 
overload. If a 7447 is used, the - sign decodes as a 
C. The blanking inputs use different logic on each of 
these chips, so use caution is you substitute. Cur- 
rent-limiting resistors of 330 ohms should also be 
used with the 7447. The integrating capacitor is 
shown on the AD2020 data sheet at 0.27 pF.  I used 
0.1 pF with good success, SO this value doesn't ap- 
pear too critical. 

Power for the readout circuit is derived from avail- 
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able voltages in the control box (see fig. 3). Since calibration and antenna positions 
the services of the indicator lamp are no longer re- 
quired, it can be removed. Once the lamp is re- In order to keep the circuit simple, the readout is 
moved, the instrument transformer in the control based on a south-centered scale. This way, one 
box is capable of furnishing the approximately 150 rotation extreme represents 0 degrees and the other 
mA required by the digital readout circuit. A separate represents 360 degrees. In a north-centered system, 
regulator, such as the L1L1309 or a 7805=ti/pe, is used. fu!! c!ockwide represents 150 degrees, midscale is 

R 4 
299, / $ 7 5 V  COMMON 
I % 

fig. 2. Diagram of the digital readout system. The 5-volt common line is not chassis grounded; it is tied to the bottom of the 
zener reference. C2, across the input of the A-D converter, is used to prevent the ac voltage developed across the cable resis- 
tance from producing an erroneous readout. 

This regulator is supplied from the half-wave recti- 
fied and filtered dc from the transformer, tapped off 
points 11 and 13 on the power supply board of the 
Ham-3. Point 13 is treated as the "ground" for this 
supply. A heat sink must be used on the regulator, or 
separate regulators should be used for display power 
and for power to the AD2020 chip. 

Consturction of the circuit is not terribly critical. I 
built the prototype on perforated board cut to fit 
behind the original meter bezel. A scrap of rubylith 
was used as a red filter to conceal the other com- 
ponents on the board and to yield a nice-looking 
front panel. 

360 degrees or 0 degrees, and full counterclockwise 
represents 180 degrees again. This presents a more 
complex problem. A 180-millivolt offset must now be 
switched in and out, requiring a comparator, relay, 
and reference supply. In my opinion, the headaches 
of trimming such a circuit outweigh the hassle of 
climbing the tower to turn the beam 180 degrees in- 
side the rotator. In addition, changing the stop to 
north from south has another hidden advantage. In 
general, propagation follows a clockwise route. This 
means that conditions tend to favor Europe, then 
Africa, swinging south through the Americas, on 
into the Pacific, and finally to Japan. In the original 
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configuration, having the stop at south made you 
swing your beam almost a complete revolution in 
order to follow the propagation as the peak passes 
due south. 

When you change antenna position, first turn the 
rotator full counterclockwise. Then turn the antenna 
north with enough feedline slack to allow a full clock- 
wide rotation. Finally, reverse the connections to 
terminals 3 and 7 on the back of the control box. 
This is done to  provide a full-scale voltage at full 
clockwise rotation. As originally configured by 
CDE, full clockwise provides full-scale current and 
zero voltage at the wiper of the pot relative to pin 7. 

Calibration of the circuit is fairly simple. The origi- 
nal CALIBRATE button on the control box now serves 
no function. First apply power to the unit with the 
rotor in the full counterclockwise position. After a 
few minutes' warmup, adjust the zero pot, R5, for a 
reading of 000. Now rotate the antenna full clock- 
wise. Then adjust the voltage divider trimpot, R2, for 
a reading of 360. The readout is now fully calibrated. 

When I first installed the readout in my Ham-3, 
the display was rock stable until the brake release 
switch was pressed. As fig. 4 shows, a large 
amount of brake and motor ac current flows through 
the common ground connection, causing the display 
to jump wildly. The problem was solved by placing 
C2, a 100-FF electrolytic capacitor, across the inputs 
to the AD2020. This capacitance represents a low 
impedance to 60 Hz ac and reduces the effects of 
the ground currents to less than 1 count. In some 
cases, rf bypassing might also be required. A .001- 
pF ceramic capacitor should provide adequate rf 
filtering. 

summary 
Before long, dozens of other analog functions 

around the ham shack will be converted to digital, 
either for readout or for computer control. The same 
considerations discussed in this article will arise in 

any situation requiring analog-to-digital conversion. 
As converter ICs become increasingly available to 
the amateur, an understanding of the underlying 
principles will become important. 

Consider the following scenario. The station digital 
clock indicates 0000 UTC, signaling the station 
computer that the contest has begun. The receiver 

R  CABLE 

MOTOR AND 
B R A K E  
C I R C U I T S  

fig. 4. Equivalent circuit diagram of the control box used to 
illustrate the ac ground loop problem. The ac current flow- 
ing through the cable resistance causes a large ac voltage to 
be added to the direction indicating voltage at pin 1. Filter- 
ing across the 2.49k resistor is more effective, since a capa- 
citor across terminals 1 and 7 is effectively shorted out 
when the pot reaches either extreme of its travel. 

tuning algori thm is initiated, applying voltage 
through a digital-to-analog converter t o  a varactor 
in the receiver vfo. A signal is found, and the pro- 
gram jumps to the identification routine, including 
the Morse code translator. The station is identified 
and found to be calling CQ TEST. A quick check 
through memory shows that the station is not a dup- 
licate. Elsewhere in memory, the correct beam head- 
ing is found. The rotator position is read in from its 
analog-to-digital converter, and the computer deter- 
mines in which direction to  begin turning the anten- 
na. A t  the correct heading, signal strength is read 
from another A-to-D, and the RST for the exahcnne - 
is computed. The keyer speed is adjusted and the 
comDuter now calls the other station. When the QSO 

\ - 
il 

is completed, the computer logs the contact and the 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - sequence repeats. With an advanced system like 

this, a contest operator can relax and watch the foot- 
ball game on TV while his station operates itself and 

I prepares a printed, duplicated log within minutes 
I c - 2 2 0 0  

I A*f 
of the end of the contest. 
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fig. 3. Wiring diagram of the modified indicator circuit. 
references 

Wires on pins 3 and 7 of the terminal strip have been re- 1. Richard Klinman, W3RJ. "How to Update Your Ham-3 rotator," CO, 

versed, causing the readout to increase as the antenna is June, 1978, page34. 

turned in a clockwise direction. ham radio 



anodizing aluminum 
in the 

amateur workshop 
Complex chemical processes 

for treating aluminum 
are translated 

into simple procedures 
for your home lab 

Aluminum is used in many construction projects. 
But how do you decide on which type of aluminum 
to use? If you're interested in making panels, chassis, 
or boxes to house equipment, there's a right way to 
process the metal for durability and appearance. This 
article gives some pointers on how to process alumi- 
num by anodizing, a chemical process that can be 
used in your workshop. Also included is information 
on how to apply colored dye to aluminum parts using 
simple procedures. 

Aluminum is one of the most abundant elements 
on earth, forming about 8 per cent of the earth's 
crust. It's relatively inexpensive, easily machined and 
worked, lightweight yet strong, and an excellent 
electrical conductor. Its disadvantage, when uncon- 
trolled, is its pronounced affinity for oxygen: a proc- 
ess called corrosion. 

Aluminum oxidizes rapidly. Its natural surface 
breaks down, causing it to be unsuitable for applica- 
tions where a long-term stable surface is needed. In 
ordinary atmospheric environments, even when few 
pollutants are present, alloyed aluminum surfaces 
oxidize within moments. The oxide is invisible to the 
naked eye; even the apparently bare surface of a 
recently machined aluminum part is immediately 
coated upon contact with atmospheric oxygen. 

controlling oxidation 
The formation of surface aluminum oxide can be 

controlled by anodizing. An electrochemical process 
is used to form the crystalline structure known as 
gamma aluminum oxide (yA1203) in an electrolytic 
cell, with the item to be anodized becoming the 
anode in the cell. The nature of the anodized metal 
has particularly significant physical characteristics: 

1. Extreme hardness, approaching that of 
diamond 
2. Electrical nonconductivity 
3. Extreme porosity on a molecular scale 

The gamma aluminum oxide film is closely related 
structurally to other oxides of aluminum, such as 
those used in manufacturing synthetic grinding 
wheels, and commonly substituted for natural corun- 
dum. Synthetic sapphires and rubies are, in fact, 
oxides of aluminum. Even though several different 
compounds are designated aluminum oxide (A1203), 
the crystal lattice structure takes on many quite 

By David W. Hembling, VE7DKR, 3476 Over- 
lander Drive, Kamloops, B.C., Canada, V2B 6x5 
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peculiar variations, hence the designation of the 
anodic film as the gamma aluminum oxide. 

Aluminum oxide coatings, or films, vary greatly 
from transparent to opaque, depending on film thick- 
ness and also on the alloying elements present in the 
aluminum alloy used. The film thickness is control- 
lable, and can be from one to twenty microns.* The 
fact that the film thus generated is molecularly bond- 
ed to the aluminum and has a porosity that can be 
dyed makes an anodized film the most durable and 
useful of all possible finishes for this metal. 

The porous surface of the gamma oxide film, 
whether dyed or left clear, is easily converted by im- 
mersion in boiling water to the closed, or sealed, 
crystalline state of the monohydrate of aluminum 
oxide, known as boehmite, designated A I2O3. H20 
(or more correctly AIOOH). Boehmite has a large vol- 
umelarea ratio of aluminum; therefore, the volume 
of anodized film is increased to close the pores, or 
seal the film. The conversion of the simpler gamma 
aluminum oxide to the boehmite structure makes the 
anodized surface unstainable, the dye unleachable, 
and the item so treated remains permanently dyed in 
the chosen color. 

the anodizing process 
Aluminum is anodized by immersing it i n  an 

aqueous electrolytic solution in which the aluminum 
item to be anodized becomes the anode (positive 
pole). A direct current is passed to it from the cath- 
ode (negative pole). Oxygen released from the water 
combines with surface aluminum molecules to form 
aluminum oxide; the crystalline lattice is of the gam- 
ma form. Although the acid electrolyte is not used in 
the oxide-forming reaction, it influences the charac- 
teristics of the formed film. 

Two common methods of electrolytically produc- 
ing an anodic film on aluminum offer different prop- 
erties in the formed anodic film. The two methods 
use different acids in the electrolyte, chromic or sul- 
phuric. These methods are discussed at length 
below. 

alodizing 
An alternative method of protecting aluminum is 

called alodizing. This method provides no color 

-- 

"To get an idea of the magnitude of the dimensions involved, the following 
conversions are given: 

I micron = 10-6meter(3,94x 10-5inchl 

1 Angstrom = l o - '  millimicron or 
10-7mm ( 3 . 9 ~  10-$inch) 

25.4 microns = 2.54 (10-2) mm (10-3inch) 

1 micron = 104 Angstroms 

choice and results in only about a 3-micron (3 x 10-3 
mm or 1.2 x 10-4 inch) film thickness. This process 
is a chemical-dip treatment, which produces an elec- 
trically conductive coating, usually of a smutty, mus- 
tard-like color. After buffing, alodizing does offer a 
degree of protection to the otherwise easily corrodi- 
ble metal. An unbuffed alodized finish accepts primer 
and finish painting. 

anodizing by the chromic-acid process 
The chromic-acid process is not suitable for alumi- 

num alloys that contain more than 5 per cent copper, 
but it is fine for all other aluminum alloys. The 
chromic-acid process is especially recommended for 
anodizing assembly parts, particularly where inade- 
quate flushing and rinsing of trapped sulphuric acid 
could lead to later problems. The films generated by 
the chromic-acid process are thinner than those ob- 
tained with the sulphuric-acid process, but despite 
their relative thinness, they are durable and offer a 
highly stable protective coating - from a corrosion 
standpoint especially. 

The thinness of chromic-acid coatings is some- 
t imes of value in  manufactur ing procedures, 
especially where ultra-close fits are involved and 
where matching is to be within sub-mill tolerances. 
The U.S. government specification MIL-A-8625A 
(December 14, 1954), which calls for 250-hour salt- 
spray resistance, authorizes the chromic-acid proc- 
ess for all aluminum alloys except those bearing more 
than 5 per cent copper. Although the chromic-acid- 
generated anodized finish is much harder than the 
untreated metal itself, only l imi ted abrasion 
resistance is afforded by this process because of the 
extreme thinness of the film. Also, with the sul- 
phuric-acid anodizing process, a greater porosity oc- 
curs, with increased dye take-up in  the thicker 
coating. 

For the purposes of the average amateur requiring 
the anodized film characteristics of hardness, dura- 
bility, and acceptance of dyes, the sulphuric-acid 
process is preferable. 

Three practical references,'-3 supply details on the 
chromic-acid process for those rare applications 
where an amateur may need it. 

aluminum alloys for effective anodizing 
As mentioned, the qualities of the anodic film pro- 

duced are affected significantly by the presence of 
other metals alloyed with the aluminum. Depending 
on the intended use of the aluminum, cost and avail- 
ability may dictate which aluminum alloy is used, 
rather than the precise and sometimes subtle differ- 
ences between the various alloys. The chemical dif- 
ferences between the various aluminum alloys can 



Scanning electron micrograph ( x 12,000). showing anomaly 
in anodic film probably caused by a carbon speck or other 
alloying constituent. Surface appears extremely smooth 
and lustrous, even under optical microscope inspection. 
Note that, even a t  12,000 x magnification, molecular scale 
porosity can't be seen. Porosity is important in dye takeup 
of anodized parts. (Photo courtesy Dept. of Metallurgical 
Engineering, University of British Columbia, Vancouver, 
B.C.) 

usually be found in the handbooks of large industrial 
suppliers of nonferrous metals. 

In its purest form, aluminum is very soft and quite 
ductile. For most purposes, however, greater 
strength and hardness are required; thus high-purity 
aluminum is seldom used. Greater strength is 
achieved in two ways. Usually, the pure metal is 
alloyed with other metal elements, such as mangan- 
ese, copper, silicon, iron, and magnesium. In addi- 
tion, the alloy may be heat treated to give it even 
greater strength. The designation T plus a number 
after the 4-digit alloy number indicates a heat-treated 
alloy. 

Aluminum of high purity, when anodized by the 
sulphuric-acid process, yields a completely colorless 
anodic film. This film can be left clear and sealed off, 
or dyed and then sealed off. The paler colors are 
more readily dyed into the anodic films generated on 
the surface of pure, nonalloyed aluminum. The more 
alloying impurities present, the greater the tendency 
toward a pale-green or pale-brown cast to the un- 

dyed anodic film. This is seldom a problem, unless 
matching of the various parts of a structure made 
from different alloys is desired. 

When pale dyes are to be used, the original alloy 
must be considered, and the acid concentration as 
well as current density should be controlled for a 
thick film formation; e.g., 15-29 microns or about 1.5 
x 10-2 mm (6 x 10-4 inch), thus permitting greater 
dye take-up, The more concentrated the acid elec- 
trolyte solution, the softer and more porous the 
anodic film. 

Experimentation is often required to achieve the 
required anodic film properties of a particular dye. A 
sample scrap piece of the alloy to be used can be 
processed in a trial run, thereby assuring more pre- 
dictable results. 

Of course, more predictable results can be ob- 
tained when alloys of known composition are used. 
Some alloys are better candidates for taking an 
anodic finish than others. For example, the well- 
known Alcan 6061 T4 and 6061 T6 take an excellent 
anodic finish. The finish will reflect absolutely and 
exactly the smoothness or roughness of the final 
machining operation. 

Anodizing makes no noticeable difference to the 
texture of the aluminum. To see the finish (except for 
the color), even the strongest optical microscopes 
are useless. As discussed earlier, the scale being 
dealt with here is molecular; the transmission elec- 
tron microscope is required to reveal the anodic film 
texture. Even with a scanning electron microscope 
(SEM) the porosity is invisible. 

the sulphuric-acid process 
First of all, aluminum anodizing should not be 

done indoors unless special ventilating equipment 
can be installed. Ideally, the anodizing workshop 
should be outdoors with plenty of air circulation; the 
ideal outdoor workshop is a home carport or garage 
with all doors open. If something approaching a 
chemistry laboratory fume hood with a spark-free 
extractor fan can be placed over the anodizing tank 
to exhaust the gaseous hydrogen emitted at the 
cathode, indoor anodizing may be possible. Remem- 
ber that electrolytic dissociation breaks water down 
into two atoms of hydrogen for each atom of oxy- 
gen. Oxygen reacting at the aluminum-anode surface 
- allowing aluminum-oxide formation - causes the 
liberation of hydrogen gas at the cathode. This gas is 
emitted with a small amount of acid vapor from the 
electrolyte and is best vented outdoors, where it will 
be rendered harmless by mixing with air. 

safety precautions 
Small anodizing jobs in the home workshop can be 
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done safely. The degree of hazard is similar to that of 
quick-charging an automobile lead-acid storage bat- 
tery. The acid concentrations are roughly the same 
and the amount of discharged gaseous hydrogen is 
similar. 

The major hazards are the effects of acid on skin or 
eye tissue and the risk of a spark's igniting hydrogen 
gas. Both hazards are avoidable. The golden rule of 
mixing acid is always pour concentrated acid into the 
water - and slowly! This allows the heat of the 
chemical reaction between the water and acid to  be 
absorbed by the larger volume of water. If a sudden 
expansion of the smaller amount of acid should 
occur due to the rapid temperature increase that 
occurs on contact, it is water that is present in quan- 
tity, rather than the more dangerous acid. Once the 
15-25 per cent solution of sulphuric acid is mixed, it 
then becomes the working electrolyte, in which the 
anodizing process takes place. After evaporation has 
occurred the tank can be topped-up safely by care- 
fully pouring more water into the dilute solution. 

When mixing acid, immersing an item to be ano- 
dized, or removing it, wear protective clothing such 
as an apron made from a heavy fabric (canvas or 
rubber). 

Use large rubber gloves to protect the hands and 
wrists, and acid-proof safety goggles over the eyes. 
Even a tiny splash of only a few milliliters of acid can 
cause serious damage to the eyes. If appropriate pre- 
cautions are taken and the working area is clear and 
safe, the degree of risk is minimized. As with other 
procedures, human error, misjudgement, and care- 
lessness (including too  much speed) are most 
dangerous. Keep a pail of water handy! 

the anodizing tank 
The anodizing tank must be large enough to  

accommodate the lead cathode (which takes up very 
little space) and the largest article to be anodized. (If 
nothing larger than a thimble is t o  be anodized, the 
tank could be a plastic coffee cup, and the process 
could be done indoors with minimal ventilation.) 
Most of the items anodized in my setup were small - 
seldom larger than a dinner plate. The tank can be 
any container that's nonconducting and impervious 
to  dilute sulphuric acid. A plastic pail, a hard rubber 
vessel, a glass tank (such as may be salvaged from a 
large lead-acid storage cell) or even a heavy plastic 
kitchen dish pan can be used. 

The cathode must be constructed of lead. If the 
tank is a polyethylene or hard-rubber pail, round or 
square, the cathode can be easily fitted from a sheet 
of plumber's lead. Cut a 1-3 mm (0.04-0.1 in.) sheet 
of lead so it can be rolled into a liner in the shape of 
an open-ended cylinder that can be placed inside the 

Scanning electron micrograph photo ( x 16,000). Although 
porosity isn't visible, the crystalline texture of the gamma 
aluminum oxide can be seen. The surface appears lustrous 
and smooth and is highly reflective. (Photo courtesy Dept. 
of Metallurgical Engineering, University of British Col- 
umbia, Vancouver, B.C.) 

walls of the pail. A cathode termination can be made 
from a 20-30 mm (0.8-1 in.) wide strip of the same 
lead sheet, soldered to the upper edge of the cylindri- 
cal cathode, and extended up to  the top of the tank. 
A t  that point, clear of acid contact, the lead can be 
soldered to a flexible length of 3.3 or 2.6 mm (no. 8 or 
10) copper wire for connection to the negative termi- 
nal of the anodizing power supply. The size of the 
cathode, in surface area, must be at least equal t o  
the area of the surface being anodized. The cathode 
in my tank covers the interior walls of the pail (20 
liters, or 5-1 12 gallons) and extends the full depth of 
the acid contained in it when about two-thirds full. 
The bottom of the pail remains uncovered by the 
cathode so that some items being anodized may be 
set on the nonconducting tank bottom. The tank 
bottom could also be covered with lead, offering a 
larger surface-area cathode, but i t  would then be dif- 
ficult to  avoid contact with the bottom. 

The electrolytic-tank anode pole is formed by 
using only aluminum, including aluminum screws, 
bolts, or other connectors, except for parts which no  
acid will contact. The item to be anodized can be 
fastened either by f r ic t ion f i t  or by aluminum 
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fasteners to an aluminum rod or strip and hung into 
the central area of the tank. A wooden slat or two 
across the tank top serves as a stabilizer for the cen- 
tral anode fixtures. Connection by aluminum 
fasteners to the item to be anodized should be made 
on some part of the item where it won't matter. The 
point of contact - where the anode connection is 
made - obscures a small area that remains 
unanodized. 

acid concentration 
The sulphuric-acid electrolyte used for anodizing 

should be between 15 and 25 per cent concentration 
by weight. The table below shows appropriate quan- 
tities of concentrated sulphuric acid for dilutions 
between 15 and 25 per cent by weight. 

acid dilution concentration per liter (quart) 
(per cent) of water 

15 173 rnl(5.9 02) 

18 212 rnl (7.2 oz) 
20 240 rnl (8.2 02) 

25 310 rnl(10.5oz) 

The plastic containers of sulphuric acid sold by 
automotive parts stores for filling new automobile 
storage batteries make an excellent source of acid for 
anodizing. Simply mixing the acid with water in a 1 :1 
ratio makes a good dilution for a working anodizing 
solution. 

Minor impurities that occur in drinking water, 
mainly small concentrations of minerals and alkali, 
will have little effect on the anodizing results. The 
other metals in the aluminum alloy appear to play a 
more important role in determining the undyed color 
of the anodic film. If the water is especially alkaline, 
the resultant acid concentration obtained by the 
table may give lower actual concentrations due to 
neutralization. 

power supply 
The power-supply capacity that will be needed is 

determined by the size of the aluminum items to be 
anodized. The current density required in the sulphu- 
ric-acid process averages 1.5 amperes per decimeter2 
(3.4 inch21 of surface area of the item to be anodized. 
However, the current density will vary in relation to 
several factors: 

1. Acid concentration 
2. Voltage potential between anode and cathode 
3. Electrolyte temperature 

The voltage potential is not critical, although the 
softer and more porous films are generated at the 
higher voltages and current densities. Any voltage 
between 6 and 20 volts will generate an anodic film, 
but 16-18 volts appears to be optimum when working 

with electrolyte temperatures between 18 and 22 C 
(66 - 72 F). The power supply must be able to pro- 
duce full-wave direct current, not necessarily filtered, 
of 18 volts and 30-50 amperes for periods of about an 
hour without overheating. 

Ordinarily the voltage is preset. Current flow will 
then be determined by acid concentration, tempera- 
ture, and the surface area of the item to be anodized. 
A voltmeter and ammeter are helpful. Current flow 
does not decrease with anodic film buildup as in the 
chromic acid process. 

operating conditions 
Anodizing can be done with the electrolyte at a 

number of different temperatures. 
When the electrolyte is started at room tempera- 

ture ( =20 C, or 68 F), after several hours of anodiz- 
ing a rise in electrolyte temperature can occur. This 
increase varies with the size of the items being ano- 
dized and the current flow through the electrolyte. 
As the temperature rises, the anodic film will be soft- 
er and more porous - which makes for better dye 
takeup - but the film will have a reduced hardness. 
The tank can be left to cool at this point. Sometimes 
the rise in electrolyte temperature is acceptable, 
especially when extreme hardness is not necessary 
and when the dark-colored dyes, such as black or 
deep blue, are being used. 

If accelerated electrolyte cooling is required (sel- 
dom necessary in most amateur setups), the cathode 
could be constructed of lead tubing, with a suitable 
coolant pumped through it, thus permitting the elec- 
trolyte temperature to be thermostatically controlled. 

Anodic-film porosity is controlled by acid concen- 
tration, current flow, and voltage, all of which are 
interrelated. Film thickness, however, is controlled 
by the length of time of film generation. Some exper- 
imentation will demonstrate more exact times and 
there is some latitude in this variable; but generally 
two categories of time length apply: if the anodic film 
is not to be dyed, about 15-25 minutes is usually 
ample. If the film is to be dyed, however, and espe- 
cially with the dyes requiring a high degree of film 
takeup, periods in the range of 45-60 minutes should 
be used. Different alloys will require different times, 
even when all other variables are held constant, 
including voltage, current density, electrolyte tem- 
perature, and electrolyte concentration. 

sealing 
The anodic film generated in the electrolyte is 

gamma aluminum oxide. The molecular porosity of 
this oxide and its extreme hardness are desired char- 
acteristics. If the surface is not to be dyed, however, 
it will offer greater permanence to its uniform colora- 

68 january 1979 



tion if it is converted to the nonporous boehmite. 
This conversion is easily made by immersing the 
rinsed and clean anodized item in boiling water for 
about20 minutes. 

If the anodic film has been dyed, the sealing proc- 
ess of simple immersion in boiling water can cause 
dye leaching. To avoid this, chemicals are added to 
the sealing solution, usually a low concentration of 
nickel acetate in water held at 95 - 98 C (203 - 208 F). 
The sealant chemical may vary depending on the 
dye. I've never required an antileaching agent, since 
a small amount of leaching has been tolerable. 

dyeing 
Commercial procedures for the uniform dyeing of 

anodized aluminum can be complex and expensive. 
One of the most critical factors is the pH of the dye 
solutions and sealant solutions. 

The purpose of anodizing an aluminum surface, 
aside from increased durability and hardness, is to 
produce a porosity that will allow dye to penetrate. 
As mentioned, however, the porosity formed from 
the anodizing process is on a molecular scale. Unlike 
dyes used for cloth, where absorption of dye is an 
easy matter because of the large pores in the fabric, 
dyes capable of takeup by an anodized surface must 
have molecular constituents small enough to fit into 
the pores in the film surface. Many ordinary dyes that 
permanently stain ordinary fabrics have no effect 
whatsoever on the more subtle porosity of anodic 
films. For this reason, special dyes have been 
developed. 

In North America, two large suppliers of commer- 
cial dyes and supplies for the anodizing industry are 
Sandoz* and the Allied Chemical and Dye Corpora- 
tion. t Chemical dyes available from them come in 
about 50 different colors. If a more limited selection 
of dyes can be accepted, some ordinary, inexpensive 
fabric dyes sold in drugstores will prove satisfactory 
for anodic film takeup if a few special measures are 
taken. Wool dyes must be selected, rather than 
those only for cotton or other fibers. The pH must be 
controlled and the concentration must be higher. 
Usually about 25 gramslliter (0.9 oz.Iqt.1 of the 
solute, with the addition of about 1 mllliter (0.03 
oz.Iqt.1 of acetic acid (vinegar), will yield reasonable 
coloring results. Certain dyes, because of their large 
molecular size, will be unusable. However, after 
experimentation, you may find that many different 

dye colors can be used at a fraction of the price of 
commercial anodizing dyes. The golds and blues 
tend to be most effective, some without the addition 
of acetic acid. 

For the most effective dye takeup by a well-gener- 
ated anodic film, heating the dye solution to 55 - 75 C 
(131 - 167 F) is required. The dye takeup won't 
increase after about 10-15 minutes immersion in the 
heated dye. Different dyes take up at different tem- 
peratures; experiment to find the optimum values. 

Very dark black anodic dye will probably have to 
be purchased from one of the commercial dye 
sources or from an anodizing shop. Commercial ano- 
dizing dyes are extremely powerful, so only a small 
amount will be required. 

After repeated use the dye will become gradually 
acidic from acid leaching out of the anodized sur- 
faces, even though these surfaces have been careful- 
ly rinsed. At this stage the pH of the dye solution 
must be restored by adding small amounts of alkali, 
usually lye solution. If the inexpensive drugstore fab- 
ric dyes are used, an alternative to fussy pH control is 
to replace the acidic dye with a fresh mix of new dye, 
a practice that has been acceptable in my ex- 
perience. 

summary 
Anodizing aluminum is an exact science. For the 

amateur in the home workshop it may be an art that 
requires much experimentation before you develop 
consistent results. But anodizing offers many advan- 
tages over other protective coatings and yields a per- 
manent and stable finish for aluminum. 

references 
1. George E. Best, "Chromic Acid Anodizing of Aluminum," Mutual Chem- 
ical Division, Allied Chemical and Dye Corporation, Baltimore, Maryland. 
2. M.  A. Heine and M. J. Pryor, "Passivation of Aluminum by Chromate 
Solutions," Journal of the Electrochemical Society, 1967, volume 114, 
pages 1001-1006. 
3. G. B. Hogaboom and N. Hall, "Anodizing Aluminum," Metal Finishing: 
22ndAnnualGuidebook Directory, Finishing Publications, Inc., Westwood, 
New Jersey, 1954, pages 415-420. 

bibliography 
Evans, Ulick R., "Anodic Protection," The Corrosion and Oxidation of 
Metals: First Supplementary Volume, St. Martin's Press, New York, N.Y., 
1968, pages 104-116. 

Hoar, T. P. and Yahalom, J., "The Initiation of Pores in Anodic Oxide Films 
Formed on Aluminum in Acid Solutions." Journal of the Electrochemical 
Society, 1963, volume 110. pages 614-621. 

Kidder, Robert A., "Passivating Aluminum Alloys," 73, September, 1965, 
"Canada: Sandoz Colors and Chemicals, Box 385, Dorval, Quebec pages 74-80. 
H9R 4P5. U.S.A.: Sandoz, Inc., 608 5th Avenue, New York, New York 
10020. "The Coloring of Anodized Aluminum," Pamphlet 4.245173, Sandoz Colors 

tAllied Chemical and Dye Corporation, Industrial Division, 1348 Block and Chemicals Company 

Street, Baltimore. Maryland 21231. ham radio 

january 1979 69 



simple CMOS keyer 

Build this 
simple, low-cost 

CMOS keyer 
for inclusion in any 

battery-powered equipment 

The construction of this keyer is a result of an 
effort to reduce the overall weight of my "Mountain 
Day" contest transceiver. The circuit was developed 
from a proven RTL design. Although it does not offer 
"squeeze keying" or dotldash storage, it fits the 
needs of the beginner as well as of the high-speed 
brass pounder. 

The dashldot ratio remains exactly 3:l  over the 
whole speed range. After each dot or dash, a pause 
of exactly one dot length is inserted. When both dot 
and dash contacts are closed, dashes are sent. With 
a 9-volt power supply, keying current is about 2 mA. 
When the keyer is not being operated, only about 
10 nA is drawn from the supply; you may therefore 
connect the battery at all times and forget about the 
ONIOFF switch. The keying transistor switches posi- 
tive voltages to ground. Changes in supply voltage 
have no appreciable effect on the speed. When the 
circuit is mounted and adequately shielded, it is not 
susceptible to rf pickup - even without rf chokes 
and bypass capacitors. 

circuit description 
The schematic diagram shown in fig. 1 is divided 

into two main parts, the time base and dot/dash gen- 
erator. The time base, a stable RC oscillator is com- 

posed of gates UIA, U2A, and UlB, plus the as- 
sociated components. Dot flip-flop U3A, dash flip- 
flop U3B, and the summing gate U2C form the dot1 
dash generator. In the quiescent state, these are the 
logic levels: logic 1 on pin 9 of U2D (due to the AND 
gate formed by R5, R6, CRI, and CR2) and both flip- 
flops reset, providing a 1 on pin 10 of U2D. U2A and 
U2B form the control flip-flop for the oscillator, 
which is blocked by the zero from pin 3 of U2B. After 
a short closure of either the dot or dash contact, U2B 

Complete keyer including battery, paddle, and speed control. 

enables the RC oscillator. (Time to on the timing 
diagram, fig. 2). 

The first half cycle of the oscillator places a 0 on 
pin 2 of U2B, thus keeping the oscillation even when 
the keyer lever is released. The rising edge of the first 
clock pulse clocks U3A to the SET state. If it was the 
dash contact that caused the start of the time base, a 
1 from UIC would release the J input of U3B, allow- 
ing this flip-flop to be triggered by the rising edge of 

By Urs Hadorn, HBSABO, Im Riedtli 1,  
CH8154, Oberglatt, Switzerland 
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fig. 1. Schematic diagram of the simple 
CMOS keyer. The speed control, R2, 
should have a reverse, log taper. The keyer 
will work with any battery supply between 
3 and 15 volts. External connections are 
denoted by the circled terminals. 

U3A's output. In case of a dot contact closure, U3B state. When U3A toggles back to the RESET state, 
remains reset because the zero on its J input pre- the dot or dash is terminated. At this time (for dots 
vents it from toggling. t,; for dashes, t2) the clock signal is a one, maintain- 

The outputs of the flip-flops are summed by U2C, ing oscillation for another half clock period. At this 

1.55 v 

TERMINAL @ 
- 0 5 %  

DASH CONRCT TT7-n-  
U34, PIN I 

U38, PIN I5  

UIF, PIN 4 3T-l -H-  
fig. 2. Timing diagram showing the levels within the keyer during the generation of a dash. 

and via the inverters drive the keying transistor. The time (t3) the voltage at terminal 1 is 1.5 Vbatt, which 
keying signal is fed back via U2D and U1 E to the con- via U I A  places a zero on U2A, thereby preventing 
trol flip-flop. As long as a dot or dash is being sent, the control flip-flop from reacting to premature trig- 
this flip-flop maintains the oscillator in the operating ger signals. After another half dot length, the voltage 
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fig. 3. The diagram of the original keying circuit in the Ten- 
Tec Argonaut is shown in A. To handle the saturation volt- 
age of semiconductor keyers, the circuit was changed to 
the configuration shown in B. The value of the zener diode 
can be between 4 and 8 volts. 

at terminal 1 of C has discharged to almost 0 volts. 
This level is transferred by UlA, as a logic 1 to the 
control flip-flop, which, while maintaining state, can 
now be triggered again by signals from the keying 
contacts. After this pause of one dot length, (t2-t4), 
the circuit is again in the quiescent state and ready 
for another dot or dash. 

transmitter connections 
Due to its small size, the keyer circuit can easily be 

built into virtually any transmitter or transceiver. 
However a word must be said concerning the keying 
circuit involved. The voltage to be keyed must be 
positive with respect to ground. It must not exceed 
the voltage blocking capabilities of the keying tran- 
sistor and the keyed current must be within the limits 
of this transistor. The keying circuit should support 
keying by semiconductors; with a voltage drop of 
up to 1 volt across the KEY terminals, the circuit must 
still operate properly. With a TenTec Argonaut, this 
was not the case, although a minor modification 
according to fig. 3 solved the problem. 

Transmitters with a negative-keying voltage must 
be modified to have a positive keying voltage. Com- 
patibility with straight keys or relay keyers is, of 
course, not impaired by such a modification. Fig. 4 

+IJOV 

IT' 

fig. 4. Diagram of the keying circuit of an HWlOl that has 
been modified for this keyer. Other than R7, R8, R9, and Q1. 
all other components are from the original circuit. 

shows the modification of a Heath HW101 as a rep- 
resentative of the tube transmitter family. Here are 
some general hints for this kind of modification: the 
voltage divider, R7, R8, and R9, must be set up to 
accept a current in the range of 0.5 to 10 mA. The 
internal resistance of the positive and negative 
sources must be taken into account when the values 
of the resistors are determined. With the key open, 
the voltage at the base of 0 1  may not exceed VEB 
maximum (4 to 8 volts, depending on Ql ) .  With the 
key down, the voltage between R 7  and R 8  (base of 
01  not yet connected) should be substantially more 
negative than the 0.7 volts needed to completely 
drive Q1 into saturation. 

Paddle mechanism used by the author with his Mountain- 
Day transceiver. Microswitches are used as the contacts. 

Although the original purpose of this keyer cir- 
cuit was incorporation into small transceivers, 
nothing prevents you from using it as an external 
electronic key. The use of a reed relay or an opt0 
coupler in the output circuit would render the keyer 
more versatile (at the expense, however, of consid- 
erably higher power consumption). 

construction 
Circuit layout is not critical. An example of a print- 

ed circuit board layout is shown in fig. 5". Be careful 
to use a polyester (or equivalent) timing capacitor. 
The leakage current of tantalum and aluminum 
electrolytic capacitors is not compatible with the 
high-impedance CMOS logic. In the most commonly 
used speed range, R 2  has a value of between 3 and 
30 kohms. A potentiometer with a negative loga- 
rithmic characteristic would therefore be ideal. A 
standard 100-k logarithmic pot may be used instead, 
but the turning direction for an increase in speed 
would be counter-clockwise. If you insist on clock- 
wise direction, a 100-k linear pot will do the job even 
if speed adjustment isn't best. 

*An etched, drilled, and plated printed circuit board is available (air-mailed 
to the USA and Canada) from the author for 10 sFr (USA $5.00). 
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fig. 5. Printed circuit board layout of the simple CMOS 
keyer, with the parts placement diagram shown below. The 
two dashed lines indicate jumpers that must be installed. 

the paddle 
An example of a lightweight portable paddle is 

shown in the photograph. The unit is connected to 
the transceiver by a 3-pin DIN plug whose shell is 
screwed to the socket in the rig. The brass lever 
measures 60 x 3 x 5 mm (2-318 x 118 x 3/16 
inches) and is centered by the buttons of two micro 
switches. It is fixed to the bottom plate at the pivot- 
ing point. The lateral movement is limited by two 
small aluminum blocks whose distance from the 
lever is adjusted to allow the lever to move just slight- 
ly beyond the switching points. Although there 
might be more elaborate solutions to this problem, 
the unit has worked nicely for over a year. 

Further ideas for a portable keyer paddle can be 
found in ref. 3 and 4, the latter being more pro- 
mising according to the rule the simpler the better. 

references 
1. Richard P. Halverson, WQZHN and Ronald A. Stordahl, KQUXQ, "An 
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4. Vidi la Grange, ZSGAL, "Simple Paddle for Electronic Keyers," ham 
radio, April, 1978, page 28. 
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digital techniques 
basic rules and gates 
Digi ta l  circuits are a useful and fascinating part of 
today's electronics. Devices and their applications 
have increased by such a proportion that an amateur 
who is not employed in the electronics industry may 
be confused by the jargon surrounding the technol- 
ogy. This series of articles will present the basics 
and, it's hoped, give you an insight into practical ap- 
plications. 

W e  are familiar with linear or "analog" circuitry, 
but what is a digital circuit? I t  is simply a decision- 
making device based on two voltage levels per input. 
The output also has two voltage levels. A two-valued 
input and output is called binary. 

Digital circuitry (or, digitallogic) is made from sim- 
ple building blocks which obey specific logical rules. 
Interconnection of many simple blocks is possible, 
whether on a circuit board or a single chip of silicon. 
Modern technology allows an almost unlimited com- 
bination on a single chip, spawning hundreds of dif- 
ferent digital devices. Despite their complexity of 
function, all digital devices are made from the basic 
blocks. 

Several digital families exist. Differences are inter- 
nal and have an effect on interfacing. The two largest 

By Leonard Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 

families will be described: TTL or Transistor-Tran- 
sistor-Logic, the bipolar family branch, and CMOS or 
Complementary-MOS, the fet branch. Interconnec- 
tion between families is possible within certain rules. 

logic level reference 
Binary levels must be defined. A low level is near 

ground. A high level is close to the supply voltage. 
Some fet digital devices have more than one supply, 
so these refer the high level to the "V,," supply. The 
high level is assumed more positive, relative t o  
ground or common. 

Logic levels may be positive or negative. Positive 
logic is most common and retained throughout this 
series. Levels have different descriptions, so it might 
be well to memorize the following: 

Low = 0 = near-ground = logic 0 = false 

High = 1 = positive = logic 1 = true 

Low, high, 0, and 1 are the most common terms. 
True and false may apply t o  devices with double out- 
puts, one being an inverted level of the other. 

A few data sheets refer t o  negative logic. This is 
generally taken as just a voltage reversal, although 
low and high are still the same. 

basic building block 
This is the gate, the fundamental decision maker. 

Each gate may have any number of inputs, but only 
one output. The six basic gates are shown in fig. 1 
along with an inverter. The latter has only one input 
and is used mainly for level inversion. 

Input states, for a specific output, will determine 
the type of gate. Note the small tables of I s  and 0s 
for each gate. These are truth tables and tell the most 
about a particular function. Truth tables exist for cir- 
cuits and all device types; some are time dependent. 

The AND gate output will be a 1 when both A and 
B inputs are 1. All inputs of a multiple-input gate 
would have to be 1 for a 1 output. The OR gate out- 
put will be 1 when any input is a 1; output is 0 only 
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when all inputs are 0. Exclusive-OR gates have only 
two inputs; a 1 on either input will produce a 1 out- 
put. But a 1 on both inputs will output a 0. 

NOT, NAND and NOR 
Compare the truth tables of the AND and NAND, 

OR and NOR, and the Exclusive gates of fig. 1. Each 
pair, of the three types, wilt have opposite output 
states. All six types are needed for design flexibility, 
but the NAND, NOR and Exclusive-NOR may be con- 
fusing. 

Digital technology uses the term "not" when a 
desired signal is low; i.e., i t is not high. A line named 
SIGNAL would be considered active (desired) when 
high. Renaming it SIGNAL with the overbar means it 
is active when low. The name SIGNAL is pronounced 
"signal not:' or "signal bar," and either form is used. 

A NAND gate output is active low. Its name comes 
from "not-AND." A NOR gate output is active low; its 
name is "not-OR.'' Similarly, an Exclusive-NOR is ac- 
tive low. 

Symbol shape and little circles describe the type. 
Shape denotes general function while the circle or 
"inversion bubble" indicates an active low input or 
output. The bubble isn't always shown on spec 
sheets, so check for a device pin, name overbar, or 
the truth table. 

The uses of NAND and NOR gates may not be ap- 
parent, so let's examine some simple gate arrays. 
The function of the array in fig. 2 is to provide a high 
output when the inputs from either A and B or C and 
D are high. For ease of illustration, C and D are kept 
low. lntermediate AND output states E and F may not 
be used but are good for following an array function. 

the ubiquitous NAND 
The array in fig. 3 performs the same function as 

A NO OR EXCLUSIVE- OR 
A 8 A 8 

INVERTER 

P B I 

I l l  1 1 1  1 1 0  

NAND NOR EXCLUSIVE-NOR 1 
0 I  
I 0  

fig. 1. Schematic symbols and truth tables for six basic 
gates. AND, NAND, OR, NOR, Ex-OR, and Ex-NOR, and the 
inverter. 

E F - - 
0 0 
0 0 
0 0 
I  0  

fig. 2. Conventional AND/ 
OR gates can be combined 
to produce the desired 
outputs. In this example, 
a 1 output will be present 

0 

when A and B, or C and D o 
0 

are both Is .  I 

the one in fig. 2, even though all gates are NANDs. 
The equivalent OR function has bubble inputs, 
matching the active low NAND outputs. If this is con- 
fusing, go back to fig. 1 and check the state condi- 
tions of NAND input versus output. lntermediate 
states E and F are useful here. 

NAND gates can be used for any equivalent AND- 
OR array cascade. Most TTL gate arrays are built up 
entirely of NANDs and came about through early all- 
transistor logic circuits. Economy in earlier days dic- 
tated a minimum number of discrete devices and 
resulted in inverted outputs. Designers found that 
all-NAND gate array cascades worked just as well as 
older diode gates. The first integrated circuit gates 
used equivalent NAND structures. 

NANDs are now so numerous that an unofficial 
"NAND RULE" is used to analyze and design gate 
arrays. 

THE NAND RULE: Any low input will cause a 
high output state; All inputs must be high to 
cause a low output state. 

NAND gates used for an AND function will have ac- 
tive high inputs, just like an AND. The equivalent OR 
function requires active low inputs. Direct equiva- 
lents are shown in fig. 4. Fig. 4B is the same as an 
AND, while fig. 4A is the same as an OR. Inverters 
take care of necessary input and output state 
changes. 

Fig. 5 is a simple array which produces a high out- 
put when either A and B are high or -d input is low. 
Note that the overbar indicates C is active low. If 
conventional AND-OR gates were used, you would 
have C with an active high. This array shows an inter- 
esting input control condition. 

Holding low will prevent both A and B from af- 
fecting the output. Inputs A and B could then be in 
any state combination and the output truth table 
would indicate them as don't care states. Since they 
cannot affect the output, you don't care what states 
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fig. 3. In this example, the 
AND!OR gates of fig. 2 have 4 
been replaced by NAND5 
and NORs. Even with the 
change, a 1 will be present 
at the output for the same 
input conditions. 

they are in. An  "X" on the truth table indicates the 
don't care condition. 

When low, the input can be considered an in- 
hibit for A and B. Conversely, it could be an enable 
input when high. Many multifunction devices have 
inhibit and enable inputs. A word of caution: Inhibit 
and enable controls may be active high or low; check 
the device spec sheet for bubbles and overbars. 

TTL and CMOS families 
TTL is the most common family. I t  was pioneered 

by Texas Instruments, and wide industry acceptance 
prompted all major semiconductor manufacturers to 
"second source" (make the same product under 
license) most or all devices in the original family. 
Their popularity resulted in other IC makers' design- 
ing their own TTL devices; TI "second sources" 
many of these. 

TTL is sometimes referred to as the 54/74 Series, 
after Tl's original numbering scheme. TI now uses an 

OR EQUIVALENT AN0 EOUIVALENI 

fig. 4. In A, since the NAND gate can be represented by an 
OR gate with inverters or the input, the complete OR func- 
tion can be duplicated by using a NAND gate with an invert- 
er in each input. B shows the AND equivalent by using a 
NAND gate with an inverter on the output. 

SN prefix, while other makers have different pre- 
fixes. The "54" or "74" number identifies the device. 
A 7400 package is a quadruple two-input NAND gate, 
regardless of source. Many parts lists omit prefixes, 
since second source devices have identical charac- 
teristics. 

A "543' par' ' r IS miiitary temperature grade, - 55" to  
+ 125°C. A "74" part is commercial or industrial 
grade, with an operating range of 0" to +70°C. 
There is a slight difference in operating characteris- 
tics, but this would rarely affect amateur equipment. 

CMOS is the most common fet family and is ideal 
for low-power applications. Where TTL has internal 
bipolar transistors, CMOS has N-type and P-type 
MOSFETs in complementary arrangements. The 
MOSFETs are insulated-gate types with extremely 
high input impedance. 

fig. 5. The C input, in this 
case, can be used as a A 
circuit inhibit. If low, the 
output wil l  always be 
high. regardless of the A 
or B inputs. When C is 
high, then the output will 
be enabled and will re- F =  o 

I 
F =  I 

spond t o  t h e  o ther  
1 0 
I 0 

inputs. 
I 0 
I I 

RCA developed CMOS and uses a 4000 Series 
numbering system with a CA prefix. CMOS is also 
second-sourced, but part numbers for equivalents 
vary; cross-reference tables are required for most 
second sources. 

CMOS military temperature is the same as TTL, but 
CMOS industrial-grade temperature is - 40' t o  
+ 85OC. CMOS is also more lenient in power-supply 
voltage. TTL requires + 5 volts k 5 per cent, while 
CMOS supply voltages can vary from 3 to 15 volts! 
One pays a price for such tolerances; the same 
device will be slower at lower voltages. 

RCA also introduced "B" series CMOS (suffix to 
number) as an improved version of their original "A" 
series. The B series incorporates output buffers for 
driving lower loads and is characterized at 5-, lo-, 
and 15-volt supplies. All new designs are in the B 
series. 

The next article in this series will take a detailed 
look inside the devices to point up differences be- 
tween TTL and CMOS. 

ham radio 
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tebook 
accomplished by placing a 600-to-8 
ohm audio transformer in the line, 
switching it out for the &ohm load. If 
the components are carefully chosen 
(for size) they will all fit neatly into the 
housing of one of the phones, elim- 
inating any external boxes. To pre- 
vent possible trouble, two double- 

dual-impedance In some instances, especially with pole, double-throw miniature toggle 

headphones older military equipment and newer switches were used to completely 
ham gear, different impedances will isolate the transformer from the line. 
exist at the headphone jack. This A plastic bar was used to throw 
being the case, in order to have pri- both switches at the same time. 
vate listening, two headphones with Shaped into a design of your own 
different impedances were required choosing and drilled for clearance of 
(one for each rig). Thus, the need for the bats on the switches, a drop of 
a single pair of dual-impedance head- epoxy will hold the "throw bar" in 
phones. place. Before final insertion of the 

Taking into account that the main bar onto the switch bats, make sure 
source of audio was the amateur re- both switches are thrown in the same 
ceiver (Kenwood TS-8201, monaural direction. 
8-ohm headphones were purchased. Jim DiSpirito, AB9Q 
The desire to listen to a military gen- 
eral coverage receiver meant switch- 
ing headphones to provide the 600- 
ohm load specified in the manual. HW-2036 antenna socket 

The switching arrangement is shown in 
this view of the dual-impedance head- 
phones. Photo by WDSCXG. 

Dual impedance ! dadphones offer 
versatility, convenience, and private 
listening pleasure. With different 
types of receivers available on the 
market today, it is not unrealistic to 
have a ham-bands-only and a gan- 
eral-coverage receiver in the shack. 

fig. 1. The schematic diagram in (A) shows 
the connections between the switches 
and audio transformer. T1 is a Calectro 
Dl-724, having a 1200-ohm, center-tap- 
ped primary with an 8-ohm secondary. 
The switches can be ordinary miniature 
double-pole, double-throw switches. The 
small plastic throw bar is shown in (B). 
This bar can be shaped to fit any particu- 
lar pair of headphones. 

It was not totally unrealistic to em- 
ploy one pair of phones and change 
the impedance as desired. This was 

PLASTIC THROW BAR 

The antenna socket on the rear of 
the Heath HW-2036 2-meter trans- 
ceiver is directly in line with a trace on 
the final amplifier printed circuit 
board. This line, which connects pin 
10 on the relay and pin 2 on the plug 
P301, carries 13.8 volts. When using 
a phono plug with the long center 
pin, this pin will touch the board, 
shorting the 13.8 volts to ground. It's 
best to use either the RCA or Mo- 
torola style plug, since they have a 
shorter center pin. The phono plug1 
PL-259 adapter sold by Radio Shack 
also has the long center pin, requiring 
that part of it be cut off to prevent it 
from contacting the circuit board. 
However, if you wish to take the time 
to disassemble the transceiver, a 
small piece of electrical tape can be 
placed over the trace to prevent ac- 
cidental contact. 

Jim Conner, W3HCE 
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improved tuning on 
160 meters with the 
T-4X transmitters 

When using either a T -4x6  or 
T-4XC transmitter below 1850 kHz, a 
true dip could never be obtained and 
loading was difficult, even when 
us ing a 50-ohm dummy  load. 
Through discussions wi th  other 
Drake owners, I found that this frus- 
trating problem was shared by other 
T-4X-series transmitter owners. Be- 
ing curious about this strange behav- 
iour, we called Drake only to find that 
their low-end cutoff frequency is 1840 
kHz. With this news, we decided to 
optimize the output network for the 
1800-1850 kHz band, since that's all 
we have in New England. The modifi- 
cations are almost trivial, requiring 
only two capacitors in the output net- 
work and a third for the driver tank 
circuit, but the results are excellent. 
The transmitter can be loaded and 
controlled on the low end of 160 just 
the same as on any other band. 

As shown in fig. 3, the modifica- 
tion to the output network requires 

fig. 2. Schematic diagram of the changes 

. - - -  - -. - - -  - --- - 
\,FRONT AND \, , REdR 

, , , 
\ 

made to the pi network to enable it to 

, 
C61 
0027 

cover the low end of 160 meters. The 
numbers in parentheses refer to the com- 
ponents in the T4XC. The first designation 
is for theT4XB. 

$ 

\ 

the addition of a capacitor on each 
side of the pi network. The part 
numbers in parentheses apply to the 
T4XC; the others, to the T-4XB. 
Using the pictorials provided in the 
Drake manual, locate S4H and C65 
(C86). Add a 120-pF, 2000-volt ca- 
pacitor in parallel with C65 (C86). 
Next, locate C67 (C891, an 865-pF 
capacitor on S4G, and add a 680-pF 
capacitor in parallel. 

In addition to the output pi net- 
work, the driver tank circuit also 
required padding, since the driver 
control had to be rotated fully coun- 
terclockwise. This modification is 
depicted in fig. 4. A 36-pF capacitor 
was connected in parallel with C39 
(C541, located on the rear of S4F. 

With the implementation of these 
simple and inexpensive modifica- 
tions, our Drake transmitters will 
load very nicely in the 1800-1840 
kHz region, with the driver control 
showing a nice peak rather than be- 
ing fully against the stop. 

Steven E. Holzman, W1IBI 
John D. Adamson, W1HZH 

fig. 3. Changes made to the driver network for low end coverage of 160 meters. 
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This year Amateur Radio may be facing one of its biggest challenges in 20 years. What I'm referring to, of 
course, is the World Administrative Radio Conference which will convene this fall in Geneva, Switzerland. 
Better known in ham circles as WARC 79, this conference of ITU member nations will consider all the high- 
frequency allocations, including those of Amateur Radio, broadcasting, maritime mobile, and the other radio 
services which require operating frequencies. 

There are some Amateurs who would like you to believe that the high-frequency Amateur bands will be com- 
pletely decimated at this conference - ravaged by the greedy big-money interests who covet our bands for 
their own selfish purposes - but I think that the people who are all too eager to promote that turn of events are 
either alarmists or poorly informed; probably both. Obviously, it's impossible to  forecast the outcome of WARC 
79 at this point in time, but the Amateurs I've talked to who are officially involved wi th preparations for the con- 
ference are all cautiously optimistic that the high-frequency Amateur bands after WARC will be pretty much the 
same as they are now. And they are the ones who should know, not the purveyors of gloom and doom who ap- 
parently get their information from the Wizard of Oz - or some other equally unlikely source. 

In the past, dozens of magazine articles have been written about the "terrible drubbing the Amateur Radio 
service has taken at every international frequency allocation conference." If you carefully review the record, 
however, you'll find that exactly the reverse is true; in every case American Amateurs have actually gained 
more high-frequency spectrum than they lost. 

I t  is generally believed, for example, that at one time Amateurs had exclusive use of all wavelengths below 
200 meters. That's a fable which has been quoted so often it's now accepted as fact. Actually, the 1912 regula- 
tion in question restricted al l  stations not involved in commercial traffic from going above 200 meters. That in- 
cluded all private, commercial, and experimental stations not transacting business or developing equipment for 
business purposes. Amateurs had no exclusive claim on "200 meters and down" - they shared that spectrum 
with virtually every other radio service. In fact, Amateur Radio stations at that time were required to specify 
their operating wavelengths, which were invariably 150, 175, or 200 meters - three spot frequencies below 200 
meters. 

In the early 1920s it became apparent that the 1912 law was hopelessly inadequate for the then existing condi- 
tions. More stations were on the air than ever before, the broadcast boom was well underway, and Amateurs 
had demonstrated the long-distance capabilities of the short waves. The scramble for short-wave territory was 
on, and every service was pushing for all the high-frequency spectrum it could get. To bring order to the en- 
suing chaos, a domestic radio conference was held in Washington in 1924; part of the outcome was the 
establishment of four harmonically-related Amateur bands: 160, 80, 40, and 20 meters. It's important to 
remember that this was not an international agreement, however, nor in fact did it have the authority of law - it 
was purely a mutual agreement between the various radio services in the United States. 

The 1927 International Radio Conference in Washington saw precious kHz shaved off the American 160, 40, 
and 20 meter bands, but in return we received an exclusive new band at 10 meters. Amateurs in Europe fared 
less well, and some will argue that American Amateurs now had to  share 40 and 80 meters with the foreign 
broadcasters, but that was true before the 1927 conference convened. Compared with the spot frequencies 
given to  Amateurs in 1912, the new international allocations were a vast improvement. 

There was no change in the Amateur bands at the Madrid conference in 1932, nor at Cairo in 1938. The next 
conference was scheduled for Rome in the spring of 1942, but because of the war, the next International Radio 
Conference was not held until 1947, in Atlantic City. Amateurs lost some space on 160, 20, and 10 meters at 
Atlantic City, but we received a nice bonus in return: a brand new band at 15 meters. Hence, there was not a 
net loss a t  all, but a gain! Those are the same bands we are still using today. 

In reviewing the record of high-frequency Amateur allocations, we have progressed from what was essential- 
ly spot-frequency operation in 1912, to 3485 kHz of high-frequency operating space in 1927, to  3500 kHz today. 
Based upon past performance, and the proven service of Amateur Radio to the public, I believe we have every 
reason to  be optimistic about the future. 

Jim Fisk, W l H R  
editor-in-chief 
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ments 
nearby structures as does any well- 
characterized coaxial cable. The 
unknown impedance presents a prob- 
lem, however, when attempting to 
measure the line loss, for the line 

I~,I/ " must (usually) be terminated. To get 

zip-cord feedlines 
Dear HR: 

The article on "Zip-Cord Feed- 
lines" published in the April 1978 
issue prompts me to record, some- 
what belatedly, my own experience 
on the subject. I have, for many 
years, happily used zip-cord feedlines 
particularly for temporary or semi- 
temporary antennas for use up to 21 
MHz. I have always used the type 
with clear insulation, thinking that 
there was less chance of fillers ab- 
sorbing the rf  energy. I have to admit, 
though, that I have no concrete rea- 
son for this feeling, and I could be 
quite wrong. I have always used a 
simple antenna tuner and balun to 
couple the transmitter to the line, 
and, without exception, I have found 
the results to be gratifying. For exam- 
ple, I have quite recently used a 20- 
meter dipole slung between a tree 
and the chimney of my apartment 
building, about 20 feet high, fed by 
about 30 feet of Radio Shack loud- 
speaker wire (the heavy-duty type 
with stranded conductors) and driven 
by a Heath HW101. I have always 
been able to raise interesting stations, 
and have had a good number of en- 
joyable ragchews with European op- 
erators on single sideband. 

The characteristic impedance of 
zip-cord is, of course, unknown. In 
my particular example I measured 
and, from standard formulae, esti- 
mated its impedance to be around 
100 ohms. I think that this impedance 
presents as good a match to  any 
"real" antenna at modest height with 

some idea of the loss on the 30-foot 
length, I tried the following ex- 
periments: 

First, I terminated the line with a 
110-ohm carbon resistor combina- 
tion. I fed the line through my anten- 
na tuner, and, in the coax feed 
between the transmitter and the 
tuner, I inserted my SWR bridge. I 
then loaded the transmitter on 14 
MHz and adjusted the antenna tuner 
for minimum SWR on the coax; I was 
able to get it down to an indicated 
value of 1 .I :I. Then I removed the 
terminating resistor and measured 
the SWR both with the far end of the 
line open and shorted. I tweaked the 
tuning for minimum SWR before 
taking the reading. The reverse 
power was so high in each case that it 
was not possible to  get reliable 
readings. I estimated the SWR to be 
at least 10: 1 (neglecting possible error 
in the bridge - the forward and 
reverse powers are about the same 
with an open or short circuit on the 
output of the device). This indicates 
that the total loss, one-way, in the 
tuner and feeder is on the order of 0.9 
dB, and this is a worst-case figure. 
This is not comparable with RGSIU 
coax, but for a simple system it is a 
figure that I can certainly live with. 
Tony Garratt-Reed, ex-G3VBZlW1 

Malden, Massachusetts 

manned f ree-aircraft 
Dear HR: 

The Presstop of the October, 1978 
issue is in error; the Double Eagle II 
was not the first free-aircraft to cross 

the Atlantic - it was the first manned 
free-aircraft to do so. The first free- 
aircraft to make the crossing was a 
high-altitude research balloon flown 
from Trapani, Sicily, in July, 1975, 
and brought down near Lexington, 
Kentucky after about 84 hours. 
Another balloon was f lown from 
Sicily to Massachusetts in July, 1976. 
These balloons flew at an altitude of 
approximately 125,000 feet and had 
about 20 million cubic feet of capac- 
ity; they were launched and flown by 
National Scientific Balloon Facility 
personnel from Palestine, Texas for 
scientists from Italy, England, and 
Germany. 

Spencer Petri, WA5JCI 
Palestine, Texas 

keyer memory 
Dear HR: 

I read with interest the Ham Note- 
book correspondence from K9WGN 
in the August 1978 issue of ham 
radio concerning my programmable 
keyer memory accessory. While it 
may be true that his unit programs 
the memory chips properly by simply 
pulling the RW pin to + 5 volts, this is 
not good design practice. If you 
examine the data sheets for the 1101 
(or any other static MOS RAM chip, 
for that matter) you will see that the 
RW pin should be pulsed only after 
the address is stable. The manufac- 
turer's information for the 1101, in 
fact, recommends both the data and 
address inputs remain stable for at 
least 100 ns after the falling edge of 
the WRITE pulse. If the RW pin is held 
near + 5 volts during programming, 
there is a chance some undesired bits 
may be altered while the input 
memory address is changing. For 
these reasons I feel the 74121 
monostable, U8, is justified. 

K9WGN is correct in stating that 
you can substitute the 7493 for the 
74193s 1 used in that design. How- 
ever, since the 7493 is a negative 
edge triggered ripple counter, the in- 
verter, U11 B, should be eliminated. 

Andrew B. White, K9CW 
Urbana, Illinois 

6 february 1979 



10/80mwatt amplifier 
for 2 meters 

Design of an 
rf-activated, 

power-selectable, 
2-meter amplifier 
intended for use 
with a 2-watt fm 

handie-talkie 

I t  all began rather innocently. My good friend Jim 
Fisk, WB6YED (no relation to ham radio's editor), 
won a pair of Motorola HEP S3041 40-watt vhf power 
transistors at a prize drawing during the 1975 Dayton 
Hamvention. Several of us who were with him 
envied his good fortune, and we wondered what he 
would do with his new treasures. Months later, dur- 
ing a visit to Jim's home, I got my answer. 

Jim had a 2-watt, hand-held fm transceiver he 
wanted to use in his car with a separate microphone. 
He envisioned a package that would produce either 
10 or 80 watts output for 2 watts of drive, depending 
on his distance from the station he wanted to talk to. 
In addition, T/R switching had to be accomplished 
without a separate control line between the trans- 
ceiver and the power amplifier. As Jim described 
what he was thinking of, I had the feeling he was go- 
ing to ask me to tackle the job, which he did. Since 
he had been more than generous with his time and 
resources when I needed them, I was glad to help. 

Putting together his requirements, I came up with 
the block diagram shown in fig. 1. The power ampli- 
fier had to have enough gain to produce roughly 80 
watts output from 2-watts input; this amounts to 16 
dB gain. A little more gain wouldn't hurt, because 
there are sure to be losses between the input to the 
entire circuit and the input to the power amp. The 
attenuator is switched into the circuit when low- 
power operation is desired. As it turned out, the 
attenuator wasn't that simple. 

The requirement that transmit-receive switching 

By Edward J. Paragi, WBSRMA, 14539 U.S. 
Highway 24 East, New Haven, Indiana 46774 
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be done without control lines necessitated the use of 
some type of rf-actuated T/R switch to put the pow- 
er amp in the circuit during transmit operation. Dur- 
ing receive the entire amplifier is simply bypassed 
with a coaxial line. 

circuit description 
I started the project by building the basic power 

amplifier. The HEP S3041 is equivalent to a 2N6084. 
A pair of 2N6084s at 150 MHz can be driven to 80 
watts output with 25 watts input. This amounts to  5 
dB gain; a driver capable of at least 11 dB gain is nec- 
essary to ensure a full 80-watt output from 2 watts of 
input. Since it suited my needs so well, I used the 
two-stage amplifier circuit and layout described in 
the Motorola Application Note AN-585, with as few 
differences as possible.1 A 2N6083 was used for the 
driver in the amplifier described in the application 
note. Lacking a 2N6083 1 used a 2N6136, a 25-watt 
uhf device useful to over 500 MHz and readily avail- 
able to me. 

The initial attempt at the amplifier was a copy of 
the layout described in the application note (see fig. 
2). I t  was unstable for all but low drive levels. Any 
output greater than a few watts was accompanied by 
a healthy spur approximately 5 MHz from the desired 
frequency and several other spurs of lesser ampli- 
tude, including one at 5 MHz. I had used a uhf device 
for the driver, and so this was not entirely unex- 
pected. 

The chokelbead combinations in the transistor 
base circuits are used to suppress spurious oscilla- 
tions as well as to  provide dc return paths for the 
bases. Ferrite beads are low-Q inductors at vhf and, 
as such, make excellent broadband chokes. At lower 
frequencies, such as the high-frequency bands, the 

resistance of the beads decreases while the induc- 
tance increases. The result is an increased Q. Uhf 
transistors exhibit tremendous gain in the high fre- 
quency region, and high Q circuits are an invitation 
for them to take off. The solution consists of adding 
10-ohm resistors in shunt with the chokelbead com- 
binations to guarantee a low Qat lower frequencies. 

fig. 1. Block diagram of the 10180-watt amplifier for 2 
meters. The switched attenuator is used to vary the drive 
level into the amplifier to  switch between 10- and 80-watt 
power levels. 

Another addition to the circuit in the Motorola 
Application Note is the parallel tank circuit (L1 and 
C1) at the input t o  the amplifier. It helps reduce any 
second- and third-harmonic energy coming from the 
hand-held transceiver. 

After tuning up the completed amplifier, I had 80 
watts output for 1 watt of drive. This was more gain 
than necessary, since 2 watts were available. Rather 
than detune the amplifier, I decided to  put some 
attenuation in the circuit for high-level operation. 
Using an input of 2 watts, 2.6 dB of attenuation 
results in an output of approximately 80 watts, while 
10 dB of attenuation provides an output of approxi- 
mately 10 watts. 

The switched attenuator shown in fig. 1 is drawn 
schematically in fig. 3(AI. It is a tee configuration in 
which PIN diodes are used to add or remove resistors 

Amplifier wi th the dust cover removed. The rf input is on 
the left side, the 10180-watt control connector is in the 
upper left, and the 12-volt connections are in the upper 
right. The T IR  circuitry is in the lower left portion of the 
chassis. 

that are in parallel with the elements of the attenua- 
tor. PIN stands for "P-intrinsic-N" and describes 
regions of P and N semiconductor material that have 
a piece of undoped or "intrinsic" silicon sandwiched 
between them. This construction gives the PIN diode 
its unique properties. For low-frequency signals, the 
device behaves like a conventional PN-junction 
diode. A t  uhf, the diode is a current-controlled resis- 
tor. For high-forward current, the series resistance is 
low. For low-forward current, the series resistance is 
high. Reverse biasing the PIN diode further raises its 
series resistance. An ideal PIN diode should not recti- 
fy rf, but in the real world these diodes do rectify and 
this must be dealt with in rf-switching applications. 

For 80 watts of output, the series PIN diodes, CR5 
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and CR6, are forward biased, and shunt PIN diode, 
CR7, is left off. For 10 watts of output the series 
diodes are left off while the shunt diode is forward 
biased. The calculated equivalents of the two condi- 
tions are shown in figs. 3(Bl and 3!Cl. The resistor 
values for the attenuatoi were chosen so the impe- 
dance looking in either direction would be close to  50 
ohms. I t  is important that a good grade of carbon- 
composition resistor be used for the elements in the 
attenuator that carry rf current, and also that leads 
are kept as short as possible. Because of stray ele- 
ments, this type of attenuator becomes more difficult 
to  construct as frequency is increased. Two meters is 
probably getting near the practical limit. 

The last block in fig. 1 is the rf detector and TIR 
switch. The detector, CR3, is simply a rectifier with a 
low enough reverse recovery time to be effective at 
150 MHz. The rectified rf signal is used to forward 
bias the relay driver, 01, which in turn energizes K1 
during transmit operation. The relay closes when 
approximately 0.7 watt of power is fed to the input 
jack of the amplifier. The relay contacts are used to 
switch the bias to the PIN diodes in the actual T/R 
switch, These PINS are CR1 and CR2 at the amplifier 
input, and CR8 and CR9 at the output. 

For simplicity, a relay was used instead of solid- 
state bias switching. W9KHC pointed out in his arti- 
cle that the dc reverse bias on a PIN diode should be 
equal to the peak rf voltage across the PIN in ques- 
tion.2 For CR9, which is reverse biased during trans- 
mit operation, this would amount to 88 volts, assum- 
ing 80 watts is being delivered to a %-ohm load. A 
higher load impedance would require a higher bias 
voltage. If a PIN diode rectifies when the reverse bias 
is not great enough, i t  will conduct and be destroyed 
due to  excessive power dissipation. However, if the 
PIN diode bias line is just left open, any rectified cur- 
rent will tend to reverse bias the PIN and protect it. 
Open is the key word here. A set of open relay con- 
tacts is much better than a reverse biased switching 
transistor, which has some measurable leakage. 
Since the relay was employed, it eliminated the need 
for a high-voltage supply which would require an in- 
verter for 12-volt mobile operation. With the arrange- 
ment shown, T IR switching is accomplished using 
the same dc supply that powers the amplifier. 

component selection 
Since the construction of this power amplifier in- 

volves relatively high power levels and frequencies, a 
discussion about the components used is in order. 
The PIN diodes used in the TIR switch and attenua- 
tor are general-purpose diodes for uhf work. They 
should have a low series resistance when forward 

biased, since they contribute directly to insertion 
loss. The MA-47047 typically has 1.5 ohms of resis- 
tance at 30 mA of forward bias, while the MA-47080 
has a resistance of 0.45 ohms at 100 mA. In addition, 
the minority carrier lifetime should be roughly 10 
times longer than the period of the lowest frequency 
in use. This prevents rectification if leakage occurs. 
The low-power PIN diodes used in the construction 

HIGH POWER 
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fig. 3. Schematic diagram of the switchable tee attenuator 
is shown at (A), while ( 6 )  and (C) respectively, show the 
effective attenuatorsfor high power (2.6 dB) and low power 
(10 dB). 

of this project were in a pellet-style case. The 
MA-47047 comes in a lead-style case similar to that 
of a signal diode. Either type will work - just keep 
lead lengths short. The MA-47110 could be substitut- 
ed for the MA-47047. 

PIN diode CR8 must have a high current rating 
because it carries the output power of the amplifier. 
It will get fairly warm and should be heat sinked 
directly to the output connector via C38. Transferring 
heat through a capacitor may seem unconventional, 
but it is accomplished with a wafer-style capacitor. 
Wafer capacitors are a truly leadless capacitor with a 
ceramic dielectric. They are especially well suited for 
bypass and coupling applications where tolerance is 
not critical. The 1000-pF units used in this project are 
little squares about 4.1 mm (0.16 inch) on a side and 
0.76 mm (0.03 inch) thick. The two large surfaces are 
metallized with a silver compound so they can be sol- 



Detail of the circuitry near the rf input connector showing PIN diodes and ceramic wafer capacitors attached to the connector. 

dered. I t  is a good idea to handle the capacitor with 
fine tweezers so that oil from your hands doesn't 
make soldering difficult. For best results, the wafers 
should be soldered using a silver-bearing solder and a 
very small iron tip. Ordinary tin-lead solder is likely to  
leach away the silver and make soldering impossible. 
Alpha Metals is one company that produces a 62 per 
cent tin, 36 per cent lead, and 2 per cent silver solder. 

Another uncommon capacitor used in the amplifier 
is the ceramic chip. Chip capacitors are made from a 
material similar to  the wafer capacitor dielectric. 
They are small cubes approximately 2.5 mm (0.10 
inch) on a side with a pair of opposite sides metal- 
lized to  accept solder. These parts are available in tol- 
erances as fine as + 1 per cent. In addition, they are 
also leadless and have very low loss. Due to their 
high Q(low loss), they are capable of carrying sever- 
al amps of rf current where other types of capacitors 
would quickly go up in smoke. Since all of this comes 
at a price, chips were used only at the higher power 
levels in the amplifier. 

A less expensive part is the capacitor made by 
Unelco which Motorola used in the application note. 
This is a silvered-mica type and is suitable for use at 
high power levels. It is physically quite large com- 
pared with the ceramic chip, but that is not a draw- 

back for most applications. To reduce the effect of 
lead inductance of higher value capacitors (which 
have low reactance), it is often possible to  parallel 
two capacitors, as in the case of C25 and C26. 

The coaxial cable used to bypass the amplifier on 
receive is a solid-jacket type used because it was 
available. Any good 50-ohm cable can be sub- 
stituted. 

protection circuitry 
Many high-power, solid-state rf amplifiers have 

protection circuitry to  reduce rf drive, or completely 
shut down the amplifier, when a high vswr is sensed. 
Since this amplifier was designed for a specific instal- 
lation, the extra circuitry was not included. A load 
vswr of 2:l or less should be adequate for the design. 

Another circuit commonly associated with high- 
power amplifers is a thermal protection circuit. These 
circuits sense high temperature, usually near the out- 
put stage devices, and act to  reduce drive or shut the 
amplifier off. Since a substantial heatsink is used and 
two-way operation is always intermittent, this type of 
circuit is not justified. If the amplifier is to be operat- 
ed for more than short periods of time and in a place 
where air circulation is restricted, some thought 
should be given to a thermal protection scheme. 
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fig. 4. Amplifier test set-up. 
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Additional comments on circuit protection are given plies the amplifier. Adding a coaxial cable to carry rf 
in ref. 3. from the hand-held transceiver to the amplifier com- 

pletes the installation. 
construction Placing the cover on the amplifier slightly detunes 

No attempt was made to miniaturize the amplifier. it. This is compensated for by slightly mistuning the 
With the cover in place, the assembly measures trimmer capacitors by trial and error until the per- 
7.6 x 14.0 x 15.9 cm (3 x 5.5 x 6.3 inches). The ampli- formance with the cover on is optimized. 

80. /10 W 
Z M  F M  

AMPL IFlER 

fier was built in "bread-board" fashion on a 
1 0 . 2 ~  15.2 cm (4 x 6 inch) piece of 1.6 mm (0.062 purity of emissions 

I ANALYZER 

ATTENUATOR 

inch) thick epoxy-fiberglass, copper-clad board. 
Connections, which are isolated from ground, are 
made on miniature standoff insulators. This con- 
struction lends itself well to building power amplifi- 
ers, as it nearly eliminates rf ground problems. The 
heatsink may be a little larger than necessary, at 
3.8 x 14.0 x 15.2 cm (1.5 x 5.5 x 6.0 inches), but 
since size was not important, the extra area is cheap 
protection. Long pieces of wire and ferrite beads are 
held in place with RTV-type adhesive. 

Parts placement follows the general layout of the 
amplifier pictured in Motorola Application Note 
AN-585. 

The amplifier is easily installed in the trunk of a car 
and controlled from the driver's seat. A pair of wires 
and a switch are used to turn the power on. Use at 
least no. 14 (1.6-mm) AWG wire for the dc connec- 
tion to reduce the voltage drop from battery to ampli- 
fier. The output power level is controlled by three 
wires and a single-pole, double throw switch. One 
of the three wires can be the + 12 volt line that sup- 

Since the completion of this project, the FCC has 
issued new requirements on transmitter spurious 
radiation. For transmitters and amplifiers operating 
between 30 and 235 MHz and having more than 25 
watts of output power, all spurious emissions, 
including harmonics, must be at least 60 dB below 
the mean carrier level. The second harmonic of the 
carrier is the most important spurious output to be 
dealt with in this amplifier. Since at 80 watts output 
the second harmonic is already 50 dB below the fun- 
damental, a simple pi or tee network after the amplifi- 
er will provide enough attenuation to meet the 60 dB 
requirement. A summary of the performance data 
from the amplifier test circuit (see fig. 4) is given in 
table 1. 
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table 1. Performance data for the 80110-watt amplifier at 147 
Mhz with the cover installed. manuscript. 

receive insertion loss - 1.1 dB 
drive level to accomplish TIR switching - 

low power 

drive power 2 watts 
output power 7.2 watts into 50 ohms 
current drain 4.0 amps 
2nd harmonic 40 dB 
3rd harmonic 44 dB 
input swr 1.6:l 

- 0.7 watt 

high power 

2 watts 
74 watts into 50 ohms 
12.0 amps 
50 dB 
47 dB 
1.4:l 
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solid-state 
antenna 
position 
display 

Another approach 
for converting 

an antenna rotator 
to digitized readout, 
using discrete LEDS 

to show bearing segments 

The need for an improved indication of antenna 
heading is most apparent during contesting and DX 
chasing. Many operators have considerable diffi- 
culty relating the compass heading of the beam, as 
indicated on the typical antenna-rotator control 
box, to the location of a particular country on the 
globe. 

Normally, a table, slide rule, or a chart is used to 
find the correlation between the prefix of a call and 
the beam heading. People have a general sense of 
where a country or area is, but they are less than 
adept at translating this sense into an angular 
heading. 

I once saw a global display scheme using a bal- 
anced pointer driven by a pair of selsyns, one 
coupled to the mast on the tower and the other 
driving the pointer on a wall-mounted map. My goal 
was then established, to construct an electronic 
display using the existing analog voltage at the rotor 
control box. 

A completely solid-state design using available 
low-cost components was a must, and the display 
had to be suitable for mounting at my operating 
desk. I considered several options for the construc- 
tion and presentation of the display. Personal taste 
and the builder's skill are involved in making the 
choice; a simple and effective version is described 
which is suitable for anv home craftsman with mod- 

I erate skills. 

principles of operation 
The Ham II provides a 13-volt signal swing which 

drives a I -mA meter, calibrated in degrees, to in- 
dicate antenna position. This voltage provides an 
ideal analog signal source for digitizing with a high- 
impedance CMOS A I D  converter. 

The Motorola MC14433 DVM chip was judged as 
most suitable for this display. It will accept a 0 to 
-t 1.999 volt analog input voltage swing, and pro- 
vides a binary-coded-decimal (BCD)/TTL compatible 
output. In addition, it has a self-contained clock and 
provides timing pulses to drive the TTL control logic 
and decoder drivers that make up the remainder of 
the display circuitry. Low-cost BCD-to-decimal driv- 
ers were chosen because of the display format. 

1 The display background itself is a polar great-circle 
map of the globe divided into twenty 18-degree sec- 
tors. With a 0 to 1.99 volt input signal swing and a 
maximum 360-degree rotation, each sector cor- 
responds to an increment of 100 mV. Each hemi- 
sphere corresponds to an increment of 1 volt of ana- 
log input signal. For example, as seen in fig. l ,  sec- 
tor 1 is displayed when the input potential to  the 
MC14433 has any value from 0.0 to 0.1 volt. This 
corresponds on the map to the sector between 180 
and 162 degrees in the S-SE quadrant of the Ham l l  
meter scale. Likewise, sector II would be displayed 
when the input voltage is between 1.0 and 1.1 volts, 

By W. K. Springfield, AE4A, 2607 Deerdell 
Lane, Reston, Virginia 22091 
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which corresponds on the map to the sector between 
360 and 342 degrees in the N-NW quadrant of the 
scale. My rationale for choosing twenty 18-degree 
sectors was 

1. the system fits the decimal system; 
2. 18 degrees is roughly the beam width of many 
rotary antennas; 
3. 18-degree sectors provide enough room for a 
beam to coast to a stop once the motor drive is 
stopped. 

Fig. 1, the block diagram, and fig. 2, the sche- 
matic, show the signal and logic flow from the input 
of the A ID  converter to the sector indicator. The 
analog signal between 0 and 2 volts is applied to pin 
3, the analog input, from the voltage divider, R5, 
which accepts the 13-volt signal from the rotator. C3 
and R7 are used to provide RFI immunity. 

The encoded TTL data from U1 is available in a 
multiplexed form at the a through Q3 outputs. The 
A ID  converter used in this indicator normally drives 
a four-digit multiplexed display, with the outputs Qo 
through Q3 acting as the data lines, while DS1 
through DS4 are the corresponding digit-select lines. 
For example, when the right-most digit (LSB) is to be 
displayed, the DS4 line is high and the data appears 
in a BCD format on the Q lines. As the display is 

TO ROTOR 

SUPPLY 

I 

CLOCK ' 
HEMISPHERE 

DSI I DIGITAL BCD L 
DATA - VOLTMETER / DATA BUFFER 

LATCH MODULE ------+ 
DSP I I - 

I I t / I l l  

I GATING 1 GATING 

BCD TO 
DECIMAL 

OEC ODE 
DRIVER 

N- W-S 
HEMIS r 
fig. 1. Functional block diagram of the solid-state antenna 
position display. The entire system is based on a 3-112-digit 
DVM IC manufactured by Motorola. 

Rear view of the display showing the LEDs, diode-AND 
gates, and electronics enclosure. 

scanned, the appropriate digit-select line goes high 
with the correct BCD code for that digit appearing 
on the data lines. 

The analog input to this IC is in the range of 0 to 
1.999 volts. Therefore, the left-most digit will change 
between only 0 and 1. Or, it can be thought of as 
breaking the input voltage range into two segments, 
0 to 0.999 and 1.000 to 1.999 volts. 

In my display, the left-most digit, or MSB, provides 
the hemisphere data. That is, pin 6 of U2C (or Q3) is 
low for an input voltage to U1 with any value be- 
tween 0.0 and +0.99 volt. This corresponds to an 
antenna heading anywhere in the S-E-N hemisphere. 
Conversely, pin 6 of U2C is high when the input 
voltage to U1 is any value between 1.0 volt and 1.99 
volts. This corresponds to an antenna heading any- 
where in the N-W-S hemisphere. 

The hemisphere data from U6 is stored in latch 
U8B by clocking the data in during DS-1 time, and 
holding it through the complete scan cycle of the 
A ID converter. The latch outputs, pins 5 and 6 of 
U8B, gate the appropriate hemisphere decoder1 
driver, U6 or U7, through NAND gates U3, U4, U5B, 
and U5C. U8B is reset after the end of each A I D  
converter scan cycle by an "EOC" pulse from pin 14 
of U1. 

To derive the appropriate 18-degree sector within 
the hemisphere, the next most significant digit of 
the A ID converter is used. As previously mentioned, 
each sector has an incremental voltage width of ap- 
proximately 100 mV, thus allowing ten sectors in a 
1-volt increment. The next most significant digit 
represents the correct 100-mV segment with the 
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fig. 2. Schematic diagram of the solid-state antenna position indicator. Each output from the decoder is bypassed with a small 
disk ceramic capacitor to help eliminate noise problems (see text). C1 and C2 are mylar capacitors. 
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BCD value appearing during DS2 "time" at the out- 
put terminals. 

During DS2 pulse, pin 18 of U1 is high. U2A and 
U2B act as a noninverting buffer which drives gates 
U3, U4, U5B, and U5C. These gates in turn drive U6 
or U7 to display the appropriate sector during DS2 
time. Valid input data to U6 or U7 is in a low-level 
state. This is provided when all three inputs to the 
NAND gate driver are high. The outputs of U1 re- 
quire the buffering because of the limited source1 
sink current capability of the CMOS circuitry. 

With this scheme, any one of twenty sectors can 
be displayed. The DVM chip can provide A-to-D con- 
version on the hundredths and thousandths decimal 
value of input voltage and are presented to the 
multiplexed outputs during DS3 and DS4 time re- 
spectively. However, this capability is not used in 
the display application. 

The frequency of the internal clock in the DVM 
module is determined by R1 and C1. With the values 
shown in fig. 2, the clock runs at approximately 66 
kHz, giving a conversion time of 250 ms. In simple 
terms, the conversion time is the interval required 
for the DVM circuitry to measure the analog input, 

X =  DO NOT CARE OR USE 

CLOCK 

I 

fig. 3. Timing diagram of the digital voltmeter IC. The MSB 

data output appears on Q3during DS1 time. In this example, 
Q3 is a one for any input voltage between 0.000 and 0.999 
volt, indicating that the N-E-S hemisphere is selected. The 
next most significant digit appears during DS2 time. As indi- 
cated, DS2 shows data for a value of 0.50 to 0.59 volt, indi- 
cating that the antenna is within sector 5. 

Printed circuit board within the electronics enclosure. 

compare references, compensate, integrate, encode 
data, and develop the output signals for the "3-1 12" 
digits. In this display application only "1-1 12" digits 
are used. An individual sector is displayed with five 
LEDs. The LED in series with R8 is positioned at the 
center of the display, Kansas City, and is continuous- 
ly illuminated. The remaining four LEDs are selected 
from the display electronics and illuminate the perim- 
eter of the sector. 

LEDs DA1 IDB1, DA2lDB2, etc., are positioned 
on radial lines drawn on the polar map, which is the 
background of the display panel. These radial vectors 
start at the center of the map and are displaced by 18 
degrees. 

The LEDs designated DA are mounted at the mid- 
point of the radial, while the LEDs designated DB 
are positioned at the ends of the radials. Diodes 
designated DC are low-cost silicon switching or low- 
PIV rectifier diodes (1N4001s) grouped in pairs to 
form a negative-OR type gating circuit. 

To illustrate, refer to fig. 4, where sector A is to be 
displayed. Either U6 or U7 has been gated on during 
DS2 time, depending on which hemisphere has been 
selected, to display one of the possible twenty sec- 
tors. Only one of the twenty output pins from U6 
and U7 will be in a low-voltage or current-sink condi- 
tion, as represented by the closed switch at output 
terminal B in the driver. Current flows through R8, 
the LED in the center of the map, the two parallel 
branches formed by DA1, DB1, DC2, and DA2, DB2, 
DC3, and the low-impedance path (closed switch) in 
the display driver. With all other driver outputs in a 
high-impedance state, no current will flow in any of 
the other radial branch circuits. 

Since the LEDs are illuminated only during DS2 
time (approximately 60 ms out of each 250-ms con- 
version period), the LED supply voltage had to be 
raised to a level of approximately 12 volts. The value 



LED IN CENTER OF MAP t=" 300 mA. U1 requires a negative &volt supply, which 
is provided by C4, C6, R10, CR2, and the two-addi- 
tional 1N4001s. The LM 342-5 provides a regulated, 
5-volt supply for logic circuitry. The DVM module 
requires an external reference voltage of 2.0 volts 
which is provided by CRI, R3, and R4. 

/ /  \\ display panel construction 

fig. 4. Diagram illustrating the current flow when sector 1 is 
selected. In this case, the appropriate output of the decimal 
driver is low, to sink current. The OR gates then determine 
which LEDS are conducting. 

for R8 was chosen to give an average LED current of 
25 to 30 mA, providing adequate illumination. Diode 
matching, to achieve uniform brilliance, has not been 
a problem. However, I suggest you order more 
display LEDs than needed and select the best ones. 

As seen in fig. 2, bypass capacitors are shunted 
across each driver output. Any disk ceramic from 
470 pF to 0.02 pF will work. These capacitors reduce 
the slope of the driver output signal during the 
switching transient. The cable between the display 
electronics and display panel acts as an antenna, and 
hiss was detected in my SB303 on 10 meters before 
the output lines were bypassed. 

Except for the 12-volt transformer, C5, and R9, 
all components are mounted on the printed-circuit 
board. The transformer should be able to supply 

Many options are open in the construction and 
layout of the display panel, depending upon the 
creativity, skill, taste, and resources of the builder. A 
rather straightfotward approach yielded the display 
shown in fig. 5. The printed-circuit board is mounted 
insidea 15 x 7.5 x 10 cm (6 x 3 x 4 inch) box-type 
interlocking chassis. The box should be mounted 
on the rear of the base to provide stability for the dis- 
play panel and frame. 

adjustment 
Before inserting any of the ICs (especially UI), the 

+ 12, + 5, - 5, and the 3.2-volt reference should be 
checked. Then adjust R3 and R5 to the extreme 
counterclockwise position. Use a high-impedance 
voltmeter, 1 megohm or greater input (probe) impe- 
dance, when checking any terminal voltages on U1. 
Lower impedance voltmeters present a significant 
load to the circuitry resulting in erroneous readings. 
With U1 in the circuit, adjust R3 to provide +2.00 
volts at pin 2 of U1. Temporarily jump a wire from a 
+5 volt supply point to the A side of R5, the non- 
grounded rotator input terminal. Only sector 1 should 
be illuminated. Turn R5 clockwise about half way. 
The display should step through the 20 sectors as 
this is done, and only one sector should be illumi- 
nated at any one time. If the LEDs light out of se- 
quence, check the cable wiring between the driver 
outputs and diode gates in the display panel. If a 

@ PLYWOOD SIDES @ PLYWOOD BASE 

@ PlNE SIDE SUPPORTS @ BOX FOR DlSPLA Y ELECTRONICS 

@ PlNE BASE SUPPQRTS @ FRAME 

fig. 5. General construction plan for the display panel. The 
outline dimensions are approximate, depending on the 
frame used. Exact details of the map and framework have 
been omitted since they will depend upon the builder's 
resources and abilities. 
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fig. 6. Printed circuit board pattern for the antenna position display (above) and parts placement diagram (below). 
A printed circuit board can be obtained from the author. 

series diode string on a radial vector does not light, to the extreme counterclockwise position and dis- 
check the diode gates, LEDs, and U6 or U7. If one connect the + 5 volt jumper to R3. Attach a cable 
hemisphere does not light, check U8, the appropriate from the grounded terminal of R5 on the display elec- 
input gates to the drivers U6 or U7, as well as the tronics board to terminal 1 on the Ham II control box 
appropriate display driver. terminal strip, and another lead from the other side 

With the above check-out completed, return R3 of R5 to terminal 3. Rotate the antenna to 198 de- 
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grees in the S-SW quadrant. Approximately 13 volts 
should appear across R5 on the display input ter- 
minals. Carefully rotate R5 clockwise until just the 
198 to 180 degree sector illuminates. Rotate the 
antenna back through a clockwise rotation and 
watch how the sectors on the map light up as the 
appropriate compass headings on the control box 
are passed. With minor adjustments of R3 and R5, 
tracking to within 10 degrees can be maintained 
throughout the entire antenna rotation. Linearity 
of the potentiometer in the rotator can cause minor 
variations. 

I have not attempted to connect this display to 
makes of antenna rotors other than the Ham II. How- 
ever, with the circuit explanation given, it should be 
easy to adapt this system to other rotators as long as 
there is more than a 0 to 2 volt analog signal swing 
available to drive the display electronics. 

component procurement 

All the ICs, with the exception of U1, the Motorola 
MC14433, are readily available from most supply 
houses. U1 was purchased through Circuit Spe- 
cialists, Box 3047, Scottsdale, Arizona 85257, for 
under $15.00. With the influx of low-cost DVM kits, 
there should be lower costs for this item in the fu- 
ture. The total cost of the electronic components 
and printed circuit board came to less than $45.00. 
LEDs can be obtained at good prices when ordered in 
a quantity of 100 rather than on a per-diode basis. 

I wish to express my appreciation to Dick Keil, 
N4JU, Bob Winter , WB4AYW, and Walt Short, 
N4SW, for their advice, and particularly to N4SW 
and K4GOK for their assistance in artwork prep- 
aration. 

ham radio 

great-circle maps 

For the past several years I have been offering 
computer generated great-circle bearing printouts 
which have been extremely popular with DX opera- 
tors." In a recent article in Ham Radio Horizons I 
discussed the use of these charts and also showed 
several great-circle maps. The great number of 
readers who inquired about obtaining azimuthal equi- 
distant maps prompted me to.complete work on a 
computer program I started several years ago to 
draw such maps. 

The program itself is straightforward, but the data 
base associated with it is truly staggering, consisting 
of almost 20,000 data elements. This is why I put off 
completing it for so long. The computer time re- 
quired to process and draw each map is much more 
than that required for the standard great-circle print- 
out, so the cost is slightly greater. The maps are 
printed on 11 x 14 inch paper; in addition to  
geographical data, all major political boundaries are 
shown, but no attempt has been made to label indivi- 
dual countries because of the enormous program- 
ming complexities it would entail, not to mention the 
additional cost. 

I will supply custom-made azimuthal equidistant 
maps to interested Ham Radio readers according to 
the following price schedule: 

$5.00 postpaid via 3rd class mail, worldwide 

$5.75 postpaid via 1st class mail, USA, Canada, 
Mexico 

$6.50 postpaid via Air Mail, worldwide. 

*Computer generated charts for your station location are priced at $1.00 for 
surface mail or $2.00 for air mail, and list 660 distant locations along with 
bearings, distances, and return bearings. 

Computer-drawn great-circle map centered on Greenville, 
New Hampshire. 

When ordering your map, be sure to include your 
mailing address and the location for which the chart 
is to be made. If you live in a rural area or a town of 
less than 10,000 population, carefully describe your 
location with respect to other nearby towns so your 
latitude and longitude can be determined. 

Bill Johnston, N5KR 
1808 Pomona Drive 

Las Cruces, New Mexico 88001 
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phase coherent 
RTTY modulator 

Discussion of the 
need for using a 

phase-coherent AFSK system 
to generate FSK with a 

single-sideband transmitter 

With amateur activity increasing on RTTY there 
is a growing need for a quality RTTY modulator and 
demodulator to interface between the station re- 
ceiver and transmitter. Although some transmitters 
have provisions for a frequency shift key (FSK) input 
to the VFO circuitry, most do not. One of the stan- 
dard means of producing an FSK carrier on the high- 
frequency bands is to insert pure tones into the audio 
input of an ssb transmitter. An audio FSK generator 
(AFSK) will produce an FSK signal when it is applied 
to a single-sideband, suppressed-carrier transmit- 
ter. However, there are limitations to this technique. 

FSK problems and approaches 
In RTTY circuits, there are basically two frequency 

shifts used, a narrow shift (170 Hz) and a wide shift 
(850 Hz!. The only FCC requirement is that the shift 
be less than 900 Hz. The reason for a shift at all, of 
course, is to distinguish a mark from a space, thus 
conveying information. Using digital language, the 
mark and space may be redefined as a logic one or a 
logic zero. The definition of which frequency will be 
used as a mark (one) and a space (zero) must be 
compatible between all communicators, otherwise 
the shift will be inverted from the one expected. On 
the 20-meter band, for example, the mark frequency 
is normally defined as the higher of the two fre- 

quencies, while the space is the lower of the two. 
The mark and space frequencies are offset by 170 Hz. 

The narrow-shift mode is almost always used on 
the high-frequency bands, while some amateurs 
use the wide shift on the vhf bands. Fig. 1A shows 
the ideal frequency spectrum of a narrow-shift FSK 
signal. The bandwidth due to the information rate is 
not shown, but it will be centered on each carrier fre- 
quency and will have the effect of widening the FSK 
signal spectrum. The information bandwidth de- 
pends on the speed at which the RTTY is sent, and it 
will not be considered here. Note in this figure that 
the mark frequency is exactly 14.097875 MHz, while 
the space frequency is exactly 14.097705 MHz. This 
would be a narrow-shift FSK signal, since the dif- 
ference is 170 Hz. 

If the frequency determining unit in the transmitter 
is appropriately modified, a frequency shift of 170 
Hz is easily attained. As an example, an oscillator 
may be modulated by using a varicap to generate the 
required FSK signal. An alternate method, however, 
would be to modulate a single-sideband transmitter 
with pure sine wave tones. Theoretically, in an ssb, 

1 suppressed-carrier transmitter, ISSB-SC), if a single 
frequency is used to modulate the transmitter, a 
single frequency appears at the output of the trans- 
mitter. When in the upper-sideband mode, the fre- 
quency that appears is the sum of the modulating 
frequency and the suppressed-carrier frequency, or 
the suppressed-carrier frequency minus the mod- 
ulating frequency when in the lower-sideband mode. 
By changing the audio frequency, a signal can be 
generated which is FSK modulated in step with the 
audio signal. Although the signal fed into the trans- 
mitter is AFSK, the signal generated by the transmit- 
ter is a true FSK signal; only one rf frequency exists 
at a time at the output. 

There are certain demands put on the transmitter 

By Gene Hinkle, KCPA, 12412 Mossy Bark, 
Austin, Texas 78750 
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when either FSK or AFSK is used. If FSK is imple- 
mented by modifying the VFO, then the short-term 
and long-term stability of the shift circuits must be 
considered. Since the frequency-determining section 
of a transmitter is being modified, the circuits must 
not cause drift in the oscillator that will make the 
selected frequency unstable. For instance, if a dc 
potential is tised to vary the capacitance of a varicap 
diode, the dc may have an ac ripple component. 
This ripple, from a poorly filtered dc power supply, 
will cause fm modulation to appear on the shifted- 
carrier frequency. This is certainly not desirable, 
Also, any temperature drifts in the dc control circuits 
or in the varicap diode response will cause a fre- 
quency change to occur in the fsk carrier fre- 
quencies. Care must be exercised to ensure that any 
modifications do not influence the stability of the 
oscillator. 

With AFSK modulation applied to a transmitter, 
another set of problems appear. Fortunately, these 
problems are not associated with the stability of the 
VFO, since it is not modified. However, the quality of 
the ssb generation (carrier suppression, sideband 
suppression, and sideband filter response) is im- 
portant. In a SSB-SC system, a double-sideband sig- 
nal is first generated with the carrier suppressed. 
Normally, a sharp filter is used to pass only the de- 
sired sideband, either the upper or the lower. Be- 
cause of this method, the unwanted sideband will be 
present, along with the carrier, although suppressed 
to a large degree (see fig. IB ) .  When operating an 
SSB-SC transmitter as an FSK generator, care must 
be exercised to ensure that the carrier is properly 
balanced out, and, in addition, the unwanted side- 

POWER SPECTRUM 

Q A F = 1 7 0  HZ SSB- SC 

1 I LSB 1 I 1 
- 6KHZ  - 4KHZ  -2KHZ 14 1 0 0 0 0 0  MHz  +PKHZ 
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NOT BALANCED SB NOT 

A F =  170 HZ  PROPERLY SUPPRESSED 

I I I 
1 1 LSB 1 

14 1 0 0 0 0 0  MHz  
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z N D  
HARMONIC 
ENERGY 

J~~ A F = 3 4 0  HZ A F . 1 7 0  HZ  
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14 1 0 0 0 0 0  M H z  

fig. 1. Frequency spectrum of an FSK system on 20 meters. 
(A) shows the ideal spectrum, with the mark being the high- 
er of the two frequencies. In all cases, the information 
bandwidth is not considered. In (B), you can see the conse- 
quences of improper carrier balance and poor upper-side- 
band suppression when using an audio tone to generate an 
FSK signal. The spectrum when the sideband filter does not 
properly suppress harmonics is seen in (C) .  

SINE WAVE DISTORTION, 
PRODUCES HARMONICS 

FSK AT RANDOM 
PHASE INTERVALS V 

FREOUENCY CHANGE 
ONLY AT DEFINED ANGLE 

FSK AT WELL DEFINED 
PHASE {NTERVAL - 

DATA INPUT -- 

fig. 2. Diagram of coherent and incoherent frequency shifts. 
The incoherent shift results in sinewave distortion during 
different parts of the cycle, while a coherent frequency shift 
has a smooth phase transition, resulting in less distortion. 

band is adequately filtered. Carrier null is probably 
the worst culprit, since balance circuits will change 
with time. The balance should be periodically 
checked, otherwise a continuous carrier will be 
present along with the FSK information. 

The sideband filter response is important because 
of the distortion present in the modulating fre- 
quency. Although a sine wave modulating frequency 
is prescribed, it is extremely difficult to attain. Even 
if a perfect (no harmonics) sine wave were used, any 
nonlinearities in the audio stage would introduce 
some distortion into the modulation. For example, if 
a frequency of 2125 Hz is used to modulate the trans- 
mitter, the sideband filter should suppress the sec- 
ond, third, and other high-order harmonics. Fig. 1C 
shows the effect of insufficient harmonic suppres- 
sion when a mark or space frequency is being trans- 
mitted. As was mentioned earlier, even a pure sine 
wave injected into the transmitter audio input will 
end up distorted because of preamplifier nonlinear- 
ities. This preamplifier induced distortion will be re- 
duced somewhat due to the response of the side- 
band filter. If a low audio frequency is used for the 
mark or space, the second and third harmonic may 
fall into the passband of the sideband filter. If, on the 
other hand, the mark and space frequencies are 
chosen to be high enough in the response band of 
the filter, the sideband filter will reject the harmonic 
energy created by signal distortion. 

The importance of undistorted wave forms is clear 
when considering the frequency spectrum of an 
FSK signal. Too much distortion and the harmonic 
content is more than the filters can adequately re- 
move. Thus, steps should be taken to ensure that a 
reasonably clean modulating waveform is applied to 
the audio input of the transmitter. At the time of the 
frequency shifts, the phase transitions from one 
frequency to the other should not contain disconti- 
nuities which would contain energy at frequencies 
other than the space or mark frequencies. This basi- 
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cally means that all space and mark frequency and higher-order odd harmonics cause distortion. 
changes should be done smoothly (see fig. 2). One The lowpass filters are designed to attenuate the 
way to guarantee this is to always change phases at third harmonics by 40 dB. The third harmonic of a 
a zero-crossing of the signal. Using this approach, squarewave is normally 10 dB lower than the funda- 
the audio modulating signal will always change fre- mental, so this additional 40 dB should put the third 
quency at the same phase point in all information harmonic 50 dB below the fundamental. Of course, 
transitions. in practice, this may not be obtained, but the low- 

I 

REGULATED IN 4-b POWER SUPPLY + S v  

F ,  AOJ F2 ADJ LOW-PASS 

FSK FILTER 

Fl OR f2 

fig. 3. Block diagram of an AFSK generator capable of coherent frequency shifts. Lowpass filters reduce the harmonic content 
to acceptable levels. 

DATA INPUT 
DATA-FSK 1 [ SYNCHRONIZER GENERATOR 

A block diagram of an AFSK generator is shown in 
fig. 3. The generator begins with an oscillator set to 
twice the needed frequency. When a mark or space 
is needed, the oscillator's frequency is adjusted for 
the proper .frequency change. A divide-by-two cir- 
cuit generates the correct frequencies for the AFSK 
output waveform, with a lowpass filter removing ob- 
jectional harmonic energy from the square wave - 
resulting in a near sine wave output. 

Because a square wave is used, the even har- 
monics theoretically do not exist. Thus, only the third 

5 0 %  DUTY 

LEVEL I AOJ FSK SINE OUT 

CYCLE CIRCUIT 

pass filter response coupled with the bandpass re- 
sponse of the sideband filter in the transmitter should 
give satisfactory suppression of all harmonics. It 
should be noted that the mark and space frequencies 
chosen (2125 and 2295 Hz) must be within the re- 
sponse of the sideband filter in the transmitter. 
Otherwise, these frequencies will be attenuated. 

There is nothing magic about these modulating 
frequencies. Frequencies of 1800 and 1970 (170 Hz 
shift) could have been used. However, the receiver 
demodulator must be matched to these same fre- 

TOP VIEW LOW PASS FILTERS 

NO HEAT SINK 

DATA SYNCHRONIZER 

TTL  INPUT 

PRECISION OSCILLATOR 

SIGNAL GATE 

fig. 4. Schematic diagram of the AFSK generator described in the text. The active filter removes harmonic energy while the flip- 
flop synchronizer only allows phase coherent frequency shifts to occur. All parts associated with the 555 oscillator should have a 
low temperature coefficient to reduce frequency drift due to temperature change. 
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quency pairs. This assumes that the receiver-trans- will guarantee a 50 per cent duty cycle. The other 
mitter combination operates on the identical fre- half of this dual-D flip-flop is used as the input data 
quency. synchronizer. The mark or space input will affect the 

frequency of the 555 only when the output of the 
circuit description divide-by-two changes state. Thus, all frequency 

A circuit which reflects the block diagram just dis- shifts are synchronized by one well-defined phase 
cussed is shown in fig. 4. The ubiquitous 555 astable point in the oscillator's period. The divide-by-two cir- 

G NO GATE IN 

OUT 

fig. 5. Foil pattern (above) and parts placement diagram (below) for the phase 
coherent R l T Y  modulator. 

oscillator is used as the frequency generator. Two 
miniature potentiometers are used to adjust the mark 
and space frequencies (actually twice the required 
frequencies). By inputting a logical one or zero, tran- 
sistor Q1 turns on, changing the RC time constant. 
For the 555 oscillator, the frequency of oscillation is: 

1 . 4 4  
F =  ( R l  + ZR2) CI 

where R 1  is the parallel combination of the resistors 
used for frequency setting. Normally, the frequency 
of the 555 is set to twice the mark and space fre- 
quencies. U2 is used as a divide-by-two circuit which 

cuit is easily disabled, creating a convenient method 
of gating the oscillator. This is useful for gating the 
oscillator off and on to a CW identification. 02 and 
Q3 simply buffer the input, which inhibits the divide- 
by-two. U3 and U4 are used as a dual-stage, active 
lowpass filter. These filters each have a two-pole 
Butterworth response. Each lowpass response re- 
sults in a 40 dB per decade roll-off characteristic. In 
tandem the responses add, yielding and overall 80 
dB per decade response. The lowpass filters use in- 
expensive 741 -type operational amplifiers. The last 
output of the filter is attenuated by R3. This potenti- 
ometer can be adjusted to set the output drive level 
feeding the audio input of the transmitter. 
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The circuits are powered from a 12- to 15-volt dc 
source. The voltage reference for the oscillator sec- 
tion, however, is regulated by a three-terminal reg- 
ulator to ensure that voltage fluctuations will not 
influence the frequency of oscillation. Even though 
the 555 oscillator has a specified 0.1 per cent volt 
tolerance to power supply change, I have found it 
best to regulate the power source to remove any 
problems with errors due to this change. If you use 
a well-regulated power supply, the 7805 three- 
terminal regulator may be omitted and a jumper wire 
installed. 

Layout of the circuit is not critical since only audio 
frequencies are generated. A printed-circuit-board 
foil pattern is shown in fig. 5. The power bus should 
be filtered to remove dc transients which might be 
propagated from other circuits attached to the same 
power source. A typical power supply is shown in 
fig. 6A. Also shown is a circuit which may be used 

pacitor is shown, slight variations of this value are 
permissible due to the use of potentiometers for 
determining the frequency. However, extreme varia- 
tions may not work because of the limited range of 
the potentiometer adjustment. Therefore, if the fre- 
quency will not adjust to the exact frequency need- 
ed, try using another capacitor for C1. If all else fails, 
a smaller-value capacitor could be paralleled with 
C1 to "fine tune" the frequency. 

REGULATED 

O N / O F F  
1 ! 0 GROUND 

to convert a TTY current loop to the proper voltage 
fig. 6. Typical power supply 

for driving the modulator input. For those who wish for use with the RTTY mod- 
to duplicate this modulator, a circuit board is being ulator is shown in (A). ~ r n  
made available." current loop interface, using zozL 

an op-isolator, is shown 
adjustment in (B). @ 

Once the circuit is constructed, checkout is rela- 
tively straightforward. A 12-15 volt power supply 
should be connected between the power input and 
ground. Since the "shift direction" is jumper pro- 
grammable, one or the other polarity for the shift 
direction should be selected. If needed, a single- 
pole double-throw switch could be used to remotely 
select the shift direction. Assuming pin 12 is se- 
lected for the shift direction and no "Data-in" signal 
is present, Q1 will be turned off. With Q1 off, the 
"Low-Adj" potentiometer should be adjusted for an 
output frequency of 2125 Hz. This frequency can be 
measured at the FSK signal output port, or moni- 
tored at pin 2 of U2. Once the frequency is brought 
into the proper range, "Data-in" should be con- 
nected to a logic one level. 01 will now turn on, and 
the "High-Adj" potentiometer should be adjusted 
for an output frequency of 2295 'iz. 

If no signal appears at the output or at pin 2 of U2, 
measure the level at pin 6 of U2. It should be at 
ground potential when no "Gate" signal is present. 
If it is not at ground potential, 02 and 0 3  may be the 
wrong type or inserted improperly. If the frequency 
can not be adjusted to the proper range, C1 may be 
at fault. Since C1 determines the timing, only a high- 
quality capacitor should be used. Any temperature 
drifts of this capacitor will create a proportional drift 
in the oscillation frequency. Although a O.OI-FF ca- 

*A  predrilled, single-sided printed circuit board is available for $5.00 post- 
paid from 110 Engineering, 12412 Mossy Bark, Austin, Texas 78750. 

After the oscillations are set to within the tolerance 
wanted, go back and check the frequencies as the 
"Data-in" line is switched from a logic one to a logic 
zero. The "Gate" signal input can next be checked 
by connecting a logic one voltage to the input. The 
output oscillations should cease. Note, if the op- 
posite logic polarity is needed for the disable gate 
input (logic zero for disable), 02 and R4 can be 
eliminated, but be sure to jumper between the col- 
lector and base of 02. This is why two transistors 
are used in the Signal Gate circuit, to allow for the 
option of inverting the gate signal. 

I should mention that the 4013 dual flip-flop is a 
CMOS device. Thus, care should be exercised when 
handling the unit because static buildup can damage 
the sensitive MOS input transistors. Also, beware of 
bargain basement CMOS devices. I have seen some 
ICs purchased from outlets which by no means met 
specifications. All outputs should swing from the 
power supply potential, for a logic one, to practically 
ground potential, for a logic zero. This assumes no 
current is being "sourced" or "sinked" by the out- 
puts. If the CMOS device does not meet this simple 
criterion, send it back; it is defective. 

I hope this will clarify the AFSK approach for gen- 
erating FSK with single-sideband equipment. The 
pitfalls to avoid should be recognized for compliance 
with FCC regulations and for reducing interference 
on the amateur bands. 

ham radio 
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timemcurrent charging 
Open cells are not an altogether different matter. of ic kel-cad rn urn 1 Most of this article applies also to that type of cell. 

batteries 
Time-current charging: 

a technique 
for quickly charging 

nickel-cadmium batteries 

Want to charge sealed, nickel-cadmium batteries 
quickly and safely? The dump, time-current charging 
method is not new, but it seems little known by many 
people using nickel-cadmium batteries in electronic 
equipment. 

Sealed nickel-cadmium cells may be charged and 
discharged at very high rates (high currents), if cer- 
tain rules are observed. When discharging, overheat- 
ing of the cells should be avoided. Not letting them 
get too hot to handle is a safe rule. (Note: Cells used 
in portable soldering irons are effectively short cir- 
cuited by the low-resistance soldering element; for 
short periods, they may supply hundreds of amperes 
without damage.) 

In the case of charging, the same rule applies - 
with one major limitation. This limitation is that high 
currents must be avoided when the cell is near or 
above full charge. When above full charge, the cell 
will produce gas if it is charged at a rate above 10 per 
cent of its (one hour) ampere-hour (A-H) rating. In 
most cases, this is the recommended slow-charge 
rate and is the rate that can be used for prolonged 
periods of overcharging without apparent damage.* 

However, the following items are important if you 
use open cells. Always open the filler vent when 
charging; do not trust any automatic vent that may 
be provided. Unless the cell has leaked, add only dis- 
tilled water to bring the electrolyte back to the proper 
level. Charge the cell until it freely "outgasses"; that 
is, until many bubbles start to rise in the electrolyte. 
The dump, time-current charging method can be 
used with open cells. However, since the gas 
pressure problem does not exist and a good "full 

fig. 1. The dump circuits in this diagram can be varied to suit 
any situation. If the batteries are not soldered into the cir- 
cuit, a simple battery holder, with dumping resistors 
soldered across the terminal, can be used. A voltmeter can 
be used to measure the cell voltages. Discharge each cell to 
about 0.5 volt; at 0.5 volt, the cell has less than 5 per cent of 
its full charge. 

*If you are going to trickle charge batteries during idle periods, a rate of 1 
By George A. Wilson, WIOLP,  318 Fisher 

per cent of ampere-hour rate would probably be more reasonable. Street, Walpole, Massachusetts 02081 
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charge" indicator does exist, the method is not very 
useful. 

time-current charging 
The basics of this system are to first completely 

discharge the cell and then to recharge it to less than 
100 per cent full charge with a known high current 
for a specific length of time. It may be used at this 
point, or, if full capacity is required, charging may 
continue at the normal 10 per cent rate. 

To avoid reverse charging, it is very important that 
fast discharging be done individually on each cell. If 
you are working with a battery of cells, a jig must be 
made to separately discharge the cells. Even at nor- 
mal discharge rates, care must be taken not to dis- 
charge cells connected in series. In some cases, the 
discharged cells are reverse-charged and frequently 
become reverse-polarized. When this occurs, the cell 
will not recharge in the normal manner; it will retain 
its reverse polarity. Sometimes the cell can be 
brought back to normal polarity by giving it a massive 
charge in the proper direction. Typically, half-ampere 
cells are charged at rates of several amperes for a few 
minutes. This "cure" works in many cases, but the 
reliability of the cell is questionable from that 
point on. 

dumping 
Discharging (or dumping) can be safely accom- 

plished at four times the rated one hour A-H current. 
Typically, a four A-H cell can be safely discharged at 
16 amperes. In this case, a full charge will take about 
fifteen minutes to dissipate. If the cell is less than ful- 
ly charged, correspondingly less time will be re- 
quired. Satisfactory values of resistance for several 
popular nickel-cadmium cell sizes are given in table 
1. The circuit for discharging single or multiple cells is 
shown in fig. 1. 

A C 
L I N E  

BEING 

CHARGED 

CHARGER 4 
L I N E  

TIMER 

fig. 2. Diagram of a simple charging circuit. Commercial 
chargers can be used, or a simple transformerldiode circuit 
can be built. 

Table 1. Resistance values needed for a cell discharging 
system. 

discharge 
cell A-H current minimum 
size rating amperes resistance wattage 

D 3.5 A-H 12.0 0.1 Ohm 25.0 Watts 
C 1.5 6.0 0.2 10.0 

AA 0.5 2.4 0.5 5.0 
- 0.25 1 .O 1.2 7 .O 

charging 
Charging is most effectively done with the cells 

connected in series. This allows a single charger to 
put the same charge current through all of the cells 
simultaneously (see fig. 21. Charging can be done at 
currents as high as 50 times the one-hour ampere- 
hour rating of the cell; a 150-mA cell can be charged 
at 7.5 amperes. The charging time is calculated as 
follows: 

A-H rating 
time = 

charging current 

- 0.150 A-H 
- 7 . 5 A  

= 1.2 minutes 

This short a time, however, is an extreme that 
should be avoided because of the timing accuracy 
required. Missing by a few seconds could lead to an 
accident. A misrating on the cell could be equally 
dangerous. If you choose a rate of five times the A-H 
rating, the time would be 12 minutes and the time 
tolerances become reasonable. Plus or minus one 
minute will result in about 10 per cent of full charge. 

At any rate of charge, the 100 per cent charge time 
may be calculated using the previous formula. 
Although the prime advantage of the dump, time- 
current charge method is speed, somewhat slower 
discharge and charge rates will tend to be safer than 
high rates, which may ruin a battery if care is not 
used. I strongly recommend that a timer be used to 
turn off the charger, rather than trusting the clock- 
watching method. 
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gems for 
frequency control 

A misunderstood hero of the electronics world is 
the quartz crystal. Quietly it awaits your command to 
put your transmitter on frequency, to reject all but 
one sideband, or to select one rare CW signal sand- 
wiched between adjacent kilowatt signals. What is 
the secret of quartz? Can an amateur operator zero- 
adjust his crystal oscillator, or is he stuck with a bad 
crystal? How do these pieces of quartz operate in an 
oscillatory circuit? It's hoped that this article will 
answer some of your questions and help you in pro- 
curing and designing circuits with that celebrated 
mineral. 

the quartz crystal - 
some background 

Quartz technology is based on its piezoelectric pro- 
perty. The application of an electric field causes cer- 
tain substances to oscillate; conversely, the applica- 
tion of a mechanical force or vibration causes sub- 
stances to generate an electric field, known as the 
piezoelectric effect. Quartz is useful as an electri- 
cal oscillator operating in a very narrow frequency 

fig. 1. Equivalent circuit of the quartz crystal. L1, C1, R1 are 
the primary, or motional components, which determine fre- 
quency and circuit Q. Capacitance Co is the electrode, 
mounting structure, and holder capacitance. Capacitance 
C, is the parallel capacitance across the circuit. 

band. The precise frequency, activity, and tempera- 
ture characteristics are determined by the position 
and angle of cut on the crystal. 

The old concept that the quartz crystal is a stan- 
dard of frequency was born in an age of less-critical 
applications. Old timers knew that the crystal was 
much more accurate and repeatable than any LC cir- 

cuit. Because they didn't have to  multiply 18 times 
and trigger a repeater, it's easy to see how the legend 
of quartz stability became exaggerated. 

The basis for stability in quartz is its high induc- 
tance and low capacitance, resulting in extremely 

1 high Q. In an 8-MHz crystal unit, for example, the Q 
might be 150,000 while the 4 of a typical LC combi- 

1 nation at that frequency is about 300. Yet a crystal's 

1 frequency may be pulled; and in time, it will drift. 

1 equivalent circuit 
The simplest and most commonly used equivalent 

circuit of the crystal is shown in fig. 1. L I ,  C1, and 
R l  are the primary components which determine fre- 
quency and Q. These are referred t o  as the motional 
components and their parameters can't be measured 
directly. Co represents the electrode capacitance, the 
mounting-structure capacitance, and holder or case 
capacitance. Co, the static capacitance, affects the 
crystal operating frequency, but to a lesser degree 
than Cl.  Co can be measured by a capacitance bridge 
across the terminals. As you may expect, the capaci- 
tance of the circuitry, shown as another parallel 
capacitance, CL would also have an effect on the 
crystal working frequency. The equation for the 
working frequency is 

With the help of a calculator, you can determine 
how much the crystal is pulled by the oscillator cir- 
cuit. By changing the circuit loading, the crystal may 
be pulled (within limits) for fine tuning or f m  appli- 
cations. 

mode of operation 
The classic crystal reactance curve, (fig. 2), is use- 

ful in demonstrating the relationship of different 
operating frequencies. A t  two points the reactance is 
zero; i.e., the crystal looks purely resistive. The lower 
of these frequencies is the series-resonance frequen- 

- 
By Don Nelson, WB2EGZ, 9 Green Ridge 
Road, Voorhees, New Jersey 08043 
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cy, (Fs); while the higher frequency is the anti-reso- 
nance-frequency, (FA). The resistance is low at series 
resonance and high at anti-resonance. The range of 
frequencies between is known as the natural band- 
width of the crystai. Anti-resonance is a very un- 
stable point, and for amateur purposes, may be for- 
gotten. 

BANDWIDTH 
w 

I INOUCTIVEI  RANGE 
POSITIVE 
REACTANCE 

FA ,  ANTI  RESONANCE 
0 

FREOUENCY- 4 T 

fig. 2. Classic crystal reactance curve, which is useful in 
demonstrating the relationship of different operating fre- 
quencies. 

Parallel resonance is commonly recognized as the 
band of frequencies between Fs and FA, although 
classic crystal theorists have another definition. You 
may think of this band as the range where the crystal 
will operate if a capacitor is placed in parallel with it. 
At  Fs the capacitance will be infinite; at FA, the 
capacitance will be zero. Practical limits are between 
15 pF and 50 pF, where poor stability exists at the 

2 - 2 0  MHZ  d7 

fig. 3. Example of crystal loading. The trimmer capacitor has 
a negative reactance, so the crystal frequency is shifted into 
the positive-reactance region of the reactance curve (fig. 2). 

L 2 
15 TURNS 

0 4 m m  (NO 261 I 0  

+ I 2 V  - - 
p ~ z M 9 1 8  1 ;: K' 

FUNDAMENTAL f " - 2 .  ' 3 9  T i 1 
15rW I I 

AUDIO --+ I 

I i .I 
I 

fig. 4. In this example the crystal operates into a complex 
load at series resonance. L1, C1, and C2 balance the crystal 
at zero reactance. Capacitor C1 fine tunes center frequency. 
Tank circuit L2, C3 doubles the output frequency. Circuit 
operates as an fm oscillator-doubler. 

crystal operation in the positive-reactance mode 
when above series resonance and in the negative- 
reactance mode when below series resonance. This 
recommendation is technically correct and allows us 
to discuss a useful range of operation (below Fs) of 
the crystal, which is not usually considered. 

In fig. 3, the crystal is in a feedback circuit from 
collector to base. A trimmer capacitor in series shifts 
the point on the reactance curve where the crystal 
operates, thus providing a frequency trim. The 
capacitor has a negative reactance so the crystal is 
shifted to operate in the positive reactance region of 
the curve (fig. 2). 

The series trimmer does not mean the crystal is 

FLEXURAL EXTENSIONAL 

low-capacitance end and reduced activity degrades 1. the high end. When ordering a crystal, you must b ? 
specify series resonance or para//e/ resonance at a '.. %, i 

. 1 - _  specified load capacitance. /' .. , 
There's a lot of confusion about crystal loading. TURNED 90' 

FROM MOUNT- 

Responsibility for this confusion falls directly onto FACE SHEER 
ING ILLUSTRA- 

THICKNESS SHEER TION 

the whose members have fig. 5. Examples of vibration modes and mounting struc- 
never acted together to educate users. Guidance tures. Note that the quartz supporting structures are fas- 
committees have recommended that we consider the tened at points of least motion (nodes). 
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operating at series resonance. It is said to be operat- 
ing in the parallel-resonant mode with a load capaci- 
tance approximately equal to the trimmer value. If an 
equivalent circuit were drawn, you could see that the 
trimmer would be the parallel load. By placing the 
capacitor in series, you isolate the crystal from other 
circuit reactances, enabling the trimmer to tune more 
effectively than in the parallel connection. 

Oscillators using fundamental crystals usually 
operate in the positive-reactance mode with a trim- 
mer for exact tuning. One reason for operating this 
way is seen when the trimmer is removed, leaving 
only the crystal in the feedback circuit. The crystal 
should operate at series resonance, but circuit reac- 
tance will usually pull it slightly off frequency. 

In fig. 4 the crystal operates at series resonance in- 
to a complex load. L I ,  C l ,  and C2 balance the crystal 

- 6 0  
- 6 0  - 4 0  - 2 0  0 2 0  4 0  6 0  8 0  100 

TEMPERATURE (DEG CI 

TURNING POINT 

- 6 0  

- 8 0  

- 1 0 0  

DT CUT 

BT CUT 

ET CUT 

- I Z 0  1 \ CT CUT 

fig. 6. rypical family of AT-cut frequencyftemperature vari- 
ations for change of angle only (thin plates), (A). These are 
cubic functions centered on 27 degrees C. Sketch (8) shows 
frequencyltemperature curves where the point of zero tem- 
perature coefficient can't be controlled. These curves are 
typical of low-frequency cuts. 

fig. 7. Quartz-crystal cuts 
using a double-terminated 
crystal. Sketch a t  right 
shows an X section cut from 
a double-terminated quartz 
crystal (candle) with a Z sec- 
tion cut from the X section 
which, in turn, yields the 

z popular AT cut. 

at zero reactance. Capacitor C1 fine-tunes center fre- 
quency. The tank circuit, L2, C3,  doubles the output 
frequency. As the audio signal varies C2 capaci- 
tance, the crystal will operate alternately in the posi- 
tive, then the negative-reactance mode. 

Deviation per volt of modulation is greater at series 
resonance than it would be into a capacitive load 
(positive-reactance operation). I t  would be even 
more desirable to operate this circuit completely in 
the negative-reactance mode because of more favor- 
able deviation per volt (see fig. 2). The average ama- 
teur would have a problem designing a circuit for the 
negative-reactance mode because he must order his 
crystal at a higher frequency than the design fre- 
quency. Crystal manufacturers do not calibrate their 
crystals to tune into an inductive load. A second, and 
stickier, problem is that one manufacturer's crystals 
are more easily pulled than others. Plainly, some 
crystals won't work in a design acceptable for 
another crystal. 

Using a small inductor in series with the crystal is 
usually a practical way to lower the frequency slight- 
ly. It's the only way to lower a crystal frequency 
operating at series resonance. A trimmer capacitor, 
also in series, can be used for fine tuning. Inductor 
values will depend on the crystal frequency but will 
be microhenries or fractional microhenries for 1-20 
MHz crystals. As suggested before, not all crystals of 
the same frequency will shift equally. There's a limit 
to how much each crystal can be pulled and still 
operate reliably. It's good practice to see if the oscil- 
lator will start and maintain oscillation under ex- 
tremes of temperature and voltage. 
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practical circuits using 
fundamental-mode crystals 

Some practical circuits using fundamental-mode 
crystals follow. These circuits were chosen to dem- 
onstrate a point and should be good for reference. 
All are believed to be workable although I have not 
built all of them. 

I 0 + 5  TO + I 5  VDC 

1 xc;15 0 1 XC j l 5O  

OUTPUT SOUARE WAVE 

1 1 1 0 VOLTS 

NOTES 

I. Y l  I S  H ,  NT, OR E CUT 

2.  CI IN  SERIES WITH THE CRYSTAL MAY BE U S E 0  TO ADJUST 
THE OSCILLATOR OUTPUT FREOUENCY. VALUE MAY RANGE 
BETWEEN 2OpF  AN0  O.OlpF,  OR MAY BE  A TR IMMER 
CAPACITOR AN0  WILL APPROXIMATELY EOUAL THE  CRYSTAL 
LOAD CAPACITANCE. 

3 .  X VALUES ARE APPROXIMATE AND CAN W R Y  FOR MOST 
CIRCUITS A N 0  FREOUENCIES;  THIS IS ALSO TRUE FOR 
RESISTANCE VALUES. 

4.  AOEOUATE POWER SUPPLY DECOUPLING IS REOUIRED. LOCAL 
DECOUPLING CAPACITORS NEAR THE OSCILLATOR ARE 
RECOMMENDED 

5 A L L  LEADS SHOULD BE EXTREMELY SHORT IN  HIGH 
FREOUENCY CIRCUITS. 

Low-frequency oscillator - 10 kHz-150 kHz. 

OUTPUT 

3 0 p F  PARALLEL  RESONANCE 

100-kHz standard oscillator. CR1, CR2 stabilize output. 

I T T T 
0 - 3  VOLT 

OUTPUT 

3 0 p F  PARALLEL  RESONANCE 

Standard oscillator for 1 MHz.  

OUTPUT 

2 2 1  
2 k  NOTES 

C 2 =  j X lo-.. I f  IS IN  HZ1 

m m P u c v t N r s  S P ~ R I O ~ S  F R E ~ E N C ,  
2 ICr  ARE 7 4 0 0 / 7 4 0 4  

l T L  oscillator for 1 MHz-10 MHz. 

NOTES. 

1. FOR FREOUENCiES s 
I MHZ ,  C l = 5  TO 15pF 
FOR FREQUENCIES 2 
I ELIMINATED M H z ,  CI MAY BE 

2.  IC IS S N 7 4 S I 2 4  FOR 
f MAX. OF 6 0  MHZ 

OUTPUT 
IC IS S N 7 4 L S l 2 4  
FOR f MAX. OF 
3 5  M H z  

Voltage-controlled oscillator using ICs. 
I 1  NOTES.' 

I 111 I. I M < R I c 5 M  

2 SELECT R 2  
R I  AND C 2  T O  

PREVENT SPUR- 
IOUS FREOUEN- 
ClES 

3 .  ICr  ARE 7 4 C 0 4  
OR EOUIVALENT 

CMOS oscillator - 1 MHz-4 MHz.  

AIR  TRIMMER 

3 . 3 m H  
CHOKE 

*S ILVER MICA 1 CAPACITOR 

* I; DISK 

I MHZ 2 . 5  VAC 
CAPACITOR - CRYSTAL PK- PK 

4 0 4 6 8 4  

O D k s c ~ ~ ~ ~ o ~  
t 1 . e  VDC @$ 12 W C  OUTPUT PK-PKJ 

1-MHz fet oscillator and buffer. Circuit exhibits less than 
1-Hz frequency change over a VDD range of 3-9 volts. Stabili- 
ty is attributed to rnosfets and caps. 

", 

9 VOLTS 
0 .01  ?+ 

Stable VXO using 6- or 8-MHz crystals uses capacitor and 
inductor to achieve frequency pulling on either side of 
series resonance. 
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SCHMITT TRIGGER OSCILLATOR UP TO 10 MHz  

2 k 

rn 

Schmitt trigger provides good squaring of output, some- 
times eliminating need for an extra output stage. 

CRYSTAL 
3.OOMHZ 

G I .  GP,  G3  = 5 4 0 0 / 7 4 0 0  OUTPUT 

Crystal-controlled oscillator. This circuit, described in refer- 
ence 1, oscillates without the crystal. With the crystal in the 
circuit the frequency will be that of the crystal, Circuit has 
good starting characteristics even wi th the poorest crystals. 

VEE 
510  

I vEE 

VCC 3 .O1 
VBB IN 
MC10116 

1-20 MHz oscillator. Circuit operates on fundamental frequency of the crystal selected without a tank cir- 
cuit. I t  provides noninverting output. VBB is 1.2 volts, available from the IC; VEE is -5.2 volts. Second sec- 
tion of IC is connected as a Schmitt trigger driving the third section, connected as a buffer, to  give good 
square-wave output suitable for use as a clock driver. 

device construction 
The natural classification of crystal resonators is 

according to frequency. The frequency range cov- 
ered commercially by quartz-crystal units may be tak- 
en as a few hundred Hz to over 250 MHz. Use is 

table 1. Some quartz crystal vibrators and their principal 
characteristics. 

usual 
vibrator usual frequency 

designation description vibration mode range 

+ 5O X duplex 
+ 5O XY bar 
+ 5O X plate 

NT 
+ 5O X plate 

CT 
DT 
GT 
SL 
AT 

BT 

flexural 
flexural 
flexural 
flexural 
extensional 
face shear 
face shear 
extensional 
face shear 
thickness shear 
(fundamental] 
thickness shear 

0.2-10 kHz 
2-16 kHz 
8-100 kHz 
8-100 kHz 
40-200 kHz 
150-750 kHz 
100-500 kHz 
90-250 kHz 
200-1000 kHz 
0.8-25 MHz 

3-40 MHz 
(fundamental) 

A, B AT or BT thickness shear 15-250 MHz 
(nth overtone; 
n = 3, 5,7etc.) 

made of several cuts and patterns of motion 
(modes). Three common modes of vibration are: 
flexural, extensional, and shear. Fig. 5 illustrates 
these modes and typical mounting techniques. 

The designations of certain quartz-crystal vibrators 
with some of their principal characteristics are sum- 
marized in table 1. At lower frequencies there are ad- 
vantages to using one vibrator design over another. 
Tolerance, activity, and temperature characteristics 
exemplify the need for choosing. Above 1 MHz most 
crystals are AT cuts. In general, the choice of cut is 
that of the manufacturer based on the specification. 

temperature characteristics 
Most crystals in amateur service are AT cuts, as 

our needs are primarily above 1 MHz. A notable 
exception is the 100-kHz calibrator crystal, which is 
likely to be an ET cut. Excellent temperature stability 
and aging are attributed to the AT-cut resonator 
because of its high Q and cubic temperature curve. 
In fig. 6A a family of AT-cut temperature curves is 
depicted. The difference between these curves is 
determined by a change in the angle of cut of the 
quartz of only a few minutes of arc. 
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A manufacturer first determines the precise angle will result. The designer must also take care that no 
that will give the best temperature characteristic other resonances are present that may excite the 
commensurate with users' needs. He then deter- crystal into another mode. 
mines the crystallographic axes of the quartz and 2. Overtone crystals are designed for operation at 
cuts it in the appropriate orientation. Several cuts are series resonance. Because of the narrow bandwidth 
illustrated in fig. 7 .  

and low motional capacitance, these crystals are not 
The temperature characteristics of low-frequency suitable for fm or for variable-crystal oscillators. 

cuts are usually parabolic, as shown in fig. 6B. Many Phase-lock operation is practical, however. 
of these can be adjusted with respect to the tempera- 
ture of the turning point; but tolerances are poorer 3. The characteristics of a crystal such as tempera- 
than the AT types. For greatest accuracy in any type ture coefficient and equivalent resistance apply only 
of crystal, proportional control ovens, operating at to the design frequency. These properties are differ- 
the crystal's turning point, are used. ent for fundamental operation or other harmonic 

orders. 
overtone crvstal units 

Crystals with frequencies higher than 20 MHz are practical overtone 
usually overtone types, although fundamental-type crystal oscillators 
crystals have been made at as high as 35 MHz. Over- Some useful overtone oscillator designs are shown 
tone crystals are distinguished from fundamental below, and on thefacing page. 
crystals by their design, which is to operate at an odd 
harmonic of the crystal basic frequency. It's general- 
ly practicable to excite At- and BT-cut plates into 
third, fifth, seventh, and ninth harmonics of the fun- 
damental frequency; hence a 10-MHz crystal can be 
vibrated at approximately 30 MHz, 50 MHz, 70 MHz, 
and 90 MHz. The relationship between overtone and 
fundamental frequencies is approximately, but never 
exactly, equal to the integer expressing the harmonic 
order. 

To use the overtone crystal most effectively it's 
important to know the following characteristics: 

1. A tuned circuit must be used with the crystal to ex- 
cite it into the desired harmonic mode. If the Qof this 
circuit is too low, improper operation of the crystal 

L I S :  2 0 - 3 5  MHz 2 . 4 p H  (MILLER 4 6 0 6 )  
3 5 -  6 0  M H z  . 6 8 p H  (MILLER 4 5 9 0 1  
60 -100  MHz  . 2 2 p H  (MiLLER 4 5 8 4 )  

This oscillator is designed for overtone crystals in the 20-100 
MHz range operating in the third and fifth mode. Operating 
frequency is determined by the tuned circuit. 

81 
0 .  I I K H  
DIAMETER 

Design for high reliability over wide temperature range using fifth and seventh overtone crystals. Inductor in parallel with crys- 
tal causes antiresonance of crystal Co to minimize loading. Technique is commonly used with overtone crystals. 
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I 0 + I 2  VOLT 

q:lOk L OUTPUT 

Typical Butler oscillator (20-100 MHz). An fet should be used 
in the second stage; circuit is not reliable wi th two bipolars. 
Sometimes two fets are used. Frequency is determined by 
LC values. 

/ I  

L I =  16 TURNS 
PN4124  NO. 2 4  ON 3 /16  

PHENOLIC FORM 
3 / 8 "  LO. 

TAP I =  2 TURNS \ 1 FROM LOW EN0 

4 - 4 0  

CRYSTAL 

Overtone oscillator wi th crystal switching. Similar circuits 
electronically switch the crystals. The large inductive phase 
shift of L1 is compensated for by C1. Overtone crystals have 
very narrow bandwidth, therefore the trimmer has a smaller 
effect than for fundamental-mode operation. 

I 1-0 OUT 

I 1 / 3  1 / 3  
MC10116 MCIOII6 

- 
r 0 OUT 

* 0 .33pH FOR 5 0 -  1 0 0  MHZ 

IN MCIOII6 I I I.OpH FOR 2 0  - 5 0  MHz 
RP = 5 / 0 0  TO VEE OR 5 0 0  TO VTT 

VEB 

VEE IS A -1.3 VOLT SUPPLY OBTAINED BY 
ONE OF THE FOLLOWING METHODS: 

(A1 INTERNAL VBB SUPPLY 
(El GATE VBE SUPPLY 

Overtone oscillator using Motorola MECL devices. Frequency range is20 MHz-100 MHz, depending on crystal 
frequency and tank-circuit tuning. The tank, C1, L2, is tuned to select the proper overtone mode. C2 compen- 
sates phase shift of the IC. More details are given in reference 2. 

. . . 
I 

RFCP 

Fifth-overtone oscillator isolates the crystal from the dc 
base supply wi th an rf choke for better starting character- 
istics. 

r T T 1 o + 5  TO 1 2  voc 

OUTPUT SINE WAVE 

1 I 0 0 VOLTS 

NOTES: 

1. YI  IS AT CUT OVERTONE CRYSTAL. 

2 .  TUNE L I  AND C 2  TO OPERATING FREOUENCY 

3 .  L 2  AN0  SHUNT CAPACITANCE, CO. OF CRYSTAL IAPPROXIWTELY 6 p F l  
SHOULD RESONATE TO OSCILLATOR OUTPUT FREOUENCY ( L 2  . . 5 p H  AT 9 0  
MHz). TWS IS NECESSARY TO TUNE OUT EFFECT OF CO. 

4. C 3  IS VARIED TO MATCH OUTPUT. 

50 MHz-150 MHz overtone oscillator uses a 2N918. 
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effects of drive level 
The level of drive imposed on an oscillator crystal 

is usually specified in terms of the pcwer dissipated 
in it. Ideally, the crystal oscillator should be regarded 
as a source of stable frequency, but in practice i t  
must also be considered as a source of power. 

Changes in drive level will affect the resonator fre- 
quency; therefore, it's important for the manufactur- 
er t o  know the drive level of the oscillator circuit for 
calibration of the crystal. Crystals operated at high 
drive levels will become unstable, sometimes jump- 
ing frequency into a spurious mode. Excessive reso- 
nator heating may cause a permanent shift in fre- 
quency or possibly facture the quartz. The NT 
resonator is particularly vulnerable to fracturing. A 
good rule is to operate the crystal at the lowest drive 
level compatible with good starting characteristics. 

The old WWl l  surplus pressure-type crystals use 
larger pieces of quartz than their modern counter- 
parts. As might be expected, these can withstand 
higher drive levels. You may also find that pressure- 
type crystals can be pulled in frequency more easily 
than modern units because their motional capaci- 
tance, Cl, is higher. 

aging 
Like mountain dew, most crystals improve with 

time. Just after the crystal is manufactured, there are 
stresses, which when relieved, change the crystal 
frequency. Most manufacturers age the crystal by 
temperature cycling or high-temperature aging until 
the worst changes have occurred. You'll then experi- 
ence slower drift. In many applications, the drift is 
negligible but is present. The most stable crystals are 
those in the 4-5 Mhz range. 

Aging can be positive or negative, depending on 
which factors are present in a particular unit. Migra- 
tion of small particles within the crystal holder is usu- 
ally blamed for frequency changes. If these dirt par- 
ticles land on the crystal, its frequency decreases. 
These particles are present despite the most rigorous 
cleaning procedures. Metal-cased, gas-filled crystal 
units will usually age negatively. Some crystals are 
evacuated rather than gas filled. These units are 
cleaner and have better aging characteristics but 
lower drive level ratings. Evacuated units may age 
higher in frequency because some of the plating is 
vaporized. You won't find these crystals on the sur- 
plus market; they are mentioned here as a point of in- 
terest. 

tips on using crystals 

types have been known to  fail because of particles 
from the rubber gasket, which may have deteriorat- 
ed. Careful cleaning with alcohol or similar solvent 
will bring these crystals back to  life. The same proce- 
dure will probably increase the frequency of a unit 
that hasn't failed. Most certainly it will increase crys- 
tal activity. 

This trick isn't practical with solder-seal holders, 
but then these units are much more reliable. Don't 
open the holders on the solder seal units or you'll find 
that the frequency has changed. This is because of a 
change in pressure and of gases surrounding the 
quartz element. Besides the frequency change, relia- 
bility is compromised by the introduction of dirt. 

Sometimes an oscillator crystal is used in a filter 
application, but performance will not always be satis- 
factory. Special designs are used for filter crystals. 
These crystals have lower activity and are virtually 
free of spurs (unwanted modes). In oscillator service, 
the presence of unwanted modes is not as critical as 
in filter service, where broadband energy will excite 
all modes. 

There are many uninvestigated facets of the quartz 
crystal. While some people still claim crystal manu- 
facturing is akin to witchcraft, this is just not so. A 
few years ago, natural quartz, which was mined in 
Brazil, was used for all U.S. crystals. Synthetic 
quartz made in the U.S. has been improved to the 
point where it's now used in all but the most critical 
applications. 

Natural quartz still has higher Q. Synthetic quartz 
has the advantage of perfect crystalline structure and 
uniform size. The use of natural quartz incurs much 
waste - rarely is there a fully perfect crystal, and 
small structures may not be practical for cutting. 
Crystallography is certainly a science not fully investi- 
gated but one we should study. 
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four-quadrant 
semiconductor 

curve tracerlanalyzer 

It's not just 
a transistor tester - 

it's a versatile instrument 
that can be used 
for checking and 

designing electronic circuits 
under static 

and dynamic conditions 

The test equipment used in building and testing 
electronic circuits is still one of the most interesting 
parts of Amateur Radio. With the increased use of 
semiconductors, much more data is needed for their 
use and replacement than can be obtained from sim- 
ple transistor testers. This is why I felt it necessary to 
build the instrument described here. 

features 
The semiconductor curve tracerlanalyzer is as ver- 

satile as your imagination yet is economical and sim- 
ple to build. It can be used for checking as well as 
designing electronic circuits under both static and 
dynamic conditions. It can also be used to determine 
parameters of signal and power transistors, unijunc- 
tion transistors, field-effect transistors, silicon-con- 
trolled rectifiers, and triacs. 

Most diodes can be analyzed, including signal and 
power devices, zeners, protection diodes, bias 
diodes, point-contact diodes, hot-carrier diodes, and 
light-emitting diodes. 

By Stuart Tuma, WlQXS,  17 Briggs Street, 
Melrose, Massachusetts 02176 
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TO SCOPE TO SCOPE INPUT 
G R O U N D  ( V E R T I C A L )  

T R A N S I S T O R  DIODE U N D E R  TEST 

TO SCOPE INPUT 
( H O R I Z O N T A L )  

I  5 V  B A T T E R Y  

fig. 1. Basic circuit of the curve-tracerlanalyzer. 

Another feature of the instrument is that of check- 
ing photocells made of cadmium sulfide or cadmium 
selenide. With appropriate adapters, the instrument 
can also be used to check integrated circuits. 

The analyzer is not restricted only to seminconduc- 
tor devices. It can also be used to check the piezoe- 
lectric effect of quartz crystals under various circuit 
conditions and to check the design of amplifier as 
well as oscillator circuits. In electrical circuits, the 
analyzer can be used to check the sensitivity and in- 
ternal resistance of D'Arsonval meters and galva- 
nometers as well as the sensitivity of relays, including 
the popular reed relay. With proper adapters, low- 
power vacuum tubes can also be checked. 

theory of operation 
As a transistor curve tracer, the unit is designed so 

that the oscilloscope vertical input measures the volt- 
age across a 100-ohm resistor to ground, which is 
used to measure collector current. The oscilloscope, 

OSCILLOSCOPE 

' V E U T I C A L  GNO H O R I Z ON T AL '  

E X T E R N A L  AC 

M E T E R  P-@ E X T R A  
B I A S  

VOLTAGE 

fig. 2. Schematic of the four-quadrant curve-tracerlanalyzer. 

having a vertical sensitivity of 0.1 volt per division 
across 100 ohms, gives 1 mA per division. Should 
you desire to increase the current per division, you 
can use 1 volt per division, thus giving '10 mA per div- 
ision, and so on. Fig. 1 shows the basic circuit. 

The oscilloscope horizontal deflection is used to 
measure collector-emitter voltage. The oscilloscope 
is calibrated to read 1 volt per division. Since the hor- 
izontal amplifier input is not directly calibrated, it will 
be necessary to use the sweep voltage, which is ap- 
proximately 9 volts peak pulsating direct current. 
This gives a value of 1 volt per division horizontal de- 

V E R T I C A L  r------ T O  O S C I L L O S C O P E  -------+ I N P U T  
I N P U T  GND H O R I Z O N T A L  

/ S C O P E- T R A C E R  S W I T C H  

SCOPE I N P U T  

A C  SWEEP SWITCH 

C ( N P N - P N P  S W I T C H )  

4 5  E X T E R N A L  
9 V  P E A K S W I T C H  

l l O V  

D P D T  
1 \ B I N P N - P N P  S W I T C H )  

0 0 0 0 0  I 
ERL E B C  CRL I 

1 - - - - - - - T - - , , - - - - - -  4 

0 0 
E X T E R N A L  AC I N P U T  

fig. 3. Sketch of front panel showing parts layout. 

flection for 9 divisions. Now we have a method of 
checking both voltage and current from our 60-Hz 
sweep signal supplied by the 6.3 VAC source. 

The emitter-base circuit has a separate supply - a 
1.5-volt battery for the base bias. Higher bias voltage 
can be added to the emitter and collector circuit if 
desired. The base-current circuit employs a 50-micro- 
ampere meter movement (which has an internal 
resistance of 1000 ohms). This circuit will read 50 
microamperes (no shunt), 0.55 milliamperes with a 
100-ohm shunt, and 5.05 milliamperes with a 10-ohm 
shunt. 

The meter is protected by two silicon diodes (fig. 
21, which I found to have a forward-bias-voltage drop 
of 0.4 volt. The voltage drop across a 50-microam- 
pere meter, full scale, having a resistance of 1000 
ohms, should be 0.05 volt. This gives good protec- 
tion for the meter. 

Most silicon diodes have about 0.6 volt forward 
bias, so other types of diodes could be used. How- 
ever, check the diode's forward-bias voltage before 
you install it. You can do this by connecting the 
diode in series with a 1000-ohm resistor and a 1.5- 
volt battery. Measure the voltage drop across the 
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fig. 4. Typical curve for a pnp transistor (type 2N2523 
showing the relationship between base bias and col- 
lector current and voltage. 

diode when the diode is conducting. This voltage 
should be 0.6 volt or less. 

A O.OO1-FF capacitor is connected across the 
meter for still more protection from rf coming 
through the line or from some other external source. 
The meter circuit is further protected by a 1/4- 
ampere fuse. 

The base-emitter current of the transistor under 
test is controlled by a 10-k pot (R5, fig. 2) and a volt- 
age divider (R3, R4) in series with the 1000-ohm 
resistor (R2) and the meter. This gives a maximum 
current of about 1.5 mA. 

construction 
A schematic of the curve tracer/analyzer is shown 

table 1. Curve-tracerlanalyzer parts list. 

(no. 26 AWG) hookup wire. The reversing (inverting) 
switches were wired first. External connecting leads 
were added for future wiring. All components were 
mounted on the top panel and wired as shown in fig. 
2. The extended leads were then soldered to the 
proper binding posts. I used one strand of 0.08-mm 
(AWG no. 40) wire for the 1-ampere fuse on the ex- 
ternal binding post. I used shielded wire for the oscil- 
loscope tracer switch and scope output. 

The five terminal posts on the top front panel were 
made for plug-in adapters on which you can mount 
various "TO" sockets for transistors or a module- 
type socket for testing other devices. Note that dif- 
ferent load resistances can be added to the emitter 
circuit as well as to the collector circuit. This allows 
you to build prototype circuits before putting them 
into a breadboard circuit. If desired, a solderless 
breadboard adapter can be used. 

mechanical details. The top and bottom panels 
were made of two pieces of plastic 152 mm (6 inches) 
square. The sides were made from 6.4-mm (114- 
inch) plastic channel molding, 51 mm (2 inches) 
wide, obtained from a local lumberyard dealer. These 
pieces were cut to form the four sides. I used small 
metal screws to put it together. Parts were laid out in 
a convenient order. (Mark or etch parts locations on 
the top and side panels.) 

The top panel required a 38-mm (1  -1 /2-inch) diam- 

component 

B1 
banana plugs 
binding posts 
C 1 
CR1, CR2, CR3 
F1, F3 
F2 
meter 
R 1 
R2 
R3 
R4 
R5, S5, S8 
S1, S6 
S2, S3, 54 
S7 
T1 

description 

1.5 volt battery type AA 
(screw mounting) M3.5 (6-32) (pkg of 10) 
5 way (pkg of 6 )  
,001 pF lOOOV ceramic 
1A 600 PIV silicon diodes (pkg of 3) 
114-A 3AG fuses (pkg of 5) 
see text 
50pA (99PS1146V) 
100 ohm 1W 10% composition 
1000 ohm 1 /2W 10% composition 
100 ohm 1 /2W 10% composition 
10 ohm 112W 10% composition 
500-k pot with two SPST switches 
SPDT 3A 125V mini toggle switches (center off) 
DPDT 3A 125V mini toggle switches 
SPST momentary mini switch 
6.3V ct 1A or equivalent 

approximate 
cost 

$0.20 
3.40 
1.69 
0.15 
1.19 
1.05 

6.95 
0.20 
0.15 
0.15 
0.15 
2.09 
1.39 ea. 
1.95 ea. 
0.79 
3.75 

$25.25 

source 

Lafayette Radio 
Lafayette Radio 
Lafayette Radio 
Lafayette Radio 
Lafayette Radio 
Lafayette Radio 

Lafayette Radio 
Lafayette Radio 
Latayette Radio 
Lafayette Radio 
Lafayette Radio 
Lafayette Radio 
Poly Paks 
Poly Paks 
Lafayette Radio 
Lafayette Radio 

in fig. 2. A parts list is given in table 1. The sketch of eter hole to mount the meter. I found that an old pen- 
fig. 3 shows parts layout on the front panel. cil soldering iron was just the thing for this, since the 
wiring. Wiring was easy. I used a pencil-type solder- plastic melts at a very low temperature. I used a pipe 
ing iron, a good grade of solder, and a clean, tinned reamer for the finishing touches. I made a 9.5-mm 
soldering tip. The circuit was connected with 0.4-mm (318-inch) hole for the potentiometer. I used a 

48 february 1979 



smaller reamer for the finishing touches. I used the 
same reamer for the 6.4-mm 1114-inch) holes for 
mounting the switches. 

I painted the inside of the top and bottom panels 
flat black. I used 5-mm (3116-inch) holes to mount 
the binding-post terminals. The terminal posts were 
spaced 19 mm (314 inch) apart. I constructed the in- 
strument so it would plug into my Conard oscillo- 
scope. However, with proper external leads, this 
analyzer should fit into any standard oscilloscope. 

There are probably a thousand and one uses for 
this instrument. I've listed only a few, but enough so 
you'll become familiar with its use, both as a curve 
tracer and analyzer. I'm sure you'll find other uses, 
and I'd like to hear from you in this regard. 

testing transistors 
Plug the curve tracer into the proper oscilloscope 

inputs. The vertical output goes to the oscilloscope 
vertical input, and the horizontal output goes to the 
oscilloscope horizontal input. Ground the curve 
tracer to the oscilloscope ground. 

pnp transistors. Set up the oscilloscope as follows: 
quantity setting measurement 
vertical gain 0.1 Vldivision 1 mA1division 
horizontal 9 divisions approximately 
gain (with transistor 1 Vldivision 

in circuit) (peak) 
horizontal external 
sweep source 
intensity normal 
focus normal 

Set up the curve tracer as follows (see fig. 3): 
switch positions switch to 
scope-tracer tracer 
diode-trans trans 
AC sweep pushbutton released 
C NPN-PNP PNP 
B NPN-PNP PNP 
4- 1 12V-EXT-9V 9V (peak) 

Switch meter to 50 microamperes or to a conveni- 
ent current rating. Set BASE CURRENT counter 
clockwise (CCW). Be sure that jumpers are connect- 
ed between emitter-to-emitter-load and between col- 
lector-to-collector load terminal posts (fig. 2). 

Connect the test transistor to the proper input ter- 
minals or into a transistor plug-in adapter. Turn the 
BASE CURRENT control until the current begins to 
increase. Note the variation of the trace. lncrease the 
trace two or three divisions and note the increase in 
the base-bias current (record this reading). lncrease 
the collector current until one more division is ob- 
tained. Agair7, record the base-bias reading. From 

the data taken, the transistor beta and alpha gain can 
be determined as shown below. 

The beta gain is determined by taking the variation 
of the collector current and dividing i t  by the varia- 
tion of the base bias current. Example: 

beta gain = A collector current/ Abase bias current 
beta gain = A ? m,4/ A ?O mkromperes = IQO 

The alpha gain is equal to the beta gain divided by 
the beta gain plus 1. Example: 

alpha gain = beta gain/ beta gain + 1 
alpha gain = la)/ 700 + 7 = 0.99 

Fig. 4 shows the relationship of collector current, 
collector voltage, and base bias for a typical pnp 
transistor (type 2N2523. 

NPN transistors. Thesetup for npn transistors is the 
same as for pnp transistors, except that the emitter 
and base NPN and PNP switches are both set to the 
NPN position. The curve on the oscilloscope may 
have to be recentered. The beta gain can be deter- 
mined as with a pnp, except that the curve will be in 
the opposite direction as shown below. 

testing diodes 
Set up the oscilloscope as follows: 

quantity setting measurement 
vertical gain 0.1 Vldivision 1 mAldivision 
horizontal 9 divisions approximately 
gain (with diode in 1 Vldivision 

circuit) (peak) 
horizontal external 
sweep source 
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Set up the curve tracer as follows: 
switch position switch to 
scope-tracer tracer 
diodetrans diode 
AC sweep pushbutton released 
C NPN-PNP NPN 
6 NPN-PNP not in circuit 
4-1 12V-EXT-9V 9V (peak) 
base-current meter not in circuit 
shunt 
base-current control not in circuit 

Connect the diode cathode to terminal post E and 
the diode anode to terminal post C. Note the L- 
shaped pattern. To give better diode action press AC 
SWEEP. This shows when the diode is not con- 
ducting. 

For checking 5-volt zeners, install a 3900-ohm 
resistor in series with the emitter load and emitter ter- 
minal post. This allows about 10 milliamperes of cur- 
rent flow through the Zener. (For checking other 
types of zeners, a different load resistor must be 
employed.) Connect the diode cathode to the emitter 
terminal and the diode anode to the collector termi- 
nal post. The oscilloscope and curve analyzer are set 
up exactly as in the diode setup. For higher-voltage 
zeners, EXT input can be used with a Variac or 
variable AC voltage source. 

testing photocells 
Photocells made from cadmium sulfide or cadmi- 

u m  selenide working on the principle of photo con- 
ductivity can be checked with the analyzer by using 

the base-bias circuit. The photocell has only two 
leads and can be attached to E and B on the curve 
analyzer. As the light increases on the photocell, the 
circuit conductivity also increases. Using the circuit 
as shown, the conductivity of the photo cell can be 
obtained. 

This circuit can also be used as a photographic 
light meter. 

testing D'Arsonval meters 
This circuit can measure characteristics of meters 

with a sensitivity of 10 microamperes to 5 milliam- 
peres full scale. This is done by connecting the meter 
under test to terminal posts E and B (fig. 3). Increase 
the current flow with the BASE CURRENT control 
until the meter reads full scale. Note the sensitivity of 
the unknown meter in amperes. To determine the in- 
ternal resistance, connect a decade box or a 500-ohm 
pot across the meter under test. When the shunt re- 
sistance decreases the full-scale reading to one-half 
scale, measure the resistance of the 500-ohm pot to 
the center arm . This should give the meter's internal 
resistance. 

crystal-oscillator checker 
The crystal-oscillator checker uses an N-type junc- 

tion fet ( RS2035) field-effect transistor, which can be 
obtained for about one dollar. An  equivalent type 
could be used. The module is wired as shown. It is in- 
stalled into the curve tracer across the E and C ter- 
minals. Using a 50-pF filter across the supply input to 
the module as shown, the dc input is about 9 volts. 
The circuit works very well for checking quartz crys- 
tals as low as 100 kHz to as high as 15 MHz. 

ri'K 

Set the oscilloscope as follows: 
quantity measurement 
Vertical gain 1 Vldivision 
Horizontal sweep 1 msldivision 
Horizontal mode internal 
Set all other controls t o  normal position. 

Set the curve tracer as follows: 

switch position switch to 
scope-tracer scope 
diode-trans not in circuit 
AC sweep pushbutton released 
C NPN-PNP not in circuit 
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switch position switch to: 
B NPN-PNP not in circuit 
4-1 /2V-EXT-9V 9V (peak) 

Connect the crystal to crystal terminal on the mod- 
ule. The module output should be connected to the 

switch position switch to: 
base-current 5 mA 
meter shunt 
base control adjust to proper gate 

voltage vs source 
current 

oscilloscope input. The waveform can be observed 
on the oscilloscope. For a more accurate frequency 
reading, a frequency counter should be used. 

some other uses 
The curve tracerlanalyzer can be used for check- 

ing other devices. Presented below are the results of 
some tests I've run on junction fets, unijunction tran- 
sistors, silicon-controlled rectifiers, and triacs. The 
setup instructions for the scope and analyzer are as 
in the previous examples. 

junction fets 
oscilloscope: 
quantity position measurement 
vertical IVIdivision 1 mA1division 
horizontal 1 Vldivision 9 divisions 
horizontal external 
sweep 

curve tracer: 
switch position switch to: 
scope-tracer tracer 
diode-trans diode 
AC sweep pushbutton released 
C NPN-PNP NPN 
4-1 12V EXT 9V 9V 

Connect iet  as shown below. ijse externai voit- 
meter to measure gate voltage vs source current. 

HORIZONTAL 

unijunction transistors 

oscilloscope: 
quantity position measurement 
vertical 0. IVIdivision 1 mA/division 
horizontal IVIdivision 4-1 I 2  divisions 
horizontal external 
sweep 

curve tracer: 
switch position 
scope-tracer 
diode-trans 
AC sweep 
C NPN-PNP 
4-1 /2V EXT 9V 
B NPN-PNP 
base-current 
meter shunt 
base control 

switch to: 
tracer 
diode 
pushbutton released 
NPN 
4-1 /2V 
NPN 
5 mA 

adjust for gate and B1 
voltage with external 
meter 
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Connect unijunction device to curve tracer as 
shown using a 0-5-volt dc meter. Measure trigger 
voltage between gate and B1. 

G M  VERTICAL 

? ?  

voltage source for gate and anode. With a separate 
voltmeter measure the gate-anode trigger voltage. 
Note current flow through the scr. 

triac-controlled rectifiers 
oscilloscope: 
quantity position measurement 
vertical 1 Vldivision 10 mA1division 
horizontal 3Vldivision 9V 
horizontal external 
sweep 

silicon-controlled rectifiers 
oscilloscope: 
quantity position measurement 
vertical IVIdivision 10 mA1division 
horizontal 3Vldivision 9V 
horizontal external 
sweep 

curve tracer: 
switch position switch to: 
scope-tracer tracer 
diode-trans diode 
AC sweep pushbutton (AC) 
C NPN-PNP PNP 
B NPN-PNP not in circuit 
4- 1 12V EXT 9V 9V 

curve tracer: 
switch position switch to: 
scope-tracer tracer 
diode-trans diode 
AC sweep pushbutton (AC) 
C NPN-PNP PNP 
B NPN-PNP not in circuit 
4-1 12V EXT 9V 9V 

Connect scr as shown in circuit below; anode to 
(El and cathode to (C). Use a 1.5-volt battery in 
series with a 10k-ohm variable resistor as a variable 

VERTICAL 

HORIZONTAL 

: b5v POT 

Connect as shown in circuit below using external 
R-C network. Measure gate voltage between emitter 
terminal and gate. Note ac current flow. 

GY= VERTICAL 

? 

final remarks 
I've presented the results of my work in trying to 

improve the lot of the home builder who likes to work 
with semiconductors. No doubt you'll come up with 
other uses for the basic instrument, and I'd like to 
hear from you. If you have any suggestions or ques- 
tions, please send them to me in a self-addressed, 
stamped envelope, and I'll be glad to reply. 

ham radio 
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the ultimate noise blanker 
Conventional noise-blanker 

designs overlook the 
effectiveness of 

the blanking switch - 
here's a new approach 

to the problem 
using fm techniques 

Noise blankers are commonly incorporated into 
hf communications receivers but use less than a per- 
fect switch and switch-control timing. This article 
presents a new concept for a noiseless i-f switch that 
allows a very effective impulse noise blanker to be 
constructed. The fundamental concept of noise 
blankers is also reviewed. 

conventional noise-blanker design 
All noise blankers operate on the principle that a 

separate noise receiver listens in a no-signal portion 
of the spectrum (typically 30-35 MHz) especially for 
the purpose of receiving noise pulses. The detected 

COMMUNICATIONS RECEIVER 

BLANKING 
SWITCH AUDIO 

FREOUENCY 
CONVERTER 

I -F  STAGES 

BLANKING SWITCH 
COMMAND P U L S E  

RECEIVER 

fig. 1. Block diagram of a typical noise blanker used in com- 
munications receivers. 

pulses are processed and applied to  a blanking 
switch in the communications receiver i-f strip to 
momentarily interrupt the signal path during the 
noise pulse period. 

design considerations 
Typically, the noise pulse has a duration of only a 

few microseconds. If allowed to pass through the 
communications receiver, several factors cause the 
pulse to be stretched, including narrow filters and 

COMMUNICATIONS RECEIVER v R F  IST PND 
STAGE MIXER AUDIO 

FREQUENCY 
MODULATION 

1 
I 

NOISE P U L S E  P U L S E  
RECEIVER DELAY WIDTH 

1 fig. 2. Block diagram of an improved noise-blanking system 

I using a frequency-shift network ahead of the second local 
oscillator in a dual-conversion receiver. 

saturation. If the blanker operates properly, the noise 
pulse is removed with negligible effect on the com- 
munications signal. 

The major limitation in previous designs has been 
the effectiveness of the blanking switch itself. Most 
have a limited onloff ratio and introduce switch- 
transient noise as well. A typical blanking system 
block diagram is shown in fig. 1. 

For proper operation, timing is an important fac- 
tor. The blanking switch should open the signal path 
for the pulse period only. If the switch is open too 
long, unnecessary distortion of the signal occurs. If 
the switch is not open during the complete pulse 
period, a portion of the noise pulse will leak through. 

By ~ e d  Hart, W5QJR. Harris Corporation, P.O. 
Box 37, Melbourne, Florida 32901 
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This aspect does not receive proper attention in typi- 
cal designs. 

The design of the noise receiver must include ade- 
quate bandwidth to ensure proper processing of nar- 
row pulses to enable accurate control of the blanking 
switch. Also, the time delay through the noise 
receiver must be sufficiently shorter than the delay 
through the communications receiver front end to  
enable pulse shaping and control before application 
of the control signal to the blanking switch. Delay 
through the receiver is a function of the i-f band- 
width. In practice, it has been found that the use of 
standard 10.7 MHz f m  i-f transformers in the noise 
receiver is the best choice. Adequate delay in the 
communications receiver (ahead of the switch) is 
normally realized in the first i-f section. 

Optimum design of a communications receiver 
suggests a multipole narrow bandwidth i-f filter 
immediately following the first mixer. Conversely, 
a multipole filter has significant time delay and 
stretches the noise pulse width ahead of the blanking 
switch. Although this is undesirable from a purely 

I 
I 

BLANKING 

FREQUENCY ( R E L A T I V E 1  

fig. 3. Blanking-switch isolation can be achieved by misa- 
ligning the conversion frequency during the blanking peri- 
od. The amount of frequency shift can be determined by 
comparing the shape factors of the first and second i-f 
filters. 

technical viewpoint, the effect is negligible and can 
be ignored. 

If the blanking is located in the receiver after a sub- 
stantial amount of gain, saturation of the i-f amplifier 
may result (especially under weak-signal conditions 

0 + 1 2 v o c  

PULSE POSITION CONTROL 

NOTES UNLESS OTHERWISE SPECIF IED  
I  CAPS ARE 0 O O l p F  
Z RESISTORS ARE 4 7 h  
3 TRANSISTORS ARE 2 N 3 5 6 3  
4 DIODES ARE IN914  

PULSE WIDTH CONTROL 

5 CAPACITANCE IS  I N p F  TO F M  MODULATOR 
6 ALL  RESISTORS ARE 114 W 0 NOISE BLANKER 
7 FREQUENCY lNOlCATE0 B Y  EACH 

INDUCTOR IS  AL IGNMENT VALUE 
RE5 

8 RBO-R86  ARE TEST POINTS T P I - T P 7  
4 7 
w 

fig. 4. A practical noise-receiver schematic using the technique described for taming switch action. 
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with no agc). Slow recovery is normally associated 
with saturation, hence extreme amounts of effective 
pulse stretching may occur. However, typical i-f 
blanking switches must operate at relatively high sig- 
nal levels, since the noise introduced by the switch is 
proportional to the signal level at which they operate. 
If the blanking switch is located immediately after the 
first i-f filter, signal levels will typically be in the 
microvolt region. 

a new switch 
Switching transients can be eliminated by using a 

frequency modulation technique. With reference to 
fig. 2, note that when a command signal from the 
noise receiver is applied to a frequency-shift network 
associated with the second local oscillator in a dual- 
conversion communications receiver, the mixer out- 
put will be at a frequency other than that required to 
transfer the signal from the first i-f to the second i-f. 
In other words, if the time of the command signal oc- 
curs at exactly the time the noise pulse propagates 
through the first i-f and is applied to the mixer, the 
noise pulse energy will leave the mixer at a frequency 
other than that of the second i-f. 

Since there is no amplitude noise (switching-tran- 
sient noise) associated with the frequency shift, no 
switching noise due to the blanking action will occur 
when the signal path is momentarily interrupted. 

The amount of required frequency shift may be 
determined by comparing the shape of the first and 
second i-f filters (see fig. 3) and misaligning the con- 
version frequency during the blanking period to 
achieve the desired switch isolation. Typically, a few 
kHz will be adequate. Normally, the second local 
oscillator can be frequency modulated by tens of kHz 
with no adverse effects. 

In practice, the addition of a small capacitor and 
switching diode to a receiver second local oscillator 
implements the desired switch. If the second local 
oscillator is crystal controlled, it must be replaced 
with an oscillator that can be frequency modulated. 

results 
Performance of the fm switch blanking system is 

astonishing, compared with conventional systems. 
An hf mobile receiver operating at a busy intersection 
had no noticeable ignition noise interference with the 
switch operating. With the switch disabled, commu- 
nications was impossible. 

A complete schematic of a practical noise receiver 
is included in fig. 4. For a particular application, the 
pulse delay network may require component value 
changes depending on the delay in the first i-f filter of 
the communications receiver. 
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power-line noise - 
I the cause and cure 

Discussion of the 
steps necessary to locate 

power-line noise, 
starting with 

in-house noise sources 
and ending with 

utility-pole-generated noise 

Power line noise can be one of the most exasperat- 
ing forms of irritation experienced by amateurs living 
in or near metropolitan areas. This problem, which 
can drive active operators beyond the point of sanity 
in record time, is characterized by a long-term arcing- 
type sound similar to that produced by loose antenna 
or high-voltage connections. Usually, this noise will 
be apparent (in varying amounts) on the 80- through 
10-meter amateur bands. Many cases of line noise ar- 
cing or radiation, however, expand this field of in- 
terference to include the frequencies associated with 
television and the a-m broadcast radio. The 
magnitude of power-line noise interference varies 
with each case. Sometimes this "hash noise" can be 
tolerated, but occasionally it approaches an S-9 level 
and must be eliminated. Since many amateurs find 
themselves in an awkward position during such 
times, this article will present an informal guideline 
which may be used to help eliminate this electrical 
plague. 

clean house first 
Many noise interference situations prove to be 

created by sources other than commercial power 
lines. Thus, your own house should be in order. 
Check all antenna connections and transmission 
lines, being highly critical of any metallic objects that 
could come in contact with guy wires or antennas. 
Remember, too, that rain may cause items like wood 
or cloth to act as conductors. Next, check the plugs 
and line cords on equipment in your house, being 
particularly suspicious of appliances used in the kit- 
chen. For example, bad electrical igniters, as found 
in many gas ranges, can create a surprising amount 
of interference on the ham bands. While this type in- 

By Dave Ingram, K4TWJ, Eastwood Village 
1201 South, Route 11, Box 499, Birmingham, 
Alabama 3521 0 
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terference can be reduced by installing a bypass on poles, you're almost ready to notify the local power 
each side of the ac line to ground, that doesn't elimi- company. Before doing so, however, reinvestigate 
nate the problem. The defective element should be the whole area and make notes on which poles have 
replaced. Likewise, water heater thermostats, elec- transformers and fuses. These fuses are approxi- 
tric blankets, and heater tapes (used for wrapping mately 51 cm (one foot) long, and swing into mounts 
outdoor water lines during winter months) should near the top of the pole. The local power company 
also be checked by temporarily disconnecting their 
ac power. Assuming the noise interference still ex- 
ists, you are now ready for the Sherlock Holmes 
phase of locating this electrical villain. 

locating the villain 
If you have a directional antenna, it can be used to 

determine the approximate direction of your interfer- 
ence. An accurate "fix" on this noise is usually ob- 
tained by searching for a null, rather than a peak. 
Once the approximate direction of the noise has been 
determined, try mobiling in that area while listening 
for interference peaks on a portable rig. A two-meter 
sideband transceiver is particularly convenient for 
such ventures. Fm handi-talkies should not be used 
for these tests, since they should be unaffected by a- 
m (line noise) variations. (While a portable a-m radio 
could be used for location techniques, its susceptibil- 
ity to normal radiation from every power line and pole 
makes its indications very unreliable.) When using 
this method, you should travel a reasonable distance 
beyond the point of maximum noise pickup to ensure 
that you've definitely located the source. While not 
common, it's quite possible that a remotely 
generated noise may be propagated along the power 
lines with a peak occurring right at your door. Using 
the S meter on your rig for indication, try walking the 
area of the noise source to pinpoint the interference 
to a specific pole, transformer, meter box, or home. 

Next, study the line noise for several days, and try 
relating it to various weather and time situations. 
Noise that is more apparent on warm days than cold 
days, and disappears during periods of rain, is often 
caused by loose line clamps or cracked insulators on 
power poles. Noise that is more apparent during 
heavy-load evening hours is often caused by leaky 
transformers or defective heating devices. Thor- 
oughly investigate the area around the apparent 
source of noise during the day and night, looking for 
frayed wires swinging in the breeze, small animals 
that may have become trapped between high tension 
lines, or a visible arcing near transformers or pole-top 
mounted insulators. However, don't climb power 
poles to shake wires, or viciously swing grounding 
lines to power poles. You could be electrocuted if a 
loose or corroded connection suddenly broke. 

Assuming you have now determined the line-noise 
producing area and confined it to, say, three or four 

The fuse, which can be used to isolate individual lines, is 
located at the top of the pole. Note the large clamp on the 
top wire. 

can disconnect these fuses ("drop lines") to locate 
the discrete points and elements creating inter- 
ference. 

call for help 
Your first call to the power company will probably 

be stopped by the front desk, so, explain your situa- 
tion, describe the noise-producing area and your 
detection methods. Leave you name and telephone 
number so their engineer can contact you before vis- 
iting the trouble area. This prescheduled meeting is 
particularly advantageous for tracking down periodic 
line-noise problems. There's nothing to be gained by 
looking for arcing insulators, for example, during or 
after a mild rain. When the power company's task 
force arrives, repeat the results of your investigation 
and monitor, with your mobile or portable gear, as 
each line is broken or checked. The power company 
will usually proceed with matters beyond this point, 
repairing whatever elements are found to be creating 
interference. Be sure to note the name of the power 
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company employees repairing the line noise, so you 
can sidestep the front desk should future problems 
arise. 

Many times, amateurs become "trapped" with 
front-desk executives (who've never heard of Ama- 
teur Radio, and know even less about line noise) and 
can't get line-noise problems resolved. Don't 
despair. Somewhere in their organization is a com- 

Many noise interference problems, when located, 
prove to be created by customer-use devices like 
doorbell transformers and thermostats. Fortunately, 
most power companies are quite helpful and under- 
standing in locating these troubles. Their step-by- 
step method for locating these noise sources usually 
involves sequentially "dropping" various lines and 
evaluating the effect on the noise. As previously 
mentioned, a battery-powered, high-frequency (or 2- 
meter) rig is highly beneficial during these tests. 

The danger of experimentation with high-tension 
power lines by unauthorized personnel (that's you!) 
cannot be overemphasized. Today's amateurs have 
learned to respect high voltage in the shack; the 
number one killer is now outdoor power lines and 
large antennas, Instant retirement results when these 
two items are placed together. Don't take chances. 
Stay clear of problem areas during tests, and don't 
stand where lines could accidentally break and fall 
on you. 

Here is a synopsis of the more common power-line 
noises and their causes: 

1. Constant noise during the heat of the day, inter- 
mittent noise at night, no noise during rain: Cracked 
insulators or loose clamps on pole. This noise is pre- 
dominant during summer months. 

2. Constant noise during rain, intermittent noise 
during light mist: Small object or animal caught be- 
tween high voltage lines. 

3. Constant noise in a specific direction: Power 
transformers or home-user devices. 

Photograph of clamps and wires which are prime sources of checklist for 
line-noise interference. The aluminum clamps, which hold 
the jumper wires, can expand and contract with tempera- 
ture variations. The large insulators may crack, causing 
"frying" noise interference. 

munications department - and often one or two 
radio amateurs. Not only are these people usually 
sympathetic and understanding, they usually handle 
special problems like line-noise interference. This 
group usually has its own array of elaborate noise- 
locating gear. Often, one or two of these men work 
exclusively on line-noise problems, because situa- 
tions that create line noise often also creates prob- 
lems that lead to power outages. Yes, you may 
actually be helping your community when reporting 
line-noise interference to the local power company. 
Naturally, television reception will improve when 
"white dots in the picture" disappear, and a-m radio 
reception is better without its "frying sound." But 
you also illustrate that neighborhood amateurs can 
help eliminate, rather than create, interference. 

line-noise corrections 
1. Check your own home area by disconnecting 

the main circuit breaker while monitoring noise on a 
battery-powered rig. If noise stops, reconnect the 
main breaker and switch off power to each area of 
your home until the noise again disappears. Then 
pinpoint source. 

2. Use directional antennas and portablelmobile 
gear to isolate the noise-producing area. 

3. Relate noise interference to time and weather 
conditions. 

4. Call the power company and arrange to be at 
home when they disconnect service to various areas. 

5. As confirmation of power-line (as opposed to 
atmospheric) noise, the power company may elect to 
temporarily cut all power to an area. Monitor the 
results on your mobile gear. 

6. Be patient and persistent. A quiet band is worth 
the wait and effort. 
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I I base-collector junction; this allows 02 to conduct by 
the forward bias through R1. 0 3  cuts off and 0 4  will 
conduct because of the Darlington connection to 02. 
The collector-emitter junction of 0 4  will then satu- 
rate at less than 0.4 volts. 

TTL outputs will sink more current at low output 
levels (electron flow from ground to output) than 
they can source at high outputs (flow from output to 
supply). This fits the input requirements for devices 
connected to the output, Input current at high levels 
is one-fortieth of the low level current. Output cur- 

gate structure 
and logic families 
The first part of this series explained the basic 
gate as a component. This part will examine the 
internal gate structure of TTL and CMOS, similarities 
and differences, as well as loading. A typical TTL 
two-input NAND gate is shown in fig. 1. 

Multiple emitters may seem strange, but they are 
easily made in integrated circuits. They are the key to 
NAND-gate operation. When any emitter of 0 1  is 
pulled down to less than + 0.4volts, its emitter-base 
junction is forward biased via R1. Collector-emitter 
junction voltage is then low enough to cut off 02 and 
04. Output voltage goes high, since 0 3  is conduct- 
ing by forward bias from R2. R3 limits output 
current. 

0 1  is nearly cut off when all emitters are at +2.4 
volts or higher. Full cutoff is not achieved, since the 
internal structure is arranged to forward bias the 

A 
I N P U T S  

B 

T P U T  

fig. 1. Simplified schematic diagram of the two-input, TTL 
NAND gate. In the open-collector version, R2, R3, Q3, and 
the diode are omitted, leaving the collector of Q4 open. 

rent biasing is set for this 40:l ratio and fan-out is 
usually set for driving ten inputs with one output. 

OUTPUT 

fig. 2. Simplified internal structure of the two-input, 
CMOS NAND gate. 

Fig. 2 shows the equivalent gate function in a 
CMOS device. The insulated-gate FETs reduce input 
current to nanoamperes, primarily from leakage. 
Gate resistors are seldom internally used, allowing all 
inputs to present a high input impedance. 

The N- and P-type FET arrangement in a CMOS 
gate will determine function. If one input is low, the 
appropriate parallel-connected P-type ( 0 5  or 06)  will 
conduct and make the output high. The low input 
overrides any high input by cutting off one of the 
series-connected N-types (07  or 08). All inputs must 
be high for the series path to ground; the NAND RULE 
is satisfied. 

Output sink and source current capability is nearly 
the same at either level; it varies with supply voltage. 
A-Series CMOS will work at 3 to  15 volt supplies; B- 
Series goes to 18 volts. The output FETs do not fully 
saturate, so exact voltage level is load dependent. 
Data sheets must be consulted for exact values. 

Rearrangement of N- and P-types allows a greater 
range of functions than with TTL. Inverting the series 
and parallel connections will form a NOR. Other pos- 
sibilities exist, and CMOS devices are available with a 
greater range of functions. 

By Leonard H. Anderson, 10048 Lanark important differences 
Street, Sun Valley, California 91352 The high input impedance of the CMOS implies the 
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capability of driving hundreds of inputs from one in- 
put. This would be true if it were not for package and 
circuit capacitance. Capacitance and output FET 
characteristics limit loading. Capacitance also limits 
TTL, but to a lesser extent. lnput current at dc limits 
TTL. 

lnput and output level symmetry allows CMOS to 
be biased for linear, small-signal operation. This is 
impossible with TTL. A Schmitt trigger must be used 
with TTL for inputs having slow rise and fall times. 

lnput threshold voltages are fixed in TTL. This is 
primarily due to saturated bipolar transistor operation 
from a fixed supply. CMOS level thresholds are 

tery-powered equipment, but note that most such 
equipment is slow speed. 

The NAND gate output of fig. 1 is called a totem- 
pole, from the appearance of Q3 on top of 04. Most 
outputs are of the totem-pole variety, but a few are 
open-collector. Since, in normal operation, 03  con- 
ducts little current, this transistor, R2, R3, and the 
diode can be deleted, using an external pull-up resist- 
or to the supply line for source current. This is the 
open-collector version. 

open-collector applications 
TTL chip transistors have relatively low breakdown 

table 1. Typical l T L  gate characteristics. 

conventional 
high 

speed (HI 
500 

schottky 
low medium 
(LS) (S) 

400 1000 

medium 
speed 

400 

low 
speed (L) 

200 maximum output source current 
in microamperes (IoH) when 
output is high* 

maximum input sink current 
in milliamperes (IoL) 
when output is low* 

maximum tpLH, nanoseconds 

maximum tpH,, nanoseconds 

maximum input source current 
in microamperes when input 
high* 

maximum input sink current 
in milliamperes when input 
low* 

nominal input pull-up 
resistor, kilohms 

*High level output voltage minimum is 2.4 for conventional TL, 2.7 for Schottky (VOHl. Low level output 
voltage maximum (VOL) is 0.4 for conventional, 0.5 for Schottky. High-level minimums and low-level max- 
imums apply to inputs also. 

"Actual high-level circuit voltage may be any value between minimum and the supply voltage, depending on 
output loading. 

approximately one quarter of supply maximum for a 
low and three quarters of supply minimum for a high. 

CMOS devices are more susceptible to noise pick- 
up due to their high input impedance. Circuit layouts 
must be carefully done. TTL is more tolerant to noise, 
but high input levels are still affected; this can be 
seenfrom typical TTL characteristicsgiven in table 1. 

Total circuit current of CMOS is less than TTL. 
CMOS current demand is influenced by switching 
speed, i.e., charging and discharge of the circuit 
capacitance. Supply current increases with increas- 
ing logic switching frequency. It is also true for TTL 
but to a lesser extent. TTL input current masks most 
of that effect. 

Bipolar transistors in TTL allow faster switching 
speeds. FETs are becoming faster as discrete 
devices, but CMOS designs retain low power and 
slower transistors. CMOS is good for portable bat- 

voltages. Redesigning just the output transistor into 
an open-collector chip ( 0 4  in fig. 1) allows driving 
high-voltage devices such as relays and neon lamps. 

Another function is the wired-OR depicted in fig. 
3. This takes advantage of the NAND'S active-low in- 
put. Several open-collector outputs can be wired to a 
single input, giving an equivalent OR function. The 
OR symbol with connecting dot is purely symbolic. 
No specific open-collector symbol exists. 

Why use a wired-OR? One reason is economy, 
another the number of available packages per board. 
If you don't have room for a NAND equivalent OR 
gate, but do have an input, the wired-OR will do the 
job. Open-collector outputs are slightly slower than 
totem-poles, so be wary in high-speed circuits. 

three-state wired-OR 
A modification of the totem pole output was 
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designed by National Semiconductor, called TRI- 
STATE by them and three-state by others. The 
design has the good points of both totem pole speed 
and the ability to wire-OR. 

A control line is added to enable the output or out- 
puts. An enabled output behaves like the totem pole. 
A disabled output appears as a high impedance. 
Three-state outputs can be wired in parallel and are 

=-+I+ ORed A C T I V E  LOW OUTPUT 

fig. 3. Symbolism used to denote a wired-OR configuration 
using open-collector NAND gates. 

fast, but need the extra control. Such outputs are 
ideal for computer bus lines. Bus lines are parallel 
data lines carrying information in either direction. 

Both three-state and open-collector output 
devices require some precaution during circuit 
design. Data books should be consulted for the fine 
details. * 

unused inputs 
All inputs must be connected somewhere. An 

unused TTL input will automatically assume a high 
state if left open (leakage in Q1 of fig. 1). It is poor 
practice to tie it high by an open connection; impe- 
dance is higher and noise might sneak in. Tie the 
unused input to Vcc or ground, depending on the 
desired function. Gate inputs can be paralleled. A 
parallel connection increases logic-I current, but log- 
ic-0 current is the same. 

Unconnected CMOS inputs can assume either 
state due to the inherently high impedance, leakage, 
and construction. They must be tied to either V,, or 
ground. Removable circuit boards should have 
potentially open inputs connected to ground through 
a 100-270k resistor. This trick will protect the input 
from possible static surges when disconnected. 

CMOS handling precautions 
Unmounted CMOS devices may be damaged by 

static electricity; an unfelt static charge is enough. 
Unused devices should be kept in anti-static contain- 
ers or pushed into conductive plastic foam. Such 
foam is usually black, somewhat hard, and will read a 
few kilohms on an ohmmeter. 

'The Texas Instruments TTL Data Book is available from Ham Radio's 
Communications Bookstore, Greenville, New Hampshire 03048, for $4.95 
plus $1.00 postage. 

Everything on the workbench should be grounded, 
including an aluminum work-area plate. Use a 
grounded-tip, three-wire soldering iron. Strap 
together and ground all powered test equipment; this 
should be done anyway, since it is possib!e to get a 
lethal shock from some test gear. 

Avoid all plastic-fiber clothing if possible. Ground 
yourself through a one megohm resistor (two megs 
with 220-volt mains) and flimsy wire. The resistor is a 
precaution against lethal shock current. The flimsy 
wire should break if you slip. All this may seem 
overcautious, but is standard industrial practice. Ask 
yourself how many expensive CMOS devices you can 
afford to lose from a static zap. 

l T L  variations 
There are five different versions of TTL, identifiable 

by one or two letters after the 54 or 74. No letter 
means the original and is called medium speed. An L 
identifies low power and low speed. An H stands for 
high speed and high power. However, these two ver- 
sions are being phased out of new designs in favor of 
Schottky versions. 
LS, or low-power Schottky, is as fast as medium 
speed, with only slightly more power demand than L 
versions. S is as fast or faster than H and takes no 
more power than medium speed. Differences are in- 
ternal and you need only consult data sheets for ap- 
plication. Schottky inputs are to bases of grounded- 
emitter input stages. This and added clamping 
diodes make them different from ordinary TTLs. 

Schottky versions are recommended for new 
designs. A lot of ordinary TTLs are available at low 
prices and should work just well, except in very fast 
circuits. 

IZL, or integrated-injection-logic is similar to TTL 
and is circuit compatible. It is appearing in many 
large-scale integrated circuits. 

PMOS and NMOS 
This family group started before CMOS. PMOS was 

the first, using P-type MOS (usually junction FETs). 
PMOS devices need two or three supply voltages, but 
have inputs and outputs compatible with CMOS and 
most TTL devices. They find use as microprocessor 
memory chips; CMOS handling precautions should 
be observed. 

NMOS uses N-type MOS and most devices use only 
5-volt supplies. Again, the inputs and outputs are 
compatible with both CMOS and TTL. The Motorola 
6800 microprocessor devices are almost entirely 
NMOS. NMOS is less sensitive to static shock, but it 
won't hurt to be cautious. 

The next article in this series will go into the im- 
portance of propagation delay and discuss flip-flops. 
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the weekender 

combination field strength meter and volt-ohmmeter 
Whether you want a weekend project or would 
like to get your club involved, here's a project that 
can be used to teach theory, construction practice, 
and troubleshooting while providing a basic piece of 
test equipment. The FSVOM is a combination field 
strength meter and volt-ohmmeter. It evolved as part 
of a training program for prospective amateurs. The 
objective was to make learning fun by providing a 
balance of theory and practice. My hope was that the 
finished product would provide a degree of confi- 
dence and encourage home construction, rather 
than being something that would end up on the 
shelf, like the old "two-transistor super" often used 
as a first project. In this respect, the FSVOM has been 
a success. 

I don't think anyone need have any qualms about 
building this unit; there are no exotic or hard-to-find 
parts. Calibration is minimal. If you don't have facili- 
ties for etching the printed circuit board, an etched 
and drilled board (see parts list) is available. It's an 
easy weekend project for the experienced builder, 
and an excellent learning experience for the neo- 
phyte. 

the FSVOM 
The unit is a basic VOM, with the added feature of 

a field strength meter. It has a sensitivity of 20k ohms 
per volt, so that most readings will agree with stan- 
dard-notation schematics. Circuit loading is minimal. 
The controls and meter scales are designed to mini- 
mize operator error. Only one voltage/current scale 
and one resistance scale are on the meter face, and 
only one set of jacks is used, so there's very little 

Bv Ken Powell, WBGAFT, 6949 Lenwood 
way, San JOS& California 95120 
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chance of error. I find the FSVOM much easier to use 
than many conventional units with their many scales 
and ranges. 

The FSVOM contains four functions: field strength, 
resistance, current, and voltage. A multiplier (range) 
switch provides four ranges, XI,  X10, XIW, and 
Xlk, for each function with the exception of the field 
strength function, which has an independent sensi- 
tivity control. The multiplier scheme allows the use of 
a single meter scale. The reading is then multiplied by 
the factor set into the range switch. A separate meter 
scale is used for the resistance function, which is 
nonlinear. Dc voltages are read at full-scale ranges of 
0.5, 5, 50, and 500 volts. Dc current is read at full- 
scale ranges of 0.5, 5, 50, and 500 milliamperes. 
Resistance center-scale readings of 18, 180, 1800, 

Front panel showing labels and parts layout. 



and 18,000 ohms are available. Field strength is read 
on a relative scale of 0-50. The FSVOM is powered by 
a I .5volt cell and is fully portable. 

circuit description 
The FSVOM schematic looks a bi t  complex 

because of the switching functions; but when broken 
down into the four separate functions, as depicted in 
fig. 1, each is quite simple and each is an exercise in 
Ohm's law. The fundamental component is the 
meter movement, and each function is the applica- 
tion of 50 $4 to  the meter through series, parallel, or 
combinations of resistance values. You can readily 
see why this would make a good training project. 

Fig. 1A depicts the basic voltage-measuring func- 
tion. In this configuration we have the meter and 
voltage-calibration resistor in series to form a total 
circuit resistance of 10k ohms. Applying 0.5 volts 
across this series circuit yields a current of 50 pA and 
full-scale deflection of the meter. Smaller voltages 
will, of course, yield lower readings because of the 
reduced current flow in the series circuit. With the 
range switch in the XI0 position, additional resistors 
will be added to the series circuit to form a total resis- 
tance of 1OOk ohms. 

The application of 5 volts across the 100k series 
circuit will again yield a current of 50 through the 
meter movement, causing full-scale deflection. This 
process is repeated again for the XI00 and Xlk  
ranges, each time increasing the series resistance of 
the meter circuit by a factor of ten and increasing the 
voltage required for full-scale meter deflection by a 
factor of ten. This very simple circuit forms the volt- 
age measuring portion of the FSVOM. 

5K 
I CAL 

+ p, sop a 

..- 
16k SOL n .J Z E R O  *" 

fig. 1. Basic functions of 
the FSVOM. 

1.5V 
AA C E L L  

S ! - I -  F S  
$1-2;  O H M S  
Sf-3 .  CURRENT 
S I - 4 -  V O L T A G E  

S 2 - I  .X I  
S 2 - 2 . X I O  
s 2 - 3  = X I 0 0  
S 2 - 4 - X I K  

fig. 2. Complete schematic of the FSVOM; 

Fig. 18 shows the basic current-measuring circuit. 
In this function we have the meter movement and 
current-calibration resistor in series to form a total 
circuit resistance of 5k ohms. In contrast to the volt- 
age-measuring circuit, where we used series resistors 
to achieve the desired ranges, we now switch resis- 
tors in parallel with the metering circuit to  change 
ranges. The meter movement and calibration resistor 
form a 5k-ohm circuit and would require 0.25 volt 
applied across this circuit for a full-scale meter 
deflection. In effect, we're using this 0.25-volt, full- 
scale voltmeter to read the voltage drop across each 
shunt resistor as current from the circuit under test 
passes through the shunt resistor selected by the 
range switch. 

In the voltage-measuring function, we increased 
the resistance values in proportion to the voltage 
being measured. In the current-measuring function, 
we decrease the resistance values as we select high 
ranges. Once again, our objective is 50 pA full-scale 
on the meter. The same scale and multiplier factors 
are used in the current-measuring function as in the 
voltage function. 

Fig. 1C depicts the basic ohmmeter circuit. As 
with the previous circuits it's a matter of controlling 
the amount of current through the meter movement, 
but in this function things get a bit turned around. 
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Fig. I D  is the basic circuit of the field-strength- 
meter function. In this function the positive input 

fig. 3. Mechanical details of the FSVOM enclosure. 

Zero on the OHMS scale is reflected by full-scale 
deflection of the meter (50 PA), and for maximum 
resistance, or infinity, there is no deflection. This fact 
explains the second scale on the meter face. 

In the ohmmeter function we form a voltmeter 
with the meter movement and the resistance calibra- 
tion trimmer, just as we did in the current function. 
The voltage is furnished by the internal battery; it is 
applied to a voltage divider formed by the resistor 
selected by the range switch and the external resis- 
tance value being measured. When these two values 
are equal, the meter will read half scale. 

We're comparing an internal known value against 
an external unknown. An OHMS ZERO adjustment 
control is included on the front panel for setting the 
meter to zero as the internal battery's output voltage 
changes with age and use. 

jack is the antenna input, and the rf voltage picked 
up by the antenna is rectified by the germanium 
diode. The output is applied tc  the meter movement. 
A sensitivity control shunts the meter to allow adjust- 
ment over a wide range of field strengths. Since the 
field-strength function is a relative reading, no 
special scale is used. 

The overall schematic is shown in fig. 2. It's a 
composite of the four individual function diagrams 
shown in fig. 1. The only components added are the 
two silicon diodes across the meter to prevent dam- 
age from overload. After looking over the individual 
diagrams, it's easy to understand the composite. 

~ - 

table 1. Parts list for the FSVOM. The parts in this listing are 
those used for the unit in the photos. Parts of equivalent 
value may be used without degrading performance. 

meter 50 FA, RS 22-051 
switch S1 3 pole 4 position, Centralab PA-2007 
switch S2 3 pole 4 position shorting, Centralab PA- 

2006 
control, FS Sens 100k linear taper, RS-271-092 
control, Ohms Zero 50k linear taper, RS-271-1716 
trimmer, I Cal 5k, RS-271-217 
trimmers, R Cal & E Cal 10k. RS-271-218 
jacks, input Nylon, RS-274-662 
holder, battery 1.5 V AA Cell, RS-270-1432 
rf choke 2.5 mH, Miller 6302 
case 178x 152x76 mm ( 7 x 6 ~ 3  in.), Mod- 

U-BOX 3-7-6 
resistors %W 5% 

PC board, etched Et drilled: J .  Oswald, 1436 Gerhardt Ave., San Jose, Cali- 
fornia 95125. $4.00 prepaid. (5 or more at $3.00). Residents add sales tax. 

Resistors are available from local RCA distributors in 2 %  at no additional 
cost over 5% prices (series 8300 resistors). 

The RCA resistors and cases are available from Quernent Electronics, 1000 
S. Bascom Ave., San Jose, California 95100. 

This should be a boon if trouble with the unit is ever 
encountered. 

construction 
The first step is to drill or punch the holes in the 

case, using care not to mar the finish on the case 
(see fig. 3).  Next, apply all the labeling to the case 
using Datak Letraset #K61 dry-transfer lettering. 
After labeling, apply two light coats of clear finish 
such as Datak or Krylon to protect the lettering. 

While the case is drying remove the plastic front 
cover from the meter movement and carefully 
remove the meter face, which is secured by two Phil- 
lips screws. Using the periods from the K61 Letraset, 
change the meter scale numbers 10 through 50 to 
read .I0 through -50, as shown in fig. 4. Now, using 

fig. 4. Modification of the meter scale using dry-transfer the red lines and numerals from Datak Letraset K19, 
characters. Resistance scale is in red. add the resistance scale to the meter face. This two- 
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fig. 5. Foil side of the FSVOM PC board. 

fig. 6. Component mounting. 



The complete FSVOM ready for action. 

color scheme will make the resistance scale easily 
discernible. Apply a light coat of protective spray to 
the meter face. Allow the meter face to dry, reassem- 
ble the meter, and mount all the front panel compo- 
nents to the panel half of the case. 

A parts list for the FSVOM is shown in table 1. The 
PC board should be etched and drilled as in fig. 5 and 

the components mounted as in fig. 6. Next, solder 
the interconnecting wires to the PC board as in fig. 
7, leaving the wires about 305 mm (12 inches) long 
and in three groups: S1, S2, and panel components. 
Mark the far end of the wires with wire-markers or 
masking tape so they can be identified later. 

Mount the completed PC board to the case with 
the wires extending toward the front. Lay the front 
panel face down in front of the PC board, and con- 
nect the premarked wiring to the panel components. 
Cut the wires to length after identifying them. 

This type of prewiring saves wear and tear on the 
wires, as the PC doesn't have to be turned over time 
and again to connect the individual wires. When the 
wiring is done, the panel should fold back into the 
case and the wiring should fold neatly into place. The 
wiring should be laced or spot-tied for neatness. 
Double check to be certain that the wiring is not 
pinched in the edges of the case. This completes the 
construction. Don't button up the case yet. 

catibration 
The first step in calibration is to zero the meter 

with its zero-adjusting screw. This is best done with 
the meter in its normal operating position. Next, in- 
stall the battery, set the function switch to OHMS 

fig. 7. Board-to-panel wiring points. 
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Wiring details between PC board and panel. 

and the range switch to X10, Leave the range switch 
in the XI0 position for the remainder of the calibra- 
tion procedure. Short the input terminals and adjust 
the Q ZERO control to read 0 on the meter's resistance 
scale. Remove the short from the input terminals and 
put a 180-ohm resistor across the terminals. Adjust 
the R calibration trimmer for a reading of 0.25 (half 
scale) on the upper meter scale. This coincides with 
180 ohms on the lower, or resistance, scale of the 
meter. 

Switch the function switch to the current (I) posi- 
tion and place 300 ohms (two 150-ohm resistors) in 
series with a 1.5-volt battery across the input termi- 
nals. Adjust the I calibration trimmer for a full-scale 
reading of 5 mA (0.50 x 10). 

Switch the function switch to the VOLTAGE posi- 
tion and place two 1.5-volt batteries in series across 
the input terminals. Adjust the E calibration trimmer 
for a reading of 3 volts (0.3 x 10). This completes the 
calibration procedure. Now you can fire up your rig 
and check out the field-strength function. 

closing remarks 
While I can't make any great claims of accuracy for 

the FSVOM, it's more than adequate for amateur use. 
As you probably know, most commercial meters use 
1 per cent resistors and much more sophisticated cir- 
cuitry. But the FSVOM is very easy to use and will 
provide a degree of satisfaction in that you know 
what's going on inside thelittle meter when you use it. 

As a club project, it's fun and gets amateurs 
involved in areas we generally don't explore. As a 
useful device, it's hard to beat. When you've finished 
building this one you will have explored just about all 
phases of home-brew construction, from PC boards 
to rotary switches to meter movements. The experi- 
ence gained on this little project should pay off well 
on all future building efforts. 

ham radio 
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improving the 
HT-37 ssb transmitter 

I 
Automatic Level Control (ALC) allows you to oper- 

ate at higher audio levels without overloading the 

The Hallicrafters HT-37 transmitter, which causes interference to  nearby sta- 
tions. With an ALC circuit added to the HT-37, more 

is still around 
and has many 

excellent features - 
here are some ideas 

for upgrading this 
venerable old rig 

Of all the equipment manufactured by the 
Hallicrafters Company, perhaps the most popular 
was the HT-37 transmitter-exciter. It uses the phas- 
ing system for single-sideband generation, which is a 
good method if the phase-shift networks are properly 
adjusted. Once set, however, these phase shifters 
rarely need adjustment. The rig is as stable as a rock 
and the ssb audio quality compares well with that 
from filter-type circuits. 

I fig. 1. Revised audio section of the 

I 
5 0 h  51 C M  I20 I N 1  

* T O  A .  
SHIELDED CABLE F IG  2 

-01 

This article is presented for HT-37 users who might 
wish to improve its operation with some minor modi- 
fications. For the purist who wants better sideband 
suppression, an easy modification appears in refer- 
ence 1, which shows how to install a filter-type side- 
band generator. If you're happy with the as-built HT- 
37 sideband generator but wish to make a couple of 
other simple modifications to improve efficiency and 
increase power-transformer life, you might be in- 
terested in the comments that follow. 

emphasis is given to lower-frequency speech compo- 
nents, and the higher dynamic range (louder) speech 
components won't overdrive the final-amplifier 
stage. Such overdriving creates splatter, "buck- 
shot," and a broader signal. 

You'll need the following parts for the ALC-circuit 
addition: 

resistors 
quantity type 

1 50k composition, 112 watt 
1 1 meg composition, 112 watt 
2 10k composition, 112 watt 

capacitors 
quantity type 

2 0.1 pF paper, 200V working 
1 0.25 pF paper, 200V working 
1 0.001 pF ceramic 200V 

working 

miscellaneous 
quantity description 

2 1 N2070 or 1 N2071 silicon 
diodes, 400V PIV 

2 solder-lug terminal strips 
90 cm (3 ft) small plastic-covered shielded 

cable 

procedure 

( 1. Remove both top and bottom halves of cabinet. 

1 2. Remove side rail from chassis left side. 

3. Remove cover from the audio section to gain ac- 
cess to the audio gain control, R110. 

4. Remove the direct connection between R110 and 

I ground. Install a 0.1-pF capacitor between these 
points. 

By Alf Wilson, WGNIF, 1068 Arden Drive, 
Encinitas, California 92024 
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5. Solder one end of a 50k resistor to the former 
grounded terminal of R 110, then connect the center 
wire of a 51-cm (20-inch) length of small shielded 
cable to the other end of the 50k resistor. Ground the 
cable shield to a convenient point inside the audio 
compartment. The revised audio section will then be 
as shown in fig. 1. 

I N 2 0 7 0  

FROM 
AUDIO 
SECTION 

fig. 2. The ALC circuit built from instructions in the article. 

6. Feed the free end of the shielded cable through a 
hole in the audio-section cover shield, Replace the 
cover shield onto the chassis. 

7. Replace the side rail removed from the chassis. 

8. Using a solder-lug terminal (4 or 5 lugs), build the 
ALC circuit shown in fig. 2. Be sure to use a terminal 
strip with a grounded mounting lug at one outer end. 

9. Solder the outer end of the shielded cable coming 
from the audio section to point A in fig. 2. Attach 
another piece of shielded cable, about 51-cm (20- 
inches) long, to point B in fig. 2. 

10. Remove the nut from one of the four machine 
screws securing the antenna coax fitting to the chas- 
sis rear apron. Mount the ALC assembly just con- 
structed on the machine screw, replace the nut, and 
tighten securely. Of course, a grounding lug should 
be used to mount this assembly onto the coax con- 
nector. 

11. Near the bottom of the final-amplifier 6146 tube 
sockets you'll find a solder-lug strip where R19 (I k) is 
connected to rf choke L13, which in turn is con- 
nected to the 6146 grids. 

G R E f N  WIRE 
6146 GRIDS 

fig. 3. As-built appearance of the HT-37 (see text). 

Before performing the next step, note that two 
green wires are connected to R 19 as shown in fig. 3. 
Now proceed as follows: 

12. Remove both green wires from point X in fig. 3. 
Leave them free for now. 

13. Mount two 10k resistors and a 0.001 -pF ceramic 
bypass capacitor on a 4-lug terminal strip, as shown 
in fig. 4. 

14. Next mount the assembly just completed under 
one of the self-tapping screws that hold the lid onto 
the shield can next to the 6146 sockets. (This is rnere- 

ly a suggestion; use any mounting position that 
seems convenient.) 

15. Connect the two green wires lifted in step 12 to 
point C (fig. 4) and run a new wire from point D (fig. 
4) to R19 (point X in fig. 3). 

16. Connect point E to the shielded cable coming 
from point B in fig. 2. The final-amplifier wiring will 
now appear as in fig. 5. 

17. Dress the new shielded cables as close as possi- 
ble to the chassis. Check all wiring for errors. This 
completes the installation of your new ALC circuit. 

A schematic of the complete ALC circuit is shown 
in fig. 6, 1 suggest you recheck the 6146 bias voltage 
to ensure it hasn't changed. It should be - 49 Vdc. 

power-transformer protection 
The HT-37 seems to have a history of power-trans- 

former failure. I've talked to several HT-37 owners 

fig. 4. More construc- 
tion details for the 
ALC addition to the 
HT-37 final-amplifier 
section. G N D  

who have had to replace the transformer because of 
a short circuit either in the secondary windings or 
between primary and secondary windings. It's pretty 
hard to find an exact replacement for the HT-37 
power transformer today, although at least one 
source of help appears in the amateur ads in which a 
transformer rebuilding service is offered. 

In any event, it's possible to preclude catastrophic 
failure of the power transformer by simply adding an 
autotransformer, such as a Variac, in the primary 
voltage circuit of the HT-37. 

HT-37 owners will note that, when the OPERATION 
switch is turned from OFF to STANDBY, a distinct 
"thung" sound will be heard if the peak of the ac pri- 
mary voltage occurs at time of switch turn-on. This 
means that a surge of voltage is presented to the 
power transformer primary at the instant of switch 
turn-on. 

Why not eliminate this surge by using an auto- 
transformer in the transformer primary? With the 
OPERATION switch in the OFF position, turn the auto- 
transformer to zero, then gradually advance the 
autotransformer control until the proper ac input 
voltage is presented to the power-transformer pri- 
mary. An ac voltmeter should, of course, be con- 
nected across the power-transformer primary. 

Another cause of power-transformer failure, ac- 
cording to many HT-37 owners, is sheer carelessness 
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GREEN WIRE 

GREEN WIRE 

2 5 m H  TO --- 6146 GRIDS 

fig. 5. Schematic showing modified wiring in the HT-37 
final-amplifier section. 

during operation. The HT-37 instruction manual 
stresses that, when switching to STANDBY from any 
of the operating modes (MOX, VOX, or CALI, it's im- 
portant to wait for a few seconds before switching 
the set OFF. There must be a message here. Accord- 
ing to other HT-37 owners, it's a dead cinch that the 
powertransformerwill blow if theset is rapidly turned 
from one of the operating modes to OFF and back 
on! It's easy to do this with this equipment, especial- 
ly during the heat of a contest. A Variac won't help in 
this case, of course, because during operation the 
Variac will be adjusted for full input primary voltage. 

fig. 6. Complete ALC circuit for the HT-37 V I I  , 
transmitter. 

L 13 1 

B I A S  

So if you value your HT-37 power transformer, re- 
spect the precautionary advice in the instruction 
manual for the OPERATION switch. The HT-37 is a 
great rig, even by today's standards. But if you can't 
replace a blown power transformer, you may as well 
try to sell the rig for junk. 

acknowledgment 
The material on adding ALC to the HT-37 was 

taken from a paper by W0NCK and K0TYO. This 
paper was included with the instruction manual for 
my HT-37, which I purchased second hand. I built 
the circuit and it is an improvement over the original 
HT-37 design. Any credit for this improvement 
should go to W0NCK and K0TYO. 

reference 
1. Milton L. Pokress, W3CM. "Increased Sideband Suppression for the 
HT-37," ham radio, November 1969, pages 48-51. 
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high-performance 
TTL logic probe 

Design of a simple 
yet high-performance 

logic probe 
using three low-cost 

integrated circuits 

Have you constructed a frequency counter or 
keyer that didn't work when you first turned it on? 
Has some piece of equipment that uses TTL inte- 
grated circuits failed recently? If you answer yes to 
either of these questions, you've been in a situation 
in which a logic probe could have been very useful. 
This article describes a simple TTL logic probe that 
can be constructed for less than $5. Yet its perform- 
ance equals that of units costing as much as $45. 

operation 
The logic probe is to the digital designer what the 

VOM is to the electrician. With a single touch, the 
probe displays the logical state or condition of the 
selected circuit connection. A well-designed probe 
will indicate an open circuit, a good logic 1 or 0 state, 
and whether a pulse train is present. This tool en- 
ables the digital experimenter to  follow signals 
through the various logic gates and circuit compo- 
nents until the faulty part or wiring error is isolated. 

The logic probe has three LEDs of different colors 

By Andrew B. White, KSCW, 102 Franklin 
Street, Urbana, Illinois 61801 



mounted near the probe tip. After the probe's +5  
volt and ground connections are made to the circuit 
under test, the tip can be touched to any point carry- 
ing a TTL signal. If the point is less than about 0.7 
volts, the 0 (green) LED will be the only one ener- 

2 . 4 v  - - - - - -- - - - - - - - - - - - 

o, ,v  1 - - - - -  - - I - - - - - -  - I l l  - - - - 

YELLOW j ON IOFFI ON IoFFI  ON 

I 

TIME 
I U  

fig. 1. Graphical summary of the indicating LEDs for various 
input states. When connected to a floating input, none of 
the LEDs will be on. 

GREEN 

gized. If the test point is 2.4 volts or greater, only the 
1 (red) LED will come on. If the selected circuit is 
oscillating between 1 and 0, the red and green LEDs 
will show the relative duty cycle of the oscillation, 
and the PULSE (yellow) LED will pulsate or will seem 
to be continuously on. 

The advantage of a special pulse indicator can be 
seen when considering a normally low or 0 signal 
with 200 nS high pulses every 200 mS. Since the sig- 
nal is high for only a small fraction of the total period, 
the probe's green LED will seem to be always on and 
the red LED always off. However, each of the pulses 
is stretched to about 0.5 second and displayed on 
the yellow LED. Thus, the green and yellow LEDs on 
together indicate the presence of the narrow, high 
pulses. 

If the line is an open circuit, has a resistance of 
more than about 4000 ohms to ground, or has a volt- 
age level between 1.0 and 2.4 volts, neither the high 
nor low LED will be energized. An unterminated TTL 
input will be displayed in this fashion. A summary of 
the logic probe's operation, with various input wave- 
forms, is shown in fig. 1. 

OFF 

circuit description 

INPUT 
5 .0V  4 I 

OFF 

The schematic diagram of this logic probe, as il- 
lustrated in fig. 2, consists of three sections: the 
high-level detector and red LED driver (01 and 021, 
the low-level detector and green LED driver (UIA and 
U1 B), and the pulse detector and yellow LED driver 
(U2 and U3). Q1 functions as a threshold detector, 
which will turn on with an input voltage of greater 
than about 2.4 volts. The threshold level is deter- 
mined by the three silicon diodes connected be- 
tween the emitter of 01  and ground. Each diode ex- 

ON ON 

hibits a forward-biased voltage drop of about 0.7 
volts. When Q1 turns on, Q2 is forced on, connect- 
ing the +5 supply voltage to the anode of CR3, 
turning or? the red LED. 

The low-level threshold detector uses one section 
of a 74LS02 and a silicon diode. Without this addi- 
tional diode voltage drop, the green LED would be 
energized at about 1.4 volts. With the diode, the in- 
put voltage has to be below 0.7 volts before pin 1 of 
U1A will go low, turning on the green LED. Notice 
that between the upper and lower thresholds neither 
CR1 nor CR3 will be energized. 

The pulse detection circuit employs a dual D-type 
flip-flop and a monostable multivibrator to stretch 
the input pulse length. The detection of a valid 0 or 
1 level is signaled, respectively, by U1 pin 4 or the 
cathode of CR3 going high. Either of these condi- 
tions causes one of the outputs of U2 to go high, 
forcing pin 13 of U1 low, which triggers the mono- 
stable and turns on the yellow LED, CR2, for about 
0.5seconds. As long as the output of the monostable 
is high, both flip-flops remain cleared. The D-type 
flip-flops are used to insure that U3 is properly trig- 
gered. The trigger pulse must be at least 200 nS long 
and cannot stay low, since that would hold CR2 on. 
The 74LS74 shown will respond to pulses as narrow 
as 25 nS. 

+5 CRI 
LOW 

OFF 

- .  
PROBE 0 = 

+5 

UZA 
3~~ a c  

CLR 

f 5 

+5 
10 

Lo o 9  
PULSE 

looh  U 2  w (YELLOW1 

ON 

HIGH 
( R E D )  2 2 0  

fig. 2. Schematic diagram of the logic probe. All resistors 
are 114 watt; CR4, CR5, CR6, and CR7 are IN4148 or equiva- 
lent small-signal diodes. 

OFF 
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A logic probe should not excessively load the cir- 
cuit under test. This probe will sink only about 25 
pA when the input is +5 volts. With a O-volt input, 
the circuit input current is about -200 pA. In the 
worst case, this probe would represent one LSTTL 

fig. 3. Suggested printed-circuit board layout and parts 
placement diagram for the logic probe. If desired, pre- 
punched board and simple point-to-point wiring may 
be used. 

load. In addition, the probe will "catch" pulses short- 
er than 100 nS in duration. 

construction 
The circuit layout for this device is not critical. 

Fig. 3 illustrates one printed circuit board layout de- 
sign and parts placement for the logic probe. The 
overall board dimensions are 3.3 x 10.2 mm (1.3 x, 
4 inches). You could use point-to-point wiring on a 
circuit board with holes on a standard 2.5 rnm (1 
inch) grid instead. The probe tip can be made from 
16 AWG (1.3 mrn) tinned-copper wire or a small 
brass nail. The + 5 and ground inputs should be con- 
nected to clip leads so they may be easily connected 
to the circuit supply voltage source. Standard TTL 
chips may be substituted for the LS devices shown, 
but the circuit loading will be increased. 

I have found a logic probe to be a valuable aid in 
debugging TTL projects. After you use one, you may 
wonder how you were able to get along without it! 

ham radio 



code speed counter 
Do you dislike counting up the words and doing 
the arithmetic to check your code speed? If so, then 
you need a code speed counter. All it takes is an or- 
dinary frequency counter and a couple of ten-cent 
ICs. 

In many cases, a frequency counter can be set up 
to count for one second, performing the latch and 
reset function during the next 0.2 second. By insert- 
ing a divide-by-four counter (7493) in the clock cir- 
cuit, the counter will then count for four seconds 
instead of one second. 

INPUT 74123 OUTPUT 

fig. 1. Wiring diagram of the one-shot multivibrator used to 
convert the sine wave into a pulse for the counter. Pin 2 
connects to the output of the wave shaper, while pin 13 
goes to the counting circuit. 

The goal is to have the counter count the number 
of key downs during a four-second interval. This 
will be approximately the code speed in words per 
minute. A dot or dash from the speaker terminals is, 
in many cases, a 700 to 1200 Hz sine wave. It is nec- 
essary to generate a positive pulse from each char- 
acter. To do this, insert the retriggerable monostable 
shown in fig. 1 before the counter's input. 

performance 
Using a piece of graph paper, find out exactly what 

readouts the modified counter will produce. In fig. 
2, the word Paris is represented in code. If you 
assume the speed is 12 wpm, then each dit is 0.1 
second long. The counter reads 0 until the first four 
seconds have passed. It will then read out 12, since 
12 key downs occurred during that time. Those key 

By Louis C. Graue, K8TT, 624 Campbell 
Hill Road, Bowling Green, Ohio 43402 

downs sent during the 0.4 second of the latch and 
reset cycle are ignored by the counter. The 12 will 
remain on display until the next four seconds have 
passed, then read out the number of key downs 
during that period, and so on. 

If you plug the counter into the speaker jack and 
tune in the W1AW code practice, you'll find that the 
counter produces readouts which are very close to 
the announced speeds. On the faster speeds, 20 
wpm or more, the counts tend to be low. This is be- 
cause at faster speeds more words will occur during 
the four-second count period, and the counter does 
not make any allowance for the seven-baud spaces 
between words. 

A very useful operating aide is provided by con- 
necting the input of the 7490 counters to one of the 
decimal points in the readout. This makes it possible 
to see the dits and dahs which are being counted. By 
watching the blinking decimal point you can tell 
when interference is messing up the count. Using 
the gain control on the receiver you can tune out the 
interference, if the desired signal is strong enough. 
Just turn down the volume until only the desired sig- 
nal is visually evident. You can also tell, by watching 
the flashes of the decimal point, which four-second 
intervals are representative of the speed being sent, 
and ignore counts of intervals containing long pauses 
or interference. 

b- KEYOOWNS COUNTED FOR 4 SECONDS 

LATCH RESEl 

fig. 2. Diagram of the standard 50-baud word PARIS. 

If you don't have a counter which you wish to 
modify, then you can build the code counter from 
scratch by adding the above modifications to any of 
the plans which have appeared in the literature. 

The code speed counter will add another element 
of enjoyment to operating CW. It will also give you 
an easy way to check on your progress if you're try- 
ing to build up your code speed. 

ham radio 
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tebook 

quick connection 

An effective, inexpensive way to 
connect wire to a pole or pipe is to 
use a regular automobile hose clamp. 
These clamps come in various sizes 
and are available at most service 
stations. 

For outside installations, stainless- 
steel clamps should be used. The 
area of the pole that comes in contact 
with the clamp and wire should be 
free of dirt and grease. Clean the pole 
with steel wool or very fine sand- 
paper. Be sure to wipe off any dust 
from sanding. 

After the clamp is secured to the 
pole, it should be taped with plastic 
electrical tape for weather protec- 
tion. I've employed this method to 
connect a grounding wire to a ground 
rod of small diameter, and it proved 
very successful. 

Jim DiSpirito, AB9Q 

remote crystal 
switching 

With the rising theft rates of mobile 
equipment, it is becoming increasing- 
ly attractive to mount vhf radios in 
the trunk. However, such an arrange- 
ment can present problems if you 
normally use a large number of chan- 
nels. In  a conventional remote- 
switching system, the relays or 
diodes, which are used to switch 
crystals, are selected by a simple ro- 
tary switch in the control head. A 
separate conductor, from the control 

head to the radio, is required for each 
channel. However, the use of a large 
multiconductor cable can be avoided 
by implementing a simple binary en- 
coderldecoder system. By using bi- 
nary coding, only four conductors are 
needed to select sixteen channels, or 
five conductors for thirty-two chan- 
nels. Such a system has been incor- 
porated in my mobile installation, 
which was built around a modified 
Genave chassis. 

The control-head circuit for the 
first ten channels (0 through 9) is 
shown in fig. 1. Of course, this can 
be expanded to any number of chan- 
nels. Binary encoding is accom- 
plished through the use of 1 N4148 or 
equivalent steering diodes. If you 
have trouble finding a rotary switch 
with enough positions, you might try 
using a toggle switch to control the 
most significant bit. In this way, an 8- 
position rotary switch and a toggle 
switch can select sixteen channels. 

As for decoding circuitry, there are 
a number of decoder ICs on the mar- 
ket, with a variety of specifications. 
The user should select one which is 
best suited to his particular applica- 
tion. The 7445 and 74145 ICs are 
BCD-to-decimal decoders with open- 
collector outputs, suitable for driving 
reed-relay switching. 

If diode switching is used, the 7442 
BCD-to-decimal decoder or 74154 4- 
line to 16-line decoders will work well. 
A 4-line to 16-line decoder may also 
be built from two 7442s and an inver- 
ter as shown in fig. 2. This illustration 
shows the decoderldiode driver cur- 

rently being used in my mobile instal- 
lation. This configuration is suitable 
for use with oscillators in which the 
crystals are selected by grounding. 
The 7442s were used instead of a 
74154 because they happened to be 
available. TTL inputs normally float to 
a high logic level if left unconnected. 
The four 150-ohm resistors pull down 
the inputs to approximately ground 

NO CONNECTION , 

; , i s  
T O  RADIO 

fig. 1. Schematic diagram of binary encod- 
ing circuit in the control head. The diodes 
provide steering such that the four lines to 
the radio receivethecorrect binary coding. 
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potential, unless a positive voltage 
from the control head is present. The 
reason for using this method is to 
provide relatively low-impedance in- 
puts to the decoder to insure immuni- 
ty to rf pickup and other extraneous 
signals. To be on the safe side, all 
four lines should also be bypassed 
with 0.01- or 0.005-pF capacitors at 
the decoder. 

Inverters of the 7404 type provide a 
positive voltage and enough current 
to turn the diodes fully on. Diode cur- 
rent is set by the 82-ohm resistors. 
Larger-value resistors were initially 

erably cheaper to use hex-inverter ICs 
for isolation rather than rf chokes. 

Binary channel addressing is readi- 
ly adapted to more sophisticated digi- 
tal control applications. For example, 
the radio can be converted into a 
scanner simply by adding a gated 
clock oscillator and a 7493 4-bit 
binary counter. The binary format is 
also well suited to microprocessor 
control. 

Binary coding zircuits have seen 
continuous service in my mobile in- 
stallation since late 1974, first with 
DIP reed-relay crystal switching and 

cern though, is the power trans- 
former which might be damaged due 
to such an occurrence; they are ex- 
pensive to replace. 

Rather than simply replacing the 
socket, I decided to eliminate the 
heat source by substituting plug-in 
solid-state rectifiers for the tubes. 
This requires a minimum amount of 
work since both the 5U4 and 5R4 
were replaced by SS-5R4 units pur- 
chased from United Page Incor- 
porated. Another procedure, which 
was suggested by the Collins Serv- 
ice Department, is the use of four 

REMOTE CHANNEL 
SELECTION INPUT 
[FROM CONTROL 
HEAD) 

tried, but they did not allow adequate more recently with diode switching. Semtech SCH-5000 diodes (CPN 
diode current to flow. As a result, the They have proven to be rugged and 353-0425-010), two diodes replacing 
receiver oscillator output was dimin- reliable, and have added considerable each rectifier tube. These are hard- 
ished, which in turn caused a small flexibility to  the mobile system wired to the tube sockets underneath 
reduction in receiver sensitivity. A design. the chassis. 
value of 75 or 82 ohms allows ade- J. Lee Blanton, WA8YBT In each instance it would be a good 
quate current to flow, while remain- idea to disconnect the rectifier fila- 

TRANSISTOR 

MANUAL 
CHANNEL 
SELECTION 

2 4 11 

3 4 I 2  

ing well within the current limitations 
of the diodes. 

Notice that no rf chokes or bypass 
capacitors are required in the vicinity 
of the crystals or switching diodes, 
unlike some circuits appearing in the 
handbooks. A decoder could probab- 
ly be designed without inverters on 
the outputs, but rf chokes would very 
likely be necessary to isolate the crys- 
tals from each other. With prices be- 
ing what they are, it would be consid- 

7 4 4 2  4 
C 5 

D 6 

8 

9 

solid-state rectifiers 
in the Collins 516-F2 

Not long after acquiring my present 
Collins station, I experienced a prob- 
lem in the power supply which was 
directly traced to a cracked high- 
voltage rectifier tube socket. The 
socket becomes brittle after some 
years of use. This is primarily due to 
the large amount of heat generated 
by the rectifier tubes. Of prime con- 

- 13 

4 14 

--o 15 fig. 2. Diagram of the decoder and diode driver - l6 system used. The output from the 7404 inverters 
provides sufficient current to forward bias the 
diodes, selecting the appropriate crystal. 

ment leads, insulate and tie them 
back out of the way, although I ran 
my unit for some time after installing 
the plug-in units without doing so. 
The filament leads are not needed 
and removing them eliminates one 
more source of possible trouble. 
Also, the bias should be re-adjusted 
to obtain the proper resting plate cur- 
rent since all voltages will have in- 
creased about 10 per cent. 

Paul Pagel, NlFB 
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short circuits 
500-watt power supply 

The article by WAGPEC, Decem- 
ber, 1977, ham radio, page 30, con- 
tains a drafting error in fig. 1. There 
should not be a connection between 
the collector and base of Q3. 

tone-burst generator 
The tone-burst generator by 

WA5KPG described on page 68 of 
September, 1977, ham radio con- 
tains an error in fig. 1. The junction 
of the IN914 and R2 should not be 
connected to the PTT line, but only 
to 63. 

active bandpass filters 
The article on active bandpass fil- 

ters (December, 1977, ham radio, 
page 49) contains some errors in the 
equations. An errata sheet is avail- 
able by sending a self-addressed, 
stamped envelope to  either the 
author or ham radio. 

admittance, impedance, 
and circuit analysis 

In Anderson's article in the August, 
1977, issue, there's a glaring typo- 
graphical error in the second sen- 
tence of the right-hand column on 

nected to pin 16 instead of pin 11. 
Also in fig. 3, the short across the 
crystal should be omitted. In all 
cases, the collector resistor for the 
2N5179 is 1000 ohms. 

A circuit board layout of fig. 3 is 
now available from the author; a 
paper print is available by sending 
him a self-addressed, stamped en- 
velope. A film negative is also avail- 
able from the author for $5.00. 

ssb phasing systems 
On page 58 of the January, 1978, 

issue VK2ZTB states that an 88 mH 
toroid consists of two 44 mH coils. 
This is incorrect - an 88 mH toroid 
consists of two 22 mH coils con- 
nected in series. Thanks to N3GN for 
spotting the error. 

30-MHz low-noise preamp 
Coil winding instructions for the 

low-noise 30-MHz preamplifier in 
the October, 1978, issue, which were 
inadvertently left out of fig. 1, are as 
follows: 

L1 (0.77 pH; 17 turns no. 28 (0.3 
mm) wound on Micrometals 
T-25-6 powdered-iron toroid 

longer available f rom Vernitron. 
Just before the production line was 
shut down, however, one of the 
employees was able to  obtain 25 
matched pairs which he is offering to 
readers who wish to build the spec- 
trum analyzer; the price is $6.50 per 
pair, plus postage. Write to William 
Bowen, 1939 Green Road, Cleveland, 
Ohio 44121. The only other source 
for comparable ceramic filters is the 
Murata Corporation in  Marietta, 
Georgia. 

semi-precision 
voltage calibrator 

The digital voltmeter calibrator on 
page 68 of the July, 1978, issue of 
ham radio contains an incorrect state- 
ment. The input resistance of the pre- 
cision rectifier circuit is actually 10k 
ohms, instead of the value of be- 
tween 5 and 65 megohms specified in 
the article. To correct this problem, 
f i g  . 1 shows a simple voltage follow- 
er that can be inserted between S1 
and the input to the precision recti- 
fier. This will eliminate the loading 
effect on the reference voltage 
source and has negligible effect on 
the overall accuracy. 

Page 76. This should read, "if R= 70 L2 (1.0 pH) 20 turns no. 28 (0.3 general purpose 
ohms, then G = 0.1 mho. " There mm) wound on Micrometals 
should be no minus sign in front of T-25-6 ~owdered-iron toroid vhf receiver 
the 0.1 mho. RFC (10 pH) 20 turns no. 28 (0.3 A capacitor was deleted from the 

mm) wound on FT-230-06 schematic diagram shown in fig. 2 of 
10-GHz broadband antenna 

ferrite bead the general purpose vhf receiver pub- 
In the article on the broadband 10- lished in the July, 1978, issue of ham 

GHz antenna which appeared in the 
May, 1977, issue of page 40, the 
chart of optimum feed beamwidth 
(fig. 3) is incorrectly labelled. The 
ordinate should be labelled as feed 
angle, not half-angle. Therefore, the 
simple antenna should be used with 
reflectors with focal length to diam- 
eter ratios, f, between 0.3 and 0.6. 
Thanks go to N6TX for spotting the 
error. 

digital frequency counter 
The counter article on page 22 in 

February, 1978, ham radio contained 
some drafting errors. The 9368 IC in 
figs. 2 and 3 should have Vcc con- 

active filters 
The letter regarding active filter 

design (see Comments, ham radio, 
June, 1978, page 102) contained an 
erroneous equation. The value for 
R2 is determined from the following 
equation: 

spectrum analyzer filters 
The two ceramic 10.7 MHz filters 

used in the spectrum analyzer de- 
scribed in the June, 1977, issue of 
ham radio (FL401 and FL501) are no 

radio (see page 19). A 22-pF capaci- 
tor should be inserted between the 
gate of the MPF102 and the rotary 
contact of switch S1 F. 

R-4C product detector 
In the October, 1978, issue of ham 

radio, the schematic diagram of the 
new product detector for the R-4C 
shown on page 94 contains an incor- 
rect component value. The 0.01-pF 
capacitor in series with pin 3 of the 
TL442 should actually be a 0.1+F 
capacitor. In addition, the two inputs 
for the TL442 are actually taken only 
across one-half of the transformer's 
secondary. 
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This is the time of year when many high-school seniors are scurrying around, planning their future 
education, sending applications off to the college of their choice, and taking entrance exams. 
Seniors who are also Radio Amateurs are probably considering a career in electronics. If they're 
lucky, they will have a knowledgeable guidance counselor who can steer them in the right direction; 
if not, they'll probably pick a school with a good reputation and work from there. Sometimes this 
works out, and sometimes it doesn't - it depends entirely on what the student is looking for. 

Electrical and electronics engineers who graduated more than ten years ago would probably not 
recognize the engineeering curriculum now offered by their old alma mater because, in the past few 
years, there have been significant changes in engineering education. During the 1960s the classical 
engineering educational programs tended to become more and more theoretical oriented, with less 
emphasis on applied engineering. The backgrounds of some electrical engineering staffs changed 
from being primarily applied electronics to applied mathematics, and attempts to develop practical 
engineering programs were not ail that successful. In recent years, however, some engineering col- 
leges have restructured their curriculums for a better balance between the theoretical and the prac- 
tical. On the other hand, some colleges have continued to stress the theoretical aspects of engineer- 
ing science, so the prospective student is faced with a very important, but difficult, choice. 

Not too long ago, the prestige of an engineering school was almost always gauged by the 
theoretical emphasis of its courses; each school tried to outdo the others in the theoretical 
sophistication of its curriculum. Unfortunately, the majority of jobs within the sphere of electronics 
engineering does not require such an advanced mathematical sophistication as they do a "gut" 
understanding of electronics. If you talk to students at a sheoretical school, you'll find that many of 
them don't know how to solve a simple steady-state ac problem, although they can invert a matrix 
and use state-variable techniques. 

The difficulty with this type of engineering education is that graduates are not adequately prepared 
to solve the day-to-day engineering problems they will be presented with in industry. Employers are 
faced with the prospect of several months of on-the-job training before the newly hired engineer 
becomes a fully contributing member of the staff. Obviously, a new engineer who can solve pro- 
blems quickly and practically in the real world is a valuable asset. 

In the 1970s several colleges introduced four-year electronic technology programs in an attempt to 
get back to the old practical engineering concept; the courses at these colleges emphasize electronic 
hardware and laboratory techniques as well as electrical theory. Although graduates of these 
Bachelor of Science Technology programs have been pictured as fitting into the occupational spec- 
trum somewhere between the technician and the engineer, many professors see technology 
graduates as having much wider employment opportunities. In fact, technology graduates now have 
opportunities in many areas of electronic applications and design traditionally occupied by engineer- 
ing graduates, jobs vacated because of the change in emphasis in engineering education programs. 

Students who are interested in this type of engineering program should be aware that there is a 
wide difference in B.S. programs parading under the "Technology" banner. Some curriculums are 
managerially oriented, others are slanted toward applications and design, while still others are little 
more than two-year electronic technician training programs with added courses in the arts and 
humanities to fill out four years. Students who wish to enter this area should obviously choose a 
school carefully to be sure they get exactly what they want. 

J i m  Fisk, WIHR 
editor-in-chief 
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ments 
A sheet of plywood in the United It is difficult for all t o  go completely 

States is going to be 4 by 8 feet for a metric, both for editor and author. 
long while to come. Three-quarter- We will continue to write on 21.6 
inch plumbing is going to remain %" by 27.9 cm paper using 3.94 pitch, 
for a long time - in fact, any material double-spaced. I am awaiting delivery 
used in the building trades can be of a new IBM typewriter with a 38.1- 
expected to  remain in established cm carriage and dual pitch (4.72 for 

metric dimensions 
Dear HR: 

The meter is a widely used unit of 
length abroad. I t  is convenient only in 
tha t  fract ions and multiples are 
decimal. As a specific unit of length 
it is as arbitrary as the foot; for refer- 
ence, see the NBS history book 
Measures for Progress. Navigators 
use the international unit of distance, 
the nautical mile (based on  the 
earth's equator), rather than the re- 
sult of two French surveyors' efforts 
in measuring the distance from Paris 
to Marseilles. 

There are times when metric meas- 
urements are useful, other times 
when other standards are better. 
Having used so many different stan- 
dards for so long, I am not really 
partial to all-metric or all-other. For 
construction and items used therein 
it would seem advisable to statz the 
local measurement (depending on 
the author's location and supply) 
first, then the conversion. For ex- 
ample, the W7DI antenna in  the 
November issue used tubing from a 
U.S. supplier. I t  comes in standard 
diameters in inches. The same for 
plumbing pipe. One is hard pressed 
to make a supplier understand milli- 
meters or centimeters. I t  would seem 
reasonable to state such dimensions 
in inches first wi th cm or mm in 
parentheses. If DKIAG had written 
the article it would seem reasonable 
to expect the local German dimen- 
sions first, then inches. I am referring 
mainly t o  those dimensions where 
specific material is widely available. 

dimensions for the next ten years - 
perhaps longer. Many electronic 
items also remain in the "English" 
standard. Most numerous are the 
ICs. They remain rooted on the 0.05- 
inch (1.27-mm) grid for a simple rea- 
son: The United States started it and 
uses millions of them every year. 
And many are fabricated in metric 
countries. 

There are a host of other stan- 
dards. Why the 1 %"  increment on 
the height of rack panels? Think of 
how long those have persisted. Some 
rack panel heights have varied, but 
the 19-inch (42.3-cm) width is still 
here. Quarter-inch (6.4-mm) shafts 
are common. Fasteners are de- 
scribed in threads per inch w i th  
roughly arbitrary diameters; both 
U.S. and foreign types should be 
differentiated. Consideration should 
also be given to the enormous num- 
ber of United States types in use and 
made each year. 

The scientific community remains 
in both camps and is not certain on a 
few items. There is increasing use in 
optics of the nanometer instead of 
the Angstrom, for example. Seimens 
has yet to replace mhos. Parsecs, 
kilometers (why not megameters?), 
and light-years seem to  be inter- 
changeable in  astronomical dis- 
tances. A t  least to NASA. 

We have made the transition from 
tubes to transistors but tubes are 
still here. I believe that a double stan- 
dard can continue, and should do so 
if certain material is in common sup- 
ply in the author's country; con- 
temporary literature should reflect 
that fact. 

correspondence). If it bothers me, I'll 
just pour a glass of milk from the 
1.89-liter carton. 

Leonard H. Anderson 
Sun Valley. California 

Mr. Anderson's view of metrification 
is reasonable and well stated. The 
response we received to our boxed 
"metrics only" editorial which ap- 
peared with W7Dl's article in the 
November issue was both immediate 
and loud. Based on the letters which 
have crossed my desk during recent 
weeks, ham radio will be using both 
metric and English dimensions in our 
magazine articles for the foreseeable 
future. WIHR 

zip-cord feedlines 
Dear HR: 

The article on zip-cord feedlines in 
the April, 1978, issue and the follow- 
up comments in October brought 
back some old memories. I f i rst  
heard of lamp-cord around 1930 
(twisted-pair in those days) from the 
Globe Wireless operators who used it 
for transmission line to their "noise 
reducing" receiving antennas. Later 
there were a number of articles in the 
Amateur magazines on how to use 
lamp-cord transmission lines for  
both receiving and transmitting di- 
poles; it provided a reasonable match 
to the feedpoint impedance. Lamp- 
cord may have been a little lossy, but 
the early forms of coax which came 
into use a few years later was not all 
that good either! 

Wayne W. Cooper, AG4R 
Miami Shores, Florida 
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I 
lems, in particular the problem of overcoupling. That 
is so basic a problem that the absence of references 
to overcoupling in the literature suggests that no 
serious attempt has, until this time, been made to 

up to that of the 
quad or three-element Yagi, 

there is no 
direct connection 

between size and gain. 
This article shows 

how to design 
small beams 

without sacrificing gain. 

In view of the urgent need for small beams, the 
number of them in use is remarkably small. In a re- 
cent sample of 14-MHz contacts with Australian 
amateurs, I found that eighty per cent of the sta- 
tions worked were using quads or three-element 
yagis; the remainder, the ones with the biggest sig- 
nals, had even larger beams, beyond the resources 
of most of us. There are, nevertheless, some smaller 
beams, such as the VK2ABQ and the capacitively 
loaded quad,lt2 which usually give a good account 
of themselves. Of particular importance, in the pres- 
ent context, is the fact that some of the most out- 
standing signals observed during my 50 years as a 
licensed amateur have originated from stations using 
driven arrays with only two elements! 

The significance of this lies in the ease with which 
the performance of such beams can be calculated,3 
and the fact that size comes into the calculations 
only when estimating the efficiency, which remains 
high for element sizes and spacings down to approx- 
imately 3 meters (10 feet). Translating this fact into 
practice has brought to light some interesting prob- 

make beams as small as possible. 
To achieve this reduction in size, elements must 

be capacitively end-loaded, without resorting to lossy 
inductances. This involves large concentrations of 
metal, which, besides tuning the elements, also 
couple them very tightly together. Following the nor- 
mal behavior of coupled circuits, a large secondary 
(parasitic element) current and a small primary 
(driven element) current are generated, and there is 
virtually no beam action. Fortunately, I have found 
it quite easy to overcome this problem by neutrali- 
zation similar to that used in push-pull amplifiers. 

Another inevitable consequence, when small size 
is combined with high efficiency, is narrow band- 
width; this makes it essential to use separate feeders 
for each element so that fine tuning can be carried 
out in the shack. Also, this arrangement brings with 
it other important advantages. Since the beam is 
instantly reversible, less time is wasted in beam ro- 
tation, and, because less than 180 degree rotation is 
required, you can use low-loss, open-wire feed lines 
as well as simpler and cheaper methods of beam ro- 
tation. The direct relationship between the size and 
performance of large beams is well known, and some 
readers may find it difficult to accept that a small 
beam can be as good as a big one, particularly if 
those readers have experience with typical small 
beams using large loading inductances. The claim is, 
on the face of it, improbable, and one might think 
that it could be dismissed by invoking some general 
scientific principle, as in the case of perpetual mo- 
tion. Looking for such a principle we come instead to 
the surprising discovery that, although the gain of 
big beams is limited, there is absolutely no limit to the 
theoretical gain from an antenna, provided it is small 
enough! You would be justified in some skepticism at 
this point, since it turns out that gains much in ex- 
cess of 6 dB are impracticable unless the boom 
length is increased to half a wavelength or more. It is 

By Leslie A. Moxon,  GGXN, 1 Stoner Hill 
House, Froxfield, Petersfield, Hants, England 

12 a march 1979 



possible, though, to go down in size to about 3 met- 
ers square (10 feet square) without dropping below 
about 4.5 dB gain. 

If such statements are found puzzling, it is prob- 
ably because of the failure in most of the literature to 
distinguish between two completely different meth- 
ods of beam formation, additive and subtractive. The 
subtractive method is typified by the W8JK array, 
and, as I have shown elsewhere,3.4 most amateur 
high-frequency beams can be regarded as derived 
from or related to this array. The radiation patterns 
are calculable without using any variable other than 
the direction. Therefore, the gain is independent of 
size, provided the efficiency remains high enough to 
ensure that most of the power is radiated. It is this 
constraint, allied with the need for adequate band- 
width, which in practice limits the gain of subtractive 
beams to about 6 dB. 

D I R E C T I O N  OF 
R E C E ! V I N G  S T A T I O N  

fig. 1. In (A), the elements are fed 180 degrees out of phase 
so that the fields add in  phase along the line at right angles 
to the elements. A receiver located 45 degrees off the main 
beam sees a phase difference corresponding to AC-AB, i.e., 
54 degrees, causing a drop of 4 dB in signal level in addition 
to  the 3 dB which would be expected for a single element. 
Thus, the use of two elements has produced a narrower 
beam by virtue of the wide spacing. For subtractive gain, as 
shown in (B), the elements are closely spaced. Radiation 
would be cancelled except for a small phase shift of which 
the maximum value corresponds to the distance AC, or 36 
degrees for a spacing of X / l O .  At 45 degrees to the beam, the 
phase shift is reduced by the ratio of AB to AC (11 degrees), 
which translates into a 3-dB drop in signal level. If the fields 
are additive in the wanted direction, the 11-degree shift is of 
no consequence and the radiation pattern becomes that of a 
single dipole. 

fig. 2. Method for estimating gain from the radiation resis- 
tance. Diagram (A), which is drawn to  scale, shows how the 
W8JK element currents of 2.12 amps "add" to  give the equi- 
valent of 1.61 amps in  a single element. The currents are cor- 
rect for a radiated power of 72 watts. This would produce a 
current of 1 amp in a dipole, so that the voltage gain is 1.61, 
i.e. 4.2 dB. (B) shows how if  one element is given a phase 
lead equal to the spacing, only about half as much current is 
needed to produce the same field strength. In each case, 
the current is obtained from I = ,,IRE 

The following discussion is intended to provide 
further insight into the problems of designing small 
beams, so that you can make your own choice from 
the available options and then design the "best- 
possible" beams for the space and facilities you have 
available. Practical details and some performance 
data are given for a number of designs, but these 
are intended as guidelines and not as blueprints. 
Although the feasibility of the 3 meter square (ten 
foot square) design has been proved, my own pref- 
erence, given the space, is a 5.2 meter square (17 
foot square) 3-element design, which, besides pro- 
viding slightly more gain and greater bandwidth, 
lends itself to  a particularly light form of construc- 
tion and easier methods of achieving multiband op- 
eration. 

It is a strange paradox that the main advantages of 
increased size relate to operation at the higher fre- 
quencies, to the extent that considerable extra gain 
can be obtained at 28 MHz by using full-size, 14-MHz 
elements. For no reason that I can discover, this 
advantage is usually thrown away by using traps or 
nesting to "cut the elements down to size" at the 
higher frequencies. 

gain variation vs antenna size 
Gain results from concentrating the radiation in 

one particular direction at the expense of other direc- 
tions. This can be achieved by arranging more- 
effective addition or, as wi th the W8JK, less- 
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effective cancellation of radiation for the wanted di- 
rection. Addition requires wide spacing, as in f ig. 
I A ,  where the elements are arranged so that their 
fields add in phase for the wanted direction. Viewed 
at an angle of 45 degrees to the line of fire, the ele- 
ments are closer together by 0.29 wavelength, which 
translates into a phase shift of 104 degrees and a 
corresponding drop of 4 dB in signal level. This drop 
nf course, is in additinn to the cns t), or "angle to the 
wire" effect, which applies equally to beams and 
dipoles and amounts to - 3 dB at 45 degrees. But for 
the wide separation of the elements, there would 
be no phase shift, no narrowing of the radiation pat- 
tern, and hence no gain. 

On the other hand, given an array of n elements 
sufficiently far apart for mutual interaction to be 
ignored, we can provide each I / n  of the power. 
Since the voltages at the receiver add in phase, there 
is a power gain equal to the number of elements. 
Because the antennas have to be separated by at 
least X/2, i t turns out, not surprisingly, that gain is 
proportional to size. During reception, such an an- 
tenna collects most of the energy contained in the 
volume of space which it occupies, thus giving rise 
to the concept of aperture, for which it is sometimes 
claimed "there is no substitute." It  is perhaps diffi- 
cult to  conceive that a tiny beam can collect as much 
energy as a big one, but the explanation lies in the 
high Q of the smaller antenna. Just as tuned circuits 
couple together more tightly when their Q is in- 
creased, so reduction in fhe radiation resistance is 
accompanied by "tighter coupling" of the antenna 
into the surrounding space. 

To understand the mechanism of small beams, the 
W8JK system shown in fig. 1B is the easiest starting 
point. Radiation would be corrlpletely cancelled in all 
directions except for that caused by the phase shift, 
which results from the elements not being exactly 
the same distance from the receiver. Field strength 
is proportional to the apparent separation AB, which, 
like the radiation from a single element, varies as cos 

0:In simpler language, the field strength, at a,given 
distance and direction, is p~oportional to.the appar- 
ent length multiplied by the apparent separation of 
the elements. The separation factor applies equally in 
a plane at right angles to the diagram, so that the 
radiation pattern of a horizontal W8JK array is given 
by cos* 0 in the horizontal and cos 0 in the vertical 
plane. For a single horizontal wire, the pattern is cos 0 
in the horizontal plane and an omni-directional pat- 
tern in the vertical plane. The important point to note 
is that none of these patterns contain any seference 
to the dimensions, though we are of course assum- 
ing them to be small. In fact, the conclusion that gain 
is independent of size turns out to be accurate within 
about 0.5 dB for spacing up to X / 4  and element 
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fig. 3. Graphs for determining the radiation resistance of 
short elements. (A) shows the variation of radiation resis- 
tance with both end and center loading. The multiplying 
factor [see (B)] is used to give the sum of the radiation resis- 
tance for a pair of elements with X/8  spacing. For miniature 
beams, such as those shown in figs. 9 and 11, this approxi- 
mates to the impedance seen by the feeder going to the 
front element. The value for spacing is converted to the 
same angular units as the phase shift, which is relative to 
the condition 180 degrees out of phase. The third chart, (C), 
is an additional factor which is used if the spacing is other 
than X/8. 

lengths up to just over X/2. Up to these sizes, each 
element behaves in the same way, i.e., as a "point 
source" of energy. It is onlywhen an element is very 
large that appreciable extra gain, or directivity, can 
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be expected, as for example when a 14-MHz element 
is used as two half-waves in phase on 28 MHz. It 
should be obvious from inspection that quad loops, 
even full-sized ones, do not meet this condition, 

To prove the point, there is no harm in treating the 
loops as a pair of stacked dipoles. Various hand- 
books provide data indicating that the stacking gain 
for A / 4  spacing is only 1 dB. However, some of the 1 
dB is lost by bending over the ends, since a half- 
wave dipole has only a small gain (up to 0.4 dB) 
when compared with shorter dipoles; a further small 
amount is lost due to radiation off the ends. Even 
more is lost when parasitic elements are added, since 
the stacked dipoles then become stacked yagis, and, 
according to the usual rules, the higher the gain of 
individual antennas the further apart they have to be 
placed in order to achieve an appreciable stacking 
gain. 

It is unfortunate that many wild claims have been 
made for the quad, some of them involving profes- 
sional journals and computer studies. It needs to be 
stressed that measurements are very difficult and 
computers need to be asked the right questions. The 
habit of accepting figures without checking them 
against ordinary common sense is not confined to 
the Novice! In fact, as I have found, better low-angle 
gain is obtained by omitting the lower halves of quad 
loops and using the upper halves as inverted V or U 
elements. This increases the mean height by 2.4 
meters (8 feet) at 14 MHz; low-angle gain for a flat, 
unobstructed site being proportional to antenna 
height, this more than offsets any slight loss of free- 
space gain for heights up to about 21 meters 
(70 feet)! 

- F R O N T / B A C K  RATIO -\ . \ LOSS-FREE ELEMENTS 1 

0 . 4  0.6 0 . 8  1.0 1 .2  1.4 1 .5  

PHASE SHIFT / SPACING 

fig. 4. Gain and front-to-back ratio for the two elements, 
with and without losses. Loss resistance per unit of conduc- 
tor length is inversely proportional to diameter and directly 
proportional to the square root of the frequency. The figure 
of 0.6 ohm is based on a half-wavelength of no. 12 AWG (2.1- 
mm) wire having a sinusoidal current distribution at 14 
MHz. The element currents are assumed to be equal. The 
upper gain curve is for loss-free elements, while the lower is 
for 3.7-meter (12-foot) elements spaced at 2.4 meters (8 
feet). 

The real advantage of the quad is the large amount 
of extra gain (3-4 dB) obtainable by using the 14- 
MHz elements at 28 MHz with suitable resonators 
so that they become a "Bi-Square," but this is rarely 
exploited. Another frequently made claim, that the 
quad provides better DX signals by "lowering the 
angle of radiation", is also without foundation; the 
lobes of practical antennas are too broad to dis- 
criminate between direct and ground reflected waves 
which must always interect in the same way, re- 
sulting in a loss at low angles unless the antenna is 
very high or the ground sloping. To obtain the effec- 
tive gain at a low angle of radiation, the free-space 
gain is multiplied by the ground reflection factor, 
which, for horizontal antennas, depends only on 
antenna heights and radiation angle, being the same 
for a quad, yagi, dipole, small rhombic, or even a 
minibeam! 

The 4-dB gain of the W8JK can be estimated very 
roughly from the 3-dB widths of the radiation pat- 
terns discussed earlier, or, more accurately, from 
mutual-impedance data. For X/2 dipoles spaced at 
X/8, mutual impedance is 64 ohms, which has to be 
subtracted from the self-resistance of 72 ohms so 
that for each element the radiation resistance is 8 
ohms. If the power available is 72 watts, you would 
have a current of 1 ampere in an ordinary dipole, or 
2.12 amps in each of the W8JK dipoles. The phase 
difference due to spacing is 45 degrees, and, by 
"completing the triangle" as in fig. 2, you'll see that 
the distant field is the same as that which would 
result from 1.61 amps in the dipole, i e . ,  there is a 
voltage gain of 1.61/1 or 4.2 dB. 

Now, if the phase of the current in one element is 
advanced by an amount corresponding to the spac- 
ing, the total phase shift becomes zero for one direc- 
tion and is doubled for the other direction. The re- 
sultant unidirectional (cardioid) pattern would re- 
quire only about half the current to produce a given 
field strength. It happens (by coincidence) that the 
gain is unchanged, so that the effective radiation re- 
sistance has been multiplied by about four, proving 
that the beam can be made a lot smaller with the 
same results. Fig. 3, adapted from references 3-6, 
shows how radiation resistance varies with element 
length, spacing, and phase angle, from which it can 
be seen that provided you shorten the dipoles by 
sacrificing the ends and not the middle, the length 
can be reduced to 37 per cent of a half-wavelength 
before the radiation resistance drops to its W8JK 
value, giving a length of only 37 meters (12 feet) at 14 
MHz. This reduction in size could be carried out by 
taking the W8JK beam and folding its ends to fit the 
available space. Whether or not the example can be 
improved upon, it does demonstrate that if the 
W8JK beam works properly you could expect to be 
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equally successful at 14 MHz with a 3.7 x 2.4 meter 
(12 x 8 foot) miniature beam which has been adjust- 
ed to give a large frontlback ratio. 

Thus, changing the size does not alter the gain, 
but, obviously, if the length or spacing is halved, the 
current must be doubled to maintain a constant sig- 
nal, so that the radiation resistance has been divided 
by four. In the same way, you could alter the shape 
to just under 3 meters square (10 foot square) with- 
out affecting matters in any way, save that the diam- 
eter of turning circle is slightly decreased and it be- 
comes easier to handle the ends. 

Whatever shape is selected, radiation resistance 
may be obtained by multiplying the resistances plot- 
ted in f ig. 3A by the factors obtained from f igs. 3B 
and 3C. This is not quite the full story, since, as 
demonstrated by fig. 3 and 4, an extra dB of gain 
results from using an intermediate value of phase 
shift. However, this halves the radiation resistance 
and doubles any power loss. From the lower gain 
curves in fig. 4, i t can be deduced that for a 3-meter- 
square (10-foot-square) 14-MHz beam, using no. 12 
AWG (2.1-mm) wire elements with bent ends, a net 
gain of 4.5 dB should be obtained after allowing for 
resistance losses. There may be a slight additional 
loss due to the "short dipole" effect mentioned, but 
this is caused by a small difference in the amount of 
endwise radiation and is much less in the case of a 
beam. 

To put this into perspective, the maximum gain 
theoretically possible for a three-element parasitic 
array on a quarter-wavelength boom is 7.5 dB, but 
in this case , the radiation resistance is only 4 ohms 
(even less than that of the small beam), and the max- 
imum gain normally found in practice7 is less than 6 
dB. Theory goes on to predict a possible gain equal 
to the square of the number of elements,a but before 
getting far along this road you're faced with huge 
currents and voltages, infinitesimal radiation resis- 
tances, and microscopic tolerances t o  the 
extent that the 6-dB figure is unlikely to be exceeded 
in practical rotary beams for 14 MHz without in- 
creasing the boom length to at least X/2, which is 
sufficient to provide some "additive" gain. Reducing 
the size below 3 meters square (10 feet square) leads 
to a similar rapid increase of practical difficulties. 
And, as I shall point out later, there are substantial 
advantages, particularly for multiband operation, in 
an increase to about 5.2 meters square (17 feet 
square). 

Limitations on the reductions possible in antenna 
size result from the following: 

1. Drop in efficiency, i.e., the radiation resistance 
becomes comparable with the losses. This is basic 
and imposes a well-defined, practical limit. 

Capacitance plates consisting of wire grids 
Half-wavelength elements with folded ends. The length must 
be increased slightly to  maintain resonance. 
Small capacitance hats - the effective capacitance is en- 
hanced by near resonance with the inductors 
A loop with capacitance hats. This is equivalent to  a stacked 
pair of B-type elements with their ends in contact. 
Center loading with an inductor 
A half-wavelength element wi th a folded center. This is similar 
to E with a stub instead of the coil. However, the R values 
from fig. 3A are transformed by the stub t o  give an even 
lower value at the closed end of the stub. 
Loop equivalent to E 
Resonant feeders 
Version of a two-band element as used by DLlFK. The capa- 
citor tunes the inductance of the center of the radiator to  in- 
crease its effective value at the lower frequency. Series reso- 
nance of the capacitor wi th its connections shortens the elec- 
trical length for the higher frequency. 
Lumped circuit equivalent of I as used in one form of the 
G4ZU minibeam. 

fig. 5. This figure shows ten different methods for loading 
short elements. The merits of each type are discussed in the 
text. 
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2. Narrow bandwidth - the acceptable lower limit 
depends on the skill of the designer and the skill 
plus patience of the operator. 

Short elements have to be loaded to bring them to 
resonance. The aim must be to keep the radiation 
resistance high, which requires end loading, and the 
loss resistance low, which rules out the use of lossy 
devices such as coils or long resonant feeders. Fig. 
5 shows ten methods that have been used, with only 
5A through 5D meeting the radiation resistance re- 
quirement. The others tend to be more convenient, 
but use the triangular tips instead of the center of a 
sine-wave current distribution, thus halving the 
average current and dividing the radiation resistance 
by four, besides requiring an inductive and therefore 
relatively lossy loading device in the center. Of these 
methods, 5F is open to least objection, since stubs 
have less resistance than coils; 5H is particularly bad, 
since it multiplies the losses of 5F by the total number 
of half-wavelength in the resonant system. Methods 
51 and 5J are used for multibanding,8 which neces- 
sarily adds to the losses because of circulating cur- 
rents in the resonators. Methods 5E to 5H are there- 
fore applicable only for very modest reductions in 
antenna size. 

Of the remainder, 5C makes use of small end- 
loading capacitances which have their effective 
values greatly inflated by near resonance with the in- 
ductors. In one typical design, the total inductance is 

about 14 p H ,  SO that for a Qof 200 the loss resistance 
would be 6 ohms and more or less comparable with 
the radiation resistance, the element lengths being 
3.7 to4.3 meters (12 to 14 feet). Fig. 5A is ideal inso- 
far as there is negligible loss in the capacitance, but 
it is difficult to achieve enough loading, so that some 
inductance on the lines of 5C is likely to be required; 
in this case, however, it could take the form of short 
stubs and the losses would be minimal. Arrangement 
5B, consisting of a half-wavelength dipole with its 
ends bent over, is very similar, but simpler and equal- 
ly efficient. The bent ends are not, of course, pure 
capacitances and there are losses, but, as has been 
seen, this method allows high efficiency to be main- 
tained down to very small beam sizes. Efficiency can 
be estimated with the help of fig. 4. 

Another efficient type of small element is the capa- 
citively loaded loop shown in fig. 5D. Loops with 
3.2-meter (10.5-foot) sides have been used by 
G3YDX for a 14-MHz, two-element beam,2 and a 
design patented by G31MX achieves two-band op- 
eration by using traps to remove the loading at the 
higher frequencies. For a single 3.7-meter (12 foot) 
loop, the radiation resistance is 75 ohms. About 20 
ohms could be expected for a 1.8-meter (6-foot) 
loop, the loss resistance (referred to the feed point) 
probably being about 2 ohms. M y  own attempt to 
compress a 14-MHz quad into a 1.8-meter (6-foot) 
cube was unsuccessful, but I still think it might be 
achieved with rigid, all-metal construction and in- 
ductive loading stubs, plus sufficient ingenuity. The 
problem is to dispose of enough loading in the space 
available. In this case, neutralization will certainly be 
required as the lower physical limit is approached. 
Neutralization will not be required with 3-meter (10- 
foot) loops, as sufficient loading can be achieved 
within the plane of the loops without bringing ends 
into proximity. 

It is important in all cases to arrange the loading 
so that wires carrying appreciable current are not 
doubled back in a direction parallel to  the driven 
element, in which case they subtract from the 
wanted radiation, bringing the radiation resistance 
"down with a bump!" This constitutes one of the 
main problems of construction. 

bandwidth 
The bandwidth of a dipole may be roughly esti- 

mated from the radiation resistance ( R )  and the char- 
, , ,  

I P s 10 PO 5 0  acteristic impedance (Z), which depends on the ratio 
CONDUCTOR DIAMETER I N  M I L L  /METERS 

of length to diameter. Each per cent of detuning 
fig. 6. Bandwidth of folded X/2 wires at 14 MHz for different produces a reactance of 0.015.Z ohms; and the 3-dB 
values of radiation resistance. plus loss resistance. The bandwidth points (corresponding to an SWR of 2 : l )  
curves are calculated for an SWR of 2:l at the band edges, 
neglectingany changein Z ,  caused by folding. For a coupled may be found by equating this to R.  Bandwidths are 
pair of elements, the bandwidth for a given R is increased plotted in fig. 6 for 14-MHz dipoles of various wire 
slightly. diameters. The figures should be valid, as an approxi- 
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fig. 7. The top illustration shows a practical arrangement for 
a 14-MHz phasing control. The beam reversing switch, 
though not shown, interchanges the feeders. This circuit 
may be usable to  28 MHz ,  but the inductance should be 

subject to adjustments that can be carried out with- 
out leaving the shack. 

To illustrate, one element of the first version of 
my small beam had an intrinsic bandwidth (as cal- 
culated) of about 450 kHz. The completed minibeam, 
using a parasitic reflects:, had a usefu! Sandwidth of 
only about 200 kHz; at one edge the frontiback ratio 
had dropped below 8 dB and at the other edge the 
gain had dropped by 1 dB. in .wet weather, diie to an 
inadequately treated bamboo spider, the tuning 
shifted 200 kHz low, outside the desired range. In 
contrast, with the second version the useful band- 
width was only 130 kHz. However, it was desirable to 
keep within about 20 kHz of the tune-up frequency. 
But, by using separate feeders to each element, the 
beam was tunable to any frequency in the 14-MHz 
band either as a driven array or a driven element plus 
reflector. So, for practical purposes, despite the 
smaller intrinsic bandwidth, the useful bandwidth 
was greater. 

With the parasitic reflector, the phase-shift is re- 
lated to the ratio of reactance to the total resistance, 
R, of the reflector, and, in addition, must meet the 
requirement for reasonable gain in accordance with 
fig. 4. Although the actual relationship is much more 
complex, a rough idea of the bandwidth for useful 
performance can be obtained as follows. Referring to 
fig. 4, we might decide that performance is accept- 
able for values of phase shift from one half up to one 
and one half times the spacing, which means from 25 
to 75 degrees in the case of a spacing of 3 meters (10 
feet). At 25 degrees, the front-to-back ratio is down 
to 10 dB and the radiation resistance (fig. 3) is get- 

reduced to about 0.8 pH; some experimentation with values ting very low, while at 75 degrees the gain is down to 
may be needed. The principle of operation is demonstrated 
by (B); as shown the load currents are equal and the ratio of 
X / R  determines the phase shift. If, as is more usual, the 
loads are unequal, current equality may be achieved by 
adjustment of the reactances provided in (A) .  The com- 
ponents of (A)  can also be rearranged as a tuner for a 
parasitic type of beam [see ( C ) ] .  

mation, even when the dipoles are folded as in figs. 
58 or 5F. When two elements are assembled to form 
a beam, the bandwidth is reduced because of the 
drop in R, though, for a given value of R it is in- 
creased and could be almost doubled by virtue of 
the "coupled circuit effect." 

It is important to distinguish between three kinds 
of bandwidth: 

1. The pattern bandwidth - the bandwidth over 
which the radiation pattern and gain are satisfactory 

2. The bandwidth for satisfactory SWR 

3 dB. Phase shift is partly due to X, and partly to the 
mutual reactance between the elements, which, in 
this case, takes care (more or less) of the required 
mean value of 50 degrees. The maximum allowable 
shift of k 25 degrees occurs when'X/R is roughly 
equal to this angle (measured in radians), i e . ,  
X = R/2. From f ig .  3, R = 15 ohms and for 
Z = 1000 ohms (a typical value) a reactance R/2 
results from k 0.5 per cent detuning, i e . ,  the band- 
width is 1 per cent or 140 kHz, in good agreement 
with the observed figure of 175 kHz ( i . e . ,  
14.300-14.125) from fig. 10. 

The first version of the small beam was 3.7 meters 
square (12 feet square), which would be expected to 
double the radiation resistance and bandwidth; in 
this case, too, the calculations are in line with the ob- 
served performance and there was good agreement 
in regard to the observed bandwidth for a 20-dB 
front-to-back ratio. From fig. 4, the theoretical 20 
dB points correspond to a change of k 18 per cent in 
phase angle, or 36 per cent in reactance, i.e., 6 

3. The bandwidth over which the antenna is usable ohms, which translates into a bandwidth of 0.4 per 
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cent, or 56 kHz in comparison with a measured figure 360 7 c m  

4 0  6 c m  
1142 IN i 

of 55 kHz; however, this must be regarded as coin- 1'6 IN  I 

cidental, since both figures are very rough. l- 
r-2- 

phasing 
I t  is essential for the currents in the elements to be 

equal (or nearly so), as well as correctly phased. With 
parasitic arrays there is usually no independent con- 
trol of these quantities, though equality tends to be 
achieved in the case of quad reflectors. With X / 2  
dipole elements the inequality, though it degrades 
the frontlback ratio, does not upset gain to a serious 
extent. In contrast, the small-beam elements behave 
as overcoupled circuits resulting in large ratios of 
reflector to driven element currents. 

Neutralization allows the coupling to be reduced 
to  any desired extent, so that it can be adjusted in 
conjunction with the tuning of the reflector to obtain 
equal currents with any required value of phase shift. 
In this way, very deep nulls can be obtained in one 
or more back directions without resorting to driving 
both elements. This is subject to a number of as- 
sumptions: For example, the neutralization, which 
has to be adjusted at ground level, must remain 
"right" when the antenna is raised to its full height, 
at all frequencies, and in all types of weather. 

A driven arrangement with provision for adjust- 
ment of phases and amplitudes is obviously more 
versatile and allows compensation for considerable 
errors in tuning or neutralization, but the methods 
usually employed for driven arrays are based on false 
assumptions that are particularly disastrous in the 
case of small beams with reactively coupled ele- 
ments. I t  is usually assumed, for example, that 
X / 8  of line provides a 45 degree phase shift - which 
is true if the lines are perfectly matched. But often 
there is little attempt at matching, which will, in any 
case, be upset if the phasing is adjusted. A further 
difficulty is that for the elements to have equal im- 
pedances the mutual coupling between them must 
be a pure resistance, a condition that applies in prac- 
tice only for straight X /2  elements spaced just over 
X/8.  This, incidentally, is an important special case 
since it is then easy to calculate gain and radiation re- 
si~tance.3~5 Having established that gain is inde- 
pendent of size, the numbers obtained can be ap- 
plied to other sizes on the basis of fig. 3. 

If there is capacitive reactance coupling, as hap- 
pens with wider spacing or miniature elements, the 
radiation resistance of the reflector may be zero or 
even negative, in which case its feeder returns more 
power to the transmitter than it receives! Matching 
is clearly impossible under these conditions. The 
method I use, which can take various forms,6.9 is 
based on resonance; in fig. 7, the two feeders are 
connected through a series-resonant circuit and the 
complete system, minus the connection to the 

fig 8. Original version of the small beam showing one ele- 
ment plus the neutralizing wires. The elements are identi- 
cal, with a wire length of 11.4 meters (37.3 feet). For initial 
adjustment, one element without the feeder may be tuned 
as a parasitic reflector, in which case the length is about 
10.9 meters (35 feet, 10 inches). The elements and neutraliz- 
ing capacitors are made from no. 14 AWG (1.6-mm) wire, 
but the delta match and neutralizing cross connections can 
be made of a lighter gauge wire. The spider projects beyond 
the elements, which are suspended by lengths of polyethy- 
lene cord. 

transmitter, is made resonant. Phase-shift is ob- 
tained by off-center connection of the feedline from 
the transmitter. If necessary, element currents can 
be made the same by detuning the series circuit so 
that one element or the other is brought closer to 
resonance. Matching should be carried out to reduce 
the SWR in the line to the forward element, a high 
SWR in the reflector line being of no importance as 
there is very little power transferred along it. Cross- 
over of the elements as with the W8JK, though nor- 
mally essential with full-sized elements, is sometimes 
not required when coupling to highly reactive ele- 
ments. Using this arrangement, it has been possible 
to work with different or even unequal lengths of 
feedline, and to compensate for quite large errors of 
adjustment, though never to the extent of being able 
to use it as a substitute for neutralizing. The beam 
can be reversed either by interchange of feeders or 
moving the coil tap. It is possible, in principle, to 
null out from any given direction "off the back." A 
curious feature of reactive coupling is that, despite 
the remarkable effect it has on relative impedances, 
the sum of the two radiation resistances is not af- 
fected; for fig. 3 to have universal application, it was 
therefore necessary to plot the sum and not the in- 
dividual resistances. The sum is in any case a more 
useful figure for the present purpose since it is into 
this value that the feeder for the front element has to 
be matched (so that the antenna impedance is "re- 
peated" in the shack). It is often possible, particularly 
if the feeder length is a whole number of half wave- 
lengths, to use the phasing circuit with very little 
modification as a remote tuner for driven element 
and reflector operation (see fig. 7); this reduces the 

march 1979 19 



ing signal from the back direction, using the revers- 
ing switch as required. 

I 
BOOM 

n 61 cm 

/ ?  C T  I 

TUBE 
\- ,A: ;;., 

TUBE 

P __t_ 
61 crn 
(2 F T  I 

A FEW 1NCHES OF WIRE CAN 
\--BE BENT INWARDS HERE I F  

MORE LENGTH I S  NEEDED 

fig. 9. Construction details for a 3-meter-square (10-foot- 
square) beam for 14 MHz. The front, plan, and side views 
are shown in (A), (B), and (C), respectively. In (B), the bow- 
string-type arrangement is used to counter the pull of the 
loading wires and to allow the use of lightweight elements. 
Each neutralizing capacitor, as shown in (C), is approxi- 
mately 0.6 meter (1.9 feet) long. If greater wire length is 
needed, additional wire can be added as indicated in (C). 

number of knobs and has proved more convenient 
in practice, provided the neutralization is reasonably 
accurate. I t  has been found that, although small dif- 
ferences can be compensated, care in making the 
elements identical pays big dividends in convenience 
of operation, since it allows beam reversal with no 
change of tuning or matching. One can tune for a 
minimum on either the wanted station or an interfer- 

practical designs 
Several construction methods have been used.10 

Fig. 8 gives the dimensions of my first smal! beam, 
the elements being suspended by thin polyethylene 
cords from a six-armed spider made from bamboo 
gaideii caiies which extended jiist beyofid the wire. 
The two central arms were required to counter the 
inward pull of the folded sections. One element was 
driven using 300-ohm line with a delta match having 
series capacitors to tune out the reactance. I tried to 
tune the other for a null in the back direction, but 
this was barely perceptible. Current in the reflector 
was found to be higher than that in the driven ele- 
ment, so the neutralizing capacitance (formed by 
parallel wires) was increased by reducing the spac- 
ing, retuning the reflector, and adjusting the driven 
element for lowest SWR at each step. Eventually 
current equality and a good front-to-back ratio was 
achieved. A t  a height of 16.8 meters (55 feet) the 
antenna was compared with a two-element quad 
at 13.7 meters (45 feet) and appeared to be at least 
as good. 

Mention has already been made of bandwidth and 
wet weather problems. I t  quickly became obvious 
that two feeders would have to be used. To save 
cost, I used the transparent, plastic-type of 300-ohm 
line; lacking previous experience with it, I was un- 
prepared for the rapid deterioration, which caused a 
lot of confusion. Later, good results were briefly 
obtained using a pair of 600-lines. 

However, mechanical problems arose and the next 
step was a new design using metal construction 
with 3-meter (10-foot) elements made from 19-mm 
(0.75-inch) tubing. Short vertical rods at the ends of 
the elements (see fig. 9) act mainly as brackets for 
supporting wire zigzags. I found that, because of 
limited space, almost as much wire was needed as 
in the original design so that the use of tubing pro- 
vided no electrical advantage apart from getting rid 
of "wet weather" effects caused by the bamboo. To 
avoid the need for heavy-gauge elements, their ends 
were guyed back with polyethylene cord to the boom 
extensions, thus countering the inward pull of the 
loading wires. Two open-wire feedlines were used. 

Some typical measured performance figures are 
shown in fig. 10. On-the-air performance was down 
compared with earlier results, on average about 2 
dB; this might be due to the smaller size (radiation 
resistance being halved) in addition to closer prox- 
imity to tree branches, the mast being slightly shorter 
due to breakage and splicing! Another uncertainty 
arose from loss of the quad as a standard of refer- 
ence; the 3-element beam, though equal to the quad 

20 march 1979 



in performance, was so placed that it tended to 
screen the smaller beam. I could not be certain that 
rotation to an end-on position was removing all this 
effect. From this, I felt that the best test for the small 
beam would be as a direct replacement for the larger 
one. Now, however, I used a new multiband version, 
the disposition and loading of the elements for 14 
MHz being as shown in fig. 11. 

For such tests my yardstick for many years has 
been another station using a TH6 at 11.6 meters (38 
feet) and with a slightly better location for VK (long 
path) over which most of the tests were made. With 
the small beam at 14.6 meters (48 feet), I was able, 
for the first time on record, to equal the signals of 
the other station on three consecutive days. Nor- 
mally with a quad at 12.1 meters (40 feet) I should 
be down in most cases by 112 to 1 S-unit. Added to 
the initial results of the first small beams, this would 
provide substance for a claim that small beams, 
given a few feet of extra height, are actually better 
than big ones! Unfortunately, such a claim could 
not be supported by theory or common sense, but I 
was confirmed in my belief that the small beam can 
be made fully competitive. 

Any type of feeder can be used, but, because of 
its lightness, good-quality 300-ohm line can be rec- 
ommended as an alternative to open-wire line. I 
have also used 50- and 75-ohm coax with 4:1 baluns 
and delta matches identical to the one shown in 
fig. 8. 

three-element beam 
A starting point for this development was the 

original VK2ABQ design1 in which a quad loop lying 
on its side is converted into a two-element beam by 
insulators in the sides. The rather wide spacing 
( X / 4 )  unfortunately means that performance is slight- 

RELATIVE GAIN I 

14.0 14.1 14.2 14.3 

FREQUENCY- MHz 

fig. 10. Typical performance of the 1-meter-square (10-foot- 
square) beam. All parameters were measured with the 
beamataheight of 2.1 meters 17 feet) and the reflector tuned 
for 14.2 MHz. The dotted curve shows the improvement in 
SWR after adding 10 cm (4 inches) to each end of both ele- 
ments and retuning the reflector for best front-to-back ratio 
at each frequency. Note: The gain curve is listed as dB down 
from the maximum. 

ly worse than the best that can be achieved with two 
elements, and it seemed logical t o  me to put a third 
element in the middle. No increase in the diameter of 
the turning circle dictated a maximum element length 
of 7.3 meters (24 feet). With some end loading by 
vertical rods and the use of linear resonators, 1 was 
able to design a triband element (see f ig. 12) having 
almost as much radiation resistance as a full half- 
wavelength at 14 MHz, higher radiation resistance 
than a normal element at 21 and 28 MHz, a small 
amount of extra gain at 28 MHz, and no trap losses. 

Tubing was used for this element, but retention of 
bent wire elements for directors and reflectors made 
engineering sense, since these elements have 
less current flowing in them and a lot of cost and 
weight could be saved. The next step was to  elimi- 
nate the quad spider by using the driven element as 
one diagonal of a square and making it support the 
ends of the parasitic elements which were now V 
shaped instead of U shaped and filled in the sides of 
the square as shown in fig. 12C. The other diagonal 
became the "boom" and consisted of two 2.4-meter 
(8-foot) bamboo garden canes joined by a length of 
aluminum, supporting the apex of the Vs. 

V-shaped elements are not suitable for multiband- 
ing by the methods used for the driven element, and 
ordinary traps would be unsuitable for suspension in 
wires supported by such a light framework, as well 
as being too lossy. I therefore used separate ele- 
ments for each band with their ends strung out to 
different points on the vertical loading rods of the 
driven elements in the hope that this way they might 
not get entangled! Though somewhat haywire, this 
arrangement has unexpectedly survived two severe 
storms and, although it needs a lot of tidying up 
mechanically, comes fairly close to the ultimate in 
lightness combined with high performance. Details in 
f ig. 12 should assist any reader wishing to  experi- 
ment on similar lines. Despite the larger size, the 
overcoupling problem was not completely avoided 
and there was some slight difficulty in adjusting the 
14-MHz reflector, but this was overcome by increas- 
ing the spacing slightly as indicated in fig. 12C. 

The linear resonators work as f0llows.9~ll The in- 
ductance LAB of the central portion (AB) of the ele- 
ment is tuned to resonance by C1 so that it acts as 
insulator for 28 MHz, making the element two half- 
waves in phase. A t  21 MHz, about half of C2 serves 
to eliminate the inductance by tuning it to parallel 
resonance, with the remainder used to series reso- 
nate the inductance (Lo) of the outer portions of the 
element, LAB and Lo chosen to be roughly equal. A t  
14 MHz, the capacitors are virtually "not there," 
their values at 21 and 28 MHz having been inflated 
by series resonance with their connections, and con- 
sequently AB no longer acts as a tuning inductance 
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0 335.3 c m  ( 1 1  FEET)  
OF 1 . 9  on ( 3 / 4  I N . )  TUBING 

lower frequencies, the 21-MHz resonator in its sim- 
plest form has disastrous consequences at 28 MHz, 
where it looks like a rapidly varying inductance that 
results in a very narrow bandwidth. This problem is 
overcome by the capacitors (C3) which form addi- 
tionai iinear resonators tuned somewhat aboue 28 
MHz so that the effective inductance at 28 MHz is 
greatly increased without affecting 21 MHz. C3 is 
not critical. Using a grid-dip oscillator, the driven 
element should be tuned by adjustment of C1, C2, 
and the length of the loading wires to provide the re- 
quired resonant frequencies, taking care to avoid 
spurious resonances. Using a pick-up loop with a 
rectifier and meter as a simple rf current indicator, 
currents in L and C1 at 28 MHz will be roughly equal 
and some four times greater than the loop current 
observed at point D, (see fig. 12C). A t  21 MHz, cur- 
rents in C2, L, and just outside AB can be expected 

@ q, L? to  be roughly in the ratio 3:2:1. This is not critical, 
\ but any major departure could indicate a spurious 
\ 
\ resonance. I t  is important to ensure symmetry and 
\ 
t this requires a balanced feed, not a gamma match. 

When tuning three-element antennas, there are 
many performance combinations, but I tended to 
aim for maximum gain in the 14.1-14.2 MHz region. 
This yielded the fol lowing typical performance 
figures: 

Bandwidth for greater than 9 dB 
frontiback ratio 200 kHz 

Maximum frontlback ratio 12-15 dB 

Bandwidth for less than 1 dB 
b 

drop in gain 230 kHz 
fig. 11. This is an alternative form of the beam shown in fig. SWR at band edges 2.0:l 
9. In this case (A), the elements have been folded in a hori- 
zontal plane to avoid any vertical projections. The metal 
supporting strut in the center of the boom also serves as a 

Better frontlback ratios and bandwidths were ob- 

21128-MHz driven element in the rnultiband version. The tainable at the expense of gain, thus emphasizing the 
detail shown in (B) illustrates the arrangement for multi- desirability of remote tuning; in this way it should be 
banding with linear traps. Moving the shorting bar from S to possible to achieve effective gains between 6 and 7 
S'  results in an improved trap for 28 MHz, but separate par- 
asitic elements must then be used for 21 MHz. For mono- 
band 14-MHz operation, the capacitors are omitted, but 
extra wire may be needed to obtain sufficient loading. The 
wire lengths, a, b, c, d, and e, are all equal and approxi- 
mately 35.6 cm (14 inches). C1 and C2 use the wire segments 
bs and sd to form the linear traps for 28 and 21 MHz respec- 
tively. 

but reverts to its normal role as the "middle portion 
of a dipole." This process is accelerated by mutual 
coupling between the capacitive and inductive 
branches of the resonators. Values for C1 and C2 are 
critical and I used selected capacitors slightly lower 
than the required values (about 10 pF and 20 pF re- 
spectively) making up the difference with short, 
open-wire, adjustable stubs. 

Although linear resonators have little effect at 

dB. I tried to achieve this by using a single pair of 
additional feeders, attached to coupling loops placed 
near the centers of each set of parasitic elements, 
but achieved only limited success. A practical, but 
rather cumbersome alternative is to use separate 
feeders to all elements. 

A t  21 MHz, the SWR was 1.5-1.6 over the whole 
band; frontlback ratio increased wi th frequency 
from 13 to 16 dB, but was accompanied by an ap- 
parent 2-dB drop in gain. A t  28 MHz, bandwidth for 
an SWR better than 2: 1 was 350-400 kHz. Tuning for 
maximum gain at 28.5 MHz, there was a drop of 2 
dB at 28.25 and 29 MHz. The frontlback ratio rose 
from 11 dB at 28.5 to 15 dB at 28.9, but was down to 
6 dB at 28.25 MHz. These figures have been selected 
as fairly typical from a wide assortment and the varia- 
tions illustrate the degree of improvement to be 
expected from remote tuning. The linear resonator 
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ALUMINUM 11/2 IN . )  f S / 1 6  I N . )  
STRAPS TUBC TUBE 

NO. 14 11.6 mml  AWG SPACED 
3.8 cm ( 1 - i / Z  IN.) FROM TUBE 

element lengths 
frequency reflector director 

14 MHz 11.2 meters (440 inches) 10.8 meters (426 inches) 
21 MHz 6.9 meters (272 inches) 6.3 meters (259 inches) 
28 MHz 5.1 meters (202 inches) 4.8 meters (I88 inches) 

boom length f rom center of driven element t o  apex of Vs 
frequency reflector director 

14 MHz 4 meters (156 inches) 3.2 meters (126 inches) 
21 MHz 2.6 meters (101 inches) 2.6 meters (101 inches) 
28 MHz 2.2 meters (86 inches) 2.2 meters (86 inches) REFLECTORS 

f ig. 12. (A )  shows the plan view of the driven element made f rom aluminum tubing, starting w i th  32 m m  (1% inch), tapering 
down t o  12.5 m m  10.5 inch) diameter. The feeder is connected to  points x,x using the delta match shown i n  (B). Close examina- 
t ion of the end of the element may be necessary to  fully understand the loading. Each vertical rod (x,z) is no t  only a help in  pro- 
viding the end loading, but is also used as an attachment point for the ends of the parasitic elements. Also attached t o  the verti- 
cal rods is the other portion of the end loading. short lengths L40.6 c m  (16 inches)] of no. 14 AWG (1.6-mm) copper wire. These 
lengths are run f rom x and z to  point y, Le., i n  the same line as the center element. The delta match detail is shown i n  (B). For 
open-wire line, the capacitors are omitted and the spacing is increased slightly. A plan view showing the parasitic elements is 
shown i n  (C). The elements are made from no. 14 AWG (1.6-mm) copper wire. 

details shown in fig. 12 are applicable also to "full- 
size" elements, a reduction in length of about four 
per cent being required due to the presence of C2. 

Earlier I criticized trapped beams, but the situation 
is quite different with small elements, including the 
V-shaped parasitic elements of the 'beam just de- 
scribed. If the folded ends are left in place, at the 
higher frequencies they degrade performance 
because of an inefficient current distribution and by 
radiation from the ends. The only practical way to 
remove the excess capacitance is by means of traps, 
but ordinary traps result in appreciable losses even 
with full-size elements. And, as the radiation resis- 
tance drops, the power loss increases in the same 
proportion so that large losses can be expected. This 

problem can be resolved with the help of the linear 
resonator, which, instead of degrading the perform- 
ance at 14 MHz, actually has a very slight beneficial 
effect by increasing the total capacitance. 

Another problem is caused by excessive spacing 
between elements at the higher frequencies. This 
can be avoided by using a separate, centrally placed, 
driven element for 21 and 28 MHz, a coax feeder with 
4:1 balun, and a delta match into a linear resonator, 
providing two-band operation. To ke'ep within an 
area 3 meters square (10 feet square), long, vertical, 
loading rods would have been required, but I thought 
it was better to increase the element lengths to 3.4 
meters (11 feet) and make full use of the 4.7-meter 
(1 5.5-foot) turning circle. 
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Multiband operation, with good front-to-back 
ratios, was obtained using traps as shown in fig. 
I I B ,  but on 21 MHz the bandwidth was too narrow 
to be acceptable. The structure was braced with a 
lot of cord ties and I was able to use them to support 
separate (mire) parasitic elements for 21 MHz. 

Capacitive coupling from these into the driven ele- 
ment was excessive, however, and the reflector had 
to be neutralized. Bandwidth was still rather narrow 
and devious means were needed to achieve even 
enough remote tunlng for band coverage (without 
beam reversal) on 21 MHz. Despite satisfactory per- 
formance, the design became too complicated to be 
recommended in its present form. I t  has neverthe- 
less proved that the problem is solvable, and guide- 
lines have been established for further experiments. 
In particular, I found that proximity between the 14 
and 21 MHz parasitic elements (average separation 
less than 0.3 meter [I foot]) had no effect on 14-MHz 
performance. One obvious solution would be the 
use of separate parasitic elements for the higher 
bands, stacked about 0.6 meter (2 feet) above and 
below the 14-MHz elements. Linear traps remain 
the neatest method, and from inspection of fig. I I B ,  
it is obviously possible to increase the trap length 
(and hence the bandwidth) by using the entire avail- 
able length for 21 MHz, in which case the 28 MHz 
traps would have to be accommodated within the 21 
MHz traps. Experiments along these lines can be 
recommended to anyone who feels he has the neces- 
sary skill and patience. 

Unfortunately, narrow bandwidth at 21 and 28 
MHz, in comparison with a monoband antenna of 
the same size, appears to be a price that has to be 
paid for the multibanding of a "smallest-possible" 
beam. (It is also part of the price usually, but mis- 
takenly, paid for the multibanding of full-size ele- 
ments which, when used without traps, have very 
much higher radiation resistances at the higher fre- 
quencies.) 

One practical point that must be stressed is the 
need for accurately maintaining the shape of the 
linear resonators. With separate feeders to each ele- 
ment, small changes in resonant frequency can, of 
course, be corrected from the shack, but any asym- 
metry causes the current maximum to shift toward 
one end of the radiator. Probably worse, a voltage 
will exist in the center causing current to flow in a 
metal boom or dielectric losses in a wooden boom if 
wet! Insulating a metal element from a metal boom is 
not a complete cure, because there is bound to be 
some capacitance, but it has been found preferable 
to bonding. 

future trends 

and find it difficult to  envisage a future for small 
beams outside the guidelines presented here, but 
perhaps someone will take this as a challenge and 
come up with something really new! There is room 
for plenty of ingenuity in finding ways of folding 
elements to fit them into small spaces, and it should 
be possible to improve bandwidth by the somewhat 
mind-boggling process of folding a folded dipole! 
The mini-quad also has interesting possibilities and 
appears to lend itself to a number of options for 
multibanding, of which i favor use of 20-meter loops 
for 10 meters, and separate, stacked elements for 
15 meters. 

Better construction methods are needed to im- 
prove reliability and achieve closer tolerances. A 
completely foolproof tune-up procedure, which can 
be used in all situations, has yet to be evolved. More 
data is needed on the range over which remote 
tuning from the shack can be achieved without pen- 
alties; further development is needed to find the best 
methods for remote tuning and reversal of small 
three-element beams. Perhaps someone may then 
get around to applying these features to the big 
beams - which will otherwise find themselves at a 
disadvantage! For multibanding of beams such as 
those described here, I believe the future lies in im- 
proved versions of the linear resonator trap, which 
would ease the problem of remote fine tuning and 
avoid the complications of stacking. 

As an alternative to neutralizing, I have tried using 
the 21128-MHz element as an electrostatic screen 
between the 14-MHz elements, but I failed to achieve 
a viable system. There are difficulties, for example, 
in specifying exactly what is "earth," and I have 
found it advisable, even with neutralizing, to insulate 
elements from the boom and perferably to use a 
wooden boom. 
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high-perf ormance 
voltage-tuned mosfet oscillator 

One comment often heard on the amateur bands 
is that the art of homebrewing is a thing of the past. 
Nothing could be further from the truth. The amateur 
fraternity has acquired new vigor and growth, and 
more hams now than ever before, are "rolling their 
own." This is happening in spite of the fact that, 
again as a result of recent amateur growth, commer- 
cial manufacturers of ham gear are able to offer 
greater bargains in terms of performance per dollar. 
Yet there is a growing number of do-it-yourself ama- 
teurs who are dedicated to building all or some of 
their own equipment. The VTO described here is only 
one example of this trend. I am admittedly a home- 
brew addict. 

concept 
The constantly changing state of the art has pro- 

vided a diversity of methods and circuits applicable 
to today's requirements. The VTO described in this 
article is more than just another of the garden varie- 
ty. It was deliberately designed to perform well under 
the most demanding conditions. You may be inter- 
ested in duplicating the design, or in using the basic 
concept to build one to suit your own particular 
needs. 

This article is intended to provide sufficient specif- 
ic information so that the design can be easily dupli- 
cated. If you need a VTO possessing superior per- 
formance characteristics, scrutinize the following 
checklist and decide if this construction project is 
for you. 

1. Adjustable tuning range 
2. Exceptionally clean spectrum - like that of a 
VCXO 
3. Frequency essentially independent of load 
4. A temperature compensation adjustment to 
cancel drift 
5. Power output + 10 dBm in a 50-ohm load 
6. Remote tuning capability 
7. Frequency independent of line voltage 
8. Excellent short-term frequency stability 
9. Excellent long-term frequency stability 

10. Fast warm-up 

After reading this article, you may wish to modify 

I the design to fit your own needs. If so, there are cer- 
tain things you should not do or need not do: 

Don't use powdered-iron tuning slugs in the oscil- 
lator coil. It is particularly important to stay away 
from pot cores, bobbins, sleeves, toroids, and other 
ferromagnetic materials. Not only do these devices 
generally have relatively high temperature coeffi- 
cients, but they possess a characteristic called hys- 
teresis, which may cause the VTO frequency to wan- 
der from time to time for what appears to be no good 
reason. The permeability of powderded iron and fer- 
rite materials is relatively sensitive to even weak mag- 
netic fields. 

Don't use a clamping diode on the MOSFET oscilla- 
tor gate. It isn't necessary and only adds to the com- 
plexity. Note that the gate is grounded through the 
coil winding and therefore bias shift on gate 1 cannot 
occur. 

The VTO described here should be operated at the 
fundamental, not a subharmonic. With the source 
bias used, the waveform on gate 1 is very nearly a 
pure sine wave, as is the waveform at the output. 
The circuit does not work well as a multiplier. 

Don't operate the varicaps with too little bias. If 
the peak rf voltage exceeds the bias, rf rectification 
may occur which will generally disrupt performance. 
In the present design, varicap bias varies between 7 
and 10 volts, although bias as low as 4 volts may be 
used if a wider band is to be covered. 

Don't use a zener to provide voltage regulation for 
gate 2 or the drain of the MOSFET oscillator. (See fig. 
1.) Use an integrated circuit regulator such as the 
~A723. Gate 2 voltage should be provided from a 
resistor divider network fed from the 723 output. 

Don't mount the oscillator on a printed circuit 
board, since flexing or warping can cause serious 
stability problems. It is much better to assemble the 
entire oscillator on a brass or copper plate that can be 
mounted firmly to a shield box. Copper is preferred 

By Norm Foot, WASHUV, 293 East Madison 
Avenue, Elmhurst, Illinois 60126 
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because is has higher heat conductivity, which helps ing. It had to operate above 30 MHz and also drive a 
to keep all circuit components at the same tempera- counter to provide a digital readout. The readout 
ture. Use a small plate not less than 0.8 mm (0.032 constantly monitors the frequency, which means 
inch) thick. that any drift exceeding 50 Hz would be particularly 

annoying, not to mention the problem associated 
Don't use plastic, phenolic, or fiber coil forms. The 

with copying sideband signals. Furthermore, the tun- 
coil forms used in this VTO are Cambion part number 

ing range was to be adjusted to cover exactly 100 
1536-3-1. Only the amplifier circuit coil uses the tun- 

kHz plus 100 Hz overlap at each end. The drift after 
ing slug, which is carbonyl J (green). 

warmup turned out to be considerably less than origi- 
Do not use ceramic trimmers in the oscillator cir- 

cuit. The glass-piston trimmers specified possess a 
low temperature coefficient and are mechanically 
rugged. 

Do not locate the VTO circuit near heat-generating 
components such as power supply regulators or 
transformers. Remember, since the oscillator is volt- 
age tuned, it can be located at any convenient loca- 
tion because it does not require mechanical linkage 
with the front panel. You may want to take advan- 
tage of this feature and locate it next to the mixer 
where it belongs. 

application 
This particular VTO was designed as the local oscil- 

lator for the second mixer in a communications 
receiver. The design requirements were very exact- 

nally expected, in spite of the higher-than-normal op- 
erating frequency and the use of varicaps for tuning. 

tuning mechanism 
Although the circuit values can be modified so that 

the VTO covers other frequency ranges, this particu- 
lar unit tunes 30,250 to 30,350 kHz. A five-turn, line- 
ar-taper, Bourns precision potentiometer (part num- 
ber 35205-417-453) is used for frequency tuning. A 
6.4-mm (2.5-inch) diameter Millen fluted knob pro- 
vides approximately 20-kHz per revolution, permit- 
ting ssb signals to be tuned in with relative ease. This 
amounts to 18 degrees per kHz. A ten-turn potenti- 
ometer can be substituted if greater tuning resolution 
is desired. In any event, avoid the use of a gear train 
to increase resolution if backlash is to be avoided. 

Originally, there was considerable concern regard- 
ing the ability of the of the potentiometer to stand up 

fig. 1. Schematic diagram of the voltage-tuned oscillator. All fixed resistors are 114-watt composition, and all capacitors are 
dipped silver mica unless otherwise indicated. The 470-pF feedthrough capacitors are from Spectrum Control (part number 54- 
794-002-741M). The varactors are TRW 4808s. Capacitor C3 is an Erie 0.7-12 pF piston trimmer, while C4 is a 1-18 pF Erie piston 
trimmer. L1 is wound on the Cambion 1536-3-1 coil form; K uses the same form with the carbonyl J tuning slug inserted as 
shown in the diagram. 

march 1979 27 



to abuse day after day. However, the original unit 
showed no indication of wear after two years of 
almost daily and often grueling use. 

circuit details 
The VTO inciucies a 3N20i dual-gate MOSFET oscii- 

lator driving a low-cost 40673 MOSFET buffer ampli- 
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fig. 2. Manufacturer's specifications for the TRW 4808 varactor. 

fier. A high degree of isolation is achieved by use of 
the 100-ohm resistor in the oscillator drain circuit. As 
a result, pulling of the oscillator as the buffer coil is 
tuned through the oscillator frequency is less than 
200 Hz. Since the buffer circuit is broadband and 
therefore fixed tuned, this effect has insignificant ef- 
fect on drift. If the load terminals are opened or 
short-circuited, the change in the oscillator frequen- 
cy is less than 100 Hz. Power output over the 100- 
kHz range is essentially constant at 10 milliwatts 
under load. 

The coils are wound on ceramic forms with no. 26 
(0.4-mm) AWG enameled copper wire and heavily 
doped with polystyrene Q dope. The 50-ohm output 
winding on the amplifier coil consists of two turns 
of no. 26 (0.4-mm) AWG enameled copper wire, 
pushed up tight against the bottom (cold) end of the 
tuned circuit coil. It is important that the tuning slug 
be positioned at the %-ohm output end of the coil, 
partly overlapping both the tuned circuit and the out- 
put winding. 

power supply considerations 
Both the oscillator and its buffer are powered from 

a pA723 integrated circuit regulator which accepts 
current from a regulated 14-volt supply. The 723 
reduces the 14 volts to 10 volts. The importance of 
this additional regulator cannot be overemphasized. 
Not only does it provide the required tight voltage 
regulation, but by its nature the output voltage is ex- 
tremely well filtered. For example, when the spectral 
purity of the VTO was compared while using a bat- 

ulation. Small changes in supply voltage cannot be 
tolerated because the same supply is applied to the 
tuning varactors. 

A pair of TRW 4808 voltage-variable, varactor 
diodes (varicaps) are used to control the VTO fre- 
quency. These 27-pF tuning varactors are connected 
in the conventional back-to-back manner with the 
tuning voltage fed to their junction through an RC fil- 
ter. The 1000-ohm tuning range trimpot is set near its 
midpoint so that the voltage across the 45k-ohm tun- 
ing potentiometer is approximately 3 volts. Under 
these conditions, the tuning potentiometer provides 
the varicaps with between 7 and 10 volts. Long life 
and reliability is assured since the potentiometer car- 
ries only 64 microamperes while the current carried 
by the moving arm is essentially zero. Data on the 
varicap is shown in fig. 2. 

The varicap tuning sensitivity is 30 pV/Hz. If the 
spectral purity of the oscillator is to be high enough 
for the intended application, power supply noise and 
ripple must be extremely low. The pA723 is specified 
at 20 pV rms noise typical. This could cause a ran- 
dom peak-to-peak fm of 1.89 Hz. Most of this noise 
is eliminated by means of the lowpass filter consist- 
ing of the 47k-ohm resistor and the 1.0 pF capacitor. 
What little noise actually remains should consist of 
very low-frequency components, since the RC filter 
has a 20 Hz cut-off frequency. In the author's appli- 
cation, there is no detectable reduction in receiver 
output noise when a battery is substituted for the 
pA723 regulator. 

Ripple from the 723 is specified as typically 74 dB 
below the input ripple. Even if the input ripple were 
100 mV peak-to-peak, the output ripple would only 
be 2.0 pV, including the filtering action of the varicap 
RC filter. This translates to less than a tenth of a 
cycle fm. 

The varactor capacity as seen by the oscillator coil 
varies from 3.8 to 4.4 pF. Since the total circuit capa- 

tery supply and then the 723 post regulator, there Since the VTO is dc tuned, it does not have to be located 
was no noticeable difference. By contrast, without near the front panel. In this case, it has been incorporated 
the post regulator, there was considerable hum mod- into the same module as the HFO buffer. 
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city is approximately 90 pF, the ratio of high to low 
end frequencies is as follows: 

where 

FH = high-end frequency 
FL = low-end frequency 
C = total circuit capacitance 

Therefore, if 

FL = 30,250 kHz, 

FH = I .  0033 X 30,250 

= 30,350 kHz. 

Of course, the tuning range tripot can be adjusted 
to provide overlap at each end of the tuning range if 
that is desired. 

The frequency ratio formula can also be used for 
different frequencies and tuning ranges. I suggest 
that the circuit capacity be scaled in proportion to 
wavelength. A VTO operating between 5.0 and 5.1 
MHz, for example, could use a circuit capacity of 
about 500 pF, The varicaps would each be 150 pF, 
while C would be approximately 20.2 pF, which re- 
quires a tuning voltage range of about 6.4 to 10 volts. 

tuning linearity 
While the tuning potentiometer is linear, the vari- 

cap tuning characteristic is not. As a consequence, 
the frequency tunes slightly faster at the low end of 
the range than at the high (see fig. 3). However, the 
departure from linearity is small. Based on the manu- 
facturer's data, and by measurement, the number of 
kilohertz per revolution at the low end is 22.4 com- 
pared with 18.2 at the high end. This nonlinearity 
might be objectionable if it were necessary to employ 
a mechanical frequency indicator, such as a plane- 
tary mechanism. In my application, the VTO drives a 
programmable digital counter in which case the small 
nonlinearity is of no consequence. 

temperature compensation 
Considerable effort went into developing a variable 

temperature compensating circuit for this VTO. 
While the idea is not new, it lends itself well to this 
particular application. The compensation circuit is 
simple and easy to adjust. 

A piston trimmer is connected in series with a neg- 
ative temperature coefficient ceramic capacitor. The 
coefficient was intentionally made larger than need- 
ed. The effective circuit coefficient is adjusted by 
tuning the piston trimmer, C4. The change in fre- 
quency which resulted is compensated for by adjust- 
ing C3. There is a particular setting of these two 

capacitors which will provide zero temperature coef- 
ficient, therefore zero oscillator drift after warm-up. 

Based on manufacturer's data, the voltage-tuned 
varactors have a temperature coefficient of 250 to 
300 ppmldegrees C. Of course, most of the other cir- 
cuit elements exhibit positive coefficients as well, but 
their coefficient is generally less - in the order of 50 

V T O  T U N I N G  NON-  L I N E A R I T Y  

- 1 

2 3 

T U R N S  

fig. 3. Chart of the voltage-tuned oscillator's 
linearity as the oscillator tunes from one end of 
its range to the other. 

to 100 ppmldegrees C. Dipped silver-mica capacitors 
were found to be entirely satisfactory for use in the 
oscillator and amplifier tuned circuits. 

A series of tests was performed using NTC capaci- 
tors with various temperature coefficient values. 
Finally, a 51-pF, N330 capacitor was selected. An 
additional 24-pF, NTC 150 capacitor was added in 
parallel to bring the circuit temperature coefficient 
within range of C4. C4 is a key circuit element 
because it allows the effective temperature coeffi- 
cient to be adjusted, and therefore the amount and 
direction of oscillator drift. The proper setting was 
found after a number of drift tests were performed 
over a period of a few hours using different settings 
of C3 and C4. The results of these tests are shown in 
fig. 4. 

After a period of about three months, and again a 
year later, the drift was checked. I t  was found that 
no change in compensation had taken place. The cir- 
cuit gives you a real good opportunity to check the 
Other fellow's frequency stability! 

After two years of drift-free use, and strictly out of 
curiosity, the original 3N201 oscillator MOSFET was 
replaced with another made by a different manufac- 
turer. It was found that the frequency was slightly 
higher and needed trimming. Subsequent drift tests 
showed the circuit to be over-compensated. A new 
set of drift tests were run and the overall temperature 
coefficient quickly brought back to zero. 

If the drift that occurs after turn-on from a cold 
start is annoying, or if the application requires abso- 
lutely zero warmup drift, I recommend that the drift 
correction circuit described by PA0KSBl be used. 
This circuit was built and applied to the AFC terminal 
shown in fig. 1. The performance was excellent. 
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There was absolutely no warmup drift. I t  was neces- 
sary, however, to include the up-down tuning push 
buttons recommended to periodically correct for cali- 
bration errors inherent in the design. Since this 
requirement was more of a nuisance than the warm- 
up drift, the circuit was not permanently installed. 
From a practical standpoint, about the time the 6146s 
are warmed up and ready to go, the VTO has stabil- 
ized! It was also interesting to note that if the VTO 
design described here were to be modified for opera- 
ticn at 5.0 MHz, the warmup drift would be only 
about 100 Hz. 

dryer will probably prove only that the temperature 
compensating circuit has a thermal lag. 

Short-term drift and low-frequency shot noise ef- 
fects can be determined by tuning in WWV (assum- 
ing the VTO is used as the local oscillator of the 
receiver). Using the BFO, set the tuning for a conven- 
ient heterodyne (500 Hz for example), and then 
acoustically zero beat an audio oscillator and speaker 
combination with the receiver output. Listen for any 
warbling and jumping. If you use a low-beat note, 
you should be able to hear and detect frequency vari- 
ations as small as f 2 Hz by reading frequency 

I CORRECT COMPENSATION --I /' 
OVER COMPENSATED -- -1' 

_ - _ _ _ _ _ _ _  _ _ _ - - _ _ - _ - - -  - - - - -  - - - - -  I 

fig. 4. Typical results of the - 2 0 0 0 {  

i 

2 -1OOO - UNDER C O M ~ E , A J ~ ~ ~ ~ ~  -1 
f 

Excellent short-time stability was achieved by changes from the audio oscillator dial. If the oscilla- 
enclosing the VTO circuit in a metal box. Also, a tor is working properly, random variations should not 
brass cup heatsinked to the chassis was mounted exceed k 5 Hz at 30 MHz, or + 1 Hz at 5 MHz, and 
over the 3N201 transistor and its socket. This pro- there should not be any jumping. It is interesting that 
tects the transistor from drafts to which it is particu- the technique described here allows you to detect 
larly susceptible, and forces the ambient temperature variations as small as one part in 107 or better. 
in the vicinity of the transistor to track that of the en- 
tire circuit. This combination was found to be very references 

oscillator drift tests. Incor- 
porating the drift correction 
circuit described by PABKSB 

- 3 0 0 0  - 

effective. 
One of the most frustrating problems associated 

with checking out a new oscillator is being able to 
separate out the various causes of drift. They include 
the effective temperature coefficient =of the overall 
electrical circuit, the effects of voltage variations, 
and mechanical effects. If the oscillator varies or 
jumps when the oscillator chassis is tapped sharply 
with a screwdriver, you have mechanical problems. 
Don't try to temperature stabilize the circuit until i t is 
mechanically sound. I t  is a good idea to run the tem- 
perature of the circuit up and down several times us- 
ing a hair dryer to reduce mechanical strains before 
checking drift. 

If you use the regulator circuit suggested here, you 

I 

, , 
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will reduce the frequency 2 4  6 8 1 0  1 2  14 16 1 8  P O  2 2  2 4  2 6  2 8  3 0  3 2  3 4  3 6  3 8  4 0  4 2  4 4  

change to  zero. T I M E  - M I N U T E S  

bibliography 

/ 
,,,/' / 

Cromartie, Edmund S., "Synthesis of a Varicap," QST, September, 1972, 
page 44. 
DeMaw, Doug, WlCER, "Building a Simple Two-Band VFO," QST, June, 
1970, page 21. 
DeMaw, Doug, WlCER,  "VFO Design Techniques for  Improved 
Stabilities," ham radio, June 1976, page 10. 
Foot, Norman J., WASHUV, "A Digitally Programmable-HF Communica- 
tions Receiver," ham radio, October, 1978, page 10. 
Lee, Di Ming, "A VTO for 80 Through 10 Meters," QST, November, 1970, 
page 21. 
McDowell, Warren, W2A00 .  "Varicap Tune Your VFO," QST, April 1975, 
page 27. 
McGraw, Robert W., WZLYN, "A 3- to 4-MHz Franklin VFO," QST, 
August 1971, page 29. 
Mather, A.S., VKZJZ, "An External VFO For The SB-100 Transceiver," should be able to set the line voltage as low as 100 
QST, October 1970, page42, 

volts before detecting any oscillator drift. Long-term Schrick. Gerd H..  WB8IFM. "Diai tal  Readout Variable Freouencv . , 

drift tests should be performed by running the circuit Oscillator," ham rad~o, January 1973, page 14 

as it would normally be operated. The use of a hair ham radio 

30 march 1979 



operational characteristics 

I Of the I Fig. 1 shows the block diagram of the 555 timer. 
The basic components consist of an output driver, a 

555 timer control flip-flop, and two voltage comparators. The 
flip-flop drives the discharge transistor and output 

Care and feeding of the 
multi-purpose 555 timer - 

a closer look 
at some of the reasons 

behind the designs 

The 555 timer has become one of the most popular 
ICs used by both industry and hobbyists alike. Since 
its introduction by Signetics Corporation in 1972 (as 
the NE5551, every major IC manufacturer has pro- 
duced a 555 equivalent. Variations have been devel- 
oped by Signetics and others, primarily for specific 
applications (NE556, NE558 quad, XR2250 program- 
mable). 

Circuits using the 555 show up in virtually every 
electronics-oriented magazine. The popularity of the 
555 is partly due to its versatility and partly because 
of its cost (generally less than 50 cents). These pub- 
lished circuits use the timer to generate ramps and 
time delays, detect missing pulses, act as oscillators, 
and a host of other applications. The list of specifics 
can become quite extensive. Most of these applica- 
tions now appear as "cookbook" circuits with little 
detail on how the design was accomplished and what 
variations a builder of that circuit can expect. 

This article was written to help you get a better 
understanding of the 555 and how its eight pins react 
to external components. With this information, you 
can get a feel for how most 555 applications work. 
For the more creative, I'll outline the basic design 
rules for using the 555. (Information on the 555 also 
applies to the 556 dual timer.) 

driver. The state of the flip-flop is controlled by the 
reset pin (pin 4) or one of two comparators. One 
comparator is controlled by the voltage on the trigger 
pin (pin 2) and the other controlled by the voltage on 
the threshold pin (pin 6 ) .  

These comparators have separate reference points 
which are controlled by the three-resistor divider 
from Vcc to ground. The resistors are all of equal 
value (5-k ohms). The reference voltage for the 
threshold comparator is thus 213 of Vcc, and is also 
available on pin 5, the control voltage pin. The refer- 
ence voltage into the trigger comparator is set at 113 
Vcc by the divider network (Note: it is also one half of 
the voltage on the control voltage pin). 

The output (pin 3) has the capability of providing 
200 mA. Because of the totem-pole structure, this 

THRESHOLD 
THRESHOLD 

8 RESET 

FLOP 

OUTPUT 
DRIVER 

R 

I 
q 7 

1 I GROUND 

DISCHARGE 

fig. 1. Block diagram of the 555 timer. The three-resistor 
divider network causes the voltage comparators to work on 
a ratio, rather than an absolute voltage level. This makes 
any timing functions relatively insensitive to supply voltage. 

By Bob Marshall, WBBFOC, Signetics Corpor- 
ation, Post Office Box 9052, 81 1 East Arques 
Avenue, Sunnyvale, California 94066 
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current supply is available whether the output is high 
or low. Additionally, when the output is high, the dis- 
charge transistor is turned off. 

monostable operation 
To help understand the action of the comparators 

it is best to show the operation of the 555 in one of 
the basic timing modes. The monostable configura- 
tion of the timer requires only two external compo- 
nents. It is shown in fig. 2A (the capacitor on pin 5 is 
optional). 

A resistor (RA) is connected from Vcc to the dis- 
charge pin (pin 7) and threshold pin (pin 61. A capaci- 
tor is then connected from pins 6 and 7 to ground. 
The values of RA and C will determine for how long 
the output remains high. 

Initially, the output is low and the discharge tran- 
sistor is turned on. This essentially shorts the timing 
capacitor C.  Therefore, the threshold comparator in- 
put is at zero volts. When the trigger comparator 

fig. 2. Configuration of the 555 timer for use as a monostable 
multivibrator and the associated waveforms (B).  The nega- 
tive-going pulse applied to the trigger input causes the 
internal flip-flop to change states, generating the output 
pulse. 

107 2.07 3 OF 4.07 5 0 7  

fig. 3. Diagram of the normal RC time-constant curve. When 
connected as a monostable, the output pulse width from 
the timer is determined by the time it takes the capacitor to 
charge between zero and 66 per cent of the full charge. 

receives a trigger that is less than 1 / 3  Vcc, it causes 
the flip-flop to switch. The output goes high and the 
discharge transistor turns off. When this happens, 
the timing capacitor starts charging to Vcc via RA. As 
soon as the charge on the capacitor reaches the 
threshold voltage level ( 2 / 3  Vcc), the threshold com- 
parator triggers the flip-flop. This drives the output 
stage low and turns on the discharge transistor, 
which discharges the timing capacitor, and the timer 
is back to its initial condition. Fig. 2B shows the 
waveforms on the timer during this time. 

triggering 
Due to the nature of the trigger circuitry, the trig- 

ger comparator will trigger the flip-flop whenever the 
trigger voltage drops below I / 3  Vcc. For proper tim- 
ing, the trigger level must return to a voltage level 
greater than 1 I 3  Vcc. This is because the trigger com- 
parator has overriding control of the flip-flop. Should 
the trigger input be held low for a period longer than 
the timing cycle, the output will remain high, without 
regard to the voltage on the threshold comparator. 

reset function 
The 555 has a reset pin for applications that require 

an abort signal. That is, it may be necessary to inter- 
rupt a timing period or to inhibit a trigger. The reset 
control (pin 4) is normally high. If the reset is held 
greater than 1.0 volt, the 555 will function normally. 
However, if pin 4 is held below 0.4 volt the output 
will be held low. When the timer output is high and 
the reset goes low, the output will turn off immedi- 
ately. If the reset pin is between 0.4 and 1.0 volt, the 
timer is in no man's land; some devices may reset, 
some may not. When using the reset function, i t  is 
important to have the reset less than 0.4 volt. This 
level is guaranteed to cause the timer to reset. To 
prevent possible noise spikes f rom causing an 
unwanted reset, pin 4 is normally connected to  the 
Vcc pin when not being used. 
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calculating pulse width 

When describing the operation of the 555 timer in 
the monostable operation, I mentioned that the 
values of RA and C determined the time the output 
stayed high. The voltage on C must charge to 213 
V,,. Fig. 3 shews the ncrrna! RC charge curve. P,s 
shown, the voltage rises from 0 to 100 per cent in five 
R C  time constants (7). The 66.6 per cent (213) point 
occurs at 1. IT, or 

T = 1.1 RC 
where 

T is in seconds, 
R is in ohms 
C is in farads 

changing the pulse width 
in the monostable mode 

The threshold control voltage on pin 5 is an impor- 
tant feature of the NE555 timer. By imposing a volt- 
age on pin 5, the internal comparator reference lev- 
els, the timing can be varied. For example, if one-half 
the supply voltage were placed on pin 5 (normally 
held at 213 V,,), the timing capacitor would charge 
only to one-half Vcc before the threshold trip level is 
reached. The time required to charge the capacitor 
can be found by observing how many time constants 
it takes for the capacitor to charge to 50 per cent 

v 5  using the equation T = In (I - ---) R C  or by using 
v c c  

fig. 3. With the voltage on pin 5 equal to 0.5 Vcc, the 
new timing equation is T = (In 0.5)RC = 0.693RC. 

You must remember that the trigger threshold is 
also affected by changes on the voltage level at pin 5. 
In the example above, the trigger threshold is now 
lowered to one-quarter V,, (halfway below the volt- 
age on pin 5). In order to trigger, the trigger pulse 
must now go below one-quarter Vcc. This feature of 
the timer opens a multitude of application possibili- 
ties such as pulse width modulators, voltage-con- 
trolled oscillators, and so forth. 

As can be seen, any variations on pin 5 will cause a 
change in timing. For that reason it is recommended 
that a small bypass capacitor (about 0.01 pF) be 
used on pin 5. This will increase noise immunity of 
the timer to high frequency trash that could cause 
timing errors by modulating the threshold trip levels. 

astable operation 
To configure the 555 timer in the astable or oscilla- 

tory mode requires only a slight modification to the 
monostable configuration. Fig. 4A is the schematic 
of a 555 timer in the basic astable mode. I t  requires 
two resistors and a timing capacitor. Assume that 
the charge on the timing capacitor is charging 
toward V,, through RA and RB. The output is high 

and the discharge transistor is off. When the capaci- 
tor charges to the threshold trip level (213 Vcc) the 
output goes low and the discharge transistor turns 
on, shorting pin 7 to ground. The capacitor now 
begins to discharge through R B  toward ground. But 
as soon as the capacitor discharges to 113 V,, (the 
trip level of the trigger comparator), the oi;tpi;t agair, 
goes high, the discharge transistor turns off, and the 
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fig. 4. Schematic diagram of the 555 connected as an astable 
multivibrator and the waveforms at different points in the 
circuit (B). In applications where a 50 per cent duty cycle is 
required, the circuit shown in (C) can be used. In this case, 
CH1 effectively shorts out R B  during the capacitor charge 
time. 
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capacitor starts charging through RA and R B  again, 
creating an oscillator. Fig. 48  shows the waveform 
in the astable mode. 

calculating frequency 
The time required to charge from 113 to 213 V,, is 

0.671 RC. The charge path is through RA + RB. This 
is the period of time that the output is high, or 

During the discharge time the output is low. The 
time required to discharge from 2/3 to 1 I 3  Vcc is also 
0.671 RC. But the discharge path is through RB 
only, so 

T2 (LOW) - 0.671 (RB) C (3) 

The total period of oscillation is then: 

and the frequency 

The duty cycle is given by: 

Since the charge and discharge paths are differ- 
ent, the duty cycle cannot be less than 50 percent. In 
some applications, this may cause a problem. With a 
slight modification to the basic circuit, the 555 output 
can be made a square wave. Fig. 4C details the cir- 
cuit configuration for a 50 per cent duty cycle when 
RA = RE. 

In this circuit, CR1 shorts RB and the charge time 
is 0.671 RAC. The discharge path is still through RB 
and does not change. The series diode, CR2 is op- 
tional to match the charge and discharge paths. With 
the diodes in  the circuit the formulas for fre- 
quency and duty cycle become: 

RB Duty Cycle = --- 
RA + RB 

With this configuration, the timer is capable of gen- 
erating duty cycles from 5 to 95 per cent. 

supply voltages 
In selecting supply voltages, note that the 555 tim- 

er is guaranteed to operate from 4.5 volts to 16 volts. 
Because the threshold levels work on a ratio, the 
supply voltage will not change the timing calcula- 
tions. The timer has a "totem pole" output structure 

capable of switching high levels of load current. As a 
result, large current spikes can develop on the supply 
line. This momentary loading effect can cause a 
degree of timing error because of changes in charg- 
ing current. I t  can also cause noise glitches and false 
triggering in TTL circuits. To eliminate this phenome- 
non, it is necessary to bypass the supply line to 
ground with a capacitor. The size of the bypass 
required generally depends on the load to the timer. 
Values range from 0.1 to 10 pF, or more. The bypass 
capacitor should be as close to the device as pos- 
sible. 

fig. 5. When driving an inductive load, a protective diode is 
required to prevent the inductive kick from latching up the 
output of the timer. 

Bypassing the control voltage pin (pin 5) is gener- 
ally considered good design practice. As mentioned 
earlier, the value is not critical, but the capacitor 
should be as close to the device as possible. Typical- 
ly, the bypass capacitor is 0.01 pF. 

capacitors 
The timing capacitor size is virtually unlimited; but, 

the type of capacitor is important. Ceramic disk 
capacitors are usually unsuitable. They generally are 
not stable enough to operate in an RC timing circuit. 
Electrolitics usually have very high leakage rates and 
would cause drastic timing errors. The Signetics data 
sheet lists several acceptable types of capacitors, in- 
cluding silver mica, mylar, polystyrene, and tanta- 
lum. The smaller the timing capacitor used, the more 

fig. 6. The-capacitor on the 
1 5 v  

output of the timer is used 
t o  prevent any glitches 
caused by the cross-over 
distortion f rom acting as 
false triggers to the TTL 

logic. 

apparent effect stray capacitance can have on the 
timing. The larger the capacitor, the more expensive 
the capacitor is. This is particularly true of the low- 
leakage types. For long delays, the capacitor has to 
be very large, but there are ways of getting long 
delays without using big capacitors. 

resistors 
There are certain maximum and minimum values 
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+ v  +v  
Q Q With a 5-volt supply 

fig. 7. In this example of 
ac triggering, the trigger 
pulse must be less than 
the duration of the out- SI 

put pulse from the timer. % 
The duration of the trig- vCc7 ; ~ G ~ G I R ~ V O L T A G E  

ger depends upon the RC 
t ime constant of the 
components. 

for the resistors. The threshold comparator requires 
0.25 PA of current to trip the output. Considering 
worst case, the resistor must be able to supply 0.25 
PA of current for the comparator and still charge the 
capacitor to 213 Vcc. To calculate the maximum 
resistance, the IR drop must not exceed 1 13 Vcc with 
0.25 PA current flow, or 

IR drop = V,,- VCAP 

= V,, - 21'3 V,, 

= I / 3  v,, 
The maximum resistance between Vcc and pin 6 is 
defined as 

V , ~ - V C A P  . 
RMAx  = threshold current . 

(9) 

With a 15-volt supply 

"lN Lo, x 

When using large resistors, capacitor leakage can 
cause larger timing errors because it represents a 
larger percentage of the total charge current avail- 
able. Excessive capacitor leakage current will also 
cause an IR drop and not allow the threshold com- 
parator to reach 213 Vcc. 

The minimum value of resistance is determined by 
the current that the discharge transistor can supply. 
The discharge transistor is internally current limited 
to about 35 mA. The discharge transistor must sup- 
ply two loads. The first is the current through RA. 
This should be reduced so that the second path into 
the capacitor (or through RBI carries most of the 
load. As a general rule, RA should not be less than 5k 
ohms. RB should not be less than 3k ohms. 

control voltage changes 
As mentioned earlier, the control voltage pin (pin 

5) is normally bypassed to ground by a 0.01-pF 
capacitor. By imposing a voltage on this pin, it was 
shown that the timing can be changed since the 
threshold level is changed. The voltage level on pin 5 
can be lowered to about 45 per cent of V,, when 
operating the timer in the monostable mode. The 
trigger level is also changed because it will equal one 
half the voltage on pin 5, and a certain minimum volt- 

R I  
2 M T 
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D UI  '3.; $ o k  U Z  
SE 555 5 5 C 7 SE 5 5 5  

Z R Z  11.8 M 0.01 
I2 1  7 4 9 0  I2 \ /  , 2 6 - 

/ I  - 
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EVERY HOUR 

U1 - frequency = 1 /36  Hz 
R 1  = R2,  let C = 10 pF 

1.49 
with F = 

(R1+ 2R2)C 

1.49 Since R l  = R2,  F = -- 
3R.C 

1.49.36 
therefore R = ------ = 1.8megohms 10.10-" 

8-second output pulse 
le tC = lOpF 

therefore R = 1 . l C  = 0.727 megohms 

fig. 8. Long time delays can be generated by cascading timers with other count-down devices. In this example, the basic timer, 
U1, runs at about 0.028 Hz, is divided down by 100, and then used to trigger another timer configured as a monostable. The out- 
put is an eight-second pulse, once every hour. 
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age level must be maintained on the trigger compara- 
tor reference. If the voltage drops below 45 per cent 
on pin 5, the timer becomes more sensitive to noise 
because the trigger voltage nears ground. A t  the 
other extreme, the control voltage on pin 5 should 
not exceed about 90 per cent of V,, since the timing 
capacitor must charge to V,,. Exceeding this voltage 
range in the monostable mode may cause timing 
error, false triggering, or other problems. 

In the astable mode, the voltage level changes on 
the control voltage pin can be used to change the 
oscillating frequency about +25 per cent and still 
remain linear. Changes greater than this will still 
cause the frequency to  change, but  linearity 
decreases due to the RC timing circuit. 

Before examining some specific circuits, there are 
several idiosyncracies of the timers that can cause 
problems unless you are aware of them. 

Temperature. The timer exhibits a small negative 
temperature coefficient (50 ppm/CO). This can cause 
small timing changes in the monostable mode and 
frequency drift in the oscillator mode. In critical appli- 
cations, R/C values can be selected which have posi- 
tive coefficients, with the net result a lower drift. 
Since the astable mode relies on both trigger and 
threshold levels, the drift from temperature is usually 
higher than when in the monostable mode. An  
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fig. 9. In this time delay circuit, the timing capacitor is effec- 
tively short circuited by the normally conducting transistor. 
A negative-going trigger cuts off the transistor, allowing 
the timer to operate and provide a pulse after the delay 
time. 
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fig. 10. This version of a sequential timer uses the control 
voltage input to change the pulse width of the output 
pulses, though they do remain in the same ratio. 
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important point to remember when working with the 
timer (for that matter any IC) is that power dissipa- 
tion of the device should never be exceeded. Power 
causes heat, and excessive heat will destroy the 
device. The 555 can handle about one-half watt of 
power at room temperature. This power rating is 
lower when the device is operated at higher temper- 
ature. 

Output. If a negative voltage (with respect to pin 1) 
is applied to the output of the timer, the 555 could 
latch up. This can happen when the 555 is used to 
drive an inductive load, such as a relay. To prevent 
this inductive kick back from latching the timer, a 
diode in series with the output should be used. Fig. 5 
shows a schematic of a timer being used to drive an 
inductive load. 

The output drive capability of the timer is 200 mA. 
Because of the output structure's high current capa- 
bilities, and fast rise and fall times, the timer exhibits 
crossover distortion. This glitch can cause false trig- 
gering of TTL circuits. By providing a capacitive load, 
the timer output is slowed to a point that the glitch 
does not occur. A capacitor of about 1000 pF from 
the output to ground will eliminate any false trigger- 
ing of the TTL circuit (see fig. 6). 

Triggering. I've stated that in the basic monostable 
mode the trigger must go below 1 13 V,, (or one half 

3 DELAYED 
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5 
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+ zc that is a modification of the monostable operation. 

RESET DISCHARGE 

- CR 
THOLD - 

C.V. C 

N E 5 5 5  

This circuit provides an output after some predeter- 
mined time. Initially, the trigger input to the base of 
Q1 is high, causing Q1 to conduct. Pin 2 of the timer 
is low and the output (pin 3) is high. When the input 
goes low Q1 turns off, aliowing the timing capacitor 
to charge. When C charges to 213 V,,, the output of 

TRIGGER TRIGGER 0 OUTPUT 
the timer goes low. The output will stay low for as 

' N  O 
long as Ql is turned off. The reset pin can be used to 
keep the output low if required; otherwise it should 
be tied high. 

vcc [ 
PIN  8 

RESET 
P IN  8 x-' 
4 b TIMER DISABLED 

fig. 11. With the capacitor attached to the reset input, the 
timer cannot produce an output when power is initially 
applied. After CR has charged, a trigger will produce the 
desired output pulse. 

the voltage on pin 5) and return high before the end 
of the timing cycle. One way to generate such a trig- 
ger is to ac-couple the trigger. Fig. 7 shows such a 
circuit. The duration of the trigger pulse depends on 
how long the RC time constant is. The switch must 
return high again before the timer can be retriggered. 

example circuit 
The following circuits illustrate the use of the 555 

timer (or 556 where two timers are used). 

Long time delays. Because of the limitations of 
resistor size, long time delays (times greater than one 
hour) can be difficult to achieve using the basic cir- 
cuit. One method of getting long delay times is 
shown in fig. 8. This particular circuit provides a pos- 
itive 8-second pulse once each hour. U2 receives a 
trigger once each hour. The output of U2 is set for 
the desired pulse output by R4 and C10. R3 and C7 
provide the ac-coupled trigger. The 7490 counters 
are set to divide by 100. To provide one cycle per 
hour, the input must be clocked at a frequency of 
1 136 Hz; U2 is then set to oscillate at 0.028 Hz. Note 
that C4 provides a deglitch filter on the output of U2. 
Because the timer must interface with TTL counters, 
the timers and counters use 5-volt supplies. The en- 
tire circuit can also be built by using a single 556 dual 
timer and one 74390 dual-decade counter. By chang- 
ing the divider network or frequency of U1, it is pos- 
sible to get an almost infinite combination of pulse 
outputs. 

Simple time delay. Fig. 9 shows a simple circuit 

Sequential timing. Fig. 10 shows another type of 
delay circuit. This is a sequential timer. The output of 
the first timer is used to trigger the second. The con- 
trol-voltage pin is used to  vary the sequence time, 
but the ratios remain the same. The timing diagram 
shows how the pulse width is reduced as the control 
voltage pins are lowered. 

Delayed triggering. When power is first applied to 
the circuit shown in fig. 2 there is a chance that the 
trigger voltage on pin 2 will be lower than 1 13 V,, and 
the timer will trigger. This may not be desirable. To 
prevent this initial trigger when power is turned on, 
the reset circuit can be modified as shown in fig. 11. 

TRIGGER 

MISSING PULSE I 
TRIGGER 

PIN 2 

- 
CAPACITOR 2/3 

PIN 6 Vcc- 

OUTPUT PIN 3 7- 
fig. 12. In the missing pulse detector, each trigger shorts the 
charging capacitor, preventing the output pulse from 
appearing. If a pulse is missing, the capacitor will charge to 
the required level, producing the output pulse which indi- 
cates the missing pulse. 
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TRIGGER 

MODULATION 
iir'P0 T --1 

MODULATION 
I N P U T  

OUTPUT n J-LIUUU 
fig. 13. The modulation input is applied to the control volt- 
age input, with the width of the output pulse varying as the 
amplitude of the modulation. 

Pin 4 is held below 0.4 volt since CR is fully discharged. 
When power is applied, the timer is held reset until 
CR charges to above 0.4 volt. 

Missing pulse detector. Fig. 12 shows an NE555 
timer hooked up as a missing pulse detector. The 
trigger input also drives the base of a transistor. 
When a trigger occurs, the transistor conducts and 
shorts the timing capacitor before the timer can time 
out. If an input trigger is missing, the timer will time 
out and pin 3 will go low indicating a missing pulse. 
The values of R A  and C are set to be slightly longer 
than the period of incoming pulses. 

Pulse width modulator. Fig. 13 shows a circuit 
which uses the control voltage pin to modulate the 
pulse width of an incoming clock signal. As the volt- 
age on pin 5 varies, it changes the threshold level of 
the internal comparator and the pulse width of the 
output changes. 

The examples covered were used to illustrate some 
of the possibilities of the 555 timer. The uses for this 
handy little IC could well take a whole book to illus- 
trate. With an understanding of the basic operation, 
you can analyze timer circuits and design a circuit for 
your particular need. Who knows, you may come up 
with an original application and add your name to an 
evergrowing list of 555 timer circuit designers. 
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receiver digital display 

A digital display 
for your receiver 

featuring 100-hertz readout, 
single frequency input, 

and provisions for 
forward or 

reverse tuning VFOS 

The addit ion o f  a digital frequency display to a 
receiver goes a long way in enhancing operator con- 
venience. I t  eliminates squinting at the fine mark- 
ings found on the usual mechanical dial; and, at the 
same time, it provides an accurate frequency readout 
across an entire band without any need for recalibra- 
tion between band ends. A bright digital display is 
not only easy to read, it also adds a touch of class to 
a perhaps otherwise ordinary station. 

The circuit described in this article provides a 
stable, four-digit readout that includes the 100-kHz 
digit through the 100-Hz digit and will accommodate 
forward or reverse tuning VFOs at the flick of a 
switch. The resolution is greater than is usually pro- 
vided by the typical receiver dial and is handy for re- 
turning to a particular frequency in a crowded band. 
In the interest of economy and simplicity, I did not in- 

clude the MHz digits; they are easily read from the 
receiver band switch. 

The technique used herel requires only a single 
connection to the receiver's VFO, which, in many 
modern receivers, is usually available at a connector 
on the rear panel, making it unnecessary to tamper 
with the receiver in any way. 

theory of operation 
In the case of a backward-tuning VFO, the fre- 

quency to be displayed is equal to a fixed frequency 
minus the VFO frequency. All that needs to be done 
is store the fixed frequency, subtract the VFO fre- 
quency, and display the result. In the case of a for- 
ward-tuning VFO, store the complement of the fixed 
frequency (subtract the fixed frequency from zero), 
add the VFO frequency, and display the result. These 
additions and subtractions are easily accomplished 
by using upldown counters and sequentially gating 
the frequency to be added to the up input and the 
frequency to be subtracted to the down input, each 
for the same fixed interval. The fixed frequency is 
usually crystal controlled and changes very little with 
time. Thus, measuring and storing i t  once during an 
initial calibration is usually adequate. 

The price paid for the single interconnection and 
the simpler circuit is the need to perform a single 
calibration step each time a new band is used. The 
operator, using the receiver's internal calibrator, 
tunes to the bottom edge of the band and presses 
the calibrate (RESET) button on the display. No fur- 
ther adjustments are necessary. Depressing the 

By Frank C. Getz, NBFG, 685 Farnum Road, 
Media, Pennsylvania 19063 
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CALIBRATE button stores the VFO frequency and 
displays all zeros. The operator may now tune up the 
band in the normal manner and read the display as 
the frequency above the bottom edge of the band. 
On the twenty-meter band, for example, 14.0253 
MHz would be displayed as 025.3, with the 14 read 
from the receiver bandswitch. This calibration re- 
quires only a few seconds and is something that 
should normally be done anyway. 

The circuit will handle either forward- or reverse- 
tuning VFOs, but, for the purpose of this explanation, 
assume a reverse-tuning VFO. Pressing the CALI- 
BRATE button will clear the 74192 upldown counters 
and cause them to count the VFO frequency in the up 
direction for 100 milliseconds. The r e s ~ l t  is ther; 
stored in the 7475 latches. All subsequent count 
cycles will start at the number stored in the latches 
and count down for 100 milliseconds. Suppose the 
calibrate button were pressed when the receiver was 
tuned to exactly 14.0000 MHz. As a result, 5000 
would be stored in the latches because the VFO was 
at 5.5000 MHz. Tuning the receiver to 14.0253 MHz 
would cause the receiver VFO to be 25.3 kHz lower, 
or 5.4747 MHz. The display counter would now start 
at 5000 and count down for a period of 100 milli- 
seconds. The resulting count would be 5000 minus 
4747, or 0253. By permanently enabling the decimal 
point to the left of the least significant digit (LSD), 
the display would show 025.3. Notice that by count- 
ing for 100 milliseconds, 54747 cycles are fed to the 
counters, but, since it has only four displays, the 
figure 5 is lost. 

For a forward-tuning VFO, the sequence switch is 
placed in the reverse position. Pressing the calibrate 
button will then cause the first count cycle to be a 
down count with all subsequent cycles up counts. 

lnside view of the receiver digital display. The displays, up- 
down counters, and latches are mounted on the small board 
a t  the left. All other circuitry is mounted on the board inside 
the enclosure. 

circuit description 

One section of U1 serves as a 100-kHz crystal- 
controlled oscillator (see fig. 1). A divider chain, 
consisting of U2, U3, U4, and U5, drives a 7490 
decade counter, U6 with one clock pulse every 100 
milliseconds. The output of U6 is decoded by U7, 
with.output pins 1, 3, and 4 each sequentially going 
low for 100 milliseconds of each measurement cycle. 
A jumper between pins 2 and 8 of U6 causes it to  
have only four output states rather than ten. 

Assume the sequence switch is in the normal posi- 
tion. Pressing the CALIBRATE button causes the 
sequence of the next cycle to be clear, count up, 
update. This clears the counters to zero, counts for 
100 milliseconds, and stores the final count in the 
7475 latches. All succeeding cycles follow the se- 
quence load, count down, latch. This loads the num- 
ber stored in the latches into the counters, counts 
down for 100 milliseconds, and latches the final 
count into the displays. 

U11 synchronizes the beginning and end of the 

Inside view of the assembled digital display. The smaller 
perf board is mounted right behind the bezel. 

calibrate cycle with the state of U7. Pressing S1 
causes pin 5 of U11 to go high. As a result pin 9 goes 
high at the end of the current cycle and causes the 
next cycle to follow the calibrate sequence, in addi- 
tion to resetting the first half of U11. At  the end of 
the calibrate sequence, pin 4 of U7 goes high, re- 
setting the second half of U11. U10 is the equivalent 
of a double-pole, double-throw switch and deter- 
mines the count sequence, either up ldown  or 
downlup. 

The remaining sections of U11 amplify and square- 
up the VFO signal. Three 4049 CMOS inverters are 
used. The first is biased to serve as an amplifier and 
functions well to  above 6 MHz. This is fine for the 
large number of receivers with 5 to 5.5 MHz VFOs; 
but if your VFO operates at frequencies above this, a 

march 1979 41 



.lawJojsueli pue loie ln6a~ llews e jo asn ay i  Gu!ii!w~ad iualln3 Alddns laM0d ay i  ampal  Altea~6 l l ! ~  SZ~LPL pue 
s&jtrL ayl lo$ s31 sa!las-g.1 aqi l o  uo!ini!isqng .laww!li3!wela3 llews e s! 6 3  :se3!w padd!p-~anl!s aJe 8 3  pue ~3 .Aelds!p lei!6!p aialdwo3 ay i  jo wel6e!p 3 ! i e w a y 3 ~  '1 '6!j 

I 

19fl7d d l 0  Nld 9'1 , ,SAV7dSiU UNW S(131Nn03,. .. d. 

WSI 



15V - O G N D  

I_ 
"POWER SUPPLY" 

Schematic diagram of the power supply. Current 
consumption is such that a small voltage regulator 
could be used (LM309K). 

more conventional frequency counter type of circuit 
using one or more discrete fets is in order. 

U12 operates as a straight decade divider and pro- 
vides a stable readout with no last digit flicker by act- 
ing as an undisplayed counter stage. The display may 
also be used as a conventional up counter or a 
straight down frequency counter by merely throwing 
the offset switch, S2, t o  the off position. 

construction 
My display was built in a 6.4 x 18 x 15 cm (2% x 

7 x 6 inch) Ten-Tec enclosure using a commercial 
bezel assembly available from Digi-Key. No printed 
circuit board is used. Instead, I used two pieces of 
2.5-mm (0.1-inch) grid perf board, one for the 
counters and displays, and the other for the timing 
and control circuits. All ICs are mounted in wirewrap 
sockets which are in turn cemented to the perf 

TO OTHER STAGES 

7 4 0 4  
OR EOUlV 

LATCH 
L I N E  

fig. 2. Diagram of a less expensive substitute for the HP 
5082-7300 LED display. 

board. Most of the interconnections were made 
using standard number 30 AWG (0.25-mm) wire- 
wrap wire and an inexpensive hand-wrapping tool. 
The only exception is the power buses, which are 
number 18 AWG (2-mm) solid bare wire mounted on 
push-in solder terminals and run on either side of 
each row of IC sockets. Bypass capacitors (0.01 pF) 
were used liberally throughout the circuit. The volt- 
age regulator is mounted on the rear of the cabinet 
using thermal compound, and several vent holes 
were drilled in the cabinet sides to remove inter- 
nal heat. 

The displays shown in the schematic are very corn- 
pact and convenient, as they include decoders and 
latches, but they tend to be rather expensive if they 
must be purchased new. A functionally equivalent 
and much cheaper arrangement could be made using 
7475 latches, 7447 decoderldrivers, and common- 
anode, seven-segment LED displays,;! but a slightly 
larger cabinet would probably be required (see fig. 
2). 

The 100-kHz crystal I used is of unknown lineage 
and different crystals may require a slight adjustment 
of component values in the oscillator circuit. The 
8000-pF power supply filter capacitor could probably 
be reduced to half the value without any problems 
and a 1.5-amp regulator substituted for the LM 323, 
as the current requirement at 5 volts is about 900 
mA, a bit less than I originally anticipated. 

calibration 
Clip a piece of insulated hookup wire to pin 2 of U1 

to act as an antenna and place it near a receiver 
tuned to WWV. Zero beat WWV with the trimmer and 
you're ready to go. If you have a good frequency 
counter, adjust the trimmers for exactly 100 kHz. 

I hope that the ideas and circuits presented here 
prove to be informative and may perhaps encourage 
the construction of improved designs using hardware 
that will appear in the future. Counter latch combina- 
tions and dividers with a modulus greater than ten 
could serve to simplify construction considerably. 
For anyone attempting construction as shown, I 
would be pleased to supply advice or answer ques- 
tions. Please include a stamped, self-addressed 
envelope with all inquiries. Now that I have had the 
use of this display for several months, I wish I'd built 
one years ago. 

references 
1. Jon Hagen, WURZ, "A Simple Frequency Counter for Receivers," 
QST, December, 1972, page 11. 
2. Bruce McNair, WBZNYK, "A Digital Frequency Display for Amateur 
Communications Equipment." ham radio, September, 1976, page 16. 
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new approach 
for a 

I-MHz oscillator 

A reversion to 
basic oscillator concepts, 

this oscillator 
was built 

with *optimized circuitry 

for each stage 

Most of the oscillators built by Amateurs use a 
single transistor to perform several functions. How- 
ever, the basic principles of operation are somewhat 
a mystery. The original analysis of the oscillator, 
done in the 1920s, showed that it could be divided 
into separate stages (see fig. 1). By actually building 
separate stages, you can obtain a better understand- 
ing of oscillator operation. This article presents an 
oscillator built using those basic concepts. 

circuit description 
The RCA CA3028 differential amplifier, shown in 

fig. 2, is used as an amplifier and limiter. Feedback, 
for the actual oscillator, is the limited sinewave from 
the pin 6 output. Note that this is a noninverting 
configuration. The amount of feedback is controlled 

AMPLIFIER H LIMITER I 

fig. 1. Diagram of the basic 
stages needed f o r  a n  
oscillator. 

by the 5-kilohm pot connected to pin 6. Feedback is 
injected into the quartz-crystal resonator. Because 
the crystal acts as a bandpass filter, the output will 
be a sinewave, in this case at 1 MHz. However, the 
crystal cannot be connected to the limiter without a 
penalty. The input impedance of a limiting differen- 
tial pair is nonlinear. To overcome this problem, the 
crystal must be isolated from the limiter. This is done 
by connecting a common-base amplifier between the 
resonator output and the amplifier input. The com- 

By Thomas V.  Cefalo, WAISPI ,  2 9 . 0 a k  
Street, Winchester, Massachusetts 01890 
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fig 2. Schematic of the ?-MHz oscillator built using separate stages for each function rather than combining functions into a 
single device. All resistors, except R1, can be 118 watt: R1 is a 114-watt resistor. The power requirement is 36 mA at  15 volts 

mon-base amplifier provides a constant impedance should oscillate. If it does not, increase the feedback 
load for the crystal. Because the output of the limiter until oscillation occurs at 8 volts. After the feedback 
is fixed, regardless of its input, and because the is correctly adjusted, connect the output to a counter 
resonator also sees a constant impedance, the sine- and adjust the crystal frequency with the small 
wave at the collector of the common-base stage has trimmer. 

fig. 3. Diagram of a 40-meter LC-tuned VFO built using the same guidelines as the crystal oscillator. 

a constant amplitude. This signal completes the loop 
by driving the limiter. The output is taken from pin 8, 
the unused inverting output. The output from the 
CA3028 is a limited sinewave. To make the output a 
clean square wave, an SD211 DMOS FET was used. 
The FET is driven into saturation, squaring the signal. 

construction and adjustment 
The oscillator was built on a piece of perforated 

board and housed in a 10 x 5.4 x 4.3 cm (4 x 
2-118 x 1-518 inch) mini-box. Adjust the 5-kilohm 
variable resistor until the circuit goes into oscillation. 
Next, reduce the power supply voltage to zero and 
slowly increase the voltage. At 8 volts, the circuit 

The output is a 4-volt peak signal with a rise time 
of 100 ns. The variation in frequency, at 1 MHz, is 
0.5 Hz over a 1-second interval. This is due to the 
quality of the crystal and thermal effects. This varia- 
tion can be reduced if a higher-quality crystal is used. 
Also, the environment can be temperature controlled 
with an oven or the use of insulation. The final fre- 
quency error was adjusted to 0.05 Hz. My present 
application for the oscillator is a time base in a fre- 
quency counter. However, you could modify the cir- 
cuit to act as an LC-tuned VFO (see fig. 3).  Since 
the SD211 FET amplifier is inverting, feedback is 
taken from pin 6, the inverting output. 
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novel method 
for matching 

input impedance of 
grounded-grid power-amplif ier tubes 

When I was thinking about driving a tube power 
amplifier with my 20-watt transistorized ssb general- 
coverage transceiver, I noticed that uniform match- 
ing from the 50-ohm output of the transceiver into 
the amplifier between 1.8 and 30 MHz might present 
some problems. A circuit with a grounded cathode 
tube wasn't too attractive, because of the required 
neutralization and the various voltages needed for a 
tetrode or pentode. So I decided to use one of the 
modern grounded-grid tubes of the 8873-8875 series. 
Their input impedance is in the vicinity of 100 ohms, 
but since it's a dynamic input, impedance varies as 
drive level changes. 

It's therefore highly recommended to use at least 
one tuned circuit between the exciter and the cath- 
ode connection of the tube to store energy and sta- 
bilize the dynamic input impedance. Since this tuned 
circuit requires retuning when the frequency is 
changed more than 10 per cent, such an arrange- 
ment would be highly impractical. 

Note that this energy-storing circuit, although 
sometimes used in a pi configuration, does not really 
suppress exciter harmonics. Standard practice is to 
have enough harmonic suppression already in the 
exciter, and a %-ohm output is provided from the 
exciter. 

matching network 
With these things in mind, and using a calculator 

to determine elliptical filters, I constructed a match- 
ing network that provides perfect matching and ideal 
energy storage between 1.8 and 30 MHz (fig. 1). 
This is a bandpass filter, which has Chebishev re- 
sponse in both bandpass and stop-band areas. I t  
provides a constant impedance match over the fre- 

By Ulrich L. Rohde, DJ2LR, 52 Hillcrest 
Drive, Upper Saddle River, New Jersey 
07458 

quency range of between 1 MHz and 60 MHz. This is 
important, because even high-order harmonics must 
be properly terminated, otherwise high transient volt- 
ages can be developed in the driver stages. 

If you consider the fact that the frequency range 
between 1.8 and 30 MHz, on the basis of individual 
filters, must be split into at least seven segments 

\ 
fig. 1. Simple network for constant impedance matching 
and ideal energy storage between a low-level driver and 
power amplifier using tubes in the grounded-grid configura- 
tion. System is a bandpass filter with Chebishev response in 
both bandpass and stop-band regions. Frequency range is 
1-60 MHz. See text for recommended components. 

(and assuming three components per segment), the 
total number of segments would be twenty-one, 
while here only fourteen are required. 

components 
All component values are included in the sche- 

matic. You must use 500-volt mica capacitors to- 
gether with either air-wound coils or coils with suit- 
able ferrite materials, such as toroids. The recom- 
mended material for the latter is either 01  or Q2 
(Indiana General), Part no. F625/9 (dimensions in 
inches: Dl equals 0.375, 02 equals 0.187, and H 
equals 0.125). 

A filter of this design has been successfully used, 
and no contribution to intermodulation distortion 
has been measured at a 25-watt drive level. 
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the keywtoggle 

Key-toggle, another form 
of fast break-in, 
featuring simple 

but effective 
hand-key control 

of the transmitter 

I w o n d e r  whe the r  some psycho log is t  won't  
someday discover that ham radio owes much of its 
appeal to the fact that you can say your piece in 
silence and the other guy can't interrupt until you're 
through. Even in most VOX systems, the other per- 
son cannot force interruption. Perhaps this is one of 
several reasons why "full break-in" CW operation 
has not yet become prevalent. It is not difficult tech- 
nically, but there are still those of us who choose 
not to use it. 

For handling commercial traffic on a clear channel, 
full break-in is perhaps best; but for most other 
activities, coupled with reasonable and unselfish 
operating practices, I prefer my key-toggle mode. To 
come on the air, you just start keying. To switch to 
receive, you simply hold a dash a little longer than 

normal (time adjustable). Key-toggle can be just 
about as fast as full break-in, but the other guy can't 
break you. For example, when you are winding up a 
transmission, the last letter normally sent is dah-di- 
dah. With key-toggle, it's dah-di-dahah, click, click. 
The first click switches your transmitter's plate sup- 
ply off and the second click, milliseconds later, 
switches the antenna relay and opens the receiver 
(optional). You are now in receive mode until you 
start keying again. When you hit the key, once again: 
click, click. But  this time the antenna relay is 
switched and the receiver muted first; then, milli- 
seconds later, the transmitter's plate supply comes 
on and you are ON again. No combination of letters 
or long pauses will change the relays, switching you 
back to the receive mode. Only a long dash will 
toggle your station back to receive. 

circuit description 
Major components, as seen in f ig. 1, include a 

741 operational amplifier configured as a dual time 
constant integrator, a 711 comparator, a 7474 TTL 
flip-flop, a few transistors, and three relays. The 
KEY UP output of U1 is a nominal + 2  volts. Q1 is 
conducting, which effectively limits the voltage 
across the I-IF timing capacitor to near zero volts. 
With the + 1 volt on pin 2, and 3 volts on pin 3, the 
output of U3 is also low. This places K2 and K3 in 
the de-energized (receive) state. 

When the key is pressed, Q1 is cut off, which lets 

By Don E. Hildreth, WGNRW, Post Office 
Box 60003, Sunnyvale, California 94088 

50 march 1979 



march 1979 51 



the op-amp circuit start ramping positive because of 
the + 2 volts and the timing components connected 
to pin 2 of U1. When the level at pin 2 of U2 just 
exceeds the voltage at its negative input, the com- 
parator snaps high (with the help of some positive 
feedback). This toggles the U3, making Q high (pin 
9) and 5 low. With pin 9 of U3 high, a turn-on volt- 

TRANSMITTER OSCILLATOR 
KEYED DURING 
T H I S  INTERVAL 

KEY P R E S S E D  + E N 0  O F  KEYED LONG DASH 
TOGGLE TO TRANSMIT 4 TOGGLE TO R E C E I V E  

1 

P I N  9 .  U3 

BASE O F  0 3  

ANTENNA TO T R A N S M I T  

BASE O F  0 4  

TRANSMIT HIGH VOLTAGE ON 

K3 
T l M E  

fig. 2. Relay keying sequence when switching from 
receive to transmit. 

age is fed to 0 3  and 0 4  through timing control net- 
works. The base network for Q3 comes on first and 
causes it to turn on very fast and turn off slowly. 0 3  
operates K2 for antenna control and receiver muting. 
The RC network connection through K3 to the base 
of Q4 causes this transistor to turn on after 03. After 
K3 is activated, the RC network is removed, allowing 
0 4  to turn off before 03. Fig. 2 shows the timing 
sequence for K2 and K3. K2 is the basic keying relay 
and must be able to follow keying speeds. For some 
keying circuits, K1 may be replaced with a I-kilohm 
resistor for direct keying. 

By using the output of U3 and 02 as a switch, 
the system provides a short time constant for switch- 
ing from receiver to transmit and the longer, variable- 
time constant when switching from transmit to re- 
ceive. 

why key-toggle 
Back in May, 1950, Hiele showed a system1 which, 

with variations, has been much used. In Hiele's sys- 
tem, the switch-over from receive to transmit is done 
quickly, just as in key-toggle, but the transmit mode 
switches to receive after your key is up a selectable 
time, sort of a "dead man's switch." This system is 
used in many modern transceivers through an appli- 
cation of the VOX system to CW operation. The 
relay timing system is simpler with this method be- 
cause your key must be up in order to switch, but it 
has its own drawbacks in operation. If you adjust the 

time delay to allow for reasonable pauses when send- 
ing, the time seems like forever when switching over. 
And, if you adjust the timing for a quick turnover, 
your receiver blasts you when you pause. With key- 
toggle, you are in command. In fairness, however, 
i t  is recognized that key-toggle is not applicable to 
any automatic type of keyer. 

power supply and construction 
I used an inexpensive wall transformer supply 

system, although the 12-volt units usually supply 14 
volts when lightly loaded, this poses no problem to 
the relays or op-amp. A Zener diode is'used to obtain 
+ 5 volts for the comparator and flip-flop. Maximum 
current is approximately 150 mA. Since this device 
is always used where strong rf fields are generated, 
a metal enclosure is probably mandatory. 

connections 
Outputs from Key-Toggle are contact closures 

intended to operate existing antenna and transmit- 
ter relays. Capacitors have been chosen to prevent 
switching transients from burning contacts and from 
false-triggering U3. For low voltage operation, as is 
the case in solid state equipment, the closures may 
be applied directly to the equipment. 

operating with key-toggle 
Assuming you are in receive status, you switch to 

transmit at the initial touch of your key (the switching 
process will shave a small piece off of your first dot 
or dash). Your transmitter will remain active until 
you hold a dash slightly longer than normal, the 
exact time determined by the TlME DELAY setting, 
which may be set between approximately 0.2 and 
2.0 seconds. Adjust the time delay pot such that the 
time required to toggle your system is slightly longer 
than the time length of the dashes at the rate you 
intend to send. 

One note, however: If you simply press your key 
and hold it when switching from receive to transmit, 
your transmitter will remain ON as long as the key is 
held down. After switching from receive to transmit, 
your key must be released at least once before a dash 
can toggle the relays. 

This system takes a little time to get used to, but 
once you get the hang of it you can actually toggle 
for a quick listen between words, even between 
letters when you are not sending too fast. And 
switching will only occur when you choose. 

reference 
1. M. E. Hiele, WZSO, " An Automatic Transmitter Turner-Onner," QST, 
May, 1950, page 56. 

ham radio 

52 march 1979 



primary and secondary coils are resonated by a ca- 

the weekender pacitor) in a shielded can. 
Fig. 1A shows two i-f transformers. Both of these 

are in the now-standard 1.9-cm (0.75-inch) shielded 
can. One of the transformers uses a threaded rod 
attached to the inductor core for tuning, while the 
other uses just an access hole to admit a tuning tool. 
In some cases, the inductor core will have a screw- 
driver slot to permit adjustment, while in others a 
hexagonal hole is cut through the center zf each 
core. In the latter case, a special insulated hex align- 
ment tool is used. The hex type offers the advantage 

i-f transformers - of permitting adjustment of both primary and secon- 
dary tank circuits from the same side of the chassis. 

problems and cures Fig. IB shows the pins at the bottom of the trans- 
former. For an i-f transformer, at least four pins are 

A l l  serious communications receivers, trans- required and some may have five or six pins. Some 
ceivers, and most transmitters use the heterodyne older models used wire leads instead of pins, and, of 
principle for frequency generation. For receivers, course, transformers intended for printed-circuit 
various frequencies are converted to a single fre- mounting will have solder tails instead of pins. 
quency called the intermediate frequency (i-f), while Fig. 2 shows several of the literally dozens of i-f 

fig. 1. Two versions of the standard 1.9-cm (0.75-inch) i-f transformer, showing the different methods of tuning the inductor. (B) 
shows the connection pins at the base of the transformer. 

transmitters, on the other hand, will create the ssb 
signal at an i-f and then heterodyne it to  the ham 
bands. 

A n  i-f amplifier is a tuned radio-frequency ampli- 
fier that operates on a single frequency (e.g., 455 
kHz, 3350 kHz, or 9 MHz). In most cases, the tuned 
circuits in the i-f amplifier are tuned transformers (the 

By Joe Carr, K41PV, 5440 South Eighth 
Road, Arlington, Virginia 22204 

transformers used in Amateur Radio gear. The trans- 
former in fig. 2A uses two tuned coils. In a few early 
receivers, the tuning of the tanks was accomplished 
by the adjusting capacitors, the adjustment screws 
being accessible through holes cut into the shielded 
can. Most modern transformers, however, use a 
slug-tuned coil to tune the tank. The version shown 
in fig. 2A is commonly found in vacuum-tube equip- 
ment. Figs. 2B and 2C show transformers designed 
for use in solid-state equipment. The version in fig. 
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2B uses taps on the primary and secondary windings 
to match the low impedances normally found in tran- 
sistor circuits. In fig. 2C the secondary is an untuned 
link. The transformer in fig. 20 is very similar to the 
one in Fig. 2A, except that a built-in bypass capaci- 
tor is provided to decouple the cold side of the se- 
condary. These i-f transformer circuits are not un- 
usual; they represent those most commonly found 
in receivers. 

Fig. 2E shows a pinout configuration used by 
many manufacturers; note the odd sequence for 
numbering the pins. A color dot, usually green, 
identifies pin number one, with pins two through 
four occupying the four corners. These pins are 
usually connected to the tank circuit in the manner 
shown in fig. 2A. Pins 5 and 6 are reserved for such 
things at taps (fig. 2B)  or bypass capacitors 
(fig. 2D). 

Older units, using wire ieads instead of pins often 
follow the specific color code: 

blue - plate 
red - B + 
green - grid or detector diode 
black - grid or diode return 

transformer failures 
Fortunately, i-f transformers are relatively simple 

devices, with failures limited to a few problems, 
such as open windings, shorted or open capacitors, 
windings shorted together, and the inability t o  
resonate. 

Open windings rarely occur anyplace except right 
at the transformer pins. Fig. 3 shows a close-up 
view of the wire from one winding that has broken 
at the pin. Once the signal tracing gets you to the 

fig. 3. Example of a broken transformer 
wire at the connection pin. 

driver to pry open the metal shield. Most of the trans- 
formers in use have a coil form mounted on a plastic 
base, with the entire assembly slid into the shielded 
can. Tabs on the can are then bent over to form re- 
tainers which keep the coil form and base in place. I t  
is a simple matter to pry these tabs loose and then 
gently pull the base from the metal shell. 

Use small long-nose pliers when working on the 
transformer. In fact, it is best if you use tweezers 
instead of pliers. Avoid pulling on the wire; it will 
break, and right at the coil form! It is then almost 
impossible to repair the coil without rewinding it. 

The wire should be resoldered to the pin using a 
small, pencil-type soldering iron, not a gun. There 
will usually be enough pretinned wire left to allow re- 

I COLOR DOT 

PLATE 

3 
8 + COMMON 

RETURN 

'? TUNlNO ACCESS 
I HOLE 

fig. 2. Versions (A)  through (Dl show different configurations for the i-f transformers. 
The pin numbering system isshown in ( € 1  (bottom view). 

correct stage, this type of problem can be diagnosed 
with an ohmmeter. 

The open winding is also the usual cause of the 
intermittent i-f. Interestingly enough, I have seen 
many cases over the years where the wire had never 
been soldered. The transformer worked nicely for 
many years, until either corrosion built up or a 
mechanical jarring knocked the wire loose. 

Repairing the open-winding problem is easy in 
many cases - if you are gentle. Use a small screw- 

soldering to the pin. But, if not, do not try stripping 
the wire or you will break it. Insulation may be re- 
moved by gently scraping the wire with a razor blade 
or sharp knife. Keep in mind that even this is at the 
risk of breaking the wire. The best method is to melt 
the insulation with the tip of the pencil iron. 

Ordinarily, there will be enough slack to make the 
new connection without stretching the wire. If not, 
bend the pin toward the wire - do not try to stretch 
the wire. If this is not possible, then solder a short 
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BIAS AN0 AGC 

fig. 4. Technique for isolating a noisy i-f transformer. R 
should be equal to the plate resistance of the tube, with C 
being 0.01 to 0.1 pF.  

piece of wire to the pin for use as a jumper. A single 
wire removed from a piece of stranded hookup 
seems about right. 

Because of the low coil resistance, it is often im- 
possible to tell if an i-f transformer capacitor is bad. 
Signal tracing will usually isolate the problem at the 
correct stage, and then dc measurements and a tube 
or transistor check will leave you with the fact that 
there is nothing left except the transformer. 

Only one type of problem, the noisy i-f transfor- 
mer, is easily identified as a bad transformer. This 
problem produces a crashing, crackling, static-type 
noise. To isolate the problem, remove the tube from 
its socket or break the plate lead between the trans- 
former and the plate pin on the tube socket. Tem- 
porarily solder a resistor (see fig. 4) between the 
plate and cathode pins (or ground). The value of the 
resistor should be approximately the plate resistance 
of the tube. If noise persists, then suspect the trans- 
former. As a quick extra confirmation, shunt a 0.01- 
to 0.1-pF capacitor across the grid and cathode of 
the following stage. If the noise disappears, then the 
i-f transformer is bad. 

The i-f transformer is bad if the noise persists when 
the tube is removed and the resistor is connected to 
the circuit, or if the noise disappears or is reduced 
significantly when the shunt capacitor is connected. 
In a multi-stage, cascade i-f amplifier, each stage 
may have to be checked separately in succession, 
beginning with the stage that is closest to the de- 
tector. 

In many cases, the noise is caused by a bad tuning 
capacitor inside the transformer can. Some trans- 
formers use individual ceramic or silver mica capaci- 
tors (which rarely go bad), but in most cases the two 
capacitors will be as shown in fig. 5. In fig. 5A, the 
capacitor is formed from a piece of mica dielectric 
with the silver plates deposited on both sides. A pair 
of contact springs connect each plate to its respec- 
tive pin. This arrangement can cause noise by dc 
breakdown of the mica or by noisy contacts. In the 
latter case, cleaning and retensioning often cures 
the problem. The second arrangement, shown in 
fig. 5B, buries the fixed mica compression capaci- 
tors inside of a molded plastic base. 

A study by the service department ot a major 
automobile radio manufacturer revealed that, in 
humid regions of the country, there are roughly two 
to three times as many trimmer capacitor and i-f 
transformer problems than in dry areas. The best 
remedy for this is to replace the transformer. But, if 
that is impossible or would take too long, try replac- 
ing the bad capacitor with a disc ceramic or silver 
mica capacitor. 

If the original capacitor is like the one in fig. 5A, i t 
is a simple matter to use side cutters to clip off the 
top spring clip contact. Then solder a capacitor of 
the proper value across the te rw i~a ls  !see fig 6AI 
The proper value can be determined experimentally 
(check first to see if the manufacturer gives the value 
in the schematic) using a GDO or signal generator to 
locate a standard value that will allow the coil to 
resonate at the correct frequency. 

If the bad capacitor is not easily removed or dis- 
connected, there is still a possible cure. Disconnect 
the coil wire going to one end of the capacitor, and 
then connect it and one end of the replacement 
capacitor to an unused pin. Or add a pin in one of 
the blank pin slots (fig. 6B) by forcing a piece of 
hook-up wire through the slot. 

The problem of primary to secondary short cir- 
cuits comes about because the wires from the upper 
coil pass by, and may touch, the winding of the low- 
er coil. The problem almost always results in B + 
leaking through to the grid of the next stage or the 
plate of the detector diode. 

The cure here may be as simple as moving the 
wires apart and then patching up the damaged spot 
using Q-dope, high voltage corona dope, or just 
glue. Replacement of the transformer, however, may 
be required. 

You'll sometimes find a transformer that is not 
causing static, passes all dc checks, but signals will 

SPRING CLIP CONTACTS 

PIN 4 / - s , N  

SILVERED ON 

Q BOTH SIDES 
P i n s r i c  EASE t 

CLIPS 

MICA E L E M E N T  
( S E E  FIG. 54 ALSO) 

fig. 5. The compression trimmer can be one of two  types, 
either open or enclosed in the plastic base. Cleaning and 
retensioning the version shown in (A) can cure the problem, 
though replacement is required for the molded version (B). 
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fig. 6. (A) shows a replacement capacitor soldered directly across the pins at the base. To replace a molded capacitor, a new pin 
is inserted in the base of the transformer (see photograph 8). 

not go through or are severely reduced in strength. 
Barring such rare problems as shorted windings and 
open capacitors, it is often the case that one of the 
tanks is off resonance due to a cracked or broken 
ferrite tuning slug. To replace the slug, break it into 
smaller pieces (it rarely will come out by its threads!) 
and then remove them by shaking. A replacement 
slug can then be installed. Find an i-f transformer of 
the same frequency range and with the same type of 
slug. Salvage the slug and install it in the bad trans- 
former. Some electronic parts suppliers stock small 
assortments of tuning slugs for just this purpose. 
Note that 9-MHz ssb transceiver slugs can often be 

replaced with a slug from a 10.7-MHz f m  broadcast 
receiver. 

Regardless of the problem, except perhaps the 
open coil repair, the best solution is t o  replace the 
bad i-f transformer with a new part purchased from 
the equipment manufacturer. However, this is not 
always possible, especially in older gear. Even if the 
company is still in business, the set may be so old 
that they no longer support the product. A few years 
after a model is discontinued, support usually 
vanishes. 

I t  is possible to buy new i-f transformers. Corn- 
panies such as J.W. Miller and others still manufac- 
ture both direct replacements for many types, and 
so-called "universal" i-f transformers. Their cata- 
logues should reveal at least one or two  currently 
made models which are good candidates for replace- 
ment of the bad unit in your rig. It's unlikely that a 
cross-reference listing for a piece of ham gear is 
available, but a careful reading of the specifications 
and inspection of the circuit diagram will lead to a 
replacement. 

Older 2.5-cm (1-inch) or larger i-f transformers 
are especially difficult to  replace. However, if you are 
willing to make a few mechanical modifications, the 
standard 1.9-cm (0.75-inch) transformers can be 
pressed into service using the adapter plates and 
mounting clips (fig. 7) provided with replacement 

fig. 7. Mounting hardware for i-f transformers, which can be transformer. 
used to replace older 2.5-cm (1-inch) transformers. ham radio 
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updating the Heath HW-2036 
to the HW-2036A 

Modifications to the 
Heath HW-2036 

to provide complete coverage 
of the new 

two-meter repeater subband 

Now that the two-meter band has repeater allo- 
cations in the lower half, people with HW-2036 
transceivers are feeling left out in the cold. No 
longer! With a small parts kit available from Heath, a 
few additional parts obtained (through Heath or 
purchased on your own), and these simple instruc- 
tions, you can update your HW-2036 to cover the 
entire band. In fact, the transceiver will operate over 
a six-MHz range, from 143 MHz to beyond 149 MHz, 
although with reduced output at the extreme edges. 

updating early HW-2036s: 
Before actually beginning conversion of the HW- 

2036, check to see that your HW-2036 has all the 
updates that Heath has added since this model was 
introduced. There were addendum sheets included 
with the manual, in addition to several changes in 
the manual itself to reflect parts values different from 
those printed on the circuit boards. On the receiver 
board, R206 and R209 should be 10 kilohms, and 
C214, C215, and C216 should be 4.7-pF NPO disc 
ceramics. Also, 0204 was changed from a MPF-105 
to an EL-131. If you have to replace these six parts, 
you will need to realign the receiver i-f. Wait, how- 
ever, until the rest of the changes have been made. 

On the synthesizer board, R419 should be 10- 
kilohms, C442 a 20-pF NPO disc ceramic, C403 a 100- 
pF NPO disc ceramic, and R445 220 ohms. These 
parts changes reduce drive to the synthesizer loop 
mixer. And finally, on the transmitter board, R141 
should be 180 kilohms, % watt, which increases the 

Zener bias in the 11-volt regulator. Only very early 
hW-2036s m ~ g h t  need any of these changes. Your 
HW-2036 is now up to date. Table 1 lists all the parts 
needed to convert the HW-2036. 

conversion to the HW-2036A 
There are changes to be made on each board, and 

we found it easier to do one board at a time and then 
do the alignment board-by-board when everything 
was bolted back together. I t  is necessary to have 
some method of removing solder from the double- 
sided boards before attempting to remove the parts. 

Power Amplifier Board. Remove the transceiver 
top and bottom covers and begin with the power 
amp board by removing the heatsinks from the back 
panel. Unsolder and disconnect the ground wires 
connected to the corners of the transmitter and re- 
ceiver boards. Carefully pull the molex connector 
apart, remove the two nuts that hold the power 
amplifier assembly to the back of the chassis, and 
swing the board down on its leads. A 12-pF dipped- 
mica capacitor (C235 in the HW-2036A manual) is 
added to the output connector on the inside of the 
board. 

Prepare this capacitor by cutting the leads 22 mm 
(718 inch) long and slipping 19 mm (314 inch) of 
spaghetti or insulation over each lead. Bend the 
exposed 2-mm (118-inch) lead at right angles away 
from the body of the capacitor. Lay the capacitor on 
the foil of the board and solder one lead to the anten- 
na jack center pin and the other to the foil where the 
ground wire pokes through the board. This forms a 
filter across the output. The lead length is the induc- 
tance part of the filter. Reassemble the board to the 
rear apron, but leave the ground wires to the trans- 
mitter and receiver boards loose for now. Replace 
the molex connector. 

VCO Board. Heath now supplies a parts kit for 
modifying the VCO; it consists of two mica capaci- 

By Mike Miller, WB6TMH and Ed Fitzgerald, 
WA6ODR. Mr. Miller's address is 173 Leveroni 
Road, Sonoma, California 95476. Mr. Fitzgerald 
can be reached at Post Office Box 75, Cotati, 
California 94928. 
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tors, a coil, and a new varicap diode (parts kit num- 
ber 830-29, $3.95). Begin by removing the VCO cover 
screws and unsoldering the two lugs on the side (a 
soldering gun may be necessary for this step). Break 
loose the epoxy bead between the coil and the cover. 
Remove the nuts and washers and pull the board up 
on its leads to gain access to the bottom. Cut the 
epoxy bond between C503 and L501. If C503 is 
broken it will be necessary to replace it (Heath 21- 
192 $1.35). 

Unsolder and remove L501, C513, C509, and 
VD502. Replace each component with the parts 
supplied in the Heath package. Reglue L501 to the 
board, C503 to the side of L501, and C513 and C509 
to each other. Now, replace the board on its bolts 
and turn on the power. Set the frequency switches 
to 146.000 MHz and run the slug of the new coil up 
and down, checking that the synthesizer lock light 
on the front panel goes out at some point, indicating 
the VCO is operational. Install the cover, gluing the 
coil to the top and soldering the lugs on the side. 
These changes increase the tuning range of the VCO 
by increasing the oscillator LIC ratio and making the 
varicap diode a larger part of the total capacitance. A 
full alignment of the VCO will be completed later. 

Synthesizer Board. First, remove the black wire at- 
tached to point C on the power amp board to allow 
room for the synthesizer board to swing up. Remove 
the thirteen wires that attach the thumbwheel 
switches to the front end of the board and the four 
nuts and washers. Now, swing the board up on its 
remaining leads and remove R427 and R428, chang- 
ing the values so that R427 becomes 5.6 kilohms and 
R428 10 kilohms. Page 61 of the manual can be used 
to locate these two resistors. 

Replace the board on its bolts, attach the black 
wire to point C on the power amp board, and refer to 
pictorials 4-10 and 4-1 1 for color code and wire place- 
ment when attaching the thirteen wires to the fre- 
quency switches. Again turn on the power and check 
to see that the synthesizer lock light goes out. 

C235 
OUTPUT 
FILTER 

table 1. Parts list of components needed to update the HW- 
2036 to an HW-2036A. Unless otherwise noted, all resistors 
are 114 watt, 5 per cent tolerance. 

update parts 

Designation valueldescription 

4.7-uF NPO disc ceramic 

20-pF NPO disc ceramic 
EL-131 (replaces MPF-105) 
180 ohms, % watt 
10 kilohms 10 per cent 
10 kilohms 
2.2 kilohms 
100-pF disc ceramic 

conversion parts 

0. I -pF monolithic ceramic 
22-pF 5 per cent dipped mica 
125-pF 5 per cent dipped mica 
5-pF NPO dipped ceramic 
12-pF 5 per cent dipped mica 
0.25 pH 
Motorola MV2110 
'100 ohms 
15 kilohms 
5.6 kilohms 
10 kilohms 

Heath 
number 

21-168 

21-51 
417-241 
1-112 
1-9-12 
6-103-12 
1-4-12 
21-75 

Heath 
price 

$0.29 

0.25 
2.10 
0.22 
0.24 
0.25 
0.24 
0.25 

"Note These parts can be obtained as a kit with instructions 
(Heath part number 830-29) for $3.95 

Receiver Board. Remove the four nuts and wash- 
ers, remove the coax from points A and B, and tilt 
the board up on its remaining leads. Referring to 
pages 45-52 in the manual, change the value of R233 
to 15 kilohms. This increases the drive to the receiver 
doubler. 

Next, remove C201 and the shield alongside of 
L201 and L202. Remove 3 mm (1!8 inch) of the paper 
insulation from the vertical edge nearest L213. Cut a 
piece of 0.2-mm (0.01-inch) brass shim stock or cop- 
per flashing to 22 x 16 mm (718 x 518 inch), bend- 
ing 3 mm (1 18 inch) of the long side at right angles to 
form a tab. Clean the shim stock and shield with 
steel wool and solder the tab to the existing shield 
where the insulation was removed. Alligator clips will 
hold the pieces together during the soldering. 

Remove L202 and install the modified shield on its 
original pins. Solder the shield pin nearest L204 to 
hold it in place and run a bead of solder along the 
shield extension, joining it to  the board foil behind 
C203 and i202. Also, run a bead of solder along the 
back of the shield next to C201. Replace L202, noting 
the polarity, and change C201 to a 5-pF NPO disc 
ceramic; solder both components in place, as well as 
the second shield pin. 

Location of C235 which, in conjunction with its lead length, Bolt the board down again and resolder the ground 
formsa filter on the output of the transmitter. lead from the power amplifier board to the corner of 
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the receiver board. Connect the power, turn on the 
transceiver, and tune in a local repeater to see that 
everything works properly. Full alignment will be 
done last. 

Transmitter Board. Remove the phono plugs from 
JlOl and J102, and remove the five nuts and wash- 
ers holding down the board. Disconnect the molex 
connector to the power amplifier hoard and also the 

tor to pin B, hidden under the wiring harness. Now, 
solder the other end of the 2.5-cm (I-inch) wire from 
the board foil near pin N to solder lug DA on the rear 
apron. Make this lead as short as possible and trim 
off the excess. Reconnect the ground wires from the 
receiver and transmitter boards to the power ampli- 
fier board. 

Install two ground lugs at stud X on the power 
amplifier board. Solder one lug directly to the chas- 
sis. Remove the coax shield from point B on the 
power amplifier board and solder it to the second lug 
on stud X, 

alignment 
VCO Board. Set C511 on the VCO board to mid 
capacity. Attach the dc probe of a VTVM to TP401 on 
the synthesizer board; set the frequency switches to 
146.000 MHz; and set the mode switch on the front 
panel to SIMPLEX. Turn the slug of coil L501 up until 
i t shows at the top of the coil. Key the transmitter 
with the dummy load attached and rotate the slug 
down until the VTVM reads 2.2 volts. The SYNTHE- 
SIZER LOCK light should be out at this point. 

This photograph shows the locations of components that With the transceiver not keyed, adjust C501 until 
were changed on the vco board. the VTVM again reads 2.2 volts. This completes the 

VCO adjustments. 

four large power connections labeled G, P, R, and V. 
Pull off the three-pin connector on regulator IC1 and 
unsolder the lead of the 0.001-pF capacitor from 
ground lug DA (refer to page 106). Carefully tilt up 
the board on its remaining leads. 

Referring to page 74, remove R103 and replace it 
with a 100-ohm resistor. Remove the connectors on 
pins B, L, and N and solder the base of these pins to 
the board foil. These pins are the shield connections 
for interconnecting coax leads and should be rigidly 
grounded to both sides of the circuit-board ground 
plane! 

Pull the red wire from pin S. Clip off and discard 
the 0.001-pF capacitor from the end and remove the 
two ferrite beads. Strip 3 mm (1 18 inch) of insulation 
from the end of the red wire and add approximately 
7.5 mm (3 inches) of wire of a similar size, covering 
the soldered splice with heat shrink tubing or spa- 
ghetti. Now strip 16 mm (518 inch) of insulation from 
the extended wire and slip on the two ferrite beads 
just removed. There should be about 3 mm (1 18 inch) 
of wire sticking out. Solder this end to pin OUT, 
alongside the yellow wire from regulator ICI .  Next, 
take a 2.5-cm (1-inch) piece of solid wire, bend a 
3-mm (118-inch) tab on one end, and solder this tab 
to the circuit board foil next to pin N. 

Install the board on its bolts again. Be sure to posi- 
tion the long coaxial cable along the top of the front 
of the board, as shown on page 106 of the manual. 
Replace all board connectors, phone plugs, and the 
connector on ICl., Don't forget the shield connec- 

Transmitter Board. Since the transmitter strip is 
already aligned to  a center frequency of 147.000 
MHz, an abbreviated procedure is used to center the 
transmitter at 146.000 MHz, providing full output 
over the entire frequency range. First, install the 
dummy load. Set the thumbwheel switches to  
146.000 MHz and connect the rf probe to  TP101. The 
kit-supplied probe is fine and can be used with the 
dc scale of a standard VTVM for better sensitivity. 
Adjust LlOl and L102 for maximum output with the 
transmitter keyed. Several adjustments may be 
necessary. 

Move the rf probe to TP 102, key the transmitter, 

The addition to the shield can be seen in this photograph of 
the receiver board. Part of the paper insulation was removed 
to allow the addition to be soldered to the original shield. 
When it's installed, the bottom of the new piece is soldered 
to the circuit board. 
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and adjust L103 and L104 for maximum. Remove the 
probe, and, with the transmitter keyed, adjust L105, 
L106, and L107 for maximum output as indicated on 
the front panel's relative power meter. The peak on 
L106 will be very broad. 

Now, set the frequency switches to 144.500 MHz 
and adjust LlOl for maximum output at this lower 
band edge. Then, with the frequency set to 147.500 
MHz, adjust L102 for maximum. Repeat these two 
steps, which are designed to stagger the tuning over 
the full band. Finally, set the frequency to 144.000 
MHz, key the transmitter, and check the relative 
power meter to be sure the transmitter has full out- 
put at the extreme band edge. Repeat this step at 
147.990 MHz. There may be a slight difference at 
each end, but not much. 

Power Amplif ier  Board. Set the frequency 
switches to i45.000 MHz, and, with the transmitter 
keyed into the dummy ioad, adjust the power ampli- 
fier trimmers in this order: A, B, C, D, E, D, C, A, B. 
Do not adjust trimmer capacitor A any further clock- 
wise than is necessary for maximum output. This 
single adjustment series should provide nearly equal 
output across the entire band. Remember to replace 
the heatsinks! 

Receiver Board. Set the frequency to 146.000 MHz, 
connect the rf probe to gate 2 of 0202 on the receiver 
board, and adjust L402 and L403 on the synthesizer 
board and L212 and L213 on the receiver board for 
maximum level. Perform these adjustments in the 
order listed and repeat at least once. This provides 
maximum local-oscillator injection to the first mixer. 

Next, remove the antenna coax from points A and 
B on the receiver board and connect the kit-supplied 

Close-up of the receiver shield with the addition soldered to 
the right edge. 

jumper from points A and B to points TP106 and 
TP107 on the transmitter board. Now, adjust L201, 
L202, L203, and L204 for maximum S-meter reading 
with the frequency set to 146.000 MHz. I t  may be 
necessary to adjust the frequency up or down slightly 
to pick up the harmonics of the reference oscillator 
being used as the alignment signal source. Also, 
since there is a high signal level, C147 on the trans- 
mitter board may be adjusted to maintain the meter 

GROUkD &IRE 
NEXT TO PI&: 

FERRITE BEAC 
ON WIRE COEr - 
NECTED TO 
P I N E T  

SPLICED CON- 
NECTION TO 
RED WIRE 

Changes to the transmitter board can be seen in this photo- 
graph. Note that the wire extension is now soldered to pin 
OUT instead of pin S. 

reading at half scale or less. If this does not provide 
enough signal reduction, slightly detune i-f coil L207 
on the receiver board. Once L201 through L204 are 
adjusted properly, L207 can be repeaked by re- 
moving the jumper from point A and holding it a 
small distance from the pin. This will provide enough 
signal to peak L207 without overloading the i-f strip. 

A t  this point, if you replaced the parts in the i-f 
strip, refer now to the manual instructions for align- 
ing the i-f stages. Few will need this however, and, if 
not disturbed, the rest of the i-f will not need atten- 
tion. This completes the conversion. 

remarks and notes 
We found that the birdies on 146.000 MHz and 

146.520 MHz were slightly decreased in signal 
strength but not eliminated. The reference oscilla- 
tor and offset oscillator should not need attention if 
care was taken not to disturb their trimmers during 
the modification. 

Reducing power consumption. Several ICs can 
successfully be replaced with low-power Schottky 
versions (LS series). IC104, IC105, and IC106 (7490s) 
may be replaced with 74LS90s. IC107 (7492) may be 
changed to a 74LS92. IC405 (7400) may be changed 
to a 74LS00, and IC404 (7473) may be changed to 
74LS73. IC103 (7400) may not be replaced! These 
changes will reduce current drain about 20 per cent. 
I t  may be possible to change these devices to the 
CMOS series for further power reduction, but we 
haven't yet tried that substitution. 
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the dasher 
the last dash of a train, making it very difficult to  
handle. I decided to try keying the 9-volt supply to 

Update your Vibroplex bug the entire circuit, but this caused the first dash of a 
series to be stretched. Then, I tried leaving the 9 

by using the Dasher - Vdc connected to  all parts of the circuit and keying 
the lead to pin 8 This got rid of the problems, resuft- 

a simple circuit ing in perfect dashes. 
The two pots permit adjustment of both speed 

and weight. The only change needed on a Vibroplex 
that provides a C O ~ ~ ~ ~ U O U S  bug is to disconnect the lead under the base from the 

series of dashes 

Back about  1946, during my days as a commercial 
CW operator, I used to spend an eight-hour shift 
sending traffic in strings of 40 or more messages. 
Many of them were weather messages which had 
groups of five digits and many, many groups per 
message. I was getting a glass arm doing this at 40 
words per minute or better every working day. 

I saw a circuit in an Amateur magazine which used 
two tubes in a multi-vibrator circuit that could be 
mounted on top of a regular Vibroplex bug and 
would automatically make the dashes while you 
still get the dots from the mechanical side of your 
bug. I built and used one for years, saving my arm a 
thousand times over. It had the advantage that you 
could make the dashes much longer than the tradi- 
tional 3 to 1 ratio. Therefore, you could retain your 
original sending style, yet send perfect code without 
fatigue. 

Since then I haven't been too active - until re- 
cently when I got back into both MARS and CW 
work. That's when I remembered that silly thing I 
once built into a cake pan and mounted on top of 
my old Vibroplex. 

Today, however, with all solid-state devices and 
small parts, one can be built in a small box, using a 
9-volt battery for power. I used the 555 IC as a timer 
and a small 6-volt, dc-sensitive relay. 

circuit description 
Fig. 1 shows the circuit I used for the Dasher. In 

some circuits, pin 7 on the 555 was keyed. I tried this 
configuration but it caused a slight "hangover" on 

By Joseph H. Fenn, KHGJF, 3612 Puuku 
Makai Drive, Honolulu, Hawaii 96818 

dash contact post. Then, use a two-wire, shielded 
mike cable to provide three connections from the 
bug to the input of the Dasher. The shield forms one 
lead from the frame post of the bug, and the other 
two leads connect t o  the dot and dash contacts. 
Inside the Dasher, the lead from the dot contact is 
connected to the output lead, with the dash contact 
used to control the 555. 

1 3 3 0  BUG DASH CONTACT 0 

BUG FRAME 

BUG DOT CONTACT 

"o TO TRANSM!TTER 
KEY CIRCUIT 

fig. 1. Circuit diagram of the Dasher. The relay is a small 6- 
volt unit available from Radio Shack. The diode can be any 
small signal switching diode. 

Two things I might add for information. I used one 
of the rechargeable, 9-volt, ni-cad batteries and 
brought leads from the battery to screw terminals 
on the side of the box. This way I can connect a 
charger without opening the box. Also, a note of 
caution. Do not ground any of the 9-volt points to a 
ground that is common to the relay output or the bug 
common lead. When I tried the Dasher with my Col- 
lins KWM2A barefoot, no  problems were en- 
countered. However, when I ran the linear with a 
full kilowatt, rf was induced into the leads, causing 
erratic dash length. Putting ferrite beads on the input 
and output leads cured the problem. So have fun and 
don't end up with a glass arm; use the Dasher. 
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formation 
of passive 

lumped constant 
90=degree 

phasedifference networks 

Construction details 
for designing 

equal amplitude, 90-degree, 
phase-difference networks 

A variety of networks, both active and passive, 
have been used over the years for splitting a signal 
into two equal amplitude signals while maintaining a 
quadrature phase relationship between the two com- 
ponents. Roger Harrison's article1 presented a num- 
ber of such circuits and rekindled my interest in these 
devices. I first became interested in these circuits 
while designing image outphasing systems for 
sweeping microwave receivers about 20 years ag0.2~3 
At  UHF and microwave frequencies, 90-degree phas- 
ing networks are readily achieved with coaxial or 
stripline hybrids which can be designed for band- 
widths of several octaves. These distributed element 
hybrids become large and difficult to build for the 
lower frequencies. Sometimes, it is also desirable to 
have circuits capable of greater bandwidth. 

I have prepared a table (see table 1) of prototype 
values from which passive, lumped-constant, first- 
order lattice networks (fig. 'I) may be designed. This 
table is an adaptation of early work by Darlington2 
and later work by Bedrosian. Darlington's work is 
basic and requires background in network theory 
plus a comprehensive table of elliptic functions to 
arrive at a practical design. Bedrosian'ss paper 
included a number of tables of prototype values 
which can be used to calculate inductances, but you 
are stuck with the arbitrary bandwidths he chose 
unless you have access to a table of elliptic func- 
tions. Even then, there are several calculations to be 
done before arriving at a design. I have chosen a 
number of bandwidths which I believe would be 

most useful for Amateur Radio users, 2 to 1 through 
20to1. 

network description 
The phase-splitting networks consist of two sepa- 

rate lattice networks, a P-network and a Q-network. 
For a given bandwidth, the amount of phase ripple 
(deviation from 90-degree phase difference) depends 
upon the number of lattice sections, the more net- 
works the smaller the deviations. N is the total num- 
ber of lattice sections in both branches. 

Although the first-order networks are simple, they 
may not be the most practical. This sometimes 
becomes apparent when you try to produce a pair of 
networks operating over a relatively broad range. 

fig. 1. Diagram of a first-order lattice 
network. 

You may discover that the networks, which are oper- 
ating over the low-frequency end of the band as "all 
pass" networks, are also behaving at the higher fre- 
quencies like lowpass filters with a cut-off frequency 
within the design bandwidth. The reason for this is 
the self-capacitance of the inductors, which makes it 
difficult to place the self-resonance of the coils in the 
low-frequency lattices outside the design band. 

Orchard4 presented a transformation whereby two 
first-order networks may be combined in a single 
second-order network as shown in fig. 2. 

description and use of the table 
Once you have determined the bandwidth required 

(ratio of upper to lower frequency) and the phase rip- 
ple that can be tolerated, you are ready to select the 
appropriate prototype design from the table. Assume 
a 3 to 30 MHz 90-degree network is needed, requiring 

By R. B. Wilds, KGZV, 14633 Ambric Knolls 
Road, Saratoga, California 95070 
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fig. 2. Transformation of a second-order to a first-order lat- 
tice network. 

a phase deviation of less than two degrees. Table 1 

You are now ready to complete the design using 
the P and Q values from table 1 .  For the P network 
assume Z, = 50. 

L~ = P 1 * Z o  = 0.151 X 50 
21r fo 2a x 9.487 x 106 = 0.1267pH 

Lz = 50 = 1 , 4 0 5 f i  59.6X 106 

PI C r  = --- - - 0.151 
Z0a2rrf, 5v"x 5 9 . 6 ~  10" = j0.7pE' 

C2 = 
1.675 

50X 59.6x 106 = 562pF 

For the Q network: 

shows that a network with four lattice sections will 
yield a 10 to 1 bandwidth with a phase ripple of 1.08 LZ = 6 . 6 1 x 5 c  = 5 . 5 4 p ~  

59.6X 106 
degrees. Table 1 also has normalized prototype 
values which are used to arrive at the actual designs. 

denormalization and design 
The lattice networks are denormalized for the c, = 6.61 

50x  59.6x 106 = 2218pF 
geometric center frequency, in this case Jm = 
9.487 MHz. The inductances for the P network are 
calculated by: Now the complete circuit can be sketched (see fig. 

P value (2,) (11 3).  An example of an N = 5 network for the same 
L = 

271-fo bandwidth is shown in fig. 4. 

where P = value from table I The first-order lattice is a balanced circuit whose 
unbalanced equivalent requires the use of a trans- 

Z, = characteristic impedance of network former. Several types of balanced-to-unbalanced 

f ,  = geometric center frequency 

table 1. Prototype values used for prototype designs. 

BW phase 
ratio N tolerance P I  P2 P3 0 1  Q2 Q3 

2 2 1.687 0.405616 2.4654 
3 2 4.12254 0.3933 2.543 
3 4 0.0742 0.1859 1.539 0.65 5.38 
4 4 0.178 0.179 1.564 0.64 5.6 
4 5 0.03 0.142 1 7.04 0.476 2.1 
5 4 0.308 0.173 1.586 0.63 5.787 
5 5 0.06 0.137 1 7.3 0.466 2.15 
6 4 0.455 0.167 1.61 0.622 5.97 
6 5 0.1 0.133 1 7.54 0.456 2.19 
6 6 0.02 0.11 0.7312.750.363 1.37 9.1 
8 4 0.77 0.1585 1.64 0.6084 6.31 
8 5 0.184 0.1254 1 7.97 0.441 2.267 
8 6 0.044 0.1038 0.72 2.870.348 1.388 9.63 

10 4 1.08 0.151 1.675 0.597 6.61 
10 5 0.28 0.1196 1 8.36 0.428 2.33 
10 6 0.07 0.0989 0.711 2.97 0.336 1.41 10.1 
15 4 1.91 0.137 1.74 0.573 7.28 
15 5 0.577 0.108 1 9.25 0.403 2.48 
20 4 2.55 0.1285 1.79 0.559 7.78 
20 5 0.829 0.101 1 9.9 0.387 2.59 

transformers, which are suitable for adapting the lat- 
tice to an unbalanced circuit, are described in refer- 
ence handbooks. You have the option of choosing 
the impedance level of the lattices to effect the 
desired impedance match at the common junction of 
the networks. 

theoretical and experimental results 
The values for table 1 were obtained from a BASIC 

computer program (PHASESO) which is capable of 
designing a wide range of first-order networks with 
bandwidths up to 100 to I. Several designs from this 
program were analyzed using a BASIC (GNET) net- 
work analysis program and were found to perform as 
predicted. 

Finally, to prove the usefulness of the theoretical 
design, a four-section (N = 4) network consisting of 
first-order lattices was built for the 20 to  150 MHz 
range. The phase deviations from 90 degrees were 
about 5 degrees, which is greater than the theoretical 
tolerance of 0.7 degree, but adequate for most 
requirements. This experimental data shows that the 
first-order lattices can be used for an 8 to  1 band- 
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TO BALUN 
TRANSFORMER 

0 . 5 p H  5 5 4 r H  

::I: 0- NETWORK 
OUTPUT 

0 S r H  5 5 4 p H  

fig. 3. Component values for the 3 to 30 MHz, four-section 
network. 

width. For greater bandwidths you may have to 
resort to the second-order lattice configuration. 
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A new construction 
technique which allows 

the builder build 
a cabinet to fit 

his equipment - 
rather than fitting 

his equipment 
into the cabinet 

Al l  builders of electronic devices eventually come 
up against a continuing problem - what type of cab- 
inet to put their creation in. The magnitude of the 
problem increases in direct proportion to the dimen- 
sions desired. Commercially manufactured answers 
to the problem are few. If a cabinet is inexpensive, it 
is usually too small or flimsy; if it is rugged enough it 
will usually be too expensive. Trying to find a cabi- 
net with the desired size and configuration often 
seems next to impossible. It has been my experience 
that few local dealers ever carry a large percentage of 
a cabinet manufacturer's total line. Therefore, mail 
order must be resorted to, which takes time. 

Many times, the builder must choose "the best of 
the worst" from stock on hand and then tailor con- 
struction of the device to fit the cabinet. This prac- 
tice usually results in unnecessary work and design 
trade-offs. Another problem that occasionally occurs 
is the need to increase or decrease the depth of a 
cabinet, something not easily accomplished. All of 
this adds up to what I call the "cabinet frustration 
syndrome." 

What follows is an idea that evolved from attempts 
to solve these problems. The result is a rugged, in- 
expensive cabinet which is easy to construct in any 
needed size. Fabrication materials are universal in 
that they can be used for most any size cabinet. Most 
of the pieces from scrapped cabinets can be used 
again. With this method, the depth of the cabinet 
can be easily extended or reduced. 

fabrication 
The basic cabinet is made of only two items, the 

end plates and the end-plate support brackets. The 
end plates can be the front and rear panels of your 
unit or they can be subpanels, using a method to be 
described later. The two end plates are simply cut 
from aluminum sheet stock to the desired front- 
panel dimensions. A mounting hole for each bracket 
is drilled in each corner. The end-plate support brack- 
ets are the key to this whole method of construction. 
Bolted between the end plates, they provide cabinet 
rigidity, while at the same time allowing construc- 
tion flexibility. 

The brackets are made of aluminum U-channel, 
cut to the desired depth. Aluminum U-channel was 
chosen because it is light, relatively inexpensive, and 
readily available at most hardware stores. My first 
attempt, for which I used 12.5-mm (112 inch) U- 
channel, was acceptable but resulted in a more 
rugged (and heavier) cabinet than was necessary for 
that application. Cabinets built of 9.5-mm (318-inch) 
channel proved to be best for most of my uses. 

Once the U-channel size is decided upon, the next 
step is to locate or fabricate something to lay in the 
channel that will accept the end-plate mounting 
screws. My junk box yielded some threaded metal 
standoffs about 5 cm (2 inches) in length. These fit 
snugly in the channel. The standoffs had a 10-32 

By Bob Thompson, W7KDM, 12213 South 
Oneida, Phoenix, Arizona 85044 
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As seen in this photograph, the standoff was drilled and 
tapped for two additional holes, providing a means of secur- 
ing the standoff in the channel stock. 

(M5) threaded hole through their length. Two other 
mounting holes were drilled perpendicular to the 
length and tapped for a 10-32 (M5) thread. These 
holes are for bolting the standoffs to the U-channel. 

If you don't have any standoffs, square aluminum 
stock is usually sold along with the U-channel. This 
can be cut to length, drilled, and tapped as neces- 
sary. Of course, the square stock can be cut to a 
length equal to the cabinet depth and used as the 
entire mounting bracket. In that case, only one hole 
must be drilled and tapped in each end. However, a 
solid bracket will have a few disadvantages when 
compared with the U-channel approach; it will be 
heavier, and it will offer less flexibility in the mount- 
ing of parts to the brackets. 

Once each bracket has a standoff mounted at 
each end, the four brackets are bolted to the end 
plates, and the basic cabinet is finished! Component 
mounting plates can be above or below the brackets. 
If a center mounting plate is needed, this can easily 
be accomplished with L-brackets. Incidentally, a 
good source of L-brackets for any project is L-shaped 

Example of a chassis that has been lengthened by using 
additional side bracket pieces. 

aluminum stock, usually sold in the same place as 
the other materials. Merely cut the stock to the width 
of L-bracket desired. The L-bracket will be much 
stronger than one made by bending a piece of flat 
stock. 

The basic cabinet is essentially a frame that can be 
covered by cutting and bending lightweight sheet 
aluminum. The design is such that the cover is not 
needed to provide the basic structural integrity and 
strength. This is a big problem with all but the most 
expensive commercial cabinets. Here again, the 
lightweight aluminum cover material is usually sold 
where all the other materials are. 

Rather than making a cover by bending, cutting 
individua! pieces of stock and attaching them to their 
respective sides with small screws is also a possibil- 
ity. Where a heavier gauge metal will be used for the 
cover, it is possible to entirely eliminate the brackets. 

Close-up of the connection between the two sections 
of a side bracket. 

In this case, a central chassis plate is fastened to the 
end plates with L-brackets. Unless the cabinet is very 
small, the aluminum sheeting used for the end plates 
and chassis plate should be heavy enough to provide 
sufficient rigidity. Most of the aluminum that I use 
for chassis and end plates is 3 mm (118 inch) thick, 
although I've also used material 1.5 mm (1116 inch) 
thick with success. 

Aluminum sheeting is used because of its wide- 
spread availability and low cost. In the past, I have 
used some magnesium alloy sheet which provided 
excellent rigidity and light weight. The problem is, of 
course, that it is both expensive and difficult to 
come by. 

As mentioned earlier, cabinets made with the U- 
channel technique can be easily lengthened or short- 
ened. To shorten a cabinet, merely remove the 
standoffs from one end of each bracket, cut the 
brackets to the desired length, and remount the 
standoffs in the ends. 
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The process of lengthening a cabinet is just a little 
more involved. If materials are available, just make 
longer brackets. However, if you don't have a piece 
of U-channel long enough to make four new brackets 
you can use four small pieces and add to the length 
of the existing bracket. This approach will require 
more work, but could be the most expedient and 
most economical under certain circumstances. 

First. cut and fashion four extension brackets for 
the desired added depth. Remove one of the end 

This photograph illustrates a false panel speaker grille using 
standoffs mounted on an end plate. 

plates. Insert adequate lengths of threaded screw 
stock (I  favor 10-32 [M51), into the ends of the brack- 
ets to be lengthened. Leave about 12.5 mm (1 I 2  
inch) protruding. Screw the extension brackets onto 
the exposed screw stock. Now comes the only tricky 
part: when the two brackets are snugged up tight 
against each other, they should be aligned. If they do 
not align, insert a piece of metal shim stock or a thin 
washer between the two pieces and try again until 
alignment is achieved. Mount the other end plate on 
the extended brackets. If desired, one end plate can 
be used as a subpanel for false front panels or 
speaker grilles. This is accomplished wi th metal 
standoffs. 

The only item which might prove difficult t o  pro- 
cure is the aluminum sheet used for the chassis and 
end plates. Sheet metal dealers will usually sell rem- 
nants at scrap value. Scrap metal dealers sometimes 
have acceptable pieces. Your best bet is to get out 
and browse around to see what is available. 

It's my hope that this article has provided you with 
a basic method (plus some variations) for relieving 
"cabinet frustration syndrome." 
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digital circuits - propagation delay and flipmflops 
So far, the basic gate has been examined under dc 
or static conditions. This part will discuss dynamic 
conditions of switching, propagation delay, and the 
most simple flip-flop, the latch. 

All digital devices have delay from internal charge 
storage. Input and output may switch rapidly, but 
the delay between input transition and output transi- 
tion is usually longer than the transition itself. Fig. 1 
is an example of dynamic conditions in a simple 
inverter. 

The term t p  or t d  is associated with propagation 
delay and will have a number of different subscript 
letters to distinguish different types of delay. A table 
in the front of the Texas Instruments TTL Data Book 
lists most of them. The term propagation is used, 
since the input-to-output path within a device may 
go through several stages. 

The inverter shows only two delays. t p ~ ~  is the in- 
put transition-to-low delay to output transition-to- 
high state; t p ~ ~  is the opposite. They may occur at 
different times. Measurement is made at half ampli- 
tude between maximum low-level voltage and mini- 
mum high-level voltage. 

Output-state transition time is also listed, almost 
always at a specified load of maximum capacity. 
Load capacity affects output transition delay strongly 
but has only a slight effect on propagation delay. 

Multi-function devices have a number of different 
delays. Data sheets must be carefully studied to 
understand the effect of delays on the overall circuit. 
Lack of understanding of delays can waste a lot of 
debugging time (most times are too short to measure 
on inexpensive scopes) and also can cause a circuit 
to fail entirely. Delay time can't be underestimated! 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 

the RS latch flip-flop 
Fig. 2 shows the block symbol, waveforms, and an 

equivalent circuit constructed of NAND gates. The 
RS term comes from resetlset. A flip-flop is a bi- 
stable circuit (stable in two conditions) and is either 
set or reset by an external input. Because it's bi- 
stable, it's said to be latched in one state or the 
other. 

The circuit of fig. 2 has active low set and reset in- 
puts, indicated by inversion bubbles on the symbols. 
Outputs are not shown with bubbles, since the flip- 
flop is a bistable device. 

Flip-flop terminology sometimes refers to the Q 
output as true, a as false, or NOT. Output-to-input 
cross-connection would appear to create an oscilla- 
tor. This would be true with linear devices, but it's 
the key to holding a bistable condition with digital 
devices. 

Assume initial conditions of both inputs and Q 
high, a low. NAND gate GI is held high by the low 
from G2. G2 is held low since both inputs are high 
(the NAND RULE). The initial state is stable. Either 
output could have been high at power turn-on, de- 
pending on which gate was the fastest. 

The first low input does nothing; GI is already 
held high. The f i rstF low will force G2 high. GI then 

'PLH + 
* 4 

I I I ' P H L  

TIME - 
fig. 1. Propagation delay of an inverter. 
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goes low, since all inputs are high and the latch has 
flipped to a reset condition (Q low). This is the other 
stable condition. 

Note the exaggerated time delays and sequence of 
changes. Each input must hold at a low state long 
enough for both gates to change state. Flip-flop spec 
sheets will give this parameter of time as thola 

A following R low will do nothing: the latch is 
already reset. A second 3 low will force G I  high. G2 
will go low since all inputs are high; the latch has 
flopped into a set condition. 

What happens if both inputs are low? Both out- 
puts will be forced high as long as that condition per- 
sists. The unknown condition occurs when both in- 
puts return high. Either stable condition could occur 
and, as in power-on, it depends on which gate is the 
fastest. This is the indeterminate state and should be 
avoided. 

a switch debouncer 
All switches and relays, except for mercury wetted 

types, have contact bounce. Contact bounce is the 
opening and closing of contacts because of mechani- 
cal vibration. It lasts between 0.2 and 50 milli- 
seconds, depending on construction, and can raise 
havoc with certain digital circuit inputs; a cure is 
found in fig. 3. 

fig. 2. Simple RS flip-flop latch symbol, circuit, and 
waveform. 

The RS latch is an interface between the switch 
and controlled circuit. The grounded switch arm pro- 
vides the active low latch input signal. Pull-up 
resistors provide a high state for open contacts. The 
4.7k pull-up is for TTL; CMOS values can range from 
56k to 270k. 

Contact bounce still exists, but the controlled cir- 
cuit does not see it. The first contact closure will flip 
the latch. Subsequent bounce will not affect the 
latch as long as the switch is break-before-make. 
Compare this circuit with that of fig. 2 for full 
understanding. 

k _ 5 GOES LOW WHEN 

1 O SWITCH DEPRESSED 

GOES HIGH WHEW 
'O S W I T C H  DEPRESSED 

I O P E N  

U n 
L-_J 

BOUNCE BOUNCE 

NORMALLY- OPEN CONTACT 

fig. 3. Switch debouncer. 

Fig. 3 could be made with CMOS NORgates, 
switch arm to V,, and pull-down resistors. Try this 
on scratch paper. A hint: Use the gate truth tables in 
Part 1.1 The same thing won't work well with 
TTL. Why? 

The difference lies in the high-TTL logic-0 current. 
Pull-down resistors would have to be 180 ohms or 
less for 0.4 volt maximum at 1.6 mA. It's fine if you 
can afford to waste 28 mA when the pull-down is 
connected to V,,. A 4.7k pull-up resistor wastes 
only I .I mA. 

Can a single-throw switch be substituted? The 
thought comes to mind rhat an inverter could be 
used for the other latch input. Sorry, this won't 
work; the same bounce is repeated in the latch. A 
single-throw switch can be applied only to static 
switching inputs or those unaffected by bounce. 

clocked flip-flops 
The term clock refers to a timing signal and came 

from early computer work, when the clock synchro- 
nized all functions. Applied to flip-flops, the clock in- 
put is really a trigger to initiate a change of state. 

Fig. 4 shows the most common clocked flip-flops, 
the JK and D, in symbolic form with truth tables. 
Two things should be noted here: These truth tables 
are time-dependent, and the clock input may or may 
not have an inversion bubble. The clock edge is the 
trigger. A positive-going (low-to-high) edge is shown 
direct as in the D flip-flop. A negative-going (high-to- 
low) edge is shown with the bubble. 

J, K, or D inputs are control or data inputs. Each 
truth table shows the effect of these inputs on the Q 
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output after receipt of a clock edge. If both J and K 
are held low, Q of the JK does not change. This is in- 
dicated by Q,. Holding one low and one high will 
force the 0 and 1 condition. With both high, Q will 
flip to the state opposite what it was before the clock 
edge arrived. This is whatQ, means. 

The D flip-flop is easier to understand. Its Q state 
takes the D input state after receiving a clock edge. 

J I O  
0  0  on 

ICLOCKI 0 1 0  1 0 1  
I I G  

JK F L I P - F L O P  

0  F L I P - F L O P  

fig. 4. Symbols and truth tables for the 
basic clocked flip-flops. 

Both flip-flops will change Q based on the control in- 
put state before a clock edge occurs. Control inputs 
do not directly affect output.* 

Clocked flip-flops require an additional t ime 
parameter: setup. J, K, and D states must exist a 
specific minimum number of nanoseconds before a 
desired clock edge occurs. Too short a setup time 
will result in skipping a clock period for a Q state 
change. 

An output state change is sometimes called tog- 
gling. A JK with both inputs high will toggle on each 
clock. Output period will be twice clock period, and 
the flip-flop becomes a divide-by-two device. Con- 
necting T;i to D in a D flip-flop will accomplish the 
same function. 

Both flip-flops may have direct set and reset in- 
puts. These override any clock input and may occur 
at any time. As such they're sometimes called asyn- 
chronous. Terms vary and set is sometimes preset; 
reset is sometimes called clear. 

The next part of this series will look inside clocked 
flip-flops, present NAND gate circuits, and discuss 
timing. 

"Some old JK types did flip when both J and K changed together with the 
same state. 

reference 
1. Leonard H.  Anderson, "Digital Techniques, Basic Rules and Gates," 
ham radio, January, 1979, page 76. 
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tebook 

integrated circuit tone generator 

The MK5085186 as shown in the 
February, 1977, issue of ham radio, 
can be used to make a very simple, 
inexpensive, and reliable tone en- 
coder. In fact, with the exception of 
the addition of the transmitter keying 
relay and driver transistor, the circuits 
shown have been taken directly from 
the Mostek data sheet. 

A couple of additional comments 

the telephone application, a conve- 
nient output load is the telephone line 
itself. However, the line is also the 
power source. With this background, 
it is easy to see that the chip really 
prefers to deliver its output right into 
the power line. Using an independent 
power source, this characteristic can 

power where the 12-volt line enters 
the rig, and not directly from the rig's 
power supply. The temptation to do 
the latter may be great in view of the 
less-than-10 volts allowed by the 
MK5085186. The diode in fig. 1 is 
not really necessary if power is taken 
directly from the car battery, but it 

are in order, however. First, it is I N 4 0 0 1  

MK5085/86 

usually inadvisable to feed the en- S 2 5 5 9  

coder's output into the microphone Diagram Of the meth- 
od used to eliminate tones 

line as indicated in the article. The from the power line, 
pre-emphasis in the audio amplifi- 
cation circuits will distort the level 
differential between the high and low 
group tones, which should be on the 
order of 3 dB. Thus, the levels actu- 
ally transmitted, ice., presented to 
the decoders at the receiver, will not 
be correct and decoding difficulty 
may result. In order to use the micro- 
phone input, some kind of rolloff cir- 
cuitry is necessary, and this adds to 
the complexity of the overall encoder. 

A second problem with using the 
microphone input is that of back- 
ground noise; the tones receive as 
much amplification as the ambient 
noise. Since the output  of the 
MK5085186 is on the order of 700 
millivolts for the low group and 1100 
millivolts for the high group, these 
high-level signals do not need high 
amplification. 

The chip was primarily designed 
for telephone application, and to feed 
a load of approximately 600 ohms. In 

be ignored. Powered from the radio, 
however, the effect will be to modu- 
late the entire primary power. In 
short, the tones will wind up in all 
kinds of places where you don't want 
them. 

A simple solution is shown in fig. 
1. A large capacitor will swamp the 
tones, provided the power source 
impedance is low enough; take 

should be noted that the MK5085186 
is (mostly) CMOS and can generate 
appreciable spikes. 

I prefer the AM1 S2559 over the 
Mostek 5085186 primarily because of 
its ability to stand power of up to 15 
volts, eliminating the need for the 
Zener and dropping resistor shown in 
fig. 1. The S2559 is pin-compatible 
with the Mostek chips and can direct- 

fig. 2. Schematic of a more ' 6 - I Z V  

satisfactory method for 
' 

4  
- 

generating a variable drop- V D D  . I 1 
out time. CR1 through CR3 ''Z0,86" 5 5 5  

are all IN914 diodes. R3 is an 
appropriate current limiting 
resistor for the LED used. 

' 

The maximum operating 
current permissible for the 
relay is 150 mA. Varying the 
I -megohm resistor wil l  
change the dropout time 
from approximately 0.1 to 
I second. + 6 - I Z V  
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ly replace them. It is also driven from 
the standard 3.58-MHz color-burst 
crystal. Aside from the wider power 
tolerance (down to 3 volts or so), 
there is yet another advantage: The 
S2559 can be used with either a Class 
A or 2-of-8 (or 2-of-7) DTMF key- 
board. The choice of which Mostek 
chip to use is dictated by the key- 
board key configuration. 

A final observation concerns the 
transmitter keying arrangement 
shown in the article. I t  will work, and 
is simple and inexpensive, but it does 
have a potential drawback. The two- 
second time delay is tce !ong (easily 
changed by choice of capacitance), 
but it is not very constant or reliable. 
This could cause problems when the 
circuit is used with an autodialer or 
repertory dialer. 

In my opinion, a better (and only 
slightly more expensive) arrange- 

is low, holding the threshold voltage 
at pin 6 of the 555 low. The trigger 
voltage at pin 2 of the 555 is also 
low, the capacitor having discharged 
through the timing resistors. The 555 
output, pin 3, is high (because trigger 
went low), charging the capacitor 
through CR2. This does not change 
the timer state, even though trigger 
is now high, because threshold stays 
low. The 555 is stable in this state: 
threshold low, trigger high, output 
high, and capacitor charged. K1 is 
not energized. 

When a key is pressed, the MUTE 
output from the encoder goes high, 
tripping the threshold of the 555 and 
driving the output low. This energizes 
K1. Full charge is maintained on the 
capacitor through CR1. When the 
key is released, the capacitor begins 
to dischage through the timing re- 
sistors. If no key is pressed before the 

TO 
T I M E R  

fig. 3. Circuit for a complete tone decoder. The AM1 S2559 is a pin-for-pin replacement, 
featuring the capability of a higher input voltage, 15 vs 10 volts. Pin 15 is grounded for dual 
tones only. When left open, a single tone is generated when two keys in the same row or 
column are generated. For all practical purposes, the 330-ohm load resistor on pin 16 can 
remain the same value when Vdd is changed, though the optimum value is 270 ohms for a 
12-volt supply and 628 ohms for a 5-volt supply. If an audible side tone is desired, a 4- to 8- 
ohm speaker can be inserted in the supply line. 

ment can be made using the work- 
horse 555 timer. The circuit, as 
shown in fig. 2, gives an easily ad- 
justable hang time of from 0.1 sec- 
ond, to about 1.1 seconds, by adjust- 
ing the 1 megohm pot in series with 
the 100k fixed resistor. Once set, the 
hang time is extremely consistent. 

The circuit works as follows. With 
no key pressed, the MUTE output at 
pin 10 of the MK5085186lAMIS2559 

capacitor discharges to 113 Vcc (ap- 
proximately one time constant) the 
555 triggers, returning the 555 to its 
previously stable state. The capacitor 
recharges virtually instantaneously 
through CR2. If another key is 
pressed before the capacitor dis- 
charges to 113 of Vcc, it immediately 
recharges to full voltage through CR1 
and remains there until the key is 
released. 

CR3 is transient suppression for 
K1. I found it useful to use a rela- 
tively low-voltage relay with series 
resistance because (a)  I got a real buy 
on 5-volt reed relays and (b) by ad- 
justing the resistor the timing circuit 
will operate down to the lower func- 
tional limit of the 555 and the S2559. 
The LED and its associated series re- 
sistor are optional. 

If this timing circuit is used with 
the MK5085186, an 82k resistor 
should be used in series with CR1. 
The MUTE output current is capable 
of providing 10 (The S2559 will 
provide a coitple of mils.) Hoviever, 
since the capacitor never discharges 
below 1.3 Vcc and because the ma- 
jority of charging current comes 
from the 555, the 82k resistor sug- 
gested isn't really required. However, 
it is cheap insurance to protect an 
$8.20 IC. 

I t  is preferable to use a pot in 
series with the encoder output (see 
fig. 3).  This provides both level ad- 
justment and isolation concurrently. 
Taking the output from a pot in the 
output emitter line (as shown in the 
article) is not recommended, as it 
more greatly affects the impedance 
the chip is working into. I have found 
a 25K pot to be about the right value, 
using it in place of the 20k isolation 
resistor previously mentioned. 

One final thought: A useful addi- 
tion would be to short out the micro- 
phone (or open the microphone audio 
line) when the encoder is active, 
eliminating background noise. This 
can be done in a variety of ways, the 
most obvious being to use another 
pole on the keying relay connected 
to the 555 timer. 

Concerning the relay, the 10 mA 
operating current does not include 
the relay current. Care must be taken 
if a 9-volt battery is used; they're 
not made to drive current-hungry 
devices like relays. Also, the 10 mA 
figure is with Vdd equal to 6 volts, 
but the circuit shows a 9-volt source. 
Under these conditions the current 
will be around 20-25 mA. 

Frank Bates, WGIPB 
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:ond 
Jim Fi 

It's spring and hamfest t ime again. It seems that no matter where you look, you'll see an 
announcement for yet another convention, radio auction, hamfest, or fm talk-in, and the Dayton 
Hamvention in Dayton, Ohio, which is billed as the original hamvention, is one of the biggest of the 
year. Scheduled for the last weekend of April, the Dayton Hamvention draws upon the large amateur 
population of the Midwest and has provided the model for many successful Amateur Radio conven- 
tions around the country. Several years ago, in fact, a contingent of Japanese amateurs came over 
to take a look at the Hamvention and its management, then returned to Japan where they staged a 
very popular and successful ham convention in the shadow of Mount Fujiyama. 

Growing by leaps and bounds in recent years, more than 19,000 hams were in attendance last 
year, and even more are expected in 1979! But even with this huge influx of Amateur Radio enthusi- 
asts, everything runs smoothly, and this year, as always, the Dayton Hamvention Committee has 
gone all out to ensure a lively, interesting weekend for all. Bright and early Friday, April 27th, the 
Amateur Radio manufacturers and distributors will start setting up their exhibits. At high noon the 
exhibition doors will be opened to the public - the exhibit hall will remain open until 8:30 PM, so 
you'll have plenty of time to browse through the many commercial exhibits. And, if this year's exhibit 
area is anything like those in the past, you can bet some major new Amateur Radio products will be 
unveiled by the manufacturers. 

When the lights go out in the exhibit hall on Friday evening, they'll come on in other parts of town 
with banquets or gatherings scheduled for the QCWA and Old Old Timers as well as groups inter- 
ested in DX, slow-scan TV, and fm repeaters (the well-known FM Bash). By early Saturday morning 
things will really be humming around Hara Arena, weekend home of the Hamvention, as vendors and 
traders from miles around start setting up shop for the famous Dayton Flea Market. Like other parts 
of the Hamvention, the flea market grows every year, and now takes up more than 10 acres of real 
estate behind the main convention hall. Whether you're interested in good used ham gear, replace- 
ment parts, vacuum tubes, new components, or antique radios, chances are good that the item you 
want will be for sale - your problem is to locate it among the thousands of items on display. 

At 9:00 AM Saturday morning the first of many forums will be kicked off with sessions devoted to 
antennas, microwave techniques, space communications, microprocessors, and code proficiency. 
Between 1130 and 1300 there will be meetings for the DXers and Oscar enthusiasts. After lunch the 
emphasis will be on contests, QRP rigs, ATV, fm repeaters, vhfluhf, and moonbounce. The tradi- 
tional Saturday-night cocktail hour and banquet begins at 7:00 PM. 

Early Sunday morning, just about sunrise, the Flea Market will open for another day's business; a 
few hours later the exhibition hall will open once again and the ARRL Forum will get under way. If 
you've never been to a major ham convention, the ARRL Forum offers you a chance to ask the 
ARRL's officers and directors questions about League affairs. The FCC Forum scheduled for Sunday 
afternoon gives you a similar opportunity to ask questions of FCC staff members from Washington. 
Both the ARRL and FCC Forums are among the most popular get-togethers at any convention, so be 
sure you arrive early to get a good seat. 

In addition to the various sessions and forums, there will be technical and group meetings for 
ARPSC, OSSB, and MARS. Other special groups attending the Hamvention are the Buckeye Belles, 
Mid-Cars, Ten-Ten, Firebirds, Young Ladies Radio League, and others. If past performance and the 
1979 schedule are any indication, this year's Dayton Hamvention will be another great show. 

For amateurs who arrive in trailers and campers, parking will be permitted only in specially 
designated areas (no campers or travel trailers will be permitted to park in the Arena lot, including the 
flea market area). For those who stay in the downtown hotels, free bus service will be provided out to 
the Hamvention. A large allotment of rooms has been set aside for the Hamvention by the local 
hotels and motels; all room requests should be directed to the Accommodations Committee so that 
rooms can be alloted within the available supply. For more information, and a Hamvention brochure, 
write to the Dayton Hamvention, Post Office Box 44, Dayton, Ohio 45401. 

If you've never been to the Dayton Hamvention, but have considered it, this is the year to go. If 
you've been before, you already know what I'm talking about. See you there! 

J im  Fisk, WIHR 
editor-in-chief 
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ents 

Dear HR: 
I've just finished reading the article 

on phase-locked loop demodulators 
in the September issue, and noticed 
a couple of minor errors which I'd 
like to comment on. In the discussion 
of capture and lock range, the PLL is 
referred to  as a positive feedback 
system. That is not correct, as a PLL 
uses negative feedback (l ike any 
other closed-loop system) to reduce 
the error to a minimum. In this case, 
it is the phase error between the ref- 
erence (the frequency you want to 
track) and the controlled variable (the 
VCO frequency) which is reduced by 
developing a sigr~al proportional to 
their difference. 

Another gremlin showed up in the 
caption for Fig. 4 and the accompa- 
nying text, where the acquisition 
beat note is described as sinusoidal. 
I t  is not sinusoidal, as an examina- 
tion of photographs of that signal 
will show. It can't be a sinusoid, 
because a sinusoid doesn't have a 
dc component. As the author points 
out, the output of the phase detector 
and low-pass filter has to have a dc 
component which will drive the VCO 
toward the reference. The most com- 
mon phase detector in PLL systems is 
a multiplier which multiplies the 
input signal by a squarewave from 
the VCO. The multiplier produces a 
positive halfwave rectified output 
when the inputs are 90 degrees out 
of phase, and a negative half wave 
rectified output when the inputs are 
180 degrees out of phase. The acqui- 
sition beat note consists of a series 
of these rectified sine waves which 

increase in period as the difference 
frequency decreases. The low-pass 
filter acts as an integrator which re- 
duces the ripple and provides an 
average dc voltage which drives the 
VCO toward the reference. The PLL 
will lock when the signals are the 
same frequency and differ in phase 
by 90 degrees, which is the point 
where the phase detector and low- 
pass filter has zero dc output. 

Academic nitpicking aside, I was 
pleased to see a nonmathematical 
discussion of amateur applications 
for the PLL. The PLL offers the pos- 
sibil ity o f  some improvement in  
threshold sensitivity over conven- 
tional discriminators, due to its lower 
noise bandwidth. The noise band- 
width of the PLL is determined by the 
lowpass fi lter (approximately 3-5 
kHz for an f m  speech demodulator). 
A conventional discriminator must 
contend with the noise from the full 
i-f bandwidth. Since the i-f band- 
width for amateur fm is usually 14 
kHz (and the noise bandwidth is even 
higher), the threshold sensitivity of 
a PLL demodulator should be several 
dB better than a conventional dis- 
criminator. I plan to run some experi- 
ments in the near future to determine 
the actual improvement in practice, 
and hope to see more discussion of 
this subject in ham radio. 

John J. Murphy, K6JLF 
Post Office Box 1875 

Ridgecrest, California 93555 

pi network design 
Dear HR: 

A small short circuit in my article 
on "Pi Network Design" (March, 
1978 issue) has surfaced courtesy of 
correspondence w i th  Robert F. 
White, W6PY. Three values at the 
top left-hand column on page 37 

should be: 

S,' = - 608.64 C,' = 36.572 pF 

In the second paragraph following 
the tabulation, tota l  C, = 222.59 
pF. Total mid-point capacitance, due 
to improper calculation of the first 
(prime-valued) section, is of f  by  
exactly 5 pF. 

Upon checking my original notes, 
I found there were two calculations 
for the dual-section pi network; I 
inadvertently used the wrong set. 
The equations are correct; only the 
calculated values are in error. W6PY 
found the error with his TI-59 cal- 
culator program. 

Leonard Anderson 
Sun Valley, California 

data package for the 
programmable hf 
receiver 
Dear HR: 

Because of the large response I 
received to my programmable high- 
frequency receiver, which appeared 
in the October, 1978, issue of ham 
radio, I have put together a limited 
number of data packages as a help to 
prospective builders. These data 
packages include over 40 pages of 
circuit and wir ing diagrams, me- 
chanical diagrams, and other data; 
the cost is $9.75 per set, to cover 
costs of printing and mailing. The 
data package is intended as an aid in 
duplicating the receiver or using the 
same basic scheme to build a receiver 
t o  suit your readers' own needs. 
Printed-circuit layouts are not  in- 
cluded, b u t  the mechanical and 
wiring diagrams will be helpful in cir- 
cuit-board development. 

Norman J. Foot, WASHUV 
293 East Madison Avenue 

Elmhurst, Illinois 60126 



40-meter receiver 
for home 

construction 

A project for those 
wishing to build their own 

high-performance superhet - 
it features double conversion, 

all-variable-diode tuning, 
and digital frequency readout 

This article describes an easily duplicated 40-meter 
receiver project. The design minimizes the use of 
"bells and whistles" and emphasizes performance. A 
variety of add-on features can be incorporated in the 
design. 

Most Amateurs have at one time or another 
expressed interest in building their own receiver; 
however, most receiver projects fail. The reasons are 
usually ascribed to  lack of parts, time, interest, or 
know-how. Many receiver projects fai l  simply 
because the builder tries for too much accessory per- 
formance before the basic receiver system is operat- 
ing. That is, many hours may be spent attempting to 
incorporate certain special-purpose features such as 
a fast attack agc in a detector long before the i-f and 
oscillator sections are operating. The builder usually 
loses enthusiasm for the project by being engrossed 
too long in the details of getting some basic function 
to operate in some superhuman fashion. M y  recom- 
mendation is to concentrate on getting the basic sys- 
tem operating at least to the point where signals are 
heard; then real improvements and add-on features 
will keep the inertia of the project moving along to 

I completion. 

By M. A. Chapman, KGSDX, 935 Elmview 
Drive, Encinitas, California 92024 



Some receiver construction projects can fail 
because the builder wants long-imagined, ultra-high 
performance and operating flexibility. To have 
"everything" in a receiver is impractical. A more 
rational approach is to think "reasonabiy." Compro- 
mise the first time, learn to get the basic functional 
biocks operating correctly, then add on the bells and 
incorporate your own whistles. 

some ideas 
Fig. 1 illustrates the functional blocks found in a 

superheterodyne ssb and CW receiver. One can 
argue the need for an rf stage; however, to reach out 
and snag the really tough signals and minimize spuri- 
ous mixer products, the rf stage is preferable. 

The biggest single problem with the superhet are 
image signals also available to the i-f stage. The use 
of moderate Q values in the rf and mixer tuned cir- 
cuits can minimize these image effects. In some 
operating areas, where the image signal strength is 
many orders of magnitude greater than the principal 
tuned signal, tuned traps in the antenna feedline can 
reduce the image-signal amplitude to acceptable 
levels. 

The conversion of the desired signal frequency to 
an intermediate frequency is the responsibility of the 
first mixer. Mixers are nonlinear devices, which 
approach a power-law transfer function; because of 
this nonlinearity they also send along other spurious 
products available from the antenna to the i-f ampli- 
fiers. These products are usually second- and third- 
order signals but represent other noise and image 
sources with which your receiver must contend. 

The audio stage. Audio detection normally occurs 
in the second mixer. The beat oscillator provides an 
injected carrier for the amplified i-f signal to beat or 
heterodyne, resulting in a detected audio signal. The 
signal at the second mixer output contains, in addi- 
tion to the desired audio, a wide spectrum of mixer- 
signal components. Most of these are in the rf range 
and are easily bypassed to dc ground. Some audio 
harmonic products exist and usually represent 

HIGH-FREQUENCY BEAT-FREQUENCY 
OSCILLATOR OSCILLATOR 

fig. 1. Block diagram of an ssb superhet receiver. 

1 0 0  H I  MINIMUM PRACTICAL CW BANDWIDTH 

P C 0  Hz MINIMUM DESIRABLE CW BANDWIDTH 

4 0 0  Hz - HIGH-PERFORMANCE COMMERCIAL BANDWIDTH 

i o o o  H~ yo ~'t--  PRACTICAI 
SSB BANDW'OTH 

8 0 0  Hz 1 0 0 0  HI 

-- 

1 9 0 0  HZ - i 1.300 HZ - 7 HIGH-PERFORMANCE SSB BANDWIDTH 

fig. 2. Summary of receiver audio bandwidth requirements 
for Amateur ssb and CW communications. 

receiver background noise. Other noise sources are 
white noise from the antenna, which has an instanta- 
neous frequency component equal to or near the 
audio signals of interest, and, active-device thermal 
noise from the receiver front end. When we speak of 
signal-to-noise ratio, we are usually referring to the 
amplitude ratio between a detected signal of say, 1 
pV, with the receiver input grounded or shorted. 
Many commercial manufacturers also perform this 
test in an rf-free screened room, where discrete 
sources can't penetrate the chassis and only the 
receiver internal noise is actually measured. 

Restr ict ing bandwidth.  We may improve our sys- 
tem signal-to-noise ratio by restricting the bandwidth 
of detection to the smallest possible interval that will 
support communications. In the reception of a CW 
signal we're accustomed to a tone between 800 and 
1000 Hz; one could visualize a system that has only a 
200-Hz bandpass. Many superior receiving systems 
have a CW bandpass on the order of 100 Hz, cen- 
tered near 900 Hz. The signal-to-noise ratios are 
extremely good, since only a random number of 
noise products fall within this bandwidth. For ssb 
communications, we need only a bandwidth wide 
enough to pass the voice consonants. Amateur 
receiving systems exist that employ filters limiting the 
audio bandwidth to approximately 1000 Hz. Various 
audio communications tests have shown that the 
average person requires audible communications 
bandwidths of 1500-2000 Hz. These ideas are illus- 
trated in fig. 2. 

If the useful audio bandwidth requirements for ssb 
communications are limited to 2 kHz the i-f bandpass 
need not exceed this interval; however, using LC- 
tuned circuits in the i-f or rf sections to achieve a 



sharp-skirted 2-kHz bandpass would require almost 
superhuman effort. The value of bandpass can be 
satisfied using crystal or mechanical filters that have 
extremely sharp passbands, so that infringing adja- 
cent signals don't spill into the interval of interest. 

High-frequency thermal noise in the receiver front- 
end active devices is normally outside-the filter cut- 
off; however, noise originating in the detector and 
audio frequency sections should be considered. 
Most RC cutoff techniques are suitable for a-m and 
f m  broadcast reception but don't provide sufficient 
attenuation of undesirable audio components for ssb 
and CW reception. A variety of active low, high, and 
bandpass circuits exist for audio processing, and 
most readers are at least tentatively aware of their 
implementation in a receiver. The ARRL Handbook 
illustrates several audio-processing designs that will 
provide good post-detector audio processing for 
optimizing ssb and C'/V reception. 

design 
We'll start with fig. 3, a block diagram of a 40- 

meter superheterodyne with all-variable-diode tuning 
and digital-frequency readout. There's no real differ- 
ence in the diagrams of figs. 1 and 3 - only some 
minor digital equipment, which allows 100-Hz tuned- 
frequency determination. The i-f has two separate 
frequencies, hence dual conversion - a desirable 
feature for high gain and narrow-bandpass tuning. 

by a summation of signals from each of the principal 
oscillator sections and displayed using a five-decade 
LED arrangement. 

Referring to fig. 4, signal preselection and initial 
receiver gain are achieved in the rf and first mixer 
stages, a major roie in performance. We should have 
a good understanding of these circuits. The rf tuned 
circuit consisting of L1, C1, and VVCl are parallel 
connected to Q1 gate 1. This is a parallel-tuned cir- 
cuit. The 0.001 clF capacitor in parallel with the 620k 
resistor puts the bottom end of L1 at ac ground, as 
does the 0.05-pF capacitor on the VVCl cathode. 
With a little arithmetic it's easy to see that L1 is also 
series resonant near 1.5 MHz, the i-f. 

Parallel-tuned circuit L1, C1, VVCl provides a high 
impedance to incoming signals at 7 MHz and a low 
impedance to signals outside the effective band- 
width. 

The parallel tuned circuit is frequency selective by 
providing maximum signal voltage to 0 1  gate at the 
frequency of interest and a minimum voltage at fre- 
quencies outside the bandwidth. A similar tuned cir- 
cuit L1, C2, VVC2, is on the input of 02 gate 1. Var- 
iable-capacitance diodes VVCl and VVC2 are ganged 
for peaking the incoming rf signal. 

The series-tuned circuits in L1 and L2 act as image 
shunts for signals originating at the input. The shunt- 
ing action occurs because of the low impedance to 
ground offered by the 1.5-MHz series-tuned circuit. 

L t U  u15r 
15 DECAL 

CLOCK r l  

) E l  

fig. 3. Block diagram of the40-meter receiver. 

Front end. The rf and first mixer tuned circuits are Q1 drain circuit is a simple inductive load ac coupled 
ganged independently from the HFO control voltage to Q2 input. Q2 drain load is the primary of the first i-f 
for improved signal peaking. Heterodyne oscillators transformer, T I .  In both cases, the drain circuits rep- 
are crystal controlled for stability. Over-all system resent reasonably high ac impedances for good volt- 
bandpass shaping is achieved with a Collins mechan- age gain. Care in the selection of the 0 1  drain induc- 
ical filter in the second i-f. Tuning accuracy is derived tar is important, because stray winding capacitance 

i I 
7 . i  
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can have the opposite effect, i.e., shunting the out- and adequate system gain is available for all but a 
put signal to ac ground. few very exotic types whose attenuation characteris- 

Fig. 4 illustrates the Q1 and Q1 mosfet gate bias tics exceed 30 dB. Nominal attenuation for the 
voltages, which are set for near optimum gain even Collins unit is - 10 dB. The selection of 1.9 kHz for 
though Q2 is acting as a mixer amplifier. Because 0 1  bandpass shaping represents a compromise between 
and 02 gate currents are small, we can use high volt- CW and ssb signal reception. Superior ssb reception 

15 5 - 5  8MHzl  

1st MIXER 

7 - 7 3 M H z  
RF iNPUT 

i500hHz 

VCC 
3 0 0  

V F W  
RF TUNE 
17- 15  V i  

fig. 4. Rf amplifier and first-mixer schematic. 

age-dividing resistance values for these circuits and 
minimize tuned circuit loading. 

I t  may appear strange at first that the rF and first 
mixer are gate biased at the same point. Readers 
familiar with the principle of active device power-law 
mixing, where device biasing is set near the optimum 
nonlinear portion of the transfer curve, will realize the 
dual-gate mosfet acting as a cascode arrangement 
performs a modulation of the drain-circuit current for 
mixing, rather than a true nonlinear power-law mix. 
The mosfet can be biased for nonlinear mixing as 
well, and this is accomplished in the familiar circuit 
for Q6, the second mixer (see fig. 6). 

Second i-f, detector, and BFO. Fig. 5 illustrates 
the i-f scheme for the second frequency conversion. 
The first i-f amplifier is a high-gain IC, U1, which pro- 
vides about 28 dB signal gain. I-f transformers on the 
input and output preselect the desired signal and 
attenuate undesired heterodyne first mixer compo- 
nents. 06, the second mixer, provides little actual 
system gain; the drain circuit load, T3, is the second 
i-f transformer. T3 includes a simple ceramic filter in 
the secondary for initial band shaping. This filter is 
inadequate for any serious ssb or CW use. The prin- 
cipal i-f amplification and detection occurs in U2, 
shown in fig. 6. 

Preselected 455-kHz signals are ac coupled from 
T2 and internally amplified before presentation to a 
highly selective Collins mechanical filter for i-f band- 
pass shaping. I have used a Collins 1.9-kHz filter 
here; however, a variety of similar filters can be used, 

is accomplished with this filter; however, only good 
CW reception is possible. 

Following the bandpass amplification section of 
U2 is a product detector agc feedback stage. Detect- 
ed audio is RC filtered on the output to decouple rf 
components before audio amplification. The agc 
feedback circuit is not connected in this design but 
may be incorporated as an option. 

Oscillator circuits. The oscillators are shown in 
figs. 5, 6, and 7. Each of those oscillator circuits is a 
simple Colpitts arrangement followed by a fet bipolar 
isolation and shaper stage. The fet buffer minimizes 
oscillator loading and the effects of frequency distor- 
tion from the CE shaper stage. The high frequency 
oscillator (HFO) is tuned using a variable-capacitance 
diode, VVC3. The tuning voltage (VFV) provides the 
range of reverse bias necessary for tuning the HFO 
for proper heterodyne-frequency conversion in the 
first mixer stage. 

Audio amplifier and power supply. Detected 
audio amplification and dc power generation are 
shown in figs. 8 and 9. Fig. 9 also includes the 
scheme for deriving the VFV voltage and a method of 
band spreading the HFO frequency for 220  kHz/ 
revolution of the front panel tuning control potenti- 
ometer. 

Digital counter.Fig. 10 is the schematic of the digi- 
tal counter. The clock from which the entire accu- 
racy of our system depends is derived from the 10- 
MHz crystal oscillator, Q1, and multi-decade divided 
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tuned frequency, as in the following example: 

HFO: 5.650.0 MHz 
LO: 1.045.0 MHz 
BFO: 0.456.0 MHz 
SUM: 7.151.0 MHz (display) 

Our counter works exactly as shown above. I t  
takes each oscillator pulse train and looks at it for 100 

ms, transferring the gated puise train through the 
final gate, U7, in sequence. If we examine, for 
instance, the high-frequency oscillator at some nomi- 
nal case, say 5.65 MHz. we see that  there are 
5,650,000 counts in one second. But since we have a 
gate window for the HFO of only 100 ms, then only 
565,000 counts are seen by U7 in any one count cycle 
period. The same is true of the local oscillator and 
BFO counts. The total number of counts is propor- 
tional to the period established by the clock timing in- 
terval, and gated as shown in the timing diagram of 
fig. 11. The count cycle periods shown in fig. 11 are 

Underchassis view of the 40-meter receiver. derived from the ring counter AND circuits of U4 and 
U5. Each complete cotii i i  cycle is 250 ms wide and 
has four separate parts: 

by U1, U2, and U3. The combination of division in 
U1, U2, and U3 is 106, which provides a 10-Hz clock 
pulse. The QB and QC strobes are used for gate and 
transfer timing. U4 may be thought of as a ring coun- 
ter, which further divides our 10-Hz clock into four 

1. Part 1 is count oscillator 1 

2. Part 2 is count oscillator 2 
3. Part 3 is count oscillator 3 
4. Part 4 is transfer and display 

equal time periods shown on the gate timing dia- Each of these periods is sequential so that only a 
gram, fig. 11. U5 is an AND gate to control the count serial stream of counts is seen and passed by U7. U8 

periods. U6 is a large, multiple three-input AND serves only to delete the unwanted decade before 
device used to select a discrete period. The oscillator passing the train into the LED display. U8 may be 
input counts and guides the signal in serial sequence deleted for six-decade presentation if the LED 
through to the LED display. selected has sufficient speed. 

We can best visualize how the digital counter The transfer and clear signals are derived during 
works by remembering that the actual tuned fre- the fourth time periods of our count cycle and are 
quency is a summation of the various rf stage oscilla- strobed for delayed timing by the QB and QC pulses 
tor outputs. That is, if we take a typical case, the so that there is adequate internal ripple and settling 
osciilators can be summed to provide our actual time before updating the display. 

5 m H  1 0 0  2 71 
VCC 

OSCILLATOR 

DETECTOR 

fig. 5. I-f detector and BFO schematic. 



455 k H z  
I - F  OUTPUT 

TO DETECTOR 

fig. 6. iocai  oscillator and second-mixer schematic. 

U9 through U13 serve as a five-decade count, 
latch (transfer), and LED display. Notice that a stand- 
by switch controls the * 5 volt bus to the LED dis- 
play. The purpose here is to provide power dissipa- 
tion limit control but not to interrupt the continued 
operation of the oscillators. This will avoid the ther- 
mal shock that receiver on-off cycling would effect 
and minimize oscillator drift. 

construction and 
device selection 

Construction of the rf section is on one PC-board 
assembly." The digital circuits are divided between 
two boards, the gate segments and the LED display. 
There's probably an ideal assembly sequence; how- 
ever, being practical, one never has all the parts 
available at the initial starting point and we must 
compromise by building up various sections of the 
system. Any of the subfunctional blocks on a PC 
board can be built and tested, or the entire board 
assembly can be constructed and initially aligned. t 

The chassis assembly shown in the photographs 
should in no way represent an optimum or the only 
way to do it; however, your chassis approach should 
include effective shielding if birdie and image rejec- 
tion is to be achieved. An rf shield around the gate 
and low-frequency clock circuitry is necessary to iso- 
late the large 10-Hz pulse from being coupled to the 
audio or causing harmonic interference to the rf 
stages. 

There's no magic in device selection. With a little 

"PC boards for the receiver are available at nominal cost from the author. 
Send a self-addressed, stamped envelope for prices. 

common sense, each of the discrete devices can be 
replaced with an alternative that is from a similar 
family type. 

Consider 01, 02, and 03; these are RCA 40841 
dual-gate mosfet devices, and there are similar 
devices within the RCA family and other manufactur- 
ers' lines. The key items when considering substitu- 
tion here is to become familiar with the transconduc- 
tance characteristics with respect to gate 1 and gate 
2 to source biasing and quiescent drain current. Most 
of the RCA family devices have very similar biasing. 
Alternatives such as the 40671 and 3N187 are almost 
identical in operation. Care in the substitution of 
units such as the Motorola MFE3006, 007, and 008 
types is required, because the gate 2-to-source trans- 
conductance curve differs. There are a number of 
mosfet enhancement types available. You should 
avoid these in this arrangement because of the diffi- 
culty in obtaining sufficient reverse bias to properly 
operate the tuned circuit VVCs. 

The 2N4401 device was standardized as the work- 
horse NPN. This is a general-purpose and switching 
unit having moderate beta at low collector currents. 

Any unit having an Fb ) greater than 6.25 

MHz, or with similar ratings, can be used here. One 
needs only to put a small 5k pot in place of the pres- 
ent collector base feedback resistor and adjust the 
pot until collector saturation occurs, with the output 
amplitude and frequency as shown in the diagrams. 
For determining the alternative device feedback 
resistance value, remove the pot, measure its value, 
and use the closest standard resistor available. 

The N-channel fet, 2N5458, is a general-purpose, 
medium-frequency device. Any reasonably similar 
type may be used by placing a pot in place of the 

t A  copy of the printed circuit board layouts and parts placement diagrams 
can be obtained by sending a self-addressed, stamped envelope to ham source-feedback resistance and adjusting it until the 
radio, Greenville, New Hampshire 03048. output amplitudes coincide with those shown in the 
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diagrams. Remove the pot and install a fixed resistor degeneration, since many CMOS equivalent units are 
with a value close to that measured on the pot. The inoperable above 5 MHz in the + 5 volt VDD condi- 
output signal should also be examined for obvious tion. Type LM374 may be used in place of the LM373 
harmonic distortion if substitutes are used, because by including a I k resistor between pin 9 and Vcc on 
poor mixer gain and increased receiver noise could U2. The LM703LH may be used to replace the 
result. LM703H provided the ac decoupling cap on pin 5 is 

Thereare many VVC units that can be used provided moved to pin 7. 
they have similar + 4 volt ratings and reasonable tun- 
ing ratios greater than two. Substitute VVCs should and test 
n=? be se!f-resonant near these operating freqi~erl- Before alignment or assembly of the rf section to 

OSCILLATOR 

* bVFV 
TUNING VOLTAGE 

7 - 1 3  VDC 

IrnH IrnH 
VCC - - - n-7"- 

I 

HFO OUT 
TO 1st MIXER 

5 . 4 9 8 - 5 . 8 0 2  MHz 
- 2 v  P - P  

HFO 
COUNT 

. OUTPUT 
- . evP-P  

fig. 7. High-frequency-oscillator schematic. 

cies. Alternative ICs to those shown exist in manu- the chassis, power should be applied and a verifica- 
facturers' data books by various part numbers; how- tion made of the dc voltage levels and oscillator lev- 
ever, the TI74490 is proprietary at the time of this els in the quiescent state. Incorrect dc-voltage levels 
writing. I t  is my understanding that other manufac- are a sure indication of probable malfunction! The dc 
turers expect to have equivalent devices on the mar- values for all significant voltage points are shown in 

8 0 .  4W 
SPEAKER 

I 

IOk AT 
VOLUME 

CONTROL 

I 1 

2 5 0  

BRIDGE 
AMPLIFIER 

4i7 IOk 

fig. 8. Audio-amplifier schematic. 

ket soon (i,e., Motorola, National, and Fairchild). the schematics. These values were obtained using a 
Type 74L, 74LS, and 74H units may be used for all or high-impedance VOM and a nominal + 15 volt Vcc 
any of the gate circuit elements with slight increases voltage. Type 7815 regulators will provide outputs of 
or decreases in current requirements for this assem- It 5 per cent of nominal and may have a mild effect 
bly. There are CMOS replacements for the low-fre- on the expected dc levels; but any circuit having dc 
quency portions of the gate circuitry; however, their values k 10 per cent from those indicated should be 
use should be examined carefully to avoid frequency closely scrutinized. 
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test sequence put where a 455-kHz signal appears and TI, T2, and 
T3 adjusted for maximum. '' a 50-mV 5. The HFO VFv fine band-edge voltage levels should 

through a 0.Ol-pF capacitor to U3 pin 7. With power be set as shown in the schematic. With the tuning 
a 2-v01t P-P signal should be apparent On pin potentiometer set at the indicated levels, or using an 

12 with a 10-ohm resistive load substituted for a 
external supply, apply =1 volts to VVC3 cathode, 

speaker load. (All signals are referenced to ground.) 
With Vcc applied, adjust L3 slug until a 5.65-MHz 
signal is available on 02 gate 2. Adjust the source 

2. Adjust the BFO level on U2 pin 6 for -50 mV P-P. swamping resistor (30k) for the output amplitude 
Adjust the i-f gain control for 4.0 volts on U2 pin 1. shown in fig. 7 .  Traverse the tuning range and alter- 

5 495 MHz, 8 5 V  

P R t  -REGULATOR oT- 

115 VAC 
6OHz 

REGULATOR R F  TUNE FP 

/ V F V  ::%$? 
VOLTAGE) 

h 
TO COUNTER P B  i 

c id" Y 
x' I h V  

fig. 9. Power-supply schematic. 

Ac couple a 10-mV, 455-kHz rf signal (unmodulated) 
through a 0.01-pF to U2 pin 2. Adjust the 455-kHz rf 
signal for 1 kHz detected audio on U2 pin 7. The 
amplitude of the detected audio should be 60 mV 
P-P; detuned noise should be - 5 mV P-P. A verifica- 
tion of i-f gain control should be made by varying the 
voltage on U2 pin 1 from ~ 3 . 9  to 4.5 volts. Maxi- 
mum gain should occur at 24.0 volts. 

3. Ac couple a 455-kHz rf signal of 10 mV into T3 pin 
3. Peak 13  for maximum detected audio at U2 pin 7. 

4. Ac couple a 1.5-MHz rf signal of 100 pV into T I  pin 
2 and peak TI,  T2, and T3 for maximum. Detected 
audio signal on U2 pin 7 should be approximately 200 
mV P-P. The signal may also be monitored on U2 in- 

nate the bandset switch so that the output signal fre- 
quency is 5.498 MHz at the low end and 5.802 MHz 
at the high end of the HFO. Monitoring should occur 
at Q2 gate 2. 

6. Ac couple a 7.15-MHz signal of 100 pV into Q2 
gate 1 and monitor the audio output while adjusting 
the HFO for detector conversion. After obtaining 
detected audio from U2 or U3, with the HFO set for 
conversion of 7.15-MHz signals, repeak TI,  T2, and 
T3 for maximum. Monitoring the rf envelope on U2 
pin 2 may provide an easier point for verification of 
optimum alignment. 

7. Ac couple a 30-pV signal of 7.15 MHz into 01  gate 
1. Adjust the HFO frequency for a maximum 455-kHz 



envelope. Adjust the rf tuning pot for maximum- as shown in fig. 11; however, scope monitoring of 
detected audio or rf envelope. Inject a ~ - F V  signal the logic pins should indicate that a pulse exists. 
into the antenna input, and peak L1 and L2 for maxi- 
mum detected signal; then go back through all tun- 2. Inject a 1-MHz rf signal of 100 mV into oscillator 
ing elements and peak for maximum. The peak no. 3 input, and monitor U7 pin 12 and U8 for oscilla- 
detected rf envelope at U2, for a I-,LLV input of 7.15 tor clock train output occurring at regular 250-ms in- 
MHz, should be 60 mV P-P ( 2.95 dB!. tervals, If the display board is available, temporarily 
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fig. 10. Digital-counter and display schematic. 

8. Final alignment should occur after the rf and digital jumper the latch and clear lines. A display of 1.000.0 
boards have been installed on the chassis, because should result, Inverted latch and clear lines, or 
the effects of stray capacitance will shift all of the unconnected inputs to the display, will result in LED 
oscillators and rf-tuned circuits slightly. This final garbage, or an output of 0.000.0. On occasion, when 
alignment should occur with rf input signals in the power is first applied to the display, a residual numer- 
order of 3 pV. ical value will appear. In normal operation the next 

count cycle coming up (250 ms later) should clear the 
digital-circuit testing erroneous display. 

1. Apply power to the gate control board and moni- 3. The 10-MHz clock should be trimmed for the clos- 
tor the frequency of the quiescent states of the logic est possible accuracy by zero beating against WWV 
circuits, as shown in fig. 10. I t  may not be possible to at 10 MHz, using a separate receiver and a simple link 
verify the various timing pulses relative to each other coupling around the clock oscillator. 



hints and kinks 
Accuracy in a digital system is defined as time base 

accuracy + 1 digit. This accuracy must include aging 
and temperature stability. The digital-counter accu- 
racy will then be as accurate as the basic 10-MHz 
clock oscillator. All crystal oscillators have both long- 
and short-term drifts due either to aging, tempera- 
ture, or circuit-component changes. The display 
accuracy then will drift with the crystal-oscillator 
drift. 

Without temperature compensation you can 
expect to have drifts in the order of 5 ppml°C plus 
additional aging drifts of perhaps 10 ppmlyear. The 
net result is that faith in the absolute accuracy of the 
LSD of this counter is wasted. It might impress visi- 
tors, but without constant recalibration of the 10- 
MHz oscillators against WWV or other prime stan- 
dard at regular intervals, the LSD is only a guess. The 
actual consistent counter display accuracy is to the 
closest kilohertz over any significant period of time. 
This could be improved to f 200 Hz + 1 digit by 
using TCO (temperature-compensated oscillator) 
techniques. 

Selection of the BFO crystals can be made by 
measuring the bandpass mechanical filter for the up- 
per and lower 20-dB points. The BFO crystal frequen- 
cy should coincide with these measured values with- 
in -50 Hz. Most suppliers will furnish the filter with 
this information, marked either on the filter or with 
the shipping data package, for a small fee. Signifi- 
cant errors in the BFO frequency will degrade ssb 
detection. 

In the local oscillator and BFO circuits, the ampli- 
tude of the output signals from the isolation and CE 
shaper will vary with different crystal types. Exces- 
sive CE saturation will cause a 10-Hz clock pulse to 
be coupled into the Vcc line and will result in pinging 
of the detected audio. Conversely, low outputs will 
not stimulate the gate levels required for proper 
counting. 

The suggested cure is to temporarily install a 5k 

10 Hz 
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COUNT 
LO 

GATE PERIODS COUNT 
BFO 

DISPLAY 
UPDATE 

LATCH 

STROBES,  i 1 0 0  STAGE 

OC CLEAR 

k-~qlg~r;: +DISPLAY- 

fig. 11. Digital-counter timing diagram. 

pot in the 2N44.01 collector to VCC load position. 
Adjust each of these until the amplitude of the out- 
put signal is just high enough to stimulate the gate in- 
put but will not keep the collector circuit in saturation 
for a period that allows the 10-Hz signal to load the 
Vcc line. The schematic illustrates the peak-to-peak 
signal levels I found achieved these goals. 

A 100-kHz clock oscillating crystal may be used as 
a substitute for the 10-MHz unit in fig. 11 by deleting 
the second divide-by-100 (74490) stage. Some 
adjustment in the oscillator bias values may be 
required, and counter accuracy will be limited by 
your ability to trim the oscillator frequency properly. 

improvement suggestions 
The following are areas of individual user improve- 

ment: 

1. RF gain. Wide dynamic range is necessary to 
meet the demands of the Amateur-band receiving 
environment. Signal levels vary from parts of a 
microvolt to perhaps a millivolt - a three-decade 
range. The front end of this receiver is optimized for 
maximum transconductance (gain). Strong signals 
> 100 CLV will cause channel saturation in the rf- and 
first-mixer stages. Two easily implemented methods 
of controlled rf gain are available to the builder: 

a. source current limiting: use a 2k pot in the 
source lead instead of a 300-ohm resistor. 

b. gate-2 control: lift the gate from the board 
and add a bypassed flying lead to a 0-5 Vdc 
voltage. 

2. Agc. Positive agc voltage is available on U2 pin 8, 
proportional to detected audio. The quiescent value, 
-4.0 Vdc, is very close to the i-f gain maximum 
value. As the audio level from the U2 audio mixer 
stage increases, this agc voltage may be fed through 
a 1 -k resistor to U2 pin 1. 

Agc voltage may be fed through a I -k resistor to 
U2 pin 1. The i-f gain circuit must be open or discon- 
nected for the agc feedback system to operate. 

3. Variable bandwidths. The addition of a diode 
switch and other Collins-type filters will allow optimi- 
zation for both CW and ssb reception. 

4. HFO stiffness. Thermal - physical isolation of U5 
will improve VFV regulation and drift/OC rate; tran- 
sient - increased beta characteristics for 012 will aid 
in improved ripple rejection for both the HFO and 
general receiver operation. 

5. Images. A simple series-tuned 1.5-MHz shunt in 
the antenna input will improve the image rejection by 
20 dB. Provisions are on the PC board for the installa- 
tion of the components. 

ham radio 
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CW operator's PAL 

An accessory 
for CW operators 

that reduces difficulties 
with interference, 
noise, and fading 

Described in this article is a multifunction magic 
box, called a Pal, which I designed to relieve some of 
the operating problems faced by CW operators. 
Some of those problems are outlined below. The 
Pal is based upon old, well-known techniques; it is 
novel primarily because it merges - and modernizes 
- past solutions to these problems: 

1. Many Amateurs endure listening to CW signals 
but enjoy listening to telegraph sounders. Most 
Amateurs own or can obtain sounders, which are 
now obsolete, and old-timers usually retain a nostal- 
gic interest in telegraphy. 

2. Received signals vary in pitch, due to frequency 
drift at the transmitter or receiver, which requires 
frequent readjustment of the receiver's BFO. Chirps 
due to poor transmitter power-supply regulation, or 
jumps due to sudden line voltage changes, can also 
cause problems for the CW operator. 

3. Received signals vary in volume due to fading and 
due to variable propagation conditions; sometimes 
gain changes at the transmitter or receiver can occur 
during warm-up periods. Changing audio volume 
forces the receiving operator to frequently readjust 
the gain control to maintain normal volume. 

4. Received signals often include annoying inter- 
ference from adjacent frequencies, even with very 
selective receivers. 

5. Received signals incur variable background noise 
due to a combination of atmospheric, static, and 

manmade electrical noise; noise limiters help but 
don't eliminate all noise. 

6. Transmitter operators are said to have poor "fists" 
when they send imperfect code characters with 
straight or semi-automatic keys. Poor sending can 
often be attributed to inability to monitor a trans- 
mitter not equipped with sidetone output. 

7. Many Amateurs don't own a code-practice set. 
Such a set is more than a means of learning and 
teaching code; it permits high-speed, off-the-air 
sending practice and proper adjustment of a semi- 
automatic key. 

circuit description 
In the Pal (fig. I), a rectifier-filter circuit is used to 

actuate a telegraph sounder; a tone oscillator-ampli- 
fier is used to provide a code-practice set. Both cir- 
cuits are used to improve CW reception and trans- 
mission. The input voltage to drive the Pal is derived 
from either the receiver (J1) or a voltage picked off 
the transmitter (J2). 

The external power supply may be a 12-volt stor- 
age battery, eight dry cells in series, a regulated 12- 
volt power supply (such as Radio Shack's no. 22- 
124), or a homemade unregulated power supply 
which delivers 12-15 volts at about 1 ampere. An in- 
ternal 9-volt transistor radio battery of moderate size 
will suffice for code practice. 

An ac-connected power supply should have a 
switch and an indicator lamp - either a small 120- 
volt type across the switched line or a 6.3-volt, 0.15- 
ampere pilot lamp in series with a 40-50 ohm, 2-watt 
resistor across the 12-volt output. Lamp types 40 
(screw base) and 47 (bayonet base) are suitable. 

construction 
Nothing in this circuit is critical. The circuits may 

be breadboarded and simply placed in a box. A 5 x 
5 x 7 inch (12 x 12 x 18 cm) metal box is recom- 
mended because it will easily house all the parts ex- 
cept for the sounder (on top) and the key. 

By Carleton F. Maylott, W2YE, 279 Cadman 
Drive, Williamsville, New York 14221 
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fig. 1. Schematic diagram of the CW operator's Pal. Q1 is 
preferred and relay K1 (Radio Shack 275-004) is optional 
because 0 1  is more sensitive; i t  needs less input and per- 
haps no step-up transformer if fed directly from a high- 
impedance phone jack instead of a voice-coil input. Relay 
K1 can be used to operate a 4-ohm sounder (1.5 Volts, 375 
m A )  by replacing the latter in the given circuit, setting R9 to 
500 ohms (or using a 560-ohm, 1-watt fixed resistor), and 
putting K1 contacts in series with the sounder and a large 
dry cell or a 27-ohm 10-watt resistor in the 12-volt line. Tran- 
sistor Q2 is an NPN low-power device. 

sounder operation 
Any telegraph sounder with 20 to 400 ohms resis- 

tance is usable, but the power supply voltage must 
be dropped with a series resistance. For example, if 
a 20-ohm sounder operates at 3 volts and 0.15 
ampere, the necessary 9-volt drop requires 60 ohms 
resistance at 1.35 watt, so a 56-ohm, 2-watt resistor 
will do. Obviously, if various sounders are to be used, 
an adjustable resistor or rheostat must be used; a 
common 12%-watt, 100- or 500-ohm rheostat is a 
good choice. 

A communications receiver usually delivers only a 
fraction of a volt to a 4-8 ohm loudspeaker. The CW- 
dc converter must have a higher ac input voltage to 
deliver about 0.8 volt to a switching transistor or 5 
volts to a sensitive relay. The dc output voltage of a 
full-wave bridge rectifier is, theoretically, 90 per cent 
of the input ac voltage. Under these conditions, it 
is necessary to use a step-up transformer unless the 
output from a high-impedance phone jack is suffi- 

cient. The step-up transformer can be made from a 
filament or output transformer used backwards and 
shunted across the voice coil of the speaker. 

A switch in series with the voice coil will disable 
the loudspeaker while the Pal is in use, thus avoiding 
confusion between CW tones and sounder clicks. 
Before d~sabling the loudspeaker, advance the re- 
ceiver gain control to a point somewhat beyond the 
triggering level. A lower level invites drop-out during 
fading, and a higher level invites atmospheric static 
and manmade noise, which seldom affects the 
sounder under normal operating conditions. 

The pitch and volume of the original CW note are 
of little importance during sounder operation; in fact, 
the note may be much higher or lower than desired 
during normal CW operation. Since pitch is now un- 
important, you may zero-beat or drop the frequency 
of an undesired signal so that only the desired signal 
passes efficiently through the receiver-to-converter 
transformer. If a phone signal happens to be re- 
ceived, the sounder will faithfully click on voice 
peaks; no harm is done, and the effect is rather 
amusing. 

tone-oscillator operation 
A center-off switch (to avoid needless energy loss) 

is used to replace the sounder with a tone oscillator, 
amplifier, and loudspeaker. The converter circuit is 
unchanged and the operating procedure is much the 
same. The pitch of the new CW tone is fixed by the 
circuit constants; the volume is fixed after a prelimi- 
nary setting of the gain control. Pitch and volume are 
now unrelated to receiver output; they should never 
need readjustment regardless of fading, interference, 
or noise. 

During tuneup, there are two tones because there 
are two loudspeakers with different inputs. There- 
after, confusion between the fixed and variable tones 
may be avoided by opening the receiver loudspeaker 
disabling switch. 

transmitter operation 
The sidetone for transmitter monitoring is pro- 

duced in much the same way as in the CW-to-CW 
conversion just described. A separate half-wave 
rectifier is connected to a voltage divider shunted 
across the transmitter output. The half-wave recti- 
fier and the bridge rectifier share a common output 
and their back-to-back polarity connection avoids 
interaction unless both inputs are active. Fortunate- 
ly, transmitter and receiver functions do not occur 
simultaneously, hence the Pal can serve both func- 
tions at the same time without changing connec- 
tions. Thus, both plugs can remain in both jacks 
(phono and coaxial) regardless of the choice or num- 
ber of functions desired. 



I t  is easy to obtain the rf voltage needed for the 
half-wave rectifier input; a typical transmitter which 
delivers 200 watts to a %-ohm load also delivers 2 
amperes at 100 volts. Even a %-watt transmitter can 
deliver 50 volts, of which only a small fraction is re- 
quired. The proper voltage divider step-down ratio is, 
therefore, rather large. It is determined easily by 
experiment but not by calculation. I t  is useless to 
know that a half-wave rectifier, in the absence of 
voltage drop, has a dc output voltage which is 45 
per cent of the ac input voltage. Variables include 
transmitter power, voltage divider resistance, recti- 
fier load, rectifier voltage drop, and rectifier circuitry. 

Under these conditions, you can connect the 
transmitter to a dummy antenna and gradually raise 
the tap on the voltage divider until the desired dc 
voltage appears across the relay coil or the switching 
transistor base-to-emitter input. The dc voltage 
should not exceed 6 volts or 1 volt, respectivelyl. 

The voltage divider should be located in or near 
the transmitter, if possible, to minimize any effect 
on the VSWR. The divider might be housed in a can, 
like a filter, in series with a line from the transmitter 
to the Pal. In any case, a short jumper made from 
RG-8lU or RG-58lU coaxial cable may be provided 
with PL-259 plugs for attachment to SO-239 jacks at 
both ends. The transmitter antenna jack may be 
provided with a T-adapter which has one male and 
two female outlets (amphenol M-3581, one of which 
will accommodate the jumper. 

code-practice operation 
There are at least three possible ways of keying the 

Pal as a code-practice oscillator. The key may be 
connected across the normally open relay contacts 
or the collector-to-emitter leads of the switching 
transistor. If you wish, a small battery may be placed 
in series with the key to the phone jack used for nor- 
mal receiver connection, making sure that the plug 
tip is positive. 

A third way of keying the practice oscillator re- 
places the external 12-volt power supply with an in- 
ternal 9-volt transistor battery in series with a key 
jack, thus providing greater portability. 

conclusion 
There you have it, a multifunction magic CW box, 

which is a Pal to  me; other amateurs should be able 
to obtain similar results. I wish to thank W2SSJ and 
his correspondents, W9KSR and WSYZE, for their 
suggestions on CW-to-telegraph converters. 

reference 
1. Lew McCoy, "An R F  Actuated CW Monitor," QST, November, 1968, 
page 39, or The Radio Amateur's Handbook, 1971, page 183. 

ham radio 

april 1979 25 



calculator-aided 
propagation predictions 

An automated approach 
propagation predictions 

by using 
a programmable calculator 

and published 
ionospheric predictions 

Those people who use high-frequency propagation 
predictions know them to be accurate. Commercial 
interests use the predictions as part of the normal 
course of business. DX contest operators use them, 
among other things, to determine band openings in- 
to high-density population areas to establish a high 
contact per hour ratio before skip lengthens into the 
rest of their country. DXCC operators use them to 
determine at what time and on what band a specific 
long-haul station will be coming through so as not to 
waste time when no path is possible. 

Propagation predictions became practical after 
World War II through the work of the Central Radio 
Propagation Laboratory of the National Bureau of 
Standards. In 1947, Newell Atwood, W3KTR, pub- 
lished an article1 describing a method whereby CRPL 
propagation prediction overlay charts were moved 
over a basic world map, showing what areas of the 
world were open from a home station for any band 
and time of day. That information was issued by 
CRPL three months in advance and proved very use- 
ful, as well as accurate. 

Much has been written over the years on the sub- 
ject. At  least one magazine2 devoted a complete 
issue to the subject, while another3 devoted a 
monthly article for many months to prediction tech- 
niques and their results. Finally the ultimate was 
reached in 197 1 when Telecommunications Research 

and Engineering Report 13 was issued by the United 
States Department of Commerce.4 The report con- 
sists of four volumes on ionospheric predictions cov- 
ering all frequencies, time of day, and day of the 
year, and by interpolation, for any solar activity with 
a Zurich sunspot number from 10 to 160. 

The use of these predictions is explained in 
Volume 1, but a detailed description was published 
by Jerry Hall, K1PLP.5 Every Amateur interested in 
DX should have a copy of these four volumes in his 
library. The use of these predictions is tedious and 
time consuming, but well worth the effort. First, let 
me sell you on their importance by illustrating how 
you can use the prediction techniques to get that 
long-haul DXpedition when others can't. Then I will 
explain how I've streamlined the use of them, and 
made it more fun by use of an SR52 computing cal- 
culator with the PC100A printer. 

The programs discussed in this article are directly 
related to the TI-58/59, newer models of the 
SR52lSR56; by use of the equations and flow 
charts, they are applicable to the HP-25 and similar 
calculators. The PC100A printer is a desirable luxury, 
but is not necessary to the functioning of these 
programs. 

Back in December, 1975, the Northern California 
DX Foundation sponsored a DXpedition to CR9AK in 
Macao, a country I needed. Macao is a long way 
from New Jersey; since I work from 8:15 AM to 5 
PM, I had to know when I could expect to work him 
- to increase the possibility of being there when his 
signals were coming through. 

The sunspot cycle had not reached bottom in 
1975, but it was pretty low, around a Zurich sunspot 
number of 30. Under those conditions, when could 
CR9AK be workable in New Jersey, and on what 
band? A propagation prediction using Report 13 was 
performed (see fig. 1) and, much to my dismay, 
there was no opening above 13.8 MHz via the short 
path. Happily, though, there were two openings via 
long path, one at 2400 GMT (24002) with an MUF of 

By Henry G. Elwell, N4UH, Box 20G, Route 2, 
Cleveland, North Carolina 2701 3 
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14.4 MHz and a second one from 1100Z to almost 
16002 with an MUF peaking to 21.7 MHz. 

Unfortunately, that particular week of the DXpedi- 
tion found the ionosphere very unsettled and nothing 
was heard on either opening the first three days of 
the DXpedition; the beam was pointed long path, 
while I listened on 20-meter CW. Little was heard 
from anyplace that week. On the fourth day, a very 
weak pileup was heard around 14025 kHz; it had to 
be CR9AK. When you are desperate you have to try, 
so a short call was given after the pileup stood by; he 
came back to me with a "surprised to hear East 
Coast." We exchanged signal reports, I was 459, and 
back to the faint (in New Jersey) pileup he went. 
Although CR9AK made amost 4000 contacts in 71 
countries, few of them were with the East Coast. M y  
working him was part luck, but also planning, as 
finding him would have been hit and miss without 
the prediction. 

In April, 1976, Bill Rindone, WB7ABK, in coopera- 
tion with the NCDX Foundation, visited Christmas 
Island in the Indian Ocean, operating as VK9XX. 
Christmas Island is 3700 km farther from New Jersey 
than Macao. In addition, the Zurich sunspot number 
was lower than it had been in December - so low 
that I used 10 to allow me to use Report 13, Volume 2 
directly. Again, when should I listen for him and on 
what band? A propagation prediction was made, 
(see fig. 2) and I had several choices, both short and 
long path on 20 meters. I'll take the short path any- 
time I can, as the distance is about 18,300 vs 26,000 
km (9900 vs 14,000 miles) for the short and long 
paths respectively t o  Christmas Island. With a 
TH6DXX antenna at 15.2 meters (50 feet), the signal 
makes quite a few hops at even 18,300 km (9900 
miles). 

From fig. 2, you can see that the opening at 24002 
is sharply peaked. I have not been very successful 
with that type of opening and concentrated on the 
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fig. 2. A similar propagation prediction for the path from 
New Jersey to Christmas lsland in April of 1976. 

opening at 12002. This worked out quite well - I got 
VK9XX shortly after the band opened on 20-meter 
ssb before the pack became aware of him. I left for 
work only 20 minutes after my normal departure 
time. 

I know that many top DXers rely only on their 
experience, patience, and operating skill to snag 
elusive DX. But, when it comes to a DXpedition, you 
know he's going to be continually working. So, why 
not take advantage of all the miracles of modern 
science to get him! 

Propagation predictions using Report 13 and refer- 
ence 5 are easy to do, but they take a long time. You 
must first draw on transparent paper a great circle 
route between your home and the desired DX loca- 
tion and then establish an ionospheric control area 
distance at both ends of the great circle. The great 
circle is then over-layed on the MUF (Zero) F2 map for 
the solar activity level, month and time desired, and 
the MUFs at the two recorded locations. The process 
is repeated using the MUF (4000) F2. 

The F2 MUF is then determined by means of a chart 
relating the (zero) and (4000) MUFs, which tends to 
decrease the MUF for all distances greater than 4000 
kilometers. Next, the process is repeated for the MUF 
(2000) E, as some propagation may be by the E layer 
as well as the F2 layer. Actually, the MUF (2000) E 
exercise is mainly for distances less than 2500 kilom- 
eters. By cranking the numbers and filling in the 
recommended work sheets, you arrive at an MUF for 
every two hours during the day. A plot such as fig. 1 
or 2 can then be drawn and analyzed. However, if the 
Zurich sunspot number is not 10, 110, or 160, which 
are Volumes 2, 3, and 4, the whole thing must be 
repeated and an interpolation made for the desired 
sunspot number. It's easy, it's all explained, but it is 
tedious. I'm sure the dogwork inhibits many from 
using the technique. Let me repeat: it's well worth 
it to  give you a competitive advantage against the 

fig. 1. Propagation prediction for the long and short paths to 
Macao. The prediction showed that for December, 1975, big guns. 
there was no 20-meter short-path opening. However, the Hang in there, though, if you're lazy like me. Pare 
long path was open, even as high as 15 meters. the work to the bone. Being hams, we are highly op- 
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fig, 3. Example of the printout for the great-circle distance 
(both in nautical miles and kilometers1 and bearing to the 
desired DX station. 

timistic when it comes to band openings. Why not 
ignore the MUF (Zero) F2, which tends to decrease 
the MUF anyhow, forget the MUF (2000) E, unless 
you're looking for short haul, and record only the 
lower MUF of the two control areas, since that's the 
one you are going to use anyhow? That saves a lot of 
work. Unfortunately, you still have to go through the 
interpolation procedure untii the Zurich sunspot 
number hits 110, when you can use Volume 3 direct- 
ly. That won't last long though, as the number will 
go either up or down. 

making the prediction 
The first thing you need for the prediction is the 

great circle distance (in kilometers) between your 
home station and DX location. Report 13 shows you 
how to do it graphically, but why not use the calcula- 
tor? Other sources of theory include the articles by 
Marquart6 and Hall7. If you have a Hewlett-Packard 
HP-55, Chester Brent, WB4GVE, has the program all 
worked out for you*. 

The program for the SR52 provides the beam 
heading and distance in nautical and statute miles, as 
well as kilometers. (The kilometer value is automati- 
cally stored in memory 98 of the SR-52, a storage 
location not cleared except by removal of power.) 
The program is contained on a magnetic card, requir- 
ing only the insertion of the DX latitude and longi- 
tude, which are also printed out on the PCIOOA for 
reference purposes. The home location is part of the 
program, although a second location may be manu- 
ally inserted. The equations for D, distance in nauti- 
cal miles, and H, heading in degrees, are: 

D = 60 cos- l[sinL1 sinL2+ cosLl cosL2 cos ( X 2 -  XI)] 

sinLz - sinLl cos (D/60) 
H = c O s - l  sin(D/60)cosLl 

where 

L1 and X I  are your respective 
latitude and longitude 

"User instructions and complete coding forms may be obtained from ham 
radio by sending a self-addressed, stamped envelope. 

and 
L2 and X 2  are the  respective latitude 
and longitude of the other station 

When the problem is solved, bearing from true 
north, distance in nautical miles, and distance in kil- 
ometers are displayed and automatically printed on 
the PCIOOA tape. In addition, by pushing a button, 
statute miles may be displayed. Fig. 3 shows the 
printout obtained. 

Since 200 of the 222 storage iocations were used 
for the bearing and distance program," another pro- 
gram is required for the prediction. The prediction 
program, also on a magnetic card, is inserted in the 
SR-52 without de-energizing the unit; it is necessary 
to retain the kilometer value stored in memory loca- 
tion 98. The program is then actuated and the 
PCIOOA prints out the number of hops required for 
the path, the reference hop length, and the iono- 
sphere control area distance (see fig. 4). These equa- 
tions are very simpie: 

Number of hops = Great circle distance/4000, 

but increased to the next higher integer; i e . ,  if the 
answer is 3.3 hops, increase it to 4 hops. 

The flow chart shown in fig. 5 indicates the steps 
taken by the calculator to arrive at a whole integer for 
the number of hops. 

Reference hop length = 
Great circle distance/number of hops 

Ionospheric control area distance = 
Reference hop length/2 

At this point the smoothed sunspot number is 
placed into the computer, because from now until 
1990, we are going to have to interpolate. There are 
two buttons to be pushed on the SR-52 while extrac- 
ting the data from prediction volumes. One will be 
called Label A for MUFs at the home location, and 
one Label B for MUFs at the DX location. Open two 
volumes to the same month, 24002 and MUF (4000) 
F2. The two volumes cover the sunspot numbers 
which are to be used for interpolation to the desired 
sunspot number. 

The great-circle overlay is placed on the lower sun- 
spot number chart first, carefully aligning the equator 
and the vertical line reference. I use a Greenwich 
meridien vertical line as well as a vertical line on the 
right border of the charts. The MUF under the home 
control area point is determined, inserted in the key- 
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fig. 4. Printout of the hop length, number of hops, and con- 
trol area distance as computed by the calculator. 

28 a april 1979 



board, and Label A pushed. The MUF under the DX 
control area point is next determined, inserted into 
the keyboard, and Label B pushed. The printer will 
print out the lesser of the two numbers, since the 
lower MUF is the controlling one for the path. A little 
time may be saved during this procedure. If the MUF 
at the DX location is higher than that of the home 
location, it will be discarded by your calculator. 
Therefore, rather than inserting that data into the 
keyboard, just push Label B and it will use Label A 
data which shows on the computer display. 

Next, the great circle overlay is placed on the high- 
er sunspot number chart and the above procedure 
repeated. The printer tape will now display MUFs for 
the lower and higher sunspot numbers. I have found 
it helpful to print these two numbers to verify that the 
interpolated number which follows appears correct. 
If a printer is not used, the numbers can be recorded 
from the display. 

The program for this calculation is quite simple and 
may be performed on any hand calculator that has 
"If Pos" and "If Flag" features. I wanted to use the 
same labels for the minimum solar activity and the 
average solar activity (or the maximum activity). 
Label A is used for the home location MUF, and Label 
B is used for the distant location MUF. For any given 
solar activity we want to save for interpolation use 
the lower MUF for the high and low sunspot values. 

Fig. 6 is the flow chart for the calculation. Check it 
out with actual numbers. From Volume2 (SSN of 10) 
the MUF is 18 MHz at the home control point and 
goes into the calculator as MUF A, from the same 
volume, 25 MHz at the distant control point, and 
goes into the calculator as MUF B. The difference is 
18- 2 5  = - 7 ,  a negative number. Since it is not "If 
Pos," it goes to a flag check. Since the test for flag is 

GREAT CIRCLE DISTANCE 
4 0 0 0  

3.3 HOPS 

:,: Fl 
MEMORY 1 3,3 

I : N A  
HALT 2 -  N A .  

3 N A  
4: 4 HOPS 

fig. 5. Flow chart for use with the TI-series calculators to 
determine the number of hops. Hewlett-Packard calcula- 
tors with the INT function can perform this entire program 
in five keystrokes. 

SSNIO a IBMHz 
SSN110:25MHz 

I MUFA 

FLAG 8 
HALT HALT 

fig. 6. Flow chart to determine and store the lesser MUF val- 
ue at the home or DX location. This information is needed to 
interpolate the MUF for the current sunspot number. 

the first time through, none exists, and the proper 
MUF for SSN 10 is 18 MHz. The value is displayed 
and stored in memory. At the same time, two flags 
are set to prevent using this path for the MUF deter- 
mination at SSN of 110. 

Transferring to the SSN 110 chart, the MUF at the 
home location is 23 MHz and 36 MHz at the distant 
location. Again the "If Pos" check reveals a negative 
number and the calculator drops to "If Flag 1 ." Since 
that flag has been set, the value of 23 MHz is dis- 
played and stored for interpolation purposes. If MUF 
A had been higher than MUF B, the calculator would 
have branched to "If Flag 0" with similar results. 

To get the final interpolated answer for the hour 
used, press the Label D button. When that button is 
pushed, the calculator solves the equation: 

MUF = M U f i O +  o.O1(MUFllO- MUF10)(R12- 10) 

where 

R l z  is the current sunspot n u m b e r  

MUFIo and  MUF11o are the  MUFs 
at  the  low a n d  high sunspot numbers .  

When the sunspot numbers exceed 110, Volumes 
3 and 4 will have to be used, and the program 
changed to use: 

MUF = MUFllO+ 10.02(MUF160- M U F ~ ~ ~ ) ( R ~ ~ -  110) 



Either of the interpolation equations can be pro- 
grammed in your calculator or done by hand. With 
the programmable calculator, it is necessary only to 
recall M U F l ~  and MUF110 from memory and wait for 
the answers. I t  is at this point that the two flags have 
to be resel so thst tbe program can start over for the 
next time increment. 

if a printer is riot used, the iriforrnatiorl is recorded 
from the calculator's register. When finished, you 
wil! have twelve points to plot for a 24-hour period, 
and the priiitout wiii be as shown in fig. 7. Plot them 
on graph paper using a suitable scale for the frequen- 
cy to give a presentation such as shown in fig. 1 or 2. 
You will now have a 24-hour short-path MUF presen- 
tation to your desired DX location. Altogether the 
procedure has taken 10 to 15 minutes. 

Don't stop at this point, however; also compute 
the long paths. Some of them are rather exciting. 
Don't be confused by the referral in Volume 1 to 
short and long paths. When they say short path, they 
mear: a short distance, like \/'dashington, DC, to  
Ottawa, Canada. A long path to them is Washing- 
ton, DC, to Berne, Switzerland. 

The long-path computation is treated just like the 
short path computation, but with different numbers 
and control area points. Since you already know the 
short-path distance, subtract it from 40,000 km to 
determine the long path distance. For our purposes, 
40,000 km is sufficient for the world circumference. 

Now when using the program, the calculator will 
give long path information to establish the iono- 
spheric control area distance. The long path great 
circle route and the new control area must be put on 
the transparent overlay. Before repeating the predic- 
tion procedure, it will be necessary to reinsert the 
sunspot number as that information was cleared 
from memory when the program was activated. The 
"clear memory" operation is automatically accom- 
plished when the prediction program is actuated to 
eliminate stored information from being carried over 
from the bearingldistant program. 

Repeating the prediction exercise will give twelve 
new points to plot on your graph for the long path. 

SUNPOT NUMBER 
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SUNPOT NUMBER 
:I; i2 . . . . .  - - - . . . . .  

7 - :  : t . . !  

MUF TIME 

fig. 7 .  Calculator printout for the MUFs during two-hour 
time increments. 

Now, you have a complete picture and can establish 
your strategy and working hours to snag that elusive 
DX. Sure, you're still going to fight the pileups at 
times, but you will be there waiting for him with the 
beam pointed in the correct direction, and get him 
before many of the other guys wake up to his pres- 
ence. Or, you'll be listening at a time and on a band 
which is most favorable to you. 

1. Newell A.  Atwood, W3KTR, "Predicting Amateur Conditions," QST, 
April, 1947, page 21. 
2. Propagation Special, CQ, November, 1969. 
3. Victor R. Frank, WBGKAP, "Ionospheric Propagation," ham radio, July, 
1968 through August, 1969. 
4. Ionospheric Predictions: 

Volume 1, The Estimation of Maximum Usable Frequencies from World 
Maps of MUF (Zero) F2, MUF (4000) F2, and MUF (2000) E, stock number 
03000318, price $0.30. 

Volume 2. Maximum Usable Frequencies MUF (Zero) F2, MUF (4000) F2, 
and MUF (2000) E for a Period of Minimum Solar Activity, RI2 = 10, stock 
number03000319, $3.00. 

Volume 3, Maximum Usable Frequencies MUF (Zero) F2, MUF (4000) F2, 
and MUF (2000) E for a Period of Minimum Solar Activity, RI2 = 110, 
stock number 03000320, $3.00. 

references 

Volume 4, Maximum Usable Frequencies MUF (Zero) F2, MUF (4000) F2, 
and MUF (2000) E, for a Period of Minimum Solar Activity, R12 = 160, 
stock number 03000321, $3.00. 

Write to the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402. 
5. Jerry Hall, KlPLP, "High Frequency Estimations for the Radio Ama- 
teur," QST, March, 1972, page 14. 
6. W.E. Marquart, W9CKT. "Calculations for Antenna Orientation," QST, 
July, 1945, page46. 
7. Jerry Hall, KlPLP, "Bearing and Distance Calculations by Sleight of 
Hand," QST, August, 1973, page 24. 
8. Chester H. Brent, WBGGVE, "Aim Your Beam Right," 73, June, 1976, 
page 122. 

ham radio 

30 april 1979 



deluxe memory keyer 
with 3072-bit 

capacity 

A revision of the famous 
WB4VVF Accu-Memory, 

featuring improved 

automatic character spacing, 
six-message memory, 

and remote control 

A memory keyer with the right characteristics 
offers many advantages in contests, net-control 
operations, and DX chasing. I t  can relieve an opera- 
tor of much of the routine repetitive sending, gen- 
erally reducing fatigue and providing time for effi- 
cient log keeping, checking for duplicate contacts, 
and occasionally taking a sip of coffee, even during 
rapid-fire contest exchanges. 

The Accu-Keyer,' as originally described in QST, 
was a nonmemory keyer with many desirable fea- 
tures. These included self-completing dots and 
dashes, next-dot and next-dash memories, iambic 
operation, and optional automatic character spacing 
(ACS). Later, WB4VVF and W4YUU described the 
companion Accu-Memory,2 which, when used along 

1 with the Accu-Keyer, permitted storage of up to 
2048 bits (about 200 CW characters) keyed in from 
the keyer. These could be read out as four individual- 
ly selectable messages of up to 512 bits each, or as 
one or more longer continuous messages." 

"The term bit 1s used throughout as the element of Information contained i n  
a dot or a space in a CW character. A bit interval is the time duration of a 
slngle dot or space. A dash is three bits long, the standard space between 

characters is three bits, and a normal word space interval is seven bits long. 

By Robert C. Cheek, WJVT, c /o  Ebara-lnfilco 
Co., Ltd., 1-1-1 Hitotsubashi, Chiyoda-ku, 
Tokyo 100, Japan 
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I built a modified version of the Accu-Keyer with 
the Accu-Memory, incorporating those modifica- 
tions I thought desirable. My own experience with it, 
and the comments and questions of others, indicated 
that further improvements and enhancements could 
be made. I have now gone through the redesigning 
and building process five times, with the memory 
keyer described in this article the final result. 

The memory capacity of this keyer is 3072 bits, 
in six selectable, 512-bit segments or in longer seg- 
ments up to the full capacity of the memory. The en- 
tire system, except for the power supply and the dis- 
play LEDs, is contained on two circuit boards meas- 
uring 80 by 150 mm (approximately 3-118 by 6 
inches). ICs are used throughout, except for the 
output, which employs a keying transistor. When 
the memory is being loaded, the IC clock is syn- 
chronized to manipulator movement. Readout from 
memory may be automatically interrupted at any 
time by manual keying. A choice of keyer output 
circuitry to accommodate either grid-block keying or 
positive-line keying is provided for in the circuit- 
board layout. A cable-connected, remote-control 
unit is used for manual start, stop, and message 
selection functions. I t  can be conveniently placed on 
the operating table to be played with the left hand 
like the buttons on an accordion while the right hand 
makes log entries and operates the keyer paddle 
for station calls, nonstandard message insertions, 
and so on. 

system description 
A functional block diagram of the complete system 

is shown in fig. 1. Those who wish to follow the ex- 

Rear view of the six-message memory keyer showing the 
driver-monitor board; an adequate heatsink must be used 
on the 5-volt regulator. 

the dash lever is tapped just a fraction of a bit space 
too late, an A becomes ET in the original keyer when 
ACS is in use. This occurs because the outpin at pin 
6 of U5A (see fig. 2) is always low during the one-bit 
space following a completed dot or dash, and then 
always goes high for the next one-bit interval. I t  is 
this high transition that transfers a waiting dash or 
dot from the next-dash or next-dot memory, U I A ,  
UIB, or U2C, U2D, as seen through the iambic 
gates, to the present dash or dot memory, U3A or 
U3B, starting the output of the dash or dot. If the 
lever is tapped even very slightly late, this transition 
is missed and two additional bit spaces are inserted. 

U8 in the keyer has been added to provide some 

planations in detail should also refer to the sche- 
matics of the two main boards, figs. 2 and 3 for the 
keyer-driver-monitor and memory boards, respec- 
tively. This explanation assumes a knowledge of the 
specific IC characteristics and truth tables given in 
IC data manuals. 

Keyer. The keyer proper (included in fig. 2) is basi- 
cally the well-known Accu-Keyer, with all of the orig- 
inal features retained. Keyer operation was explained 
in the original article1 and will not be repeated here, 
except for those portions of the circuit that have 
been changed. 

The original clock pulse generator, made up of 
discrete transistors, has been replaced by an NE555 
IC clock located on the memory board. As will be 
explained later, the clock output approximates a 
square wave rather than sharp pulses. This char- 
acteristic is used to greatly reduce the error rate in 
manual keying when the ACS feature is in use. 

The ACS circuitry inserts precision, th'ree-bit 
spaces between characters, correcting premature 
timing of one character following another in the 
manipulation of the keyer lever. Without ACS, this 
shows up as a shortening of the proper three-bit 
character interval. For example, DE may sound al- 
most like B if the E is keyed too quickly after the D. 

However, the original ACS feature is difficult to use 
at higher speeds without errors, which show up as 
unintentional extra spaces. This happens because 
lever manipulation must not only be fast, but must 
actually slightly lead, or at least never lag behind, in 
the formation of characters in which a dot is fol- 
lowed by a dash, such as an A.  Those of us who 
grew up with the bug or semi-automatic key tend not 
to lead while keying, but to insert our own approxi- 
mately correct one-bit interval b&ween the dot and 
the dash in the formation of such characters. But, if 
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fig. 1. Functional block diagram of the memory-keyer system. Details of the keyer 
block are not shown; these are given in reference 1. 
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tolerance for slight manual timing delays in the key- 
ing of dashes following dots as described above. 
The approximate square wave from the clock is high 
at pin 1 of U8 for the first half of the bit interval after 
pin 6 of U5 goes high. If neither a dash nor a dot has 
already been called for, pin 8 of U6 will also be high. 
If the dash paddle is tapped during this half-bit 
period, U1 D, pin 11, will go low. This low, inverted 
by U8B, will cause U8A, pin 6, to go low because all 
four inputs are high. The low will set U3A, pin 6, high 
and start the dash, although a little late. However, 
even though the interval between the dot and the 
dash may be lengthened by as much as half a bit and 
the dash correspondingly shortened by this amount, 
the result is almost undetectable to the ear and is 
far better than the three-bit interval that otherwise 
occurs, causing a completely erroneous character to 
be formed. Also, since data as it exists at the end of 
the bit interval is what is recorded into memory in 
the loading process, the correct one-bit interval be- 
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tween the dot and the dash is restored when the 
message is sent from memory. 

The keying of a dash following a dot after the 
half-bit tolerance interval provided by U8 results in 
the insertion of the normal three-bit character inter- 
val, retaining the desirable features of automatic 
character spacing. At the beginning of the third-bit 
interval during a character space, pin 6 of U5A again 
goes low when the clock pulse starts. The RC filter at 
pin 1 of U8 delays the clock pulse slightly so that pin 
6 of U5A has time to go low before the clock, as seen 
by U8A, goes high. This prevents a shortened dash 
from prematurely appearing if the dash lever has by 
that time been tapped for the next character. 

By adding another IC equivalent to U8, it would 
be possible to provide the same tolerance for manual 
keying of a dot or dots following a dash. However, 
nearly all the tendency for errors at high speed is the 
result of the very short and critical interval for the 
keying of a dash following a dot. Since the available 
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interval is inherently much longer going the other 
way, the extra complication would not be worth- 
while. 
Clock. The clock, as shown in fig. 4, is the heart of 
the keyer and the memory. Both require a clock sig- 
nal which is at zero level in the quiescent state, re- 
mains at zero for the duration of the first bit interval 
after the clock is called for, and then provides a 
steeply rising positive pulse or square wave at the 
beginning of each bit interval thereafter. With the 
control scheme adopted, the combination of the 
NE555 timer and an inverter provides the necessary 
characteristics, including the square wave required 
for the ACS error-reducing circuit in the keyer. 

Pin 4 of U1, which is normally used as the control 
input in NE555 applications, is maintained high at 
all times, keeping pin 3 normally high, with the 
clock output being low. When pin 11 of U3B is low, 
calling for the clock to be off, the timing capacitor is 
essentially discharged through CRI. Pin 3 of U1 
remains high and the output of U2 stays low. When 
the clock is called for by either the keyer or the mem- 
ory, pin 11 of U3B goes high and the timing capacitor 
begins to charge at close to a linear rate. The output 
from the inverter remains low during this process. 
When the charge reaches 213 of V,, (the supply volt- 
age), pin 3 of U1 goes low, forcing the inverter high, 
marking the end of the first bit interval. Thereafter, 
the charge on the timing capacitor oscillates between 
1 13 and 213 of V,,, and the output at U2 goes high at 
the end of each subsequent bit interval until pin 11 of 
U3 again goes low, stopping the clock. 

CR1 and CR4 permit independent discharge of the 
timing capacitor for clock synchronizing purposes, 
as will be explained later. 
Memory  system (load mode). The basic memory 
loading system of the Accu-Memory2 is essentially 
retained. In the load mode, with a message address 
manually selected, the clock control line from the 
keyer goes low at the moment keying begins and pin 
11 of U3B (see fig. 3) goes high, starting the master 
clock. A t  the same time U6B, pin 1, goes low, caus- 
ing a pulse at pin 13 of U6. This pulse is passed along 
by U5B and then appears at pin 5 of U6A, from 
where it is applied to pin 3 of U7, the end-of-message 
detector. This pulse at pin 3 performs an AND func- 
tion with the data at pin 2 of U7, setting the output at 
U7 pins 1 and 11 to zero, whereupon pin 8 of U3C will 
go high and pin 12 of U2B low, keeping pin 11 of U3B 
high. The high at U3C pin 8 also enables slave clock 
control U3A. Pins 9 and 10 of U3C are both high only 
when U7 is at a count of nine. Thus, even though the 
clock control line from the keyer may go high, U7 will 
keep the clock running until it counts nine consecu- 
tive pulses at its pin 14 from slave clock U5A, pin 5, 

without being reset by the pulses at pin 3 coincident 
with data at pin 2. 

A t  the end of the first bit interval, the leading edge 
of the master clock pulse transfers the data at the D 
input of the 7474, U8A, pin 12 to U8A pin 9. Halfway 
through the second bit interval, the trailing edge of 
the first master clock pulse, having been inverted by 
U3A and applied to pin 10 of U5A and U6A, causes 
positive pulses at both Q outputs. The write inhibit, 
provided by gate U3D, is removed by the pulse from 
pin 5 of U6A, and the first-bit data IS recorded into 
the memory. The pulse from U5A is somewhat 
longer in duration. Its negative-going trailing edge, 
occurring later, advances the address register by 
one, and at the same time the positive-going a out- 
put at pin 12 of U5A causes pin 4 of U5B ro pulse 
low, clearing the buffer, U8A, to zero. A t  the same 
time, pin 13 of U5B pulses high, and its subsequent 
trailing edge causes another positive pulse at pin 5 of 
U6A, again removing the write inhibit and recording 
the previously mentioned zero from U8A in the 
second memory address. All of this takes place dur- 
ing the latter part of the second-bit interval. 

A t  the end of the second-bit interval, the loading 
process is repeated for the second data bit, and the 
zero previously stored in the second address IS 

changed to whatever the contents of the data buffer 
may be for the second bit. If there is a pause in key- 
ing, the end-of-message counter U7 will stop the 
master clock when it counts nine consecutive bits 
without being reset by pulses from U6A along with 
the data. The ninth bit will be changed to a one if 
keying is resumed, and the pause, no matter how 
long, becomes a word space (slightly lengthened to 
eight bits) when the message is read our in the send 
mode. However, if the message has really ended and 
no additional data is loaded, the zero remains in the 
ninth bit position, and in the send mode U7 will stop 
the clock at that point. 

The master clock free runs during the word inter- 
vals in the load mode, and it is necessary to syn- 
chronize the clock to the paddle movements during 
loading so that shortened dots and dashes do not 
appear, as they would if the paddle were tapped to 
start a new word just before a clock pulse was about 
to occur. Synchronization is accomplished by U6B, 
U4A, and U2C. When the paddle is tapped during 
loading, the clock control line from the keyer goes 
low, calling for the clock (which normally is already 
running). This low, applied through CR5 to pin 1 of 
U6B, causes the a output (pin 4) of U6 to  pulse low. 
This pulse forces the output of U4A high and U2C 
low. The timing capacitor is momentarily discharged 
through CR2 by this pulse and then allowed to  
charge normally, ensuring full bit intervals for the 
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fig. 2. Schematic of keyer-driver-monitor board and display. All resistors are %-watt. Capacitors with polarity indication are 
upright electrolytic, 15-volt minimum rating; all others are disc ceramic, 25-volt minimum rating unless otherwise specified. The 
diodes are small signal silicon, switching diodes, IN4148 or equivalent. Dotted lines indicate connections to  external switches 
and controls. Small circles with labels, except +5V to ICs, indicate similarly labeled points on the board or power supply. In the 
output circuit for negative grid-block keying, Q1 may be a 2N4888 or any high-voltage audio, switching, or rf silicon pnp transis- 
tor wi th a Voo rating adequate for the open-circuit voltage to be keyed. The unit pictured uses a Japanese type 2SA510 (RCA 
SK3025 is also a recommended equivalent). For positive-line keying, an equivalent npn transistor is used at Q1. 

first bit and subsequent initial bits of manual sending. 
In the load mode, the loadlsend switch grounds 

pin 12 of U13, preventing any output of random or 
previously stored data in the memory from reaching 
the output data line. While loading is progressing, 
only the new data from the keyer can key the trans- 
mitter. 

Address register and manual addressing sys- 
tem. The address register consists of U9, U10, and 
U l l A  for the lowest nine binary address bits (512 of 
the 1024 positions on each memory chip). The tenth 
address bit, determined by U I IB ,  becomes the 
least significant message address bit. Thus, U11 B 
divides each 1024-bit memory chip into two 512-bit 
message segments, selected by making the output 
from pin 9 either a zero or a one. U8B, U15A, and 
U15B constitute a shift register or ring counter which 
activates one memory chip at  a time for loading or 
readout by placing pin 13 of the selected chip low, 
while maintaining pins 13 on the other two chips 
high. 

The entire address register is controlled by the 
manual addressing system, consisting of U12, U13A, 
and U14. When a message button is pushed 
(assuming the clock is not running) pin 6 of U13 
goes high, setting U9, U10, and U11A to zero. Pin 
9 of U11 is set either low or high, depending upon 
the message selection, and the Q output of one of 
the three flip-flops in the ring counter is set low to 
address the desired memory chip. The other two Q 
outputs in the ring counter are simultaneously set 
high. Whenever a manual message selection is 
made, the display bit counter is simultaneously reset 
to zero by U16A. 

Since memory-chip selection is made by setting 
one of the Q outputs in the ring counter low, the Ti 
outputs of U15A and U15B are used as the central 
significant bit and the most significant bit, respec- 
tively, of the message address. When both these Q 
outputs are high (a outputs both low), the memory 
chip that is activated by a low from the Q output of 
U8B is in use, and the message address is either 000 
or 001 binary (decimal 0 or I), depending upon the 
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Q output at U I I B .  The other binary message ad- 
dresses are 010, 011, 100, and 101 (decimal 2, 3, 4, 
and 5). Since it is better in operation to have the six 
messages numbered 1 to 6 rather than 0 to 5, U4C 
and U166, C, D were configured to convert 000 
binary to 110 binary, leaving the other binary indica- 
tions unchanged. Thus, message 0 becomes mes- 
sage 6 for all selection, display, and operating pur- 
poses. The entire addressing system is a continuous 
counter, so that a message as long as the entire 
3072-bit memory capacity can be started at any se- 
lected beginning address and loaded continuously 
in memory, with automatic transition through the 
consecutive message segments back to the starting 
address. 

Send Mode. Before a selector button is pushed, the 
clock is stopped by a low at pin 11 of U3. This low 
also inhibits U136, blocking the continuous output 
that would otherwise appear if the address register 
happens to be stopped at a memory address where 
a high exists. When a selector button is pushed, the 
high at U13, pin 6, which resets the sit address 

register to zero, is inverted by U2D, simultaneously 
causing a low at pin 1 of U6B. The resulting pulse at 
U6, Pin 13, triggers U5B which in turn causes a pulse 
at pin 5 of U6A. 

A high always exists at memory bit address 000 
when a message segment is loaded. This high is 
applied to pin 2 of U7, and the pulse from U6A is 
applied to pin 3. The AND function at these two 
points resets U7 to zero, unblocking the memory out- 
put and starting the clock. The high at pin 11 of U3B 
also causes U13A to return to low, even if the mes- 
sage selector switch is kept closed, removing the 
reset on the address register. Slave clocks U5A and 
U6A are enabled through U3A when U7 resets. U5A 
advances the address as described for the load 
mode. During each bit interval, a pulse from U6A is 
applied to U7, resetting U7 whenever data appears 
at pin 2 of U7. Unless the stop button is pushed, 
sending from memory continues until U7 counts the 
nine consecutive bits with zero data which mark the 
end of the message. 

Automatic Stop. A message readout in progress 
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can be interrupted by manual sending. At the first 
tap of the paddle, the clock control line from the 
keyer will go low, forcing U4B pin 10 high. This high, 
applied through CR4 to U7, forces a nine count, in- 
stantly turning control of the master clock over to 
the keyer and stopping the input to pin 10 of slave 
clock U5A. Meanwhile, the low on the keyer clock 
control line causes U6B, pin 4, to pulse low. This 
pulse causes U4A to pulse high (provided pin 5 is 
low) and U2C to pulse low, synchronizing the master 
clock to the first bit of manual sending. The forced 
nine count at U7 causes U3C to go low and U2B to 
go high, but the 10-pF capacitor at pin 5 of U4 keeps 
that pin momentarily low, allowing the synchronizing 
pulse to pass. Thereafter, the capacitor charges, 
U4A stays low and U2C high, and the clock is under 
normal control of the keyer. 

Power Supply. The system requires 700 to 800 
milliamperes at 5 volts. A schematic of an adequate 
5-volt, 1-ampere supply using an LM309K regulator 
is shown in fig. 5. Based upon its specifications, the 
TTL 5-volt, 1-ampere regulated supply kit offered by 
Jameco should be equally suitable. 

construction 
Assembly of the circuit boards* (figs. 6, 7, and 8) 

offers no unusual problems, but the usual cautions 
apply - use a low-wattage iron and small diameter 
60-40 solder; be sparing of solder, but cover the 
eyelets completely; above all, make sure there are 
no unintentional solder bridges between IC socket 
terminals or between adjacent separate conductors 
in the vicinity of component terminals. 

The use of IC sockets or Molex pins is recom- 

"cc I  

I l l  
I l l  

LOW- I l l  

fig. 4. Diagram of the basic clock circuit and clock 
control logic. 

I N  i M 3 0 9 K  OUT + 5 V  

IOOOyF 
25 VDC 

BOTTOM VIEW 
L M 3 0 9 K  

fig. 5. Power-supply schematic. The 
TTL 5-volt, 1-ampere supply k i t  
offered by Jameco should also be 
suitable. I N  COM(CASE!  

mended in preference to soldering the ICs directly to 
the boards. There is a big difference, however, 
among IC sockets, so be sure to use the compact, 
slender type rather than any of the more bulky types, 
as the latter may cover up a few of the component or 
jumper eyelet holes adjacent to the ICs. The digital 
display LEDs are intended to be soldered directly to 
the display board. If you prefer to use sockets, the 
unused socket pins must be clipped off to permit 
their mounting in the holes provided. 

Some of the wire jumpers on the memory board 
must be routed around the IC sockets. Mount the 
sockets first, and then install the jumpers before 
mounting the other components. All jumpers are 
installed on the component sides of the boards. The 
short, isolated, straight jumpers can be made of bare 
wire to save space, but obviously the longer ones 
and those which cross over uninsulated jumpers or 
come close to other component leads should be of 
insulated wire. 

For interconnections between the boards and 
leads to be connected to external switches and con- 
trols, use small-gauge flexible (stranded) wire to pre- 
vent strain on the circuit board eyelet terminals. In 
making the main board-to-board interconnections, 
lay the two boards side by side, foil sides down, with 
the top edges adjacent to each other about 4 cm 
(1-112 inches) apart. Recheck this spacing each time 
you cut a new lead to be sure its length is sufficient 
to permit the leads to come over the top edges of 
the boards when they are finally installed. 

All connections to the main boards are made with 
leads inserted from the component side. In the case 
of the display board, however, all connections are 
inserted into the eyelets and soldered from the foil 
side, with the excess wire clipped off flush on the 
component side. In this way, the leads do not inter- 
fere with the mounting of the LEDs against the trans- 
parent, colored plastic strip that covers the inside of 

*A complete set of circuit boards can be obtained from G. R. Whitehouse. 
For more information on the circuit boards and other components, write to 
G. R .  Whitehouse and Company, Newbury Drive, Amherst, New 
Hampshire 03031. 
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the front-panel cut-outs. The use of color-coded wire than the mess that will result if each of the twenty- 
will permit the seven leads for each seven-segment eight wires is run separately between the keyer- 
LED and the one + 5 volt lead to be twisted together driver board and the display. 
before final soldering, providing a much neater job After assembly and interconnection, the two main 

fig. 6. Circuit pattern of keyer-driver-monitor board (A), and 
component placement for negative grid-block keying (B).  Fig. 6 
(C) shows alternative component placement for positive-line 
keying. 
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circuit boards are mounted to each other with foil 
sides facing, separated by 9-mm (318-inch) cylin- 
drical spacers at each corner. This assembly is 
mounted to the bottom of the cabinet with four L 
brackets, one on each side of the bottom corners of 
the board assembly. This makes a very solid unit, 
easily accessible for replacement of ICs. The board 
assembly is mounted on the right-hand side of the 
cabinet to make room for the power supply at the left 
rear. 

The only precaution worth mentioning in connec- 
tion with the power supply is to use an adequate 
heatsink wi th the LM309K regulator, which is 
mounted on the rear panel outside the enclosure. 
The regulator output terminal, projecting inside, will 
serve as the + 5 volt source terminal for the leads to 
the main boards and the + 5  volt lead to the stop 
switch. Note that both sides of the ac line cord 
should be bypassed to ground near the point at 
which it enters the cabinet. 

fig. 7. Memory-board circuit pattern (above) and component placement (below). For clarity, several jumpers were omitted from 
the parts placement diagram. These can be added to the board by connecting the jumper between the lettered designators. 
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fig. 8. Display-board pattern (above) and LED placement 
(below). The display LEDs may be SLA-1 or any of several 
equivalent 8-mm (0.3-inch) common-anode displays with 14- 
pin DIP pin spacing and the same pin-out configuration for 
the seven segments. Decimal points are not used and their 
pin-out locations are not important. 

RF shielding of all external leads to the main 
boards and the use of an all-metal cabinet are ab- 
solutely necessary. The leads to the remote-control 
box (which also must be a metal box) should consist 
of a shielded cable (11 conductors plus shield are 
needed) with the shield grounded both in the box 
and in the main cabinet. The keyer-paddle leads 
should also be shielded. A two-conductor shielded 
cable, with the shield used as the ground lead, will be 
satisfactory. 

One last precaution - be sure to insert the correct 
ICs in the correct locations with the positioning 
notches in the proper direction, and then recheck 
each one before applying power. This is very ob- 
vious, but I've ruined a few ICs myself by being a bit 
careless on this point. 

initial tests 
After assembly and wiring are completed and 

checked, set the tunelsend switch and the mode 
switch to send, all controls at about two-thirds 
scale, and apply power by turning on the ac switch. 
If some gibberish comes &t of the monitor, it is a 
good sign. Pushing the STOP button should stop the 
output. Check that the output terminal of the regula- 
tor is + 5 volts. Each display LED should show some 
digit at this point, although the actual indication is 

Next, check the clock, keyer, and monitor for 
proper operation as follows: Alternately ground the 
dot and dash inputs to the keyer. Continuous dots 
and then continuous dashes should be heard from 
the monitor. Grounding both inputs simultaneousiy 
should produce alternating dots and dashes. 
Switching the tune switch to TUNE should produce a 
continuous tone. Return it to normal. Now set the 
mode switch to LOAD and press each message se- 
lector button in turn. Bit count indication should 
be 000 and message numbers 1 through 6 should be 
displayed in sequence as the associated buttons are 
pushed. Pushing the START button should cause the 
bit address to advance by ten bits and then stop." 

Again selecting message 1, ground the dot input 
to the keyer, causing it to send continuous dots. The 
bit indication should advance as these dots are load- 
ed into meFiiory and after bit 5:: the inessage ad- 
dress should change to 2 000. Continue loading dots 
part way into message 6, stop the keyer by un- 
grounding the dot input, set the mode switch to 
SEND and again select message 1. The entire series 
of dots should play back on the monitor without 
errors or omissions, and it should be possible to 
stop the playback at any point by pushing the STOP 
button or by momentarily grounding the dot or dash 
input of the keyer. Next, in the LOAD mode, again 
select message 1. While holding the STOP button 
down, push the START button down once and re- 
lease it to get a bit count of 001. (Because of contact 
bounce it may be necessary to try several times to 
get just a one-bit advance when the button is 
pushed.) Load continuous dots from 1 001, again 
part way into message 6. In the SEND mode, select 
message 1 and this time push the START button to 
start playback. Again, the whole series of dots 
should play back smoothly. These two tests will 
indicate whether all memory cells in this address 
range of the memory ICs are okay. Perform similar 
tests by loading dots beginning at addresses 6 000 
and 6 001, continuing into message 1 in each case, to 
check the remaining range of memory addresses. 

using the keyer-memory 
The memory may be loaded with a message start- 

ing at any selected message address. Simply switch 
to the LOAD mode, select the message number, and 
start keying. When the message is completed, 
another may be begun at a different message ad- 
dress until all beginning addresses are used. (If a 

'This may seem contrary t o  the previous statements that U7 stops the 
clock after counting nine bits with zero data. Actually the START button 
causes the address register to advance by one bit at  the start of the first bit 
interval as the count at U7 goes from 9 to  0. U7 then counts nine additional 

not important. bits and stops the clock 
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message is too long to fit into a 512-bit memory 
space, ~t will continue into the next message ad- 
dress.) In the SEND mode, pushing the message 
selector button for a particular message will instantly 
start transmission of that message from memory. In 
contest work, a CQ SS or CQ DX can be loaded as 
message 1, with several different replies (different 
reports, etc.) as the next few messages, and R TU 
QRZ . . . etc, as message 6. For contests in which 
the exchange requires a variable element such as a 
QSO serial number, load the standard information 
up to the point where the variable element must be 
inserted. Then, holding the stop button down, ad- 
vance the memory two or three bits by pushing the 
start button. Continue loading the subsequent 
standard information. In the SEND mode the memory 
will stop at the point where variable information is 
required. After this is keyed manually, the rest of the 
standard message will continue when the START 
button is pushed. This technique can also be used 
to load a request for a repeat after a standard num- 
ber transmission, both in the same message address, 
to be used in case you miss the number sent back 
to you. 

If you are going to call a station on a schedule, you 
may wish to send his call sign more times than pro- 
vided in the usual 3 x 3 calling format. To do this 
from the memory, load his call just once at the mes- 
sage starting address and pause until the bit indica- 
tion stops advancing. Then continue with DE, your 
own call several times and AR. In the SEND mode, 
hold the message selector button down continuous- 
ly instead of pressing and releasing it. The called 
station's call sign will be repeated as long as you 
hold the button down. When you release it, the rest 
of the message will continue to conclusion. (You can 
send long CQs this way too, but they're not recom- 
mended!) If you want to reduce the number of times 
your own call is signed, simply manually send AR or 
K a t  the appropriate point to stop the memory. 

To call the same station often, as in a DX pileup, 
switch to  the LOAD mode, select a message seg- 
ment, and proceed to make your first call. Then, in 
the SEND mode, press the selector button and the 
memory will do all the subsequent repetitive calling 
for you. The above are only a few of the possibilities. 
Once you have gained some familiarity with the 
unit's capabilities, many other operating applications 
will suggest themselves. 

references 
1. James M .  Garrett, WB4VVF, "The WB4VVF Accu-Keyer," QST, 
August, 1973, page 19. 
2. James M. Garrett, WB4VVF, and D. A. Cont~ni, W4YUU, "The Accu- 
Memory," QST, August, 1975, page 11.  
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active bandpass filter 
for RTTY 

Construction details 
for an active 

bandpass filter 
which will help 

eliminate interference 
and provide 

improved R l l Y  copy 

This active bandpass filter was designed to work 
ahead of the NS-1A PLL Demodulator,l but it will 
provide improved copy when used ahead of any 
RTTY terminal unit. T9n ie -.n no-.+ , , ,, , ,, ,,fit ,,,,ed bePVAieefi 
the audio output of a receiver and the input of the 
terminal unit. 

A bandpass filter is just what the name implies. I t  
will pass only a specified band of frequencies, at- 
tenuating all frequencies above and below the speci- 
fied limits. The objective is to make this attenuation 
as high as possible, passing nothing other than the 
desired signals. Without complex circuits, this is not 
always possible. Simpler filters, like the one de- 
scribed here, will always pass some unwanted fre- 
quencies, attenuated enough, however, that they are 
of no consequence. 

For RTTY, we want to pass the standard narrow- 
shift tones, 2125 and 2295 Hz. For this 170-Hz shift 
the bandpass should be about 200 Hz wide, centered 
on 2210 Hz. 

circuit description 
As can be seen from fig. 1, the filter consists of 

two separate, two-section filters using cascade-con- 
nected operational amplifiers. It uses only one IC, 
the LM3900, which contains four so-called "Norton" 
amplifiers. These op-amps will do almost anything 
the standard op-amp will do. The principal advantage 
is that the .LM3900 requires only a single power sup- 
ply. Also, the LM3900 differences the input currents, 
whereas the conventional-type op-amp differences 
the voltages. The noninverting input function has 
k e n  madep~ssible by using what is called a current 
mirror circuit. 

Several formulas are used to determine the re- 
quired values of the resistors and capacitors. The 

By Nat  Stinnette, W4AYV, 890 Virginia 
Avenue, Tavares, Florida 32778 



fig. 1. Schematic diagram of the active bandpass filter. The center frequency is 2210 Hz, with a - 3  dB bandwidth of approxi- 
mately 160 Hz. A single LM3900 Norton op-amp is used for the filter. 

nearest standard values of 5 per cent resistors are 
shown in the diagram. The capacitors can be 10 per 
cent tolerance. R2 sets the Q of the circuit (and also 
the gain) and works out to be 12.5 kilohms for a Qof 
11, or a - 3 dB bandpass of 200 Hz centered on 2210 
Hz. When both filters are connected together, how- 
ever, the increased Q makes the bandpass too nar- 
row. The value of 24 kilohms was chosen by trial and 
error to give the best passband. 

The complete filter, with standard resistor values, 
actually gives a - 3 dB passband of 160 Hz, or a Q of 
14. This may seem a little narrow for 170-Hz shift, 
but on-the-air tests have shown this not to be the 
case. The bandpass can be easily widened by 
changing R2 or by stagger-tuning one filter 50 Hz 
below and the other 50 Hz above the center fre- 
quency. The filter turns out to be about 800 Hz wide 
at the - 20 dB points. There is no insertion loss; in 
fact, there is a small gain. 

alignment and connection 
Before connecting. the jumper between the two 

filters, separately tune each filter to 2210 Hz. This 
can be done by injecting a 2210-Hz signal and adjust- 
ing R3 for peak output as shown on a VTVM or high- 
impedance ac voltmeter. The jumper is then con- 
nected between the sections. Another method of 
tuning the filters, though not as accurate, is to tune 
in a strong RTTY signal with the filter in the line and 
adjust R3 on each filter for peak output or best copy. 

The transformer is used to step up  the input from 
the receiver speaker output to more closely match 
the input impedance of the filter. If the output irnpe- 
dance of your receiver is at least 500 ohms, the trans- 
former will not be needed. 

A good way to check the performance of the com- 
plete filter is to have some means of switching it in 
and out of the circuit. You will find that the filter will 
sometimes be the difference between copy and no- 
copy. High-impedance headphones (2000 ohms) 
connected across the output will enable you to hear 
the difference. 

"A complete kit of parts and wiredttested units are available from the 
author. See Flea Market ads. 

fig. 2. A circuit board foil pattern for the active bandpass fil- reference 
ter is shown above. The filter can also be built on a small 1.  Nat Stinnette, "Update of the Phase-Locked Loop RTTY Demodulator," 
piece of perforated board using 5 per cent resistors and ham radio, August, 1976, page 16. 
Mylar capacitors.* The bottom illustration is the parts 
placement diagram for the circuit board. ham radio 
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*A parts kit will be available from G. R.  Whitehouse, Newbury Drive, Am- 
~ngineering, Incorporated, 1268 South Ogden 

herst, New Hampshire 03031. Street, Denver, Colorado 80210 

I new audio amplifier 
for the Drake R-4C 

A new audio amplifier 
for the Drake R-4C, 

suitable for 
direct substitution 

in all R-4C versions 

Improvements in the Drake R-4C receiver, up to 
now, have been confined mainly to the i-f and detec- 
tor ~ystems.1~2.3 One remaining area which needs im- 
provement is the audio strip, which suffers from buzz 
and higher-than-desirable distortion; it also dissi- 
pates 7 to 10 watts of heat near the PTO. The audio 
amplifier, diagramed in fig. 1, eliminates these prob- 
lems. While intended as an R-4C retrofit, this circuit 
performs so well that we also recommend it for other 
communications uses. 

Our circuit is designed around National Semicon- 
ductor's LM383T, which, with the R-4C low-voltage 
supply, can deliver in excess of 2 watts into a 4-ohm 
load. The LM383 and associated components* can 
be mounted on a copper-clad board 3.8 cm (1 % 
inches) square, or another appropriate small heatsink 
(for a Vcc of 16 volts or less). I t  should be installed 
just behind the front-panel phone jack, between the 
passband-tuning capacitor and long i-f shield on 
which the Sherwood CF-60016 may be mounted. 
This location provides access to the speaker lead and 
detected signal at the audio gain pot. I t  also keeps 
the circuit away from power transformer hum fields 
in the chassis. 

circuit precautions 
The secret of making the LM383 an uncondition- 

ally stable audio amplifier (suitable for field installa- 
tion in various layout configurations) is our output 
stabilization network. Proper stabilization is accom- 
plished by connecting a 1 .O-pF monolithic ceramic 
capacitor (such as Sprague ~ C Z ~ U I O ~ X O O ~ O C ~ ~  with 
19-mm (3/4-inch) leads directly between pins three 
and four of the ~ ~ 3 8 3 .  Use of a lower-value 
capacitor with significantly longer or shorter leads 
will virtually guarantee oscillation problems. Tan- 
taium or aiuminum eiectrolyt ics cannot be 
substituted for the monolithic capacitor. 

Other circuit values have been chosen to tailor 
the audio response for greatest communications in- 
telligibility. AS in the original R-4c circuit, IOW fre- 
quencies are rolled off at one end of the needed 
spectrum; high-frequency shaping is similar to that 
of our suggested modification.1 The feedback net- 
work has been chosen to provide nearly 40 dB of 
power-supply ripple rejection, minimizing the need 
for abnormal amounts of filtering. Gain at 1 kHz is 40 
dB. 

component selection 
As with any high-gain amplifier, feedback and hum 

loops between the input and output should be 
avoided. Return all signal and power leads to pin 3, 
except for Vcc bypass, which should be returned to 
the IC tab with a solder lug. 

To reduce component size, the 0.22-pF and 10-pF 
capacitors can be 16-volt (or greater) tantalums. The 
200-pF electrolytic at pin 2 can have a 3-volt rating. 
The 300-pF output capacitor should have a minimum 
rating equal to Vcc (20 volts maximum). Sixteen volts 
is adequate for the R-4C. As mentioned above, a 
small heatsink is used for a Vcc less than 16 volts; 
above 16 volts a large heatsink. Never exceed a Vcc 
of 20 volts. 

installation 
To disable the existing amplifier, lift the output 

J. Robert Sherwoodt WBaJGPr and 
George B. Heidelman, K8RRH, Sherwood 



transistor's collector lead at its solder lug. Also, re- 
move its base or emitter wire, and/or disconnect one 
end of the driver's 100-ohm collector resistor. Con- 
nect the new amplifier's output to the phone jack ter- 
minal with the sleeved wire from the audio output 
transformer, and bypass with a 0.01-pF capacitor. 
This secondary is still used to provide the needed 
step-up for anti-vox system. 

The only ground return should be a short, thick, 
insulated wire, run from pin 3 directly to the cable- 
braid terminal of the audio gain pot (rear section of 

W I P E R  OF 
A-F GAIN- 

POT 

TO PHONE 

JACK 

fig. 1. Schematic diagram of the new audio amplifier for the 
R-4C. based upon the LM383T audio amplifier IC. Resistors 
are % watt. AS pointed out in the text, all ground returns 
must be made through the connection to pin three to elimi- 
nate hum and feedback problems. The 1-pF monolithic cer- 
amic capacitor must have 19-mm (%-inch) leads (see text). 

the dual control.) Do not allow the board or heatsink 
to touch any other part of the receiver ground. Next, 
add a small wire between the audio gain-control 
braid terminal and a close chassis ground. Discon- 
nect the existing wire from the gain pot center wiper 
terminal, and connect the new amplifier input to this 
lug. Connect Vcc to the original audio-strip printed 
circuit board terminal with the blue wire from the 
audio-output transformer primary. 

references 
1. R. Sherwood, WBQJGP, G .  Heidelman, K8RRH. "Present-Day Re- 
ceivers - Some Problems and Cures," ham radio, December, 1977, 
page 10. 
2. R. Sherwood, WBQJGP. G. Heidelman, K8RRH, "New Product Detec- 
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the weekender antenna (3), and f is the frequency in MHz (146). 

L = 
149.95 (2.95) 

- . -  

the vert i-loop 
a folded whip antenna 
for vhf mobile operation 
Do you want a simple, inexpensive way to improve 
your 2-meter mobile performance in the fringe areas? 
How about a 314-wavelength vertical on your car 
roof? The concept sounds mind boggling - but 
what if it were only 1 meter (3 feet) long? Sound in- 
teresting? Try building one of these verti-loops, a 
name coined for a 314-wavelength vertical ground 
plane compressed to less than 112-wavelength long 
by folding the bottom section into a horizontal loop. 
The advantage is 2-3 dB gain over the 114-wave- 
length whip, and it still lets you .keep the car in the 
garage. It's an easy weekend project and should cost 
less than $3.00 if you already have a roof-mounted 
antenna or an old discarded mag-mount CB whip. 
The results will be well worth the effort. 

theory 
Most vhf mobile operators know that a 114- 

wavelength whip is ideally located in the center of an 
unobstructed car roof. A compromise, because of 
physical size, is to use a 518-wavelength gain anten- 
na on the trunk lid, where, because of obstructions 
on most cars, the 2-3 dB of potential gain is usually 
lost; results may even be inferior to those of the 
smaller roof-mounted whip. 

A 314-wavelength ground-plane antenna is reso- 
nant, therefore nonreactive, and has a high-current 
feedpoint. The length of such an antenna may be cal- 
culated as half the length of a 312-wavelength 
dipole': 

149.95 (N-  0.05) 
L = 

f 
(1) 

where L is the 312-wavelength dipole length in 
meters, N is the number of half wavelengths on the 

= 3.03 meters (119.3 inches) 

The vertical length would be half of this, or 1.52 
meters (59.6 inches). The antenna impedance would 
be half of the 312-wavelength antenna impedance 
1105 ohms), or 52.5 ohms. 

design 
To shorten the 314-wavelength vertical to a rea- 

sonable size, it was divided into 114- and 112-wave- 
length sections, and the 114-wavelength section was 
folded into a loop. The result was the upside-down 
"halo" antenna depicted in fig. 1. The top section 
was shortened slightly to 91 cm (36 inches), and the 
bottom section was lengthened slightly to 61 cm (24 
inches) for convenient fabrication sizes. When folded 
into a loop, the bottom section results in a 19-cm 
(7.5-inch) diameter. 

construction 
The antenna was constructed very simply using a 

2.4 mm x 91 cm (3132 x 36 inch) stainless-steel 
welding rod (available at any welding supply shop) as 
the 112-wavelength section, and an ordinary tv uhf 
loop (available from Sears) as the folded 114-wave- 
length section. 

To one end of a 5-cm (2-inch) section of plastic 
tubing (PVC works fine), a threaded stainless steel 
nut, which matched the threaded end of my rooftop 
114-wavelength antenna, was epoxied. A piece of 
wood dowel (or plastic filler) was cemented into the 
other end of the tube and was drilled for a snug fit for 

BY Herb Bresnickr WB21FVr l6 Creekside Close-up of the %-wavelength mobile vertical antenna. I t  
Drive, Honeoye Falls, New York 14472 resembles an "upside-down" halo. 
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fig. 1. Design of the verti-loop antenna. Antenna is a % - 
wavelength vertical divided into % -  and %-wavelength sec- 
tions; the %-wavelength section is folded into a loop. Total 
extended length is % wavelength on 2 meters. Antenna 
mounts on your car roof with a plastic base made of PVC 
tubing. 

the stainless rod. A little epoxy will keep it from 
loosening (fig. 2 ) .  

The Sears loop comes with hinged terminals, 
which were left on to permit fine tuning the antenna. 
One wire terminal was simply pulled out of its hinge, 
leaving a spring opening through which the stainless 
rod was forced. I t  makes for a snug fit, but permits 
sliding the loop down to where the rod joins the 
plastic tube. 

The other wire terminal on the loop was cut off 
(leaving the hinge) and the wire remaining was 
passed through a small hole drilled in the side of the 
PVC tube just above the nut, where it was com- 

c 2 4 m m  1 3 / 3 2  IN.) DIAMETER STAINLESS 1 S T E E L  ROD 

l-- 2 4 m m  1 3 / 3 2  IN J H O L E ,  
3.m- (1 1.2 , N )  D E E P  

- 13mm 1 1 / 2  IN i DOWEL 

- I 6 m m  11/16 IN I HOLE - 
D R I L L E D  THROUGH 

E P O X I E D  NUT 

fig. 2. Details of the mounting base. An ordinary tv uhf loop 
was used for the %-wavelength section, or you can use 
stainless-steel wire. 

pressed by the threaded roof stud when the antenna 
was screwed on. 

The antenna rod should be insulated from the stud 
except through the loop connection. The design can 
be modified easily to f i t  other base mounts or for new 
installations using a PL259 coax fitting, or even to a 

View of the antenna at car-top level. 

discarded CB magnetic mount if you don't want to 
drill a hole into your car roof. 

results 
With the transmitter on an unused frequency and a 

SWR meter attached, the loop position was moved 
on its hinges for minimum SWR. It's not a critical ad- 
justment if the dimensions are followed. I obtained 
1.1 to 1.0 SWR with the loop about 2.5 cm (1 inch) 
from the car roof with the first try. The hinges are 
stiff enough to maintain the loop position even when 
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Author's antenna is a full-fledgzd %-wavelength vertical 
but fits under garage opening without dismantling. The 
stainless-steel radiator bends easily to 30-40 degrees from 
vertical. 

driving over bumpy roads. I've built three of these 
antennas at a cost of $2.00-$3.00 each. All have reso- 
nated with practically no adjustment. 

Actual dB measurements on the antenna have not 
been made; however, tests indicate a marked im- 
provement over the 1 /4-wavelength 'whip. One re- 
peater that was barely readable is now almost full 
quieting into my receiver. Reports from friends are 
that noise on my signal (from a portable HT in the 
car) was all but gone and no evidence of mobile flut- 
ter occurred. 

Best of all the car still fits into my garage, and, 
although the top of the antenna does hit the en- 
trance, the stainless-steel rod is flexible enough to 
recover from a 30- or 40-degree bend. The antenna 
has a somewhat futuristic look to it - at least it looks 
different from your good buddy's I 1  -meter job! 

reference 
1. The ARRL Antenna Book, 12th edition, 1970, page 33. 
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the jammer problem: 
some interesting 

solutions 

The incidence of jammers 
is increasing - 

here's an interesting 
approach to the problem 

I n  this paper w e  use the basic ideas of the scientific 
method in solving some interesting problems. It is 
important to have a clear understanding of, and 
agreement on, the nature of observation, cause and 
effect, hypotheses and testing of these hypotheses. 

Science begins with observation. The scientific 
worker uses his mind to imagine how something 
might be constructed or howa problem may besolved. 
He knows that only by examining his observations 
can he determine if his imaginings correlate with the 
real world. 

statement of the problem 
The locale is a large city in the United States. In 

this city many Radio Amateurs abound. The problem 
we are about to address (and solve using the scientif- 
ic method) concerns specific specimens. These spec- 
imens are Radio Amateurs (and others who are not . 
legitimate Radio Amateurs) who persist in jamming 
the 2-meter repeater stations in this city. These spec- 
imens particularly delight in causing a disruption in 

radio communications over the repeater links by 
using various schemes. 

The problem is to locate these specimens using 
three scientific methods: mathematical methods, 
methods from theoretical physics, and methods from 
experimental physics. 

mathematical methods 
Several mathematical methods are available to us 

to ferret out the offending 2-meter jammer. The 
mathematical methods we shall enumerate are easily 
seen to be applicable, with obvious formal modifica- 
tions, to similar situations in other parts of the globe. 
As with other branches of knowledge to which math- 
ematical techniques have been applied in recent 
years, the mathematical techniques of ferreting out 
2-meter ham jammers has a singularly unifying effect 
on the most diverse branches of the exact sciences. 

Hilbert, or axiomatic method 
We place the culprit in an imaginary cage, which 

we have previously defined in time and space by 
using established techniques. We then introduce 'the 
following logic system: 

Axiom 1. The class of jammers in the cage is non- 
void. 

Axiom 2. If there is a jammer in the city, there is a 
jammer in the cage. 

Rules of procedure. If p is a theorem, and p implies 
q is a theorem, then q is a theorem. 

Theorem 1. There is a jammer in the cage. 

Conclusion. Approach the cage with caution. Lift 
the jammer gently out of the cage, shave his beard, 
cut his mike cord, and put him in a playpen. 

By Nuryev Sidelbandsk, UX3PU 
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method of inverse geometry 

We place a spherical cage in the city, enter it, and 
lock the cage. We then perform a geometric inver- 
sion with respect to the cage. The jammer is then 
inside the cage and we are outside. 

Conclusion. We proceed as in the method of Hil- 
bert, above, except in this case we call in federal 
troopswithZen guns, whoquickly disposeof thespec- 
imen. We then donate his equipment to a worthy 
organization. 

"Theorem 1 - there is a jammer in the cage." 

method of projective geometry 
Without loss of generality, we may regard the city 

as a plane. We project the plane into a line, then we 
project the line into an interior point of the cage that 
contains the jammer. We then perform a geometric 
involution of catharsis, which in turn projects the 
jammer into the city jail (without bail). 

Bolanzo-Weierstrass method 
In this method we bisect the plane by a line run- 

ning north-south. The jammer is either in the east 
portion or in the west portion; let us assume he is in 
the west portion. We bisect this line with another line 
running east-west. The culprit is either in the north 
portion or the south portion. Let us suppose he is in 
the north portion. 

We continue this process indefinitely, constructing 
a sufficiently strong force about the chosen portion 

"Call in the troops." 

at each step. As the volume of the chosen portion 
approaches zero, the jammer is ultimately surround- 
ed by a fence of arbitrarily small perimeter. The spec- 
imen (jammer, if you will) is thus a victim of the con- 
fusion syndrome. He begins to believe he has, at last, 
become rational. It is now relatively easy to approach 
the jammer. We place a cowbell into the jammer's 
left hand and into his right hand we place a telegraph 
key, which is connected to a code-practice oscillator. 
It is now a very critical moment for the jammer. He 
begins to send messages to himself with the cowbell 
and answers himself with the telegraph key. We 
realize that the messages make no sense because the 
jammer is not comfortable with the Morse code. 

Conclusion. To reduce the confusion factor in the 
jammer's mind, we gently tap him on the head with a 
small mallet. As we manipulate the mallet (which we 
do using the Morse code), the jammer begins to get 
the message, to wit: "Jamming is a no-no. Jamming 
is a no-no. Jamming is a no-no." I shall leave as an 
exercise for the student the decision as to how long 
we subject the jammer to this action. 

Cauchy, or function-theoretical, 
method 

In this mathematical method we consider a 
jammer-valued function, f(z), where z is nondimen- 
sional but critical to resolving the problem. 

Let there be a function, fb), and let S be the cage 

"The jammer is not comfortable with the Morse code." 
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enclosing the jammer. Consider the integral 

where C is the boundary of the plane of encounter. 
Its value, after appropriate manipulation of eq. 1, is 

"Ply him with popsicles." 

that of f(S). Therefore, we have a culprit in the cage. 
W e  then dispose of him appropriately. In this case 
we ignore his stupid mouthings on the repeater but 
send a male nurse armed with ten-dozen Popsicles. 
The nurse plies the jammer with Popsicles until the 
jammer decides to throw up (a very effective prob- 
lem-solving method). 

methods from 
theoretical physics 

W e  now examine some theoretical methods for 
dealing with the 2-meter jammer. These methods 
have not been proved in practice but offer some 
interesting food for thought for the theoretician. 

Dirac method 
W e  observe that jammers are known to use wild 

methods to attract attention. Therefore these jam- 

"Perhaps the jammer is not really wild." 

mers must be considered wild men. But, according 
to the scientific method, we must temper our obser- 
vations with caution. Perhaps the jammer in ques- 
tion is not really wild but is somewhat tame with a 
rather limited mentality. Perhaps he needs help. Why 
punish him if, indeed, he's not really responsible for 
tiis actions: The author has a proven formula which, 
if applied to these situations, will produce good 
results in many cases. For those interested I shall be 
happy to furnish the method and appropriate action. 
Please send a self-addressed, stamped envelope for 
an immediate reply. 

methods from 
experimental physics 

Using the methods from experimental physics, we 
are able to deal positively with the problem of 2- 
meter jammers. I t  should be noted that these meth- 
ods are also valid for other inconsiderate jammers in 
the other Amateur bands. 

thermodynamic method 
We construct a semipermeable membrane, perme- 

able to everything except jammers, and sweep it 
across the plane of interest ( i e . ,  the city in question). 
We also add a pot of hot water to the apparatus. As 
the semipermeable membrane is swept across the 
city, it picks up the jammers. The jammers are en- 
meshed in the membrane and, having nothing else to 
do, immediately start brewing coffee. We immedi- 
ately detect the aroma of brewing coffee, descend 
on the culprits, and capture them in a loony net. We 
then enlist the aid of local authorities to  dispose of 
the problem. 

magnetomatic method 
In implementing this technique we plant a large 

bed of popcorn arranged in an ellipse, whose major 
axis lies along the direction of the horizontal compo- 
nent of the earth's magnetic field. A t  one focus of 
this ellipse we place a cage (with strong iron bars). 
We then distribute over the plane in question large 
quantit ies of magnetized spinach (spinacia 
oleracea), which has high ferric content. 

The magnetized spinach is eaten by various deni- 
zens of the locality, which are in turn eaten by the 2- 
meter jammers. The jammers, having partaken of 
commodious amounts of popcorn, are then oriented 
parallel to  the earth's magnetic field. This causes a 
beam of jammers to be focused onto the cage. Since 
the jammers are full of our specialized popcorn and, 
by indirect ingestion, magnetized spinach, it is an 
easy matter to zap the jammers. The benefit of this 
method is that we can dispose of the culprits in large 
numbers. 

ham radio 
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I variablemfrequency audio filter 
Here is a tunable, inexpensive, two-IC audio filter 
that plugs into the receiver phone jack. It will drive 
headphones or a low-impedance speaker up to two 
watts if necessary. It operates from a single power 
supply that requires no regulation, thus it could be 
easily incorporated into some of the direct-conver- 
sion receivers used in QRP rigs.12 It will also add to 
the selectivity of any receiver that lacks a sharp CW 
filter. Used with an ssb receiver, the tunability of the 
filter allows you to eliminate an unwanted signal by 
using the high or low skirt of the ssb filter and then 
peak the desired signal at whatever frequency 
results. 

The circuit is that of the state-variable filter,3 using 
three op amps (fig. 1). The LM324 IC used in this 
design has four op amps on the same chip, so the 
extra amplifiers don't add much to the cost or wiring 

selected as a compromise between sharpness and 
ringing. Circuit Q comes out to 15. While no ringing 
is noticed, the noise definitely takes on the pitch of 
the frequency selected. The value of this resistor may 
be changed to suit your needs without altering the 
tuning range, The LM380 was added to the filter cir- 
cuit to drive hi-fi headphones or a loudspeaker direct- 
ly; the filter will drive almost anything that the 
receiver will drive. 

With the values shown, the tuning range is from 
800 Hz - 2 kHz. Voltage gain is close to unity overall, 
so the receiver gain cnntro! sets ?he s ig~a!  !eve!. 

audio-f requency characteristics 
The frequency-controlling network is designed to 

operate with a dual I-megohm pot. In one model that 
was built, a dual linear-action slide pot was used and 

N O T E S  
I .  A L L  R E S I S T O R S  1 / 2  WATT 
2 .  U I  L M 3 2 4  Q U A 0  OP A M P L I F I E R  
3  U Z  L M 3 8 0  2  W A T T A U D I O  A M P L I F I E R  

GANGED DUAL I M E G  POT 
r - - - - - - - - - - - - - - - - - - - - - - - - -  

3 3 O p F  
3 3 O p F  

IOOh / M I C A !  
M I C A !  

/ 
0 

2 2 0 1  

I N P U T  

fig. 1. Schematic of the variable-frequency audio filter. The circuit is 
a "state variable filter" using three op amps. A two-section ganged 14 L M 3 8 O  

pot is used for frequency selection. The LM380 allows the circuit to 
drive headphones or a speaker. TO + SUPPLY 

complexity. Two identical integrator circuits control its action was very pleasing. Two single slide pots 
the frequency response, so only a two-section could probably be mechanically linked to give the 
ganged pot is necessary for frequency selection. The same effect. The extra resistors connected in series 
Q or sharpness, of the filter is controlled by a single and parallel with the ganged pots give audio band- 
resistor. The 3.3-megohm value shown in fig. 1 was spread by allowing the full resistance change of the 

ganged pots to alter the frequency over less than two 
By Lew Fitch, W4VRV, 109 Robin Street, octaves. They also make tracking of the ganged pots 
Clemson, South Carolina 29631 less critical. If a pot with a logarithmic taper is used, 

+ 

3  3 M  

IOOh 
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In this model of the variable-frequency audio filter, a dual, 
slide action linear potentiometer has been used. Because 
of the high current drain, the 9-volt battery will have to be 
replaced with an ac supply for permanent installation. 

it should be connected for the most linear frequency 
variation. 

If you want to design for a different frequency 
range, or use a different value of dual pot, the filter 
peak frequency is given by f = 1/27rRC. Plugging in 
the maximum and minimum resistance values will 
give the frequency extremes. For example, in fig. 1 
when the I -meg pot  is at a maximum, total 
resistance between pins 1 and 6 is 220k in series with 
560k, paralleled by 1 meg. This is 578k ohms, and 
gives 812 Hz in the formula. When the I-meg pot is 
at zero resistance, the 560k resistor is shorted and 
the resistance in the formula is 220k. This gives 2192 
Hz. These values are all for capacitors of 330 pF. 

The circuit draws about 11 mA at 12 volts with no 
signal. This current increases to about 35 mA for fair- 
ly loud signals. It would be possible to operate the 
filter from a 9-volt transistor battery, but not for long 
periods of time. The feedback loops in the circuit and 
the 47k divider resistors stabilize the operatipg point 
of the integrators at half the supply voltage, so regu- 
lation isn't necessary. 

This filter is not the solution to all interference 
problems, but it will allow you to selectively boost 
one frequency 10 dB more than another only 200 Hz 
away. That can make the difference between a use- 
ful contact and a marginal one. 

references 
1. Jay Rusgrove, WlVD, "A 20-Meter High-Performance Direct-Conver- 
sion Receiver." QST, April 1978. 
2. "A Direct Conversion Kilogram," The ARRL Handbook, 1977. 
3. Howard Berlin, W3HB. "The State-Variable Filter," QST, April 1978. 
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make use of only the VFO portion of the R-4B to con- 

[ [ trol the TR-4. 
The control circuit described was built and minor r 1 modifications were made to the R-4B to interface 

with the TR-4. The R-4B can be used as a separate a n d t he I receiver, then switched to remote VFO operation. 
Circuit modifications don't interfere with R-4B nor- 

TR-4 transceiver 

Modifications 
you can make 

ma1 operation. The added components can be 
remo?rec! ir! 2 few minutes at resale time to restere 
the receiver to its original condition. 

The main problem in the project is the fact that 
there'sa 45-kHz difference in VFO operating frequency 
between the TR-4 and R-4B. This is apparently 
because of the 50-kHz second i-f of the R-4B. 
There's no reason why the VFO frequency can't be 
decreased 45 kHz to match the TR-4 VFO output; 
then the crystals in the premixer oscillator can be 

to your Drake receiver I changed to oscillate 45  HZ higher to compensate for 
the VFO downward shift. I breadboarded the circuits 

and transceiver I to test the idea and everything worked as planned. 

to enhance I control circuit 
I duplicated the control circuit of the RV-4 (fig. 1) 

operating convenience 
and versatility 

This article describes how I increased the versatility 
of my DrakeTR-4transceiver for split-frequency oper- 
ation using a Drake R-4B receiver as an external VFO. 

I purchased a used R-4B receiver, and the thought 
kept passing through my mind that it would sure help 
if I could use it to control the TR-4 transmit frequency 
(as in the R-4 TX-4 combination). 

analysis 
The Drake R-4 receiver and the TR-4 use different 

i-fs; therefore there's no direct interface as with the 
TX-4. After studying the circuit diagrams, it occurred 
to me that it should be very easy to duplicate the 
control circuit of the Drake RV-4 remote VFO and 

and mounted it in a small minibox; This minibox sits 
on top or alongside the TR-4 to interface the R-4B. 
Only two critical items are in the control circuit. One 
is peaking coil L1 at the grid of V1 (12AU7); it must 
match the coax cable from the VFO to the 12AU7 
grids. 

The diagram in my manual didn't give a value for 
L1 so I experimented a bit. I reclaimed a vhf coil form 
from some surplus gear and wound 70 turns of no. 30 
(0.25 mml enamel wire on the 6.5-mm ( %-inch) slug- 
tuned form. Too few or too many turns would not 
peak the 5-MHz signal, so the number of turns must 
be adjusted. A scope is a great aid in tuning L2. 

The other critical item is the four-position special 
switch, A l .  After tracing the functions of the Drake 
switch, I discovered that a standard four-position, 
five-pole switch would do the job. These parts could 
be ordered from Drake, but I used all junkbox parts. 

By William P. Winter, Jr., WB8JCQ, O'Hig- 
gins 3168 Buenos Aires, Argentina 
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The I-mH rf choke from TR1 collector is from an 
old TV set. Any coil will work as long as it has a good 
number of turns. Transistor TRI turns the VFO B + 
on and off through the rf choke and the coax line 
going to the R-4B receiver. 

control switching 

Position 1, separate receive. The 330-kilohm 
resistor in fig. 1 is connected through S1 D to B + , 
turning TR1 on, causing its collector to saturate. 
Thus TRI collector goes low, pulling the 10-Vdc B t 

TR-1 off, thus allowing the VFO B + to rise to nor- 
mal. This allows the VFO in the R-4B to operate on 
transceive. 

Position 4, transmit. During transmit only, the 330- 
kilohm resistor is connected to ground through SIC 
and pin 3 of the Jones plug to the transmit cathode. 
TRI is cut off allowing the VFO B + to rise, enabling 
the R-4B VFO. During receive, the transmit cathode 
goes high, turning on TR1, which pulls the VFO B + 
down so that the R-4B VFO can't operate. 

line to the R-4B VFO toward zero, which turns the The 12AU7 is a cathode follower with both sec- 
VFO off. The slide switch on the side of the R-4B tions in parallel. It functions as an impedance trans- 
must be forward to disconnect the control unit, thus former giving a low impedance output to feed the 
defeating the above action. The VFO output is now TR-4. At the same time, the 12AU7 acts as a switch 
sent to V8 (premixer) cathode. The R-4B operates to disconnect the signal from the remote VFO. The 
normally. cathode is switched high or low at the appropriate 

e 1 

4 o3 
6 o 
8 7 

, 

Position 2, receive. The 330-kilohm resistor is con- 
time according to the switch position and the TR-4 

nected through S1D and SIE to pin 5 of the Jones 
transmit-receive relay. 

plug. This is receive cathode ground. During receive 
TRI base goes low, cutting it off, and the B + to the 
VFO goes high, which allows the VFO in the R-46 to 
operate during receive only. During transmit the 
receive cathode goes high, turning the R-4B VFO off. 
Note that the slide switch on the side of the R-46 
must be toward the rear to switch the VFO output 
from V8 mixer to thecontrol unit. 

JONES PLUG TO MATCH T R 4  JACK 
( 4  VERTICAL AND- 4 HOR~ZONTAL PINSI 

fig. 1. Control-circuit schematic. Parts are installed in a 

control-circuit layout 
Nothing is critical about the control-circuit layout, 

since it is primarily composed of dc switching lines. 
However, some attention should be paid to the rf 
components related to the 12AU7 grid. Leads should 
be short, and accepted rf-wiring practice should 
be used. 

Transistor TRI can be any silicon npn device with 

4 7h 
ZW 

PL I 

Position 3, transceive. The 330-kilohm resistor is a voltage rating of about 40 volts. The coax cable 
connected through S1 D and S1 E to ground, turning from the R-46 to the control unit, and the cables 

small minibox, which is mounted next to the TR-4. L1 is 
made from a 6.5-mm (%-inch) slug-tuned form with 70 turns 
of no. 30 AWG (0.25-mml wire. Inductance is important. You 
may have to experiment to obtain adequate signal transfer 
from the VFO to the 12AU7 grids. See text. 

COAX CABLE TO R 4 B  
. ' I  5 h  
: : 5 w  

0 0 1  
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ORIGINAL 

5 4 4  
RF OUT 

1 R - 4 8  
- 

A A 
L6 T' V F O  
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1 C I 4 9  1 C13E 

T 3 9 0  /r 3 9 0  

L I N E  

MODIFIED 

fig. 2. Before and after mods to the Drake R-4B receiver. 

RF OUT 
L 6 

5 4  CHANGED A 

from the control unit to the Jones plug, should be as Fig. 2 shows the R-46 circuit before and after 
short as possible. Caution: Do not insert or remove modification. 

I' 

- 
? 

the Jones plug in the TR-4 while the rig is on; other- 
wise the TR-4 transistors may be damaged. Modification 1. Provide VFO output from the fixed- 

channel crystal jack on the side of the R-4B by fol- 

-- -  
- T O  01 

i R E S I S T O R  VALUE 
5X  CHANGED 

' l o w  
t i 5 0  L I N E  

R-4B modifications lowing these steps: 

TO - 8 0 V  L I N E  

m * ADDED COMPONENTS 

Of the five modifications described, only the first 1. Lift C59 from S4A. Bend C59 so that it doesn't 
two are needed to make the R-46 receiver function touch anything. Leave it there for restoration at 
as a remote VFO. Modifications 3 through 5 are resale time. 
optional. The modifications to be described involve: 

2. Locate the jumper that comes from the fixed- 
1. Changing the value of power resistor R85 

2. Changing the position of three wires on S4 

channel crystal jack to S4B. Lift the connection from 
S4B and solder it to the lug on S4A where C59 was 
removed. 

3. Adding four components to switch the neon VFO 3. Locate the wire that comes from V8 pin 7. Lift if 
indicator lamp from S4A middle lug. 
4. Changing the VFO dial 4. Lift VFO output coax center conductor from S4A 
5.  Changing the crystals and adding padding capaci- and move it to S4A middle lug (vacated in step 3 
tors if desired above). 



5. Place a small O.OO1-wF ceramic capacitor in series 
with the wire removed in 3 above. Solder the other 
lead of the capacitor to S4A where the coax formerly 
was connected. This blocks the 10-Vdc control volt- 
age, which we will place on the VFO output line, from 
reaching V8. 

We have now modified S4 to provide the following 
switchings. Forward. reguiar R-4B receive mode. 
Back: VFO output to crystal jack, receiver disabled. 
The fixed-frequency crystal socket is now the VFO 
output jack. A length of RG-59 carries the R-48 VFO 
signal from this jack to the control box. I soldered the 
pins of a defunct crystal to the ends of the coax so I 
could plug the coax into the crystal socket. 

Modification 2. Dc switching of the R-4B VFO is 
accomplished from the control unit by placing an rf 
choke from the 10-volt VFO B + line to the rf output 
line from the VFO. A convenient spot is between the 
two solder tabs on the circuit board just behind the 
audio gain control. I used a choke from my 
junk box. The value isn't critical as long as it presents 
a high reactance at 5 MHz. Check that resistor R85 
can handle the additional dissipation when the 10- 
volt line is shorted to ground by the control box. R85 
must drop the entire 150 volts from the + 150-volt 
line. The control unit now enables the TR-4 to turn 
the R-4B VFO on and off in the same manner as in the 
remote RV-4 VFO. 

Modification 3. Switching the neon VFO indicator 
lamp is optional but enhances operating conveni- 
ence. I purchased a surplus 12-Vdc, 10-mA miniature 
relay and mounted it on a long bolt, which I installed 
where the audio output transformer is mounted. 
Your mounting will depend on what relay you have 
available. (See the comments on relay selection.) 
The following steps are necessary for this modifi- 
cation: 

1. Connect the relay coil from the + 10 volt line to 
ground. 

2. Place a 470-kilohm resistor from the normally open 
contact (normally open with coil energized) t o  the 
- 80 volt line. A convenient spot is the solder tab 
that has a white wire with a green stripe (on my R- 
4B). This is the negative lead of C91, which is the 
8-pF, 150-volt filter of the - 80 volt line. It's located 
on a small vertical board behind the notch-depth 
control, which is mounted on the right-side panel. 

3. Locate the board containing 010. It's mounted 
below the VFO and just behind the front panel. Con- 
nect the other relay contact to the junction of R139 
(68k) and Dl5 anode. 

The relay functions as follows. When the TR-4 
control box is set to inhibit a signal from R-4B VFO, 
the + 10 Vdc line goes low (3 volts or lower). This 
action de-energizes the relay just installed, connect- 

ing negative cutoff bias to transistor Q10, which 
causes NE2 to be extinguished. 

4. R85, 4.7-kilohm, 5 watts, should be changed to a 
3.5-kilohm, 10-watt resistor if you use a 10-mA relay 
as I did. Extreme care should be used here. With the 
original 4.7-kilohm resistor, the additional current 
drain caused the normal 10-Vdc regulated voltage to 
drop below the zener regulation point. Reducing the 
value of R85 allows an additional 10 mA of current to 
be drawn, and the zener will still regulate at 10 Vdc. 
D c  not operate the VFO ,with the lower resistance vai- 
ue without the relay coil connected, as the additional 
current will probably blow the 250-mW, 10-volt zener 
mounted inside the VFO enclosure. Easy does it! 

If you use a relay with a coil other than 10 mA, 12 
Vdc, adjust the value of R85 accordingly or perhaps 
provide a separate supply to drive the relay by a tran- 
sistor. An alternative method would be to put a pre- 
regulator on the line (12 to 15 volts) with a zener of 
enough power-handling capability to do the job. 

Modification 4. If you wish dial calibration on the R- 
4B identical to that on the TR-4, it will be necessary 
to order a TR-4 dial from Drake. (The price in June of 
1978 was $2.00, plus $1 .OO handling, plus postage.) 
It's installed in the following manner: 

1. Remove all front-panel knobs (some slip on; others 
have a set screw). 

2. Remove nut on the function selector switch. 

3. Remove four screws at corners of the front panel. 
Be careful to catch the fiber spacers behind the panel 
(they're hard to find when they fall and roll across the 
floor). 

4. Remove the two screws holding the metal shield 
over the neon bulb. Be extremely careful not to bend 
the neon-bulb leads, because then break very easily; 
many standard replacement neon bulbs will not fit. I 
had to cut a hole in the shield to allow the end of the 
bulb to stick out. 

5. Very carefully remove the front panel without 
unduly bending the neon-bulb leads. Lay aside the 
clear Plexiglas sheet with the red line. Do not lose the 
pressure washer. Note how it came off so it can be 
replaced in the same way. 

6. Remove two screws holding the pilot light shield 
mounted behind the panel. 

7. Remove the two C-rings from the VFO shaft. You'll 
need a C-ring tool; it can be purchased in auto parts 
shops. Be careful! The C-rings are tight and are hard 
to remove. (I broke my tool and had to use a wheel 
puller to remove the first C-ring). The second C-ring 
wasn't so tight. Important: Note the position of these 
C-rings so they can be replaced in the exact spot. 
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8. Locate, identify, (make a drawing), and remove out of the way so they don't touch anything but are 
the three leads coming out of the VFO. handy for replacement at resale time. 

9. Remove the three nuts holding the VFO in place. 2. Place a jumper from C55 (68 pF) to the switch tab 
Lift and remove the VFO assembly from the R-4B. vacated above. Solder the connections. 

10. Turn the VFO shaft to find the final stop. Noting 
exactly where it was positioned (pencil mark), 

fig. 3. Construction of the crystal paddler, which plugs into 
the R-4B receiver crystal socket. 

remove the dial by removing the large C-ring. Place 
the TR-4 dial in the same position. 

3. Place an insulated jumper wire from the 14.6-MHz 
crystal jack to the 25.1-MHz jack. (The 25.1-MHz 
crystal will no longer be used.) Put it away so it will 
be handy at restoration time." The jumper should be 
placed in the holes toward the front panel. The new 
crystal, 16.645 MHz, can now be plugged into the 
14.1-MHz jack. Eighty-meter operation is as normal; 
20-meter operation now tunes backward, as in 
the TR-4. 

crystal padding 
I found it necessary to put a trimmer in series with 

the new crystals to trim the R-4B receive frequency 
to exactly the same dial calibration as when using the 
R-4B as a remote VFO. I used a 12-pF ceramic cap in 
parallel with a small 5-25 pF variable, which I removed 
from some surplus equipment (see fig. 3). The cap is 
smaller than the standard-size trimmer and will fit 
between the solder tabs of a standard-size crystal 
socket. The capacitors are in series with one lead of a 
crystal socket adapter, which is plugged into the 
main crystal socket. 

11. Reassemble, following the steps above in reverse 
order. Dial calibration is as follows: 

Modification 5. To track the VFO for TR-4 use and 
separate receiver use, I ordered new crystals that are 
45 kHz higher in frequency than the originals. For the 
20-meter band to tune backward, as in the TR-4, I 
substituted a crystal frequency (14.645 MHz), which 
is added, rather than subtracted, to the VFO output 
to obtain the proper injection frequency. 

This, by the way, is the same crystal needed for 80 
meters. Therefore, by installing an appropriate jump- 
er and one other change, the same crystal can be 
used for both 20- and 80-meter operation. 

To keep expenses down I ordered only three crys- 
tals (my cost locally was $20.00 for the three crys- 
tals): one for 80 meters, which doubles for 20 meters; 
one for 15 meters, and one to receive WWV on 15 
MHz. Thus I've covered my needs at the present. For 
the same crystal to be used for both 80 and 20 
meters, the following steps are required: 

1. Find C53 (68 pF) in parallel with R47 (1.5 kilohms). 
This network is the collector load for 01  at 25.1 MHz. 
Lift these two components from S5F and dress them 

"The steps in these modifications should be kept in a file with your equip- 
ment literature. Appropriate annotations to the steps will come in handy 
when you decide to restore your radio for resale. Editor. 

1. Calibrate the TR-4 dial as usual, using the TR-4 
internal crystal calibrator. 

2. Switch the control unit to receive from external 
VFO. Calibrate the external VFO dial (R-4B dial) in the 
same manner as the TR-4. 

3. Switch the control unit to separate receive (don't 
forget to throw the slide switch for separate receive). 
The R-4B should now operate normally. Adjust the 
trimmer mounted below the new crystal to zero beat. 

summing up 
Now you can receive a station on the R-4B and 

then switch immediately to transceive on the same 
frequency by simply selecting transceive on the con- 
trol box and moving the slide switch on the side of 
the R-4B. You're now transmitting with R-4B VFO 
control. It's a good idea to check the dial calibration 
from time to time to make sure that everything is still 
calibrated, otherwise you'll have a small frequency 
offset when switching to transmit from the R-4B. 

You have greatly increased the versatility of the 
TR-4/R-4B combination, and, if your experience is 
like mine, you'll also have greatly increased your 
operating pleasure. 
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high-performance 
432-M Hz converter 

Complete construction details 
for a 432-435 MHz 
receiving converter 
that is easy to build 

and tune up 

The 432-MHz receiving converter described here 
is the result of several month's work. As anyone who 
has attempted to build solid-state uhf gear knows, 
layout and construction technique is vital, not only 
to coming up with a good basic design, but also to 
building a converter that works properly. 

Now that economically priced solid-state equip- 
ment and devices are available for use above 432 
MHz, the cost of building uhf equipment has been 
reduced considerably. This converter uses three 
transistors (six if you build the oscillator chain for 
copying Oscar 8). Three Texas Instruments dual- 
gate 3CT225A mosfet transistors are used in the con- 
verter (90 cents each in small quantities). The 
3CT225A transistors are rated at 900 MHz with a 
4-dB noise factor; at 432 MHz with 12 Vdc drain volt- 
age and 4 volts on gate 2, gain will be about 22 dB 
with a noise factor of 2 dB or less. These transistors, 
and the stripline tuned circuits, makes this a very 
good converter for weak-signal reception. 

Two versions of the converter were built using 
coils in the tuned circuits, but the results were far 
below that achieved with striplines. A local-oscilla- 
tor chain was not built on the converter board be- 
cause the 404-MHz injection frequency was coupled 
from the oscillator chain in my 432-MHz transmitting 
converter. However, a diagram of an easy-to-build 
oscillator chain will also be described. I use it with 
the converter to copy Oscar 8 Mode J. 

layout and construction 
Component arrangement, component spacing, 

and wiring have been optimized for best results, 
based on several earlier versions. The spacing be- 
tween the tuned circuits in the amplifier and mixer 

I 
Top view of the 432-435 MHz converter showing placement 
of the enclosures with the tuned lines. Input is to the left, 
output to the right. Transformer T I  is in the shield can near 
the output connector. 

By C. H. Robinson, NSKD, 89 Nottingham 
Road, Springfield, Illinois 62074 
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was laid out to provide satisfactory interstage coup- 
ling without the use of capacitors. 

The c~rcuit  boards I used are glass epoxy. The 0s- 
cillator board has foil on one side; the converter 
board has copper on both sides. Anyone can make 
the circuit boards, even if he has never etched boards 
before. Start by cutting the boards to size; clean the 
boards with steel wool and paint the copper. I used 
Rustoleurn gray primer in a spray can - it protects 
the copper while in the etching solution, and it is 
easy to remove when you scribe the lines. After the 
painted boards have dried, using the pattern, trace 
out the lines; since there are no curved lines, scribing 
is very easy. 

Use a small ieweler's screwdriver to scribe the Finished components for one of the tuned stripline circuits. 

lines. You can paint a spare piece of circuit board The button mica capacitor is soldered to the bottom of the 
line; the piston capacitor is inserted in the top and soldered 

and practice getting the lines the right width; about in place (see text,. 
1 116 inch (1.5 mm) is best. Put the scribed boards in 
etching solution and agitate once in a while to speed 
up the etching process. After all the necessary cop- 
per has been etched off, thoroughly clean the boards 
with soap and water using steel wool. A final clean- 
ing with abrasive household cleanser is recom- 
mended to remove any last traces of the etchant 
solution. 

tuned-circuit construction 
The enclosures for the striplines are made from 

brass strips 0.065 inch (1.5 mm) thick, 314 inch (19 
mm) wide, and 12 inches (30 cm) long. These strips 

and the 114-inch (6.5 mm) brass tubes can be pur- 
chased in many hobby shops. The dimensions for 
the second rf and the mixer stages are 1-114 x 
2-1/4 x 314 inches (32 x 57 x 19 mm); the first rf 
stage is 2-1 I 4  x 314 x 314 inches (57 x 19 x 19 
mm). These are inside dimensions, so, when bend- 
ing, allow for the bend angle. One way is to mark 
off the first bend, bend in a vise, then mark the 
second bend, and so on. One side must be longer 
than the other so i t  laps and can be soldered. The 
spacing between the tuned lines is 114 inch (6.5 

C20-C24 1 5-10 pF cerarnlc plston capacttors (Centralab 829-10) 
T I  Harntron~cs 7807 cod form and sh~eld L1 IS 22 turns no 26 (0 4 mrn) close-wound, L2 1s 4 turns no. 26 (0 4 mm) on bottom of L1 

fig. 1. Schematic diagram of the high-performance converter for 432-435 MHz; companion local-oscillator chain is shown in fig. 
2. Capacitors marked with FT are button mica feedthrough types; capacitors marked with Tare tantalum; all other capacitors 
are disc ceramic. Z1, 22, and 23 designate the stripline circuits. 
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mm) and 114 inch (6.5 mm) from the side of the 
enclosure. 

The tubes for the tuned lines are 2-118 inches 
(54 mm) long; this allows 118 inch (3 mm) clearance 
between the end of the tube and the enclosure where 
the trimmer is mounted. Solder tin the inside of the 
tube about 1 12 inch (13 mm) down. Remove the wire 
pigtai! from the trimmer, and insert the trimmer in 
the tube; you may have to apply heat with the soider- 
ing iron to get it in. About 118 inch (3 mm) of the 

Construction of the 404-MHz local-oscillator chain. Printed- 
circuit layout is shown in fig. 4. 

connects the tuned lines to the PC board, but do not 
solder yet; this will be done later when the tuned 
lines are placed in the enclosures. 

mounting and components 
If you don't have a 404-MHz oscillator chain for in- 

jection, build the oscillator chain first. I built the os- 
cillator board one circuit at a time, drilling the holes 
for the components as I went, testing each stage be- 
fore starting the next. The schematics and photo- 
graphs show all the details. After the oscillator board 

Topview of theconverter with the enclosure covers removed 
to show the placement of the tuned lines. Note the holes in 
the board for mounting the transistors. 

trimmer should protrude beyond the tube. Apply 
heat to the tube and sweat solder the trimmer in 
place. 

Two of the tuned lines have dc blocking capacitors 
mounted at the ends; these are mounted like the 
trimmers, but the tubes will be shorter by the thick- 
ness of the capacitor. Form the piece of wire that 

is complete and tested, lay it aside and start con- 
struction on the converter board. 

Wiring the converter is straightforward; if you 
study the photographs and schematic you should 
have no problems. However, there's one precaution: 
Since the converter board has copper foil on both 
sides, the foil around the component holes on top of 
the board must be cleared to prevent shorts. To do 
this use a 118-inch (3-mm) drill and flatten the angle 
of the point so it will cut the copper from around the 
top hole but not touch the copper on the bottom of 

101 75MH2 FOR 

2N5130 

L1 6 turns no. 16 (1.3-mm) wire, 114-inch (6.5 -mm) diameter, 314 inch (19 mm) long, tapped at one turn 
L2 3 turns no. 16 (1.3-mm) wire, 114-inch (6.5-mm) diameter, 314 inch (19 mm) long, tapped at 1-1 I 2  turns 
L3 1 turn no. 16 (1.3-mm) wire, 114-inch (6.5-mm) diameter, with 112-inch (13-mm) leads 

fig. 2. 404-MHz local-oscillator chain for the 432-435 MHz converter. Capacitors marked with IT are feedthrough types; except 
for the electrolytic (C15). all other capacitors are disc ceramic. 



fig. 3. Full-size printed-circuit layout for the 432-435 M H z  converter. Component placement for the converter is shown in the 
photograph. Transistor mounting holes marked A, B, and Care 5/16 inch (8 mm) diameter. 

the board. Use an emery wheel to shape the drill bit 
for this task. 

After the mixer wiring has been completed, con- 
nect the output of the oscillator to gate 2 of Q3 in 
the converter board with small coax cable; apply 12 
Vdc and common to both boards. You should be 
able to receive the third harmonic of a two-meter 
transmitter that tuned to 144 MHz, or a weak-signal 
source if you have one. There are two excellent arti- 
cles on weak-signal generators in past issues of ham 
radio.l.2 When the mixer is working properly, pro- 
ceed with the other two stages - testing as you corn- 
plete each one. 

You may be able to build the converter without 
using the 10-pF tantalum capacitors, but they do 

tune up 

If a commercial signal generator is available, use 
it; if not, use a weak-signal source. You may find that 
the test signal will leak into the converter from places 
other than the antenna! Take the weak signal out- 
side, as far away from the antenna as possible, or 
until you can't pick up the signal with the antenna 
disconnected. With the antenna connected you 
should receive the weak signal at S-5 or better. You 
can now peak everything up for optimum per- 
formance. 

With my weak-signal source about 100 meters 
from the antenna I receive it at S-9 using a Kenwood 
TS-520. After the circuits have been tuned for maxi- 

fig. 4. Printed-circuit layout for 
the 4 0 4 -M H z  local-oscillator 
chain. Component mounting 
and shield placement is shown 
in the photograph. 

much to stabilize the circuits so they are well worth mum signal, tune away from the signal and check 
the extra cost. You may have noticed that on the the noise level as indicated on the receiver's S-meter. 
schematic diagram ferrite beads are shown on gate The objective is to obtain the greatest signal-to- 
2 of each rf stage; the photograph shows only one on noise ratio. You can also adjust the converter for 
the first stage - my error, use the bead to improve lowest noise figure if you have equipment for noise 
stability. figure measurements.3,4 



Component placement on the converter board (see fig.3). In  
this view the input is to  the left, output to the right. 
Designated capacitors are mounted on the bottom of the 
board. Small coax cable near C17 couples 404-MHz injection 
to the converter. 

When using this converter with a TS-520 trans- 
ceiver and no 28-MHz preamp, I have consistently 
maintained schedules on 432 MHz with stations 
over 100 miles (160 km) away, with reports ranging 
from S-4 to 20 dB over S-9 depending upon condi- 
tions. During band openings many stations have 
been heard 700-800 miles (1  100-1300 km) out with S- 
meter readings over S-9. I have also used this con- 
verter to copy'oscar 8 and hear the spacecraft sig- 
nals around S-6 without any special antennas. I 

Component placement on the circuit board for the 404-MHz 
local-oscillator chain. 

have built several 432-MHz converters from hand- 
books, magazine articles, and commercial kits, but 
this converter tops them all. 

references 
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ham radio, March, 1970, page 58. 
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4.  Robert Stein, WGNBI, "Automatic Noise-Figure Measurements," ham 
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impedance m 
using an swr meter I 

The simple SWR meter 
and a handheld calculator 

can be used 
t.0 measure 

easurements 
impedance within its rated SWR, even though the 
actual antenna SWR is somewhat higher. Knowing 
the actual impedance values of the 75-meter antenna 
while using it at 80 meters will yield a starting point 
for construction of such a circuit. 

measurement procedure 
Many instruments are available to measure impe- 

dance values, but only a few fortunate Amateurs 
have them. An instrument that is available, or at least 
not too expensive or difficult to construct, is an SWR 
meter. 

Once the SWR of an impedance is known, half the 
pl ex relationships I battle is over. If the reflection coefficient electrical 

ang!~, 8, is knnwn, the impedance car! ha nuick!)' 
involving impedance I "" Y 

determined by using a Smith chart. (This is discussed 

in tuned circuits 

An SWR measurement can indicate when an rf 
source is properly matched to a load, but often it's 
desirable to know the actual impedance values for 
the load. Once these values are determined, it's then 
possible to design matching circuits or transformers 
to translate the load impedance to the desired impe- 
dance. 

For example, as more solid-state broadband trans- 
mitters come into use, a matched load impedance 
becomes more desirable. While the high SWR of an 
antenna may not damage transistors rated to with- 
stand that SWR, the output power may be reduced 
because of an improper load impedance. The lack of 
tuning and load adjustments prohibits rematching 
the load impedance to the final output stage for the 
rated transmitter performance. 

Another example of the requirement for knowing 
the load impedance can be seen for a typical installa- 
tion with an antenna cut for the 75-meter phone 
band, but with an occasional trip down in frequency 
to check into an 80-meter CW net. When an antenna 
tuner isn't available it's possible to construct a 
matching circuit so the transmitter still sees a load 

ZNO CHARACTERISTIC 
IMPEDENCE 

\ 

r--- 
METER 2 TRANSFORMER Y\ TO 

I 
-4 UNKNOWN 

LOAD 
L---J 

later.) 
Information that's available is the SWR based on a 

characteristic impedance, Z o I ,  of 50 ohms. This 
means the source, usually a transmitter, looks like a 
%-ohm source, and the SWR meter has a 50-ohm 
characteristic impedance. However, the use of a 
Smith chart isn't the only method of determining an 
impedance when the SWR and the reflection coeffi- 
cient electrical angle are known. The impedance can 
be calculated outright by knowing the SWR, the ' reflection coefficient electrical angle, and the charac- 
teristic impedance of the measuring system.' 

If another SWR measurement could be made with 
a different characteristic-impedance-measurement 
system, ZO2, the same impedance values would be 
found. Of course a different SWR reading would 
exist, as well as a different reflection coefficient elec- 
trical angle. But the impedance values of the load will 
not have changed. 

Since the impedance is constant for the two meas- 
urements, the equations relating SWR, Zol,  and 8, 
are set equal to each other, yielding: 

(tan 83 (tan 02) = (1) 

fig. 1. System for measuring characteristic impedances 
other than 50 ohms. The transformer can be a lumped-con- 1 The SWR is a measured value, and ZoI is known 

stant element, broadband transformer, or a transmission = 
line such as a quarter-wavelength of 75-ohm coaxial cable at By Ben Lowe, K4QF, Hytop Star Route, BOX 

the frequency of interest. 66B, Scottsboro, Alabama 35768 
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from the characteristic impedance of the test equip- 
ment. 

This means that a second characteristic-impe- 
dance-SWR-measurement system must be devised. 
Such a system is easily obtainable by using the exist- 
ing 50-ohm source and an SWR meter and transform- 
ing this impedance to some other impedance, as 
shown in fig. 1. The transformer can be a lumped- 
element, broadband transformer2J or a transmis- 
sion-line-type, such as a quarter-wavelength of 75- 
ohm coax at the frequency of interest. (This quarter- 
wavelength transformer results in a characteristic im- 
pedance of 112.5 ohms.) 

The procedure is as follows. It's simpler to perform 
than to describe. Using the 50-ohm system, measure 
and record the SWR of an unknown impedance. This 
measurement yields swrl and Z o j  = 50 ohms. Then 
connect the transformer at the output, or antenna 
side, of the SWR meter. Connect the unknown load 

+o - y T 6 / d i  

2' 
82 

fig. 2. Impedance test circuit. 

to the output port of the transformer. Again, meas- 
ure the SWR. This measurement yields swr2 and ZO2.  
These four values, swrl, Zol, swr2 and ZO2, are substi- 
tuted in eqs. 1 and 2, resulting in two equations and 
two unknowns. The two unknowns are tan  O j ,  and 
tan  02, where O r  and 02, are the reflection-coefficient 
electrical angles. 

Unfortunately, more than one solution exists, giv- 
ing more than one value for tan  O j ,  and tan 02. But 
the resulting impedance calculations yield the same 
reactance magnitude using either values; whether 
the reactance is inductive or capacitive can't be 
determined directly. Another test must be conducted 
to make this determination; such tests are described 
later. 

From the measurements, all the information nec- 
essary to calculate the actual impedance has been 
found. Substituting swrl, tan O j ,  and Zoj into eq. 3 
gives the impedance. Likewise, substituting swr2, tan  
02, and Zoj into eq. 4 gives the same impedance: 

I - j(swrI) tan  O 1  z = ZOI swrj - j tan  01  I (3) 

1 - j (swr2) tan  O2 z = ZO2 
SW72 - j tan  O2 

test results and example 
To test this procedure, I constructed a test load 

using an 82-ohm resistor in series with a 47-pF capac- 
itor. A randomly selected piece of 75-ohm cable was 

found to look like a quarter wavelength at 40.5 MHz. 
At this frequency the resistor and capacitor look like 
82-j83.6 ohms (fig. 2). 

The reactance of the 47-pF capacitor is found 
from: 

The one-quarter wavelength of 75-ohm coax trans- 
forms the 50-ohm source impedance to 112.5 ohms: 

Now the two SWR measurements are made. Using 
the 50-ohm system ( Z o l  = 50 ohms),  swrj of the 
capacitor and resistor in series is measured as 4:l .  
The quarter-wavelength, 75-ohm transformer is in- 
serted between the SWR meter and the unknown im- 
pedance, and another SWR reading, swrp, is meas- 
ured as 2.51; ZO2 is 112.5 ohms. These values are 
now substituted into eqs. 1 and 2 to determine the 
values of t an  O j  and t an  02. Note that calculating the 
values of O j  and O2 isn't necessary unless the reflec- 
tion coefficient electrical angle is desired; only the 
tan  O1 and O2 values are needed. These calculations 
yield: 

( F j ( 4 )  - 2 . 5  
(tan 01) (tan 02) = = 4 (6) 

( 9 ) ( 2 . 5 )  -. 4 

t ane l  - 
( 1 1 2 ' 5  . 4 .  2 . 5 )  - 1  

- -  50 
tan  62 112.5 = 2.77 (7) 

(4 2.5)-  
50 

Eq. 7 yields: t an  O j  = 2.77 tan  82.  Substituting in- 
to eq. 6 yields: 

Solving for tan  O1 by substituting the value of t an  
O2 into eq. 7 yields: 

The positive value for tan  O j ,  Z o l ,  and swrj are now 
substituted into eq. 3 to give Z, the unknown im- 
pedance: 

This gives the resistance as 89 ohms and the 
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capacitive reactance as - j92.1 ohms, resulting in a 
capacitor value at 40.5 MHz of: 

The measured circuit is then: 

This compares favorably with the component 
values used in the circuit of fig. 2. 

Two pertinent factors should be noted here. The 
values for ZO2, swrp, and t an  O2 could just as easily 
have been substituted into eq. 4 to obtain the same 
impedance. The negative values for t an  8 could have 
been used, giving a positive value for the impedance 
reactive component. Often, observation of the circuit 
can indicate the proper sign of the reactive compo- 
nent. If this isn't possible a second measurement can 
be made at another frequency, and the direction of 
change for the reactive component can be observed. 
For instance, a higher frequency should yield a lower 
capacitive reactance. If the reactance is inductive, 
the higher frequency should yield a higher value of 
reactance. 

Another method of determining the sign of the 
reactance would be to insert a known reactance 
value in series with the measured impedance and 
make another measurement. For the example given 
above, an inductor of approximately +j92 ohms at 
40.5 MHz (0.36 FH) would cancel the - j92 ohm reac- 
tance, leaving only a real component of 80 ohms. If 
the reactance happened to be positive in the first 
place, the second measurement would yield: 

Actually, a second calculation isn't necessary, 
since it can quickly be seen that 89 + jO would yield a 
much lower SWR than 89 + j184. 

theory 
The derivation of this concept follows directly by 

equating eqs. 3 and 4. This is reproduced here for 
reference: 

I - j(swrl)tan 81 - z = ZOl s w l  - j t an  01 I - 
1 - j(swr2)tan 8p 
swr2 - j t an  82 1 

(I - jswr1 tan  0:) (swrp - j tan  02) = 

202 
- (I - j swrp t a n  eJ (swrl - j tan  e l )  
Zo1 

Equating the real and imaginary terms yields: 

(A) swrp - S W T ~  t an  8: t an  8p = 

202 
--- (swrl - SWI-2 t an  9: t an  Oz)  
2 0 1  

(B) swrl S W T ~  tan  Ol + t an  Oz = 

* (tan 8: + swrl swrp tan  02) 
201 

From A, 

[j% swrp) - swrl] t an  8: t an  ez = 

[(%) (SWTI)] - SWT.2 

tan  el tan e2 = [(z) ( ~ ~ 7 2 )  ] - swr: 

From B, 

tan 8: pwrl swr J - (%)I = 

t an  O2 [(%*swT:*swT~) - 11 

tan  81 - - - 
tan  O2 202 

[(sw1) ( s w . ) ]  - 

Exactly what transpires can readily be seen by 
looking at the Smith chart shown in fig. 3. The first 
SWR measurement, SWT: = 4, yields a reflection 
coefficient, pl,  of 0.6. The electrical angle of the 
reflection coefficient, 81, is found from t a n  
O1 = + 3.32. Therefore, O1 = + 73.2'. Using only 
the positive value and knowing that the total distance 
around the Smith chart is lmO, one-half wavelength, 
the ratio of 73.2' to 180' gives a reflection coefficient 
at 0.203X. This is shown as Z: and corresponds to the 
normalized impedance of 1.78 - jl.84 for the 50-ohm 
measurement system. When the 112.5-ohm system 
is employed, swrz (2.5) results in a value of 
p2 = 0.43. The reflection coefficient electrical angle, 
82, is 50.2O, found from t a n  O2 = 1.2. For this system 
the reflection coefficient in wave-lengths is 0.14X. 
These values are also plotted on the Smith chart, but 
it must be remembered that the center of the chart 
represents 112.5 ohms + jO. This normalized impe- 
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fig. 3. Test results shown on a Smith chart for the example 
described in the text. 

dance is 0.79- j0.82 and is shown as Z2. Actually, 
both impedances, Z I  and Z2,  are equal; only the char- 
acteristic impedance of the measurement system is 
different. 

One other point should be mentioned. Suppose 
the load is actually 82- j83.6, but a matching circuit 
is designed to match the source impedance to the 
measured value of 89 - j91.1. How suitable is this? A 
new reflection coefficient must be determined from: 

Making these substitutions yields a reflection coef- 
ficient of p = 0.045, which results in an SWR of 
1.09: 1. 

conclusion 
While there are many methods of measuring impe- 

dance, the procedure described is straightforward 
and requires only one simple instrument, the SWR 
meter. Also, since so many handheld calculators are 
available, the calculations using the measured values 
can be accomplished very quickly. Other means of 
calculating can be employed, although more time is 
required. The results are acceptable for most practi- 
cal applications. 
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New! Broadband antenna matching. 
Convenient switch selection of impedance taps. 
For verticals and mobile whip antennas. 
Taps at 8, 12.5, 16, 22, 32 and 50 ohms. 
Full 500 watt capability. No time limit. 

Here is the answer to the matching problem for vertical antennas and 
mobile whips. A broadband transformer that really works. Plenty of 
taps to match your 50 ohm transmitter to any short vertical. 
And with no tuning or other adjustment. The 500 Watt RF Transformer 
is completely broadbanded 1-30 MHz  (1-10 MHz below 20 ohms). So 
when you change frequency within a band you need only retune the 
antenna loading coil to resonance; not fiddle with a matching network. 
Also, more power goes into your antenna. The 500 Watt RF 
Transformer is more efficient that a matching network or tuner - less 
than .1 db loss. 

As always, when you buy Palomar Engineers you get the best; large 
ferrite toroid core, teflon insulated wire, rugged ceramic switch, heavy 
die cast aluminum case, full 500 watt CW capability. 
Free descriptive brochure on request. 
Improve your mobile operation. Simplify your tuneup. Get better 
results with the new Palomar Engineers 500 Watt RF Transformer. 
Order yours now! Price $35.00 plus $2 shippinglhandling U.S. 81 
Canada. Calif. residents add sales tax. 

84 april 1979 



flip-flop internal structure 
Previous parts of this series have shown the three 
basic flip-flops, the latch, and clocked flip-flops J K 
and D. Only the RS latch has been examined for tim- 
ing. Timing is crucial in proper operation of JK and D 
flip-flops, so it's worthwhile to examine some typical 
internal structures for timing relationships. 

Fig. 1 shows a NAND-gate equivalent of a rnaster- 
slave flip-flop with waveforms and "1 and 0" state 
notation. The master-slave term comes from using 
one latch (G3 and G4) to control the other latch (G7 
and G8). State feedback makes each latch depen- 
dent on the other. The 1 and 0 notation is useful for 
scratchpad state analysis, and the state is that of 
each gate after the clock edge has passed. 

JK flip-flops are commonly found in master-slave 
form, and fig. 1 has both J and K control inputs held 
high for a divide-by-two function. A negative clock 
edge will change output state, so the symbol would 
use an inversion bubble at the clock pin. 

Initial conditions assume all inputs high and Q low. 
Master latch G3, G4 could be in either state but is 
chosen with G3 initially high. All gate states are sta- 
ble in the left-hand 1 and 0 notation. 

The first negative clock forces G I  high. G5 then 
goes low since both inputs are high (the NAND 
RULE) and forces G7 (Q output) high which, in turn, 
makes G8 (a output) low. Waveform arrows show 
the sequential state change. The other four gates 
remain in the same state as long as the clock is low. 

Returning the clock high doesn't affect output but 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 

will set up conditions for the next negative clock 
edge. G2 goes low and forces intermediate latch G3 
and G4 to change state. G5 returns to a high, and 
output latches G7 and G8 remain stable (both G5 and 
G6 are now high). 

CLOCK 

GI 

G2 

G3 

G 4  

G5 

66 

G7 

G 8  

fig. 1. Master-slave flip-flop with J and K inputs held high. 
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A second negative clock will make G2 high. G6 
now goes low and flips the output latch. Q output 
changes state. Returning the clock high will flip the 
intermediate latch and set up conditions for another 
output state change. 

An important thing to note is that both clock edges 
affect internal states and that each edge causes a 
sequence of four gate state changes with attendant 
delays. A high clock level must persist long enough 
to set up conditions for an output change. A low 
clock level must persist for a time sufficient to ripple- 
through state changes to toggle the output. Each 
time will limit maximum clock frequency. 

changing control inputs 
Fig. 2 has the same circuit but input K is held low 

and only J is changed. Initial conditions have Q low 
and J low. Since K is low, G2 will always remain 
high. Note that if both J and K were held low, there 
would be no output change at all since input gates 
GI and G2 would be held high constantly. The inter- 
mediate latch has G3 low. 

The first low clock does nothing. Returning it high 
has no effect either, since J is held low. When J goes 
high with the clock high, the intermediate latch flips 
from the low state of GI. G6 goes high and the flip- 
flop is set up for an output change. 

CLOCK 

I I I 

fig. 2. Master-slave flip-flop with K held low and J 
input switched. 

CLOCK ~ O 1 O 1 O G 1 O 1 O O /  1 >( 

fig. 3. Type-D flip-flop. 

The second low clock, while J is held high, will 
return GI high and make G5 low. The output latch 
flips and Q goes high, matching the J input state. 
Again, four gate delays are required for both set-up 
and hold. 

Once Q has toggled high, neither J nor the clock 
will have any effect. Why? The answer lies in state 
feedback from G8 (Q) to GI input. The low G8 state 
will inhibit any inputs from changing GI  (the NAND 
RULE again). 

Holding J low and changing only K will result in 
similar action, except that Q will eventually go low 
and remain in that state. Try this out on some 
scratchpaper. 

type D flip-flop 
A NAND gate equivalent is given in fig. 3. This ver- 

sion changes output on a positive clock edge. Gates 
GI  through G4 are "almost" latches with an AND 
symbol shape; their action is best observed by fol- 
lowing input changes. 

Initial state has Q high and D low. With both D 
input and clock low, G2 through G4 are held high. GI 
is held low by state feedback from G4. Output latch 
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G5, G 6  remains stable since all inputs (from G 2  and 
G 3 )  are high. 

The first high clock will force G 3  low; its other 
input from G 4  is also high. G 3  then forces G 6  (Q) 
high to flip the output latch. Clock return to low will 
change only G3, as does a second clock input. G 3  
stays high on a low clock. 

Changing D input high while the clock is low will 
force G 4  low, which, in turn, forces G I  high. Input 
gates are now set up to change the output. A third 
positive edge clock will make G2 low and flip the out- 
put latch to a Q high state. As long as D remains 
high, further clocks will not change Q. 

Returning D low while the clock is low will force 
G 4  high, then G I  low to finish a setup. The cross 
connections of G I ,  G2, and G3, G 4  appear to make 
two latches. These, plus G 4  to G I  connection, make 
one large latch, not two, with GI and G 4  acting as 
inhibits for G 2  and G3. 

This structure is faster than the master-slave JK .  
Setup requires only two gate delays, output change 
only three. 

direct set and reset 
A direct set or reset will override the clock and any 

control inputs. The master-slave J K  may be modified 
by increasing the latch gate inputs from two to three. 
A SET (active low) is connected to both G 3  and G7. 
A RESET (again, active low) is connected to both G 4  
and G8. 

The D flip-flop is also modifiable for active-low set 
or reset but is more complex. A RESET is made to  
G2, G4, and G6, a SET made to only G I  and G5. The 
number of gate inputs must be increased for either. 

Actual devices may have direct set and reset 
(sometimes called preset and clear, respectively) 
either active low or active high. Check for inversion 
bubbles. Some dual devices have either or both com- 
mon. Check thespecsheet. In any situationan unused 
set or reset must be made inoperative. An unused 
active low should be tied high; unused active high 
tied low. 

Removing a set or reset will restore a JK or D to 
normal clocked operation. Some time is required for 
this restoration, similar to setup and hold times. The 
spec sheet for a particular device should be checked 
for this and proper time ailoted in circuit operation. 

The next part of this series will go into interfacing 
analog signals and present one-shots. 

ham radio 
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tebook 
, , 

external frequency 
programmer 

The beauty of the IC-22s is that it 
offers precise frequency selection by 
programming with low-cost silicon 
d i~des ,  rathe: tha:: crystals with 
trimmers. This advantage though 
becomes overshadowed when chan- 
nel selections need to be changed; 
out comes the soldering iron to redo 
the diode matrix. To solve this prob- 
lem, I built an external programmer 
containing eight switches, eight 
diodes, and a zero-center micro- 
ammeter for discriminator output 
readings. 

The internal speaker was discon- 
nected from the external speaker 
jack and reconnected directly to the 
audio output. The discriminator out- 
put was then connected to the ex- 
ternal speaker jack. The eight diode1 
cathode connections and the 9-volt 
common pad of channel 22 on the 

External frequency programmer enclosed 
in a Ten-Tec style box. The connections to 
the transceiver are made via nine-conduc- 
tor ribbon cable. 

matrix board were connected to the 
nine pins of the accessory socket 
via a nine-conductor ribbon cable 
(see fig. 1 ). 

The external programmer was built 
in a Ten-Tec cabinet. The discrimina- 
tor meter was connected via a 
shielded cable and miniplug. Nine- 
conductor ribbon cable was used to 

connect the programmer to the ac- 
cessory plug. 

With the programmer, any fre- 
quency can be selected at the flip of 
a switch and at a considerable 
savings over the cost of a fully 
programmable 2-meter rig. 

Hugh Pearl. WBSVWM 

using the IC-22s 
below 146 MHz 

As it turns out, the IC-22s is not 
restricted to 146.01 MHz and above. 
The IC-22s is, in fact, usable without 
modification from 145.350 MHz 
through 147.990 MHz. That's an ad- 
ditional 44 free channels! These addi- 
tional channels do accommodate 
some of the new repeater frequencies 
as well as five Oscar frequencies. By 
keying the push-to-talk line you can 
also enjoy the excitement of Oscar 7 
and Oscar 8. 

S I L I C O N  

128 

6 4  

32 

16 

8 

4 

2 

I 

ACCESSORY PLUG 

fig. 1. Diagram of the connections to the diode matrix board and switch connections for the external frequency programmer. 
The discriminator meter is connected to the rewired external speaker jack. 
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diode insert positions 
frequency total 128 64 32 16 8 4 2 1 frequency total 128 64 32 16 8 4 2 1 

N D7 D6 D5 D4 D3 D2 D l  DO MHz N D7 D6 D5 D4 0 3  D2 D l  DO 

145.350 64 145.680 86 
145.365 65 145.695 87 * * *  

145.380 66 145.710 88 * * * 

145.395 67 * * 145.725 89 * * 
145.410 68 145.740 90 x 

145.425 69 145.755 91 x 

145.440 70 * * 145.770 92 * * *  
145.455 71 * * *  145.785 93 * * * * 
145.470 72 145.800 94 * *. x 

145.485 73 145815 95 x * * * * *  

145.500 74 145.830 96 x 

145.515 75 * 145.845 97 * * 
145.530 76 * 145.860 98 * 
145.545 77 * * 145.875 99 * 
145.560 -78 * * 145.890 100 * 
145.575 79 * * * I  145.905 101 
145.590 80 145.920 102 
145.605 81 145.935 103 * * 

145.620 82 145.950 104 * 

145.635 83 * * 145.965 105 * * 

145.650 84 145.980 106 * * 

145.665 85 145.995 107 

The programming of the IC-22s The resulting number must be an 
diode matrix is governed by  the integer (no fractional part). The deci- 
equation: mal number computed f rom the 

programmed number  (N) = 
equation is then translated into a 
binary number and programmed ac- . - 

desired frequency - 144.39 cordingly into the diode matrix. For 
,015 convenience, table 1 presents the 

additional frequencies and the corre- 
sponding diode positions in a format 
similar to that in the instruction man- 
ual. The simplex-offset switch func- 
tions the same as for other frequen- 
cies below 147 MHz. 

Steven Holzman, W1IBI 

75s ( ) CW sidetone 
The CW sidetone provided by my 

32s-1 transmitter is of sufficient am- 
plitude to give an adequate monitor- 
ing level while using headphones. 
Even when low-impedance head- 
phones (stereo types with the sec- 
tions paralleled) were used, no prob- 

lems were encountered here. 
In an attempt to increase the side- 

tone level while using a speaker, the 
value of R99 (2.2 meg ohms) was 
altered. This change proved insuffi- 
cient, and, if carried too far, vox op- 
eration on ssb was hampered. The 
best balance between speaker, head- 

phones, overall receiver volume, and 
CW sidetone level was obtained in 
the following manner. 

Remove the two wires connected 
to the SIDETONE jack on the receiver 
rear lip, solder them together, and 
insulate. Using a piece of shielded 
wire (RG-174/U in my case), con- 
nect one end to the SIDETONE jack 
and the other end to  the center 
(wiper) terminal of the AF GAIN con- 
trol. The cable should be neatly 
routed around the chassis following 
the path of the existent harness. 
Refer to fig. 2 for the complete wiring 
changes. The result is a sufficient 
sidetone level for both speaker and 
phones. 

Paul Pagel, Nl  FB 

fig. 2. Sidetone modification 
for the 75SOseries receivers. 
In this case, the level of the ,744  R 3 1 L  

sidetone is controlled by the 5 o o k :  

AF GAIN, providing a better 
balance between signal and 
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Whether on or off the air, there's probably no Amateur Radio subject discussed more, scrutinized more carefully, or 
analyzed more qualitatively than antennas - the engineers analyze, the DX operators scrutinize, and the rest of us 
simply talk. And with the coming of spring and summer, interest in antennas peaks as Amateurs start working on their 
antenna systems for the coming DX season. If you have been thinking about updating your station antenna, you may 
find a useful design in this, our annual sntenna issue. If you don't plan to install a new antenna this year, this is a good 
time to take a close look at your existing system to make sure it's operating up to par. Now that the ravages of winter 
are over, check all the electrical connections for oxidation, inspect the feedline for damage, and if your system SWR is 
not as low as it used to be, now's a good time to find out why. . If you look at the record, there have been few important breakthroughs in Amateur antenna design since the delta- 
loop beam and the quagi, and many readers would argue that both of these antennas are actually extensions of exist- 
ing antenna theory (quads and Yagis). Many specialized antennas have been developed for military and space com- 
munications in recent years, but most have little or no application in Amateur Radio. One example is the log periodic 
or LP, first designed as a microwave antenna, later as a high-frequency wire beam, and finally, for TV reception. The 
LP has never been especially popular with Amateurs, probably because we operate on segmented bands and the LP is 
a broadband device. However, there is renewed interest in the LP for DX work on 80 and 40 meters, and if Amateurs 
are allocated any new high-frequency bands at WARC 79, it's a sure bet that a good many three-band beams will be re- 
placed by rotatable log periodics. 

Unlike other areas of electronics and radio communications, where there have been occasional quantum leaps for- 
ward, improvements in basic antenna design have been slow and evolutionary, beginning in 1887 with Hertz' classical 
center-driven dipole. Marconi's first successful wireless experiments used essentially the same antenna: Two large 
copper plates excited by a spark gap. To increase the distance of his transmissions, Marconi put up larger and larger 
quantities of wire. Early Amateurs did the same - because of the low frequencies then in use, the DX performance of 
a station was proportional to the size and height of the station antenna. In fact, many of the radio engineering text- 
books of the early 1900s included a mathematical equation attributed to Marconi which showed that communications 
distance was directly proportional to the square root of antenna height. 

The first advances in gain antennas were the result of experiments by commercial radio companies which wanted to 
improve the reliability of their overseas service. First came the long wire, the vee, and the rhombic; then the lazy-H, 
Sterba curtain, and Bruce array, followed closely by the Yagi beam and the 8JK flat-top; W9LZX's cubical quad was 
introduced a few years later. Each new antenna design was eagerly tested by Amateurs who were trying to  improve 
the performance of their stations. 

The perpetual need to  improve station performance has become something of a tradition in Amateur Radio, and 
whether it's the result of ever greater band crowding or the competitive Amateur spirit, I don't know, but it certainly is 
a fact. Single-sideband provided the needed improvement in the early 1960s, and compact kilowatt linears made their 
contribution in the late 1960s; that left the antenna system. The fact that there were no antenna breakthroughs did not 
dilute the compelling urge to enhance station performance - if you couldn't improve basic antenna layout and 
design, you could certainly increase antenna size, and hence, antenna gain. 

As an example of this trend, consider the great interest in phased arrays for 40 and 80 meters, sparked primarily by 
WlCF's QSTarticles and his big signal on 75 meters. I t  wasn't too many years ago that most of us were content with 
a ground-plane antenna on 7 MHz and a dipole (usually not too high) on 3.5 MHz. In those days some of the more 
serious 40-meter buffs had two element-vertical arrays, and you might have read in one of the magazines about a few 
daring souls who had 40-meter Yagi beams, but you almost certainly had never actually seen one. In recent years, 
however, big low-frequency arrays and full-sized beams have become relatively commonplace, and the same rationale 
for greater antenna height and size has begun to permeate 10, 15, and 20 meters. As the late Sam Harris, W1 FZJ, 
used to say when talking about vhf antennas, "If it lasted through the winter, it wasn't big enough." Based on the 
large number of antennas which came tumbling down this past winter, perhaps we've hit the practical limit! 

Jim Fisk, W1HR 
editor-in-chief 
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RX noise bridge 
Dear HR: 

I found Ted Hart's letter in the 
August 1978, issue of ham radio both 
interesting and informative. I believe 
Pappot was the first to describe the 
R-X Noise Bridge (ham radio, 
January 19731, but he did not refer- 
ence the source for the original, 
resistance-only noise bridge which he 
improved. 

Hart's design, which is marketed as 
the Model TE 702, is technically inter- 
esting but would have an awkward 
capacity readout range if modified as 
indicated. Using the resistance values 

nts 

he suggested, calling the fixed and 
variable capacitors Cfand C,, and let- 
ting X represent the resistance from 
the pot wiper to the upper corner of 
the bridge, the conditions for balance 
become: 

where R,  and C, are, respectively, 
the parallel resistance and capaci- 
tance of the unknown impedance. As 
Mr. Hart stated, the resistance range 
is zero to infinity. Furthermore, with a 
linear taper pot, the low end of the 

resistance scale would be spread out 
and the upper end compressed. For 
many applications, that would be 
more desirable than the linear and 
finite range of the Pappot design. 

Conversely, the reactance or capa- 
citance range of Hart's proposed re- 
actance bridge would be awkward or 
unusable. Note that the estimated 
value of the unknown capacitance is 
affected both by the setting of the 
100-ohm pot and the variable capaci- 
tor. The effective capacltaiice iai-ige 
is thus dependent upon the resis- 
tance measured. Suppose, for in- 
stance, that C, is a standard broad- 
cast variable with a range 20-365 pF. 
With Cfa 180 pF capacitor, the range 
f o r  capaci tance balance w i t h  
R, = 51 ohms would be - 160 pF 5 
C, 5 185 pF, which is similar to Pap- 
pot's R-X bridge as modified by 
Gehrke (ham radio, March 1975). But 
suppose R, were 5 ohms. Because of 
the interaction between pot setting 
and reactance balance, the capaci- 
tance range would now be 20 pF 5 C, 
13470pF. One could not even meas- 
ure a pure resistance! Similarly, with 
R,  equal to 250 ohms, the capa- 
citance range becomes - 176 pF I 
Cu 1 - 107 pF and again does not in- 
clude a purely resistive impedance. 
Of course, other values could be 
chosen for the capacitors, but the ef- 
fect described above would still cause 
the reactance range to be severely 
distorted for R, values away from 
50 ohms. 

Mr. Hart also makes the point that 
his model TE 702 works to over 250 
MHz and that the reactance measur- 
ing version thereof would yield "a lot 
more accuracy - over a wider fre- 
quency range." It is well known that, 
with careful design, resistance-only 
noise bridges can be made to work 
well up into the vhf range. Adding the 
fixed and variable capacitors, how- 

ever, severely reduces the upper fre- 
quency limit. The R-X noise bridge 
Doting and I described works accur- 
ately to 30 MHz, and data to substan- 
tiate this claim have been published 
(ham radio, February 1977). The two 
commercial R-X noise bridges claim 
upper frequency limits of 100 MHz. 
However the manual for one of these 
units suggests it may require recali- 
bration for use at the higher frequen- 
cies; neither makes any claim for 
acci;;acy. 

Quite independently of how the 
transformer may be wound, the up- 
per frequency range of the R-X bridge 
is limited by residual errors in the 
bridge components themselves. The 
pot has stray capacitance to ground 
which changes with the pot setting, 
and the interconnection wires have 
reactances which cannot be ignored; 
most important of all, the variable ca- 
pacitor has residual series induc- 
tance. 250 MHz is well above the 
series resonant frequency of any 
reasonable-size variable capacitor. 
Severe resistance and reactance 
measurement errors would start to 
appear well below the resonant fre- 
quency. These constraints are recog- 
nized by commercial equipment de- 
signers; where accuracy is required in 
vhf impedance-measuring equip- 
ment, bridge techniques using dis- 
crete components are typically 
abandoned. 

I congratulate Mr. Hart for his in- 
vention, the Antenna Noise Bridge. 
The R-X Noise Bridge pioneered by 
Pappot was certainly inspired by this 
invention. Refinements to the Pappot 
unit which allow calibration and 
compensation without access to lab 
standards make the R-X bridge a very 
useful device for accurate measure- 
ments in the high-frequency range. 

R. A. Hubbs, W6BXI 
Orange, California 
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quads vs yagis revisited 

The author attacks 
an old question 

in a new way 
by actually measuring 

the relative gain 
of high-f requency 
quads and Yagis 

Which is the better antenna - a cubical quad or a 
Yagi? That question has aroused Radio Amateurs' 
emotions for more than thirty years now, and 
remains controversial in spite of the great volume of 
published research and analysis. 

It has been a decade since Jim Lindsay published 
his classic work on quads and Yagis,lr2 presenting 
both theoretical and empirical data to support his 
conclusion that the quad was in many ways the bet- 
ter antenna. He concluded that a quad of any length 
would outperform a similar size Yagi by 2 dB in for- 
ward gain. Basing his findings on model quads and 
Yagis operating at 440 MHz, Dr. Lindsay said that it 
was necessary for the Yagi to have 1.8 times the 
boom length of a quad to equal its forward gain. 

At the time of its publication, Lindsay's study 
seemed conclusive, but in the years since the issue 
has refused to die. The question has now been sub- 
jected to computer modeling, which produced data 

iy Wayne Overbeck, NGNB, Pepperdine 
University, Malibu, California 90265 
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supporting Lindsay;3 this was followed by a rejoinder 
from the owner of a highly successful Yagi-based 
contest station who pointed out sigificant errors in 
the modeling techniques.4 That was followed imme- 
diately by a reply from the authors of the computer 
modeling study in which they conceded their errors, 
but stood by other parts of their work. 

Meanwhile, Hardy Landskov, an antenna experi- 
menter with a very pragmatic goal ( to build a cubical 
quad that would be truly competitive in radio con- 
tests), spent many hours experimenting on anten- 
na range owned by the United States Navy.5 He 
came up with a design that the first user rated 
"good" on 20 meters and "excellent" on 15 and 10, 
in comparison to Yagis with which he'd "slugged it 
out" in pile-ups. During his antenna range work, 
Landskov built one 336-MHz Yagi and tested i t  
against his quad design. He found the two equal in 
gain, although the Yagi was 1.65 times the quad's 
length. 

popularity contests 
The quad-versus-Yagi question has been argued 

with anecdotes, testimonials, and hunches, as well 
as with theory and quantification. Intuitively, some 
quad builders have concluded that their antennas 
were just not 2 dB better than similar-size Yagis. 
Others have reached the opposite conclusion by 
trusting the same intuitive sixth sense. 

Moreover, one need only survey the antennas 
used by the consistent DX contest winners to see 
that Lindsay's conclusions remain controversial. 
Although there are notable exceptions, the great 
majority of big winners in DX contests today are 
using Yagis, not quads. If a quad is equal to a Yagi 
nearly twice its size, how could this be? Obviously, 
anecdotes, testimonials, and popularity contests, 
taken alone, prove nothing about the merits of the 
two antennas. But they do suggest that the issue is 
unresolved and deserves further study. 

In an attempt t o  resolve this issue, I've spend hun- 
dreds of hours measuring the performance of quads 
and Yagis in both the high frequency and vhf spec- 
trum and have encountered considerable evidence 
that the cubical quad is not inherently superior to the 
Yagi. 

This seems to be particularly true below 100 MHz. 
However, there are potential variables that may 
sometimes bias the results of uhf modeling in favor 
of the cubical quad. 

what happens at uhf? 
M y  quads-and-Yagis project really began as an 

attempt to develop an efficient antenna for the 432- 
MHz Amateur band. In 1970, 1 bought a 432-MHz 
Yagi of the only brand then commercially available, 

and optimistically took it to  an antenna gain measur- 
ing session at the West Coast VHF Conference. The 
gain was measured at 6.4 dBd (dB over a dipole) - a 
shocking figure compared with the manufacturer's 
claim of 13 + dBd. What was wrong? 

The element lengths and spacing seemed accept- 
able, if not optimum, and the SWR was below 1.5:l. 
Nevertheless, I finally replaced the driven dipole with 
a quad-type full-wave loop. The gain improved to  
almost 10 dBd (as measured at the next West Coast 
VHF Conference). 

That led to the next logical step. I set up a back- 
yard antenna range and set out to design a good 432- 
MHz cubical quad. After many frustrating hours, I 
decided I couldn't come up with a combination of 
element lengths and spacing that would beat the 
hybrid quad-driven Yagi at 432 MHz. Up to four ele- 
ments, the quads were competitive, but beyond that 
the quad-driven Yagi was better. 

Note that I said I couldn't design a quad that would 
beat the hybrid. A mere 4-element quad was superior 
to the original I I-element Yagi with its "stock" driv- 
en element on 423 MHz, even though the quad was 
less than half the Yagi's length! 

Finally, of course, I gave up on the quad and set 
out to optimize the quad-driven Yagi. Many hours 
and many designs later, the design that has come to 
be known as the Quagi emerged. Since the original 
publication of that design,6,7 the Quagi has been 
duplicated all over the world, with the design pub- 
lished in Amateur journals in such diverse countries 
as the Soviet Union, South Africa, and India! 

A t  about the same time, a Danish scientist working 
in an anechoic chamber also observed the phenome- 
non that led to the Quagi antenna. He was working 
with antennas that combined loop driven elements 
and reflectors with three types of parasitic directors 
- loops, Yagi-type rods, and flat plates.8 He 
reported that for long-boom arrays (over two wave- 
lengths), the loops were the least effective directors, 
although the difference was never greater than 1 dB. 

free dB? 
When the Quagi design was published, many 

Amateurs assumed its main advantage was a "free" 
2 dB of extra "loop gain," and that the gain of any 
Yagi could be improved 2 dB by replacing the driven 
element with a full-wave loop. This is not the case, 
unless the original dipole is less than adequate. 

For instance, while the gain of the 432-MHz Yagi 
previously mentioned increases dramatically when 
the dipole is replaced by a loop, the same is not true 
of the 144-MHz version of that antenna. Replacing 
the two-meter model's dipole with a loop results in 
almost no change in gain. A t  that frequency, it would 
appear the gamma-matched dipole is still a reason- 
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NOTE 
THE TOP CURVES ON FIG /A AND FIG I 8  ARE YAGlS AT GREATER HEIGHTS THAN THE REFERENCE 

ANTENNA, INCL UDED FOR GENERAL INFORMA TION 1 

,-C KLM YAG 661rA 
(SEE NOTE ON FIG ' I  

5L YAGI -34'BOOM 
lN6NBI  

/- - - 5 L  YAGI-IW6HXJ 
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1K6NA) 
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TRIBANDER 2 

PLOUAO (N6NBI 
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FREOUENCY- MHz 

0 
FREOUENC Y- MHz 

Q 
fig. 1. Relative gain measurements for 20, 15, and 10 meters. (A) shows 20 meters, (6) 15 meters, and ( C )  10 meters. The top 
curves on 20 and 15 meters are for a Yagi which is at a greater height than the reference antenna. They were included only for 
general information, not for direct comparison. 

ably efficient driven element. Nor does the Quagi's 
driven loop automatically ensure it 2 dB more gain 
than similar-size Yagis that have solved the feed 
problem in other ways. A t  432 MHz, two of the 15- 
element Quagi's toughest competitors in antenna 
gain competitions are the KLM 16-element log-peri- 
odic-driven Yagi, and the F9FT 21-element array, 
which has a large oval-shaped folded dipole some- 
times called a "flattened quad." What the vhf Quagi 
offers is the gain of a long-boom Yagi with an effi- 
cient driven element that can be easily duplicated 
using tools and materials readily available to Ama- 
teurs. I t  does not offer 2 "free" dB. 

When most Radio Amateurs, and some commer- 
cial antenna builders, set out to build a conventional 
Yagi for uhf, the result may well be disappointing. 
Anyone who has attended a few antenna gain meas- 
uring sessions at vhf conferences has seen seemingly 

well-built 432-MHz Yagis measure very low gains, 
despite all indications that they should work well 
( ie . ,  good SWR, good E- and H-plane patterns, and 
so forth). 

A t  1296 MHz, building an efficient Yagi is even 
more difficult, and no commercial manufacturer cur- 
rently attempts to do so for the Amateur market. But 
there is a commercial "loop-Yagi" available, an 
effective antenna of quad-type full-wave loops. For 
whatever reasons, quads seem to retain near-high- 
frequency efficiencies at higher frequencies than do 
conventional Yagis. 

Nevertheless, in previous comparisons of quads 
and Yagis, much has been made of the results of uhf 
modeling, with authors sometimes citing the sophis- 
tication of their antenna ranges as evidence of the 
validity of their results. Now no one would question 
the principle of uhf modeling for designing antennas. 
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All of my antennas were experimentally optimized 
that way. One can derive good element spacings and 
lengths, and scale those values to lower frequencies, 
as long as frequency-related variables such as chang- 
ing length-to-diameter ratios are not overlooked. 

However, quad-versus-Yagi studies are a !ittle dif- 
ferent. Here someone is generalizing about the com- 
parative performance of two different antennas at 
high frequencies on the basis of the comparative per- 
formance of uhf models of those antennas. 

You can not consider it good engineering practice 
to  compare two power transistors, for instance, at 
one frequency and then generalize about their rela- 
tive performance at another frequency an order of 
magnitude removed. But our assumptions about 
quads and Yagis have been based largely on just 
such extrapolations! Those assumptions would be 
valid if quads and Yagis were equally efficient at high 
frequency and uhf (or declined in efficiency at the 
same rates). However, with antennas that exist in the 
real world, as with other rf-handling components, 

there may well be frequency-related variations in effi- 
ciency. 

All one can really say, after a series of uhf experi- 
ments comparing quads and Yagis, is something like 
this: "These particular quads outperform these par- 
ticular Yagis (or vice versa) in this frequency range." 
The fact that uhf modeling (including mine) tends to 
produce pro-quad results does not necessarily settle 
the matter on the 10- 15-, and 20-meter bands. 

high frequency experiments 
With these questions about comparative antenna 

data from 400 to 14 MHz in mind, I felt it was time to 
attack the quad-versus-Yagi question in a new way, 
by actually measuring the gain of quads and Yagis in 
operational high frequency installations. 

Using the measuring techniques described in a 
previous article,g I have rated the gain of several large 
20-, 15-, and 10-meter antenna systems in fig. 1. 
Briefly, the technique involves placing a directional 
reference antenna alongside each antenna to be 
tested (at the same height) and reading the strength 
(in dB) of a nearby signal as received by each anten- 
na. The signal source is a directional antenna of the 
same polarization as the test and reference antennas, 
located at least 40 wavelengths, but not more than 
about 5 km distant. The receiver agc is disabled and 
its audio feeds a Hewlett-Packard 400L audio 
voltmeter. 

How do you place a reference antenna beside vari- 
ous antennas that may be 70 or 80 feet in the air? The 
answer, of course, is a self-supporting crankup tower 
on a trailer. I just happen to own not one but two 
such monsters; they were built for portable contest 
operating. 

As a reference antenna, I selected a 2-element tri- 
band Yagi (Hy-Gain TH-2) because reference dipoles 
sometimes "see" reflections that can produce mis- 
leading results when a more directional antenna will 
not. All results are relative to the 2-element tribander. 
Its gain was assumed to be 5.0 dBd at its center fre- 
quency on each band. If that gain rating is too high 
(or low), all the other numbers will be incorrect on an 
absolute scale, but correct in relation to each other, 
which is what really matters for our purposes. 

20-meter results 
If the cubical quad antenna was to look good any- 

where, 14-MHz turned out to be the place. Among 
the antennas I measured was the 6-element quad 
(8 elements on 28 MHz) at WB6HSG. I t  has a 
14.6-meter (%-foot) boom. Patterned after Land- 
skov's design but with a second reflector (added 
because quad pioneer C.C. Moore advised WBGHSG 
that a second reflector would surely provide more 
coupling, and hence more gain and front-to-back 
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A 5-element, log-periodic-style, KLM 20-meter monobander. 
The author's reference tribander is positioned beside the an- 
tenna, which is owned by NGPD. This KLM monobander had 
the highest measured gain of any 20-meter antenna (tested 
at the same height as the reference) over much of the phone 
band, but trailed the larger WBGHSG quad on CW. 

ratio, than another director), the antenna is impres- 
sive in both appearance and performance. 

As f ig. 1 shows, this quad outperformed any Yagi 
tested (except a much higher one) over much of the 
20-meter band. (The higher antenna is K6NA's 5-ele- 
ment log-periodic Yagi at 32.3 meters (106 feet). I t  
was included for general information, but not consid- 
ered a part of the study. Note how it compares with 
an identical Yagi owned by N6PD which was at the 
same height as the reference antenna.) 

It should be pointed out that only one Yagi, an 
array surrounded by wires and other towers at 
WGHX, was as big as the quad at WB6HSG. If Lind- 
say's thesis were correct, WB6HSG's quad would be 
expected to beat all of these Yagis by at least 2 dB. In 
fact, the 12.2-meter (40-foot) log-periodic Yagi that 
was 21.3 meters (70 feet) high topped the bigger 
quad in much of the phone band. 

Aside from the performance of WB6HSGfs quad 
on 20 meters, these tests consistently produced data 
favoring the Yagi design. In no other case did the 
long-boom quads even equal the gain of comparable 
size Yagis, let along exceed their gain by anything 
like 2 dB. 

An  interesting example is the 4-element quad at 

KGNA, which has a 9.1-meter (30-foot) boom and 
uses Lindsay's spacing. K6NA (ex-W6MAR) has long 
been concerned about the quad's seemingly poor 
performance. In fact, its apparent mediocrity pro- 
vided inspiration for Landskov's attempt to optimize 
the quad des~gn. T h ~ s  is the quad Landskov specifi- 
cally cited as an example of a poor performer in his 
article. 

After Landskov's research was completed, KGNA 
took the quad down and moved to a new home. 
When put back up, the quad retained the original 
spacing but used Landskov's dimensions for the ele- 
ments (which differ from Lindsay's mainly in that the 
percentage differences between the driven and para- 
sitic elements are greater). For whatever reason, the 
data in f ig. 1 show that it still performs poorly. Both 
Landskov's larger quad design (as adapted by  
WB6HSG) and a number of Yagis proved to be sub- 
stafitially be i ie i  than this quad. 

On 20, even my 2-element quad was disappoint- 
ing, comparing unfavorably with the 2-element trap 
tribander (on a 2-meter [6-foot1 boom) used as a ref- 
erence! 

15-meter results 
On 15 meters (f ig. I B ) ,  the results were much the 

same, except that my 2-element quad squeaked past 
the reference tribander by 0.25 dB across most of the 
band. Neither big quad matched my 5-element Yagi 
on a 10.4-meter (34-foot) boom. At  one embarras- 
sing point (21.250 MHz), K6NA's 4-element quad fell 
to within 0.1 dB of the gain of the 2-element trap tri- 
bander. 

Both WB6HSG's and K6NA's quads appeared to 
be resonant below the bottom of the band. Since 
both were cut to Landskov's dimensions and also 
provided their best SWR at 21.0 MHz, it appears his 
dimensions are too long on this band. WB6HSG has 
since shortened all his 15-meter elements and reports 
a much better SWR and front-to-back ratio in the 
phone band. 

As on 20 meters, K6NA's higher Yagi was tested 
and plotted on 15, but the results are not considered 
comparable. Still, an antenna like that helps to  
explain K6NA's success in contests, doesn't it? 

10-meter results 
On 10 meters (f ig. I C ) ,  my 2-element quad finally 

behaved like an antenna without traps, topping the 
little tribander by up to 1.5 dB. Nevertheless, f ig. 1C 
could not be used to support Lindsay's thesis. The 
top curve is a commercial 5-element Yagi on a 7.9- 
meter (26-foot) boom, little more than half the boom 
length of WB6HSG1s big quad. Incidentally, this Yagi 
was measured directly against the big quad. After I 
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compared the quad against the reference tribander, I 
lowered the portable tower and put up the 10-meter 
Yagi. The Yagi had the edge at every point in the 
band where we took a reading (each 100 kHz). 

K6NA's quad was consistently 2 to 2.5 dB down 
from the smaller Yagi. I t  did, however, outperform a 
5-element Yagi at WGHX, but that antenna was 
known to be defective before my measurements, 
perhaps due to driven element problems. For contest 
work W6HX uses another 10-meter Yagi considered 
to be "1 to 2 S-units better," but that antenna could 
not be measured due to logistics problems. 

front-to-back ratios 
Another claim often made for the cubical quad is a 

superior front-to-back ratio. The emphasis in the pre- 
vious tests was on forward gain. We did measure the 
front-to-back ratio of WB6HSG's long quad on 10 
meters, since he felt it was particularly good on that 
band. It varied from 18.2 dB at 28.4 MHz to an excel- 
lent 28.1 dB at 28.8 MHz. For comparison, the 
source antenna for those tests, a Hy-Gain TH-6 tri- 
bander at NGMB, was rotated. Its front-to-back ratio 
varied from 19 to 25 dB across 10 meters. 

While this test did not show the long quad to  be 
dramatically superior to a tribander in front-to-back 
ratio, comparing my 2-element quad against the ref- 
erence 2-element tribander did reveal a substantial 
edge for the quad. On all three bands, the quad 
exhibited in excess of 20 dB while the tribander never 
exceeded 14 dB. 

high and low quads 
When this data was first presented at a meeting of 

the Southern California DX Club, two questions were 
raised that led to  additional research. First, someone 
pointed out that virtually everything I had done was 
at a height of about 21.3 meters (70 feet). "A quad 

table 1. Test results for different 50-MHz monoband quads vs a 5- 
element Yagi. 

gain over 
antenna reference 

4-element long-boom quad, 5.3-meter (17.5-foot) boom - 0.65 dB 

4-elementMachin"optimum"quad,4.5-meter(14.75-foot) boom - 0.85 dB 

5-element quad, Landskov design, 2.7-meter (%foot) boom - 0.90 dB 

3-element quad, 0.21Xspacing, 2.5-meter (8.33-foot) boom - 1.05 dB 

4-element quad, Lindsay design, 2.6-meter 18.5-foot) boom - 1.55 dB 

antenna height - 1.5 wavelengths 

source - 3-element Yagi at various points on a nearby hill, with vertical 
angles ranging from 0 to  9 degrees up from the site 

reference - 5-element Yagi on a 4.3-meter (14-foot) boom, rated at 0 dB 
reference 

relative strength variation from 0 to 9 degrees vertical angle - f 0.3 dB 

relative strength variation when reference and test antennas are placed on 
opposite towers - <O. 15 dB 

really comes into its own is at low heights," someone 
suggested. 

Almost everyone who has written about quads has 
denied that a quad provides a lower angle of radia- 
tion than a Yagi.10 Nevertheless, I set up two 21.3- 
meter (70-foot) towers side by side near a body of 
salt water (at the Ventura marina) to test the relative 
performance of a quad and a Yagi at high and low 
heights. The over-salt-water site was selected to 
eliminate the possibility of actual ground being so far 
below the earth's surface as to invalidate the exper- 
iment. 

The result was conclusive; the relative perform- 
ance of the quad and Yagi was exactly the same at 
both 7.6 meters (25 feet) and at 21.3 meters (70 feet)! 
This was true on zero-angle line-of-sight signals, 
high-angle "short skip," and on long-haul DX sig- 
nals. There was no height at which the quad's rela- 
tionship to the Yagi changed. The curves rating the 
two antennas could have been derived at any height 
between 7.6 and 21.7 meters (25 and 70 feet). 

main-lobe centered tests 
The other major question raised by the SCDXC 

members was really twofold: 1) my results might be 
invalid because I had been testing triband quads 
against monoband Yagis; and 2) my antenna ranges 
were, in effect, "ground-reflection" ranges, but I 
was measuring signals at zero degree angles rather 
than up in the middle of the main lobe. 

To determine if these factors were significant in 
my research, I set up another experiment. I selected 
a cleared construction site where the soil had just 
been leveled, a site on flat land about 500 meters 
from the foot of a hill. The vertical angle to the hilltop 
was about nine degrees, according to AA6DD's tran- 
sit. Roads traversed the hill at several elevations, per- 
mitting tests at other radiation angles between zero 
and nine degrees. 

I chose 50 MHz for these tests in a tradeoff 
between the desire for results applicable to the high 
frequency spectrum and the desire to work with 
antennas having manageable dimensions. Since the 
construction methods, element and boom diameters, 
and wire sizes were essentially the same as those 
used at 14 MHz (as a percentage of the respective 
wavelengths), the results here would be expected to 
be similar to those in the upper high frequency 
bands. 

I prevailed upon AA6DD and K6LPF to spend an 
afternoon and evening on the hilltop. Then AA6DD 
spent another day moving up and down the hillside, 
always with a 3-element, %-MHz Yagi mounted on 
his car as a signal source. 

These %-MHz tests were interesting in several 
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Leafless trees give this photo of the antenna farm at W6HX 
an eerie feeling. At  the upper right is the reference tribander 
positioned to match the height of one of the W6HX anten- 
nas for the gain comparisons. 

respects. First, there was virtually no difference 
(f 0.3 dB) in the comparative performance of the 
quads and Yagis tested at the various vertical angles 
from zero to nine degrees. In view of what has been 
previously written (and what I found) about the simi- 
larity of the vertical angle produced by quads and 
Yagis at any given height above ground, this result 
would be expected. I t  indicates that measurements 
can indeed be made with a local signal source (arriv- 
ing at or near zero degrees) to produce results valid 
at higher angles, as long as the test and reference 
antennas are at the same height. 

Perhaps the most interesting thing about the 50- 
MHz tests was the opportunity to compare a variety 
of well-known quad designs in a monoband configu- 
ration with a good 5-element Yagi as an on-site ref- 
erence. 

The results are summarized in table 1. The Lind- 
say and Landskov designs are those described in the 
articles already cited. The Machin "optimum" quad 
is a design recently published with the claim that it 
represents the true optimum spacing for quad 
arrays.11 The Machin spacing is 0.15 X reflector to 
driven element, 0.30X driven to first detector, and 
0.30X driven to second director. The longest 4-ele- 
ment quad is an outgrowth of my 432-MHz experi- 

ments. Its spacing is conventional (about 0.21X) 
except between the first and second directors, where 
it is 0.49X! I used Landskov's element dimensions for 
this antenna. The 3-element quad is spaced 0.21X 
and uses Landskov's dimensions. 

In all cases, the element lengths were scaled from 
the original designs by determining the percentage 
differences from the driven elements and then apply- 
ing those percentages to an experimentally derived 
correct length for a 50.1-MHz driven loop. 

50-MHz summary 
In these tests, monoband quads with short booms 

(up to about 0.5 wavelength) did indeed approach 
(but not equal) the gain of a longer Yagi. However, 
increasing the boom length still did not produce any 
quad that equaled the reference Yagi. 

Neither Machin's long-boom quad nor mine deliv- 
ered enough gain to justify its size. For all practical 
purposes, Machin's quad is identical in gain to the far 
smaller Landskov design, casting doubts on his claim 
that he has discovered the unique optimum design 
for a multi-element quads. 

In fact, for an Amateur who could not accommo- 
date a long-boom Yagi on his real estate, the Lands- 
kov quad design would seem to offer an excellent 
compromise. In this monoband version, it fell only 
0.9 dB short of the 5-element Yagi. For comparison, 
a 20-meter Landskov quad is 9.75 meters (32 feet) 
long, while the Yagi would be 15.85 meters (52 feet) 
long. 

Another good design appears to be the relatively 
wide-spaced 3-element quad shown in table 1. On 
14 MHz it would fit on a 9.1-meter (30-foot) boom; it 
delivers excellent gain for its size and boom length. 

It should be emphasized again, however, that 
these are monoband quads. The high frequency 
study indicated that the same results are difficult to  
attain in multiband configurations. And given the 
mechanical problems inherent in stacking monoband 
quads for several bands (with an acceptable stacking 
distance between the top of one quad and the bot- 
tom of the next higher one), stacked monoband 
Yagis still look pretty good for high performance on a 
variety of high-frequency bands. 

about trap tribanders 
If this field research suggests that long Yagis are 

the most consistent high-performance antennas for 
serious DXers and contest operators, where does 
that leave the thousands of Amateurs who use trap 
tribanders? How good are these multiband Yagis? 

To find out, I set up two manufacturers' top-of- 
the-line tribanders side by side. Using the same test 
procedures as in the other high-frequency experi- 
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ments, I ran gain curves on the two big tribanders. 
Then I replaced one tribander with the original refer- 
ence TH-2 and repeated the experiment so the gain 
of the two big tribanders could be plotted on the 
same chart as the other antennas tested. 

Perhaps the most notable conclusion, and the 
least controversial, was that these big tribanders sac- 
rifice bandwidth for multiband coverage. Both were 
adjusted for phone band operation, using the fac- 
tory-specified dimensions, and both exhibited drastic 
gain fall-off in the CW bands. 

The results of the comparison produced no clear- 
cut answer for the Amateur who asks, "Which 
should I buy?" Tribander number 1 was much better 
on 20 meters, but slightly inferior on 15 and very 
inferior on 10. The poor showing on 10 can be 
explained in part by the owner's choice of the "high 
phone" length settings, but even at 29.4 MHz it was 

only 1.4 dB better than the reference TH-2, which 
was tuned much lower in the band! In fact, except 
for a couple of instances, the big tribanders exhibited 
very little gain above the two-element reference tri- 
bander! And both tribanders were markedly inferior 
to the monoband antennas, even in that very narrow 
range of frequencies where the tribanders hit their 
peak performance on each band. 

None of this is new or surprising information, of 
course. But a look at the antenna gain charts could 
provide a dramatic illustration of the compromises 
involved in trap tribanders! If your goal is t o  keep in 
touch with friends and do some casual BXing, a tri- 
bander is fine. But if you want a first-rate signal, a 
trap tribander isn't the answer! 

conclusions 
These field experiments are by no means the last 

Another source of big signals, NGNA (ex-WGMAR). At the left is the stack of Yagis which look as good on the gain plots as they 
do in the air. The 20- and 15-meter Yagisare considerably higher than the reference tribander, rendering the gain figures on these 
big beams invalid for comparison purposes. In the center is the 4-element quad, a source of much head scratching because of its 
questionable performance. 
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ones I'll undertake to compare working quads and particularly their driven-element configuration. This 
Yagis on the high-frequency bands. Any judgement creates difficulties that must be accounted for if you 
at this point is necessarily tentative, subject to revi- wish to generalize about the relative performance of 
sion as more data is produced, but the following con- the two antennas at the high frequencies on the basis 
clusions are justified: of uhf modeling. 

1. Cubical quads do not "come into their own" at 
low heights. A t  any given height, the vertical angle of 
radiation of quads and Yagis is virtually identical. The 
old idea that quads are better iow-height performers 
than Yagis should be recognized as the myth that 
it is. 

2. As the frequency is increased into the uhf 
region, the performance of cubical quads and Yagis 
may not deteriorate at exactly the same rate, given 
the mechanical differences between the two designs, 

3. While it may be possible to design a high-fre- 
quency cubical quad with a long boom that will out- 
perforin a similar size Yagi by 2 dB as Lindsay sug- 
gested, no quad 1 tested approached that level of 
performance. In few cases did a quad of more than 
two elements even equal a comparable-size Yagi. 
The 50-MHz tests illustrate the difficulties of achiev- 
ing gain increases, when a quad's boom is length- 
ened, that equal the gain increases normally found 
when a Yagi's boom is increased. In fact, the quad 

High and low antennas by the sea. Each antenna is on a trailer-mounted crankup tower beside a salt-water marina, ensuring an 
eiectricul ground near ihe surface. Reyardiess o i  the height, the relaiiiie performance was ibenticei. 
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The enigmatic quad. This 4-element quad at KGNA, because 
of its mediocre performance, inspired Landskov's efforts to 
develop a competitive long quad. Now modified to Land- 
skov's dimensions, it remains so marginal that the refer- 
ence 2-element tribander nearly topped its gain midway 
across 15 meters. Were the reference beam a 3-element trap 
tribander, it would have probably matched or beaten this 
quad across all three bands. 

seems to be at its best in two- and three-element 
designs. 

The data presented here would support a conclu- 
sion not far afield from the assessment of quads ver- 
sus Yagis in Bill Orr's original work on the subject 
some 15 years ago.12 In that first edition, Orr said 
that a 2-element quad was superior to a 2-element 
Yagi, but that larger quads were inferior to compar- 
able-size Yagis. 

In his 1970 edition, Orr qualified that conclusion 
considerably, and his latest antenna book, published 
in 1978,13 says flatly that quads are 2 dB better than 
Yagis. The new work has a "truth table" that simply 
rates the 4-element quad at 12 dBd and the 3-ele- 
ment quad at 10, with the corresponding Yagis 2 dB 
lower! 

Neither our tests at 50 MHz, nor the lo-, 15 ,  and 
20-meter tests at KGNA (both tests involving quads 
almost identical to the 4-element design in Orr's new 
book), would support that conclusion. I have yet to 
see a 4-element quad deliver 12 dBd gain or anything 

close to it on any frequency, or to outperform a well- 
designed 3-element quad by 2 dB, for that matter. 

Perhaps there really is a high-frequency cubical 
quad out there somewhere that delivers 2 dB more 
forward gain than a well-designed Yagi of the same 
boom length, a quad that does what Orr, Lindsay, 
and others say a quad will do. Perhaps, but I tested 
quads built to  the most popular published dimen- 
sions by respected Radio Amateurs and none of their 
antennas came close to beating a comparable-size 
Yagi by 2 dB. In many instances, even trap tribanders 
were comparable to quads of similar boom lengths, 
with full-size Yagis far better than either! 

To those who stdl believe in the superiority of the 
quad antenna, I offer a challenge - bring me a high- 
frequency quad of four or more elements that you 
believe outperforms a comparable-length Yagi. I'II 
provide two towers in an open field for the side-by- 
side tests. If your quad really delivers 2 dB more than 
my Yagi, I'II publicly recant the conclusions present- 
ed in this article. 
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I rf impedance bridge measurement 
errors and 

corrections 

How to determine 
the effects of 

stray reactance 
in rf impedance 

measurements and how to 
compensate for them 

The current interest in various commercial and 
homemade impedance-measuring devices which 
measure both the real and imaginary components of 
impedance certainly represents progress toward 
higher-performance antenna systems. To attain the 
level of accuracy that these devices can deliver, how- 
ever, it is necessary to appreciate the sources of error 
than can creep into a test setup and then correct for 
these errors. Unfortunately, few Amateurs seem 
aware of these problems, and consequently they 
accept their bridge readings as gospel. 

Basically, there are two sources of error: those 
external to the measuring device (usually stray capa- 
citance, which will cause any impedance-measuring 
device to read low), and those within the measuring 
device itself. Even the prestigious General Radio 
91611606 family of rf bridges has systematic errors 
which must be corrected for if accurate results are to 
be obtained. I was unpleasantly surprised when I 
finally got around to working out the predictable 
errors in my measurements. 

benefits of bridge corrections 
A user of an impedance-measuring device may 

ask, "Why go to all the trouble of calculating correc- 
tion factors?" First of all, it does not take that much 
additional effort. If you want accurate measure- 
ments, you are going to spend a fair amount of time 
and effort putting together a good test setup; the 
additional time and effort to punch numbers into a 
calculator is minor. 

In addition, you can get a great deal of personal 
satisfaction when your measured data falls right 
where the textbooks say it should. When this hap- 
pens to me, I feel as though I really understand what- 
ever I am working on and am really the master of it. 
This feeling of accomplishment is probably why I 
experiment in the first place - that and curiosity. 
Finally, when you are sure of your measurements 
and then get unexpected results, you can explore the 
device with a lot more confidence. 

In the material that follows, I will discuss in detail 
the error caused by stray capacitance and give a cal- 
culator program to correct this error. I will briefly dis- 
cuss instrumentation errors and give a procedure for 
callbratlng a measuring Instrument; discussions of 
calibration will necessarily be in outline form since 
the many types of instruments in general use will 
each require slightly different calibration procedures. 

stray capacitance errors 
The effect of any stray reactance, either capacitive 

or inductive, shunted across an impedance is to low- 
er the apparent value of that impedance. Consider 
the impedance 2, = R , + j X ,  in fig. 1 with a reac- 
tance j X ,  shunted across it. In the discussion that 
follows, I will assume that all reactances are induc- 

fig. 1. Diagram showing the stray reactance f Xa shunted 
across an unknown impedance Z ,  = R, + JX,. The text pre- 
sents equations for compensating for the effects of k X,. 

tive (positive), as this simplifies the problem of alge- 
braic signs. When a conclusion is reached, I will 
explain the changes, actually very minor, which are 
necessary for negative reactances. 

In fig. 1 ,  R, and X ,  are the real and imaginary 
parts of the unknown impedance. The shunt reac- 
tance is represented by j X ,  and is presumably 
known, or at least estimated. The resulting impe- 
dance formed by Z,/ i j ~ ,  (the parallel bars I I should 

By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22070 
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be read "in parallel with") is given mathematically by 
the well-known "the product divided by the sum" 
rule: 

After rationalizing the denominator by multiplying 
both numerator and denominator by the conjugate of 
the denominator, the separation of the results into 
real and imaginary parts followed by equating the 
real and imaginary parts gives 

In actual practice, R,  and X ,  will be read from the 
bridge, so will be known. The stray reactance will 
also be known, or at least estimated. R, and X ,  are 
the unknown quantities. I t  will therefore be desirable 
to solve eqs. 1 and 2 for R, and X,. The algebra is 
rather involved, so I will just give the results: 

If the stray reactance is capacitive, X ,  will be 
negative, so that a negative sign should be used in 
the above equations with Xu; the same holds true for 
X,. If there were no stray capacitance, X ,  would be 
infinite, so that R, = R, and X ,  = X,. 

Eqs. 3 and 4 do not require great mathematical 
ability t o  solve, but the algebra is tedious when done 
by hand, even with a pocket calculator. A program 
can be written for a programmable calculator, how- 
ever, that eliminates much of the burden (and many 
chances for mistakes). An  HP-25 program to solve 
these equations is shown in fig. 2. 

It will be seen that while the external corrections 
may be minor when working with low-impedance 
networks at low frequencies, the errors increase at 
higher impedances and higher frequencies. The illus- 
trative example given in the HP-25 program shows 
that a correction of about 5 per cent in resistance and 
the correction of the reactance term completely 
changes sign from negative to positive. This example 
is based on an actual measurement I made on an ex- 
perimental balun. If I had tried to correct a negative 
reactance in the balun when the reactance was actu- 
ally positive, it is obvious I would have been wasting 
my time! A situation like this can be very misleading. 

Two final comments are in order: First, while shunt 

HP-25 Program 

fig. 2. H-P 25 program for solving the stray reactance effects 
given by eqs. 3and 4. The program also calculates the shunt 
reactance for a fixed value of stray capacitance and the vari- 
able parameter, frequency (see ST0  0 and steps 3, 4, 5, and 
6). Note that the sign ST0  0 must be negative because the 
stray reactance is capacitive. Before running the program 
store - 2rC,  10 -6  in ST0  0 and in 1 in S T 0  1. To run pro- 
gram, key in R, (ohms), press ENTER, key in frequency 
(MHz), press ENTER, key in X, (ohms with proper sign), and 
press RIS. Calculator displays R, at step 21, and X ,  at step 
31. 

reactance has been portrayed as a source of error, 
the same shunting effect can also be used to advan- 
tage to measure an equivalent series impedance that 
is above the range of the bridge. The unknown impe- 
dance is shunted down by placing a reactance, usu- 
ally capacitive, in parallel with it. The unknown impe- 
dance is then calculated by eqs. 3 and 4, preferably 
using the calculator program. Capacitors between 35 
and 200 pF are usually satisfactory; the value should 
be no larger than necessary to bring the unknown im- 
pedance within range of the bridge. 

The second comment is that eqs. 3 and 4 should 
be used only with impedance-measuring devices 
which measure unknown impedance in terms of its 
series equivalent impedance; i.e., 2, = R, f jX,. If 
the measuring device gives results in terms of admit- 
tance, as does the GR-821, or as parallel resistance 
and reactance, as does the Hewlett-Packard RX 
meter, eqs. 3 and 4 are not applicable. 

instrumentation errors 
The shunt reactance error discussed above is ex- 

may 1979 23 



ternal to and independent of the impedance-meas- 
uring device. This error will occur whether you use a 
laboratory-type instrument costing several thousand 
dollars or a homemade device, built with parts from 
the station junkbox. 

I will now discuss in a very general way errors that 
occur within the measuring instrument itself. The 
GR-91611606 instruments will be used as a vehicle, 
but I will try to present the material in a manner that 
makes i t  applicable to any similar instrument, com- 
mercial or homemade. 

All impedance-measuring devices (that I am aware 
of) have internal errors, especially at the extreme 
ends of their frequency or impedance ranges. The 
sources of these errors can be very subtle. For exam- 
ple, in the GR-91611606 family, the principal error at 
high frequencies is caused by the changing effective 
series inductance of the RESISTANCE capacitor; i e . ,  
the variable capacitor connected to the resistance 
dial. This inductance causes the effective capaci- 
tance to increase as the frequency increases, thereby 
causing the resistance dial reading for a given resis- 
tance value to read low. For the GR-916, this error 
alone can be as large as 30 per cent at 60 MHz and 
100 ohms, for a typical instrument. 

A t  the low-frequency end, the dielectric loss in the 
REACTANCE capacitor causes an effective series 
resistance that increases with higher REACTANCE 
dial settings and low frequencies, again causing the 
resistance dial to read low under some conditions. 

Both these errors are predictable, systematic 
errors which exist in addition to  any random, 
unknown errors caused by manufacturing variations 
or operator error. Graphs for correcting both types of 
errors in the GR-91611606 are given in the instruction 
manuals and should be used if you want good accu- 
racy. In addition, an equation for correcting the high- 
frequency error in a typical instrument is provided 
along with a procedure for obtaining the fudge factor 
for any particular instrument. I have programmed 
this equation on an HP-25 pocket calculator, but am 
not including the program here because of its limited 
interest. However, I will be glad to provide a copy to 
interested readers on receipt of a large, self- 
addressed, stamped envelope. 

I feel certain that all impedance-measuring instru- 
ments have some systematic error. Just because the 
instruction manual for an instrument does not men- 
tion internal errors does not mean that there are 
none; it just means either that the manufacturer did 
not know how to determine it or he could not afford 
to work it out for the price at which he is selling the 
instrument. Actually, working out the instrument 
correction factors is not too difficult - and it is abso- 
lutely essential if you want to obtain accurate meas- 
urements. 

In calibrating an impedance-measuring instru- 
ment, the most important item is a known value of 
impedance. For this, I use a Hewlett-Packard 906-A 
50-ohm termination. This termination is an accurate 
50-ohm resistor with negligible reactance well into 
the GHz region This model uses a type-N connector; 
the cost is in the $25-30 range. Though this may 
seem expensive for a 1-watt resistor, the cost is small 
compared with what you already have invested in a 
commercial bridge. If your bridge is homemade, you 
may need a precision 50-ohm resistor more than you 
realize! 

A second reason for using this type of calibrated 
load is that since the load has negligible reactance 
itself, you can accurately determine the stray reac- 
tance which must be known before accurate test 
data can be obtained. 

If you want to avoid the expense of a laboratory- 
type termination, I suggest the use of the RN-55 fam- 
ily of Mil-spec resistors. These seem to have the iow- 
est reactance of any family I have tried. They also 
have the advantage of being available in values other 
than 50 ohms. 

The calibration procedure for a typical instrument 
is very simple; although it does not apply to the 
GR-916, it can be used with a GR-1606. Measure the 
impedance of the termination at various frequencies 
through your range of interest. Since it is necessary 
to know precisely the resistance and reactance pre- 
sented to the bridge terminals, it is necessary to 
make corrections using eqs. 1 and 2. To do this, you 
must estimate the shunt capacitance, and this is 
where a reactance-free load comes in handy. Use eq. 
2 first; assume values of X, corresponding to shunt 
capacitances of, say, 1, 2, 3 . . . pF, etc. at your high- 
est test frequency. Set R, = 50 ohms or whatever 
resistance value you are using, X, = 0, and calcu- 
late the values of X, for each capacitance. Compare 
these values of X, with the X, you measure, and 
when your calculated values of X, have bracketed 
the measured values of X,, you have also bracketed 
the actual value of C,. Now back up, say, 0.5 pF, and 
determine C, as accurately as you wish. Remember 
that since X, is capacitive, a negative sign should be 
used in all of the correction equations. 

When you accurately know Xu, solve eq. 1 to cal- 
culate the resistive component of impedance appear- 
ing at your bridge terminals at each frequency; com- 
pare these against the measured resistance of the 
load and determine the correction factor for your 
instrument at each frequency. These corrections can 
then be plotted. 

One difficulty in using a chart is that a chart cannot 
be programmed into a computer. It would be con- 
venient to determine the equation of the correction 
curve so that it could be programmed into a calcula- 
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fig. 3. Photograph of K4KJ's test setup for calibrating a GR-916 rf impedance bridge using a precision W-ohm termination. 

tor. I t  should be possible to do this and those inter- 
ested may refer to a textbook on the subject.' Thus 
both the bridge correction and the shunt reactance 
correction can be worked out in one calculation. 

The advantage of having a reactance-free resis- 
tance can be seen. Your impedance-measuring 
device can only measure the reactance across its ter- 
minals; it cannot distinguish between stray reactance 
or a reactive component in the unknown impedance. 

A note of caution concerning the order in which 
the corrections are made: when measuring an 
unknown impedance, the usual application, the 
bridge correction must be calculated first. Eqs. 3 and 
4, which are used to calculate the stray capacitance 
correction, assume that the measured values are 
accurately known. On the other hand, when calibrat- 
ing the bridge using a known value of resistance, the 
stray capacitance correction must usually be made 
first because you are trying to determine the actual 
impedance across the bridge terminals. The GR-916 
appears to be an exception; I do not know why. 

examples 
A t  this point some examples should help clear up 

the details. The first example will demonstrate the 

use of a reactance-free termination to determine the 
shunt capacitance and show how this capacitance 
can differ from the measured value. 

I was in the process of calibrating my GR-916 using 
an H-P 50-ohm termination. A photograph of my set- 
up is shown in fig. 3. The stray capacitance to 
ground of the test lead and type-N coax connector 
measured 2.95 pF using a GR-821 admittance bridge. 

A t  54 MHz the impedance of the 50-ohm termina- 
tion measured 40.3-j3.333 ohms on the GR-916 
bridge. For a high quality termination, this appears 
way off, but let's correct it. Start with eq. 2. Set 
R, = 50 ohms; assuming the stray capacitance to be 
2.95 pF as measured, then at 54 MHz, X, will equal 
- 9 9 0 . 8 9 4  o h m s .  S o l v i n g  e q .  2 g i v e s  
X, = - 2.49603 as compared with - 3.3333 ohms 
measured. Hence the stray capacitance must be 
more than 2.95 pF. 

Next try, say, C, = 4 . 0  p F ,  and calculate 
X, = - 3.3774 ohms, again compared w i t h  
X, = -3.3333 ohms measured. Back up a little and 
let C, = 3.95 pF and calculate X ,  = - 3.3355, 
which is very close. Since the test fixture measured 
2.95 pF, the stray capacitance in the bridge must 
be 1 pF. 
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Assuming the stray capacitance is 3.95 pF, it is 
interesting to calculate the equivalent impedance 
looking into fig. 1. Use eqs. 1 and 2 and obtain 
R ,  = 49.776 ohms. The difference between this 
value and the 40.3 ohms measured by the bridge is 
the bridge error. The reason why the shunting effect 
is so small is that the shunt capacitance and resis- 
tance level are both relatively low. 

I am not going to pursue this example further 
because the remainder is unique to the GR-916 and 
would have relatively limited interest, but I did want 
to demonstrate the value of having a high quality ter- 
mination and how to use it in estimating stray capac- 
itance. 

My second example should be of special interest to 
users of baluns, particularly W2AU balun users. In 
this case I was measuring the input impedance of a 
W2AU 1:l balun at the unbalanced end with various 
values of resistance connected across the balanced 

table 1. Measured performance of a WZAU 1: l  balun with various 
values of load resistance across the balanced terminals. 

load original with bridge 
resistance bridge with bridge and capacitance 

ohms reading corrections only corrections 

54.0 70 - j14.00 74.64 - j14.00 76.56 - j7.34 
68.0 56 - j22.07 59.61 - j22.07 62.53 - j18.12 

102.9 47.1 - j43.33 50.09 - j43.33 55.45 - j42.20 
201 .O 25 - j54.17 26.52- j54 17 30.26 - j56.88 

terminals. Table 1 gives the uncorrected bridge read- 
ings, the impedance with bridge corrections only, 
and finally bridge and stray capacitance corrections. 
A photograph of this test setup is shown in fig. 4. 

The stray capacitance of the test fixture with a 
type-UHF connector and a male-to-male adapter 
measured at 5.3 pF; adding 1 pF for the bridge capac- 
itance gives 6.3 pF. I am giving only the 30-MHz 
measurements. 

Comparing the original bridge reading with the 
fully corrected data shows as much as 10 per cent 
correction, approximately equally divided between 
instrumentation and stray capacitance effects. 

Comparison of the load resistance and final data 
columns will be of interest to those using 1 :I baluns. 
It shows the necessity of matching the balun impe- 
dance to that of the load and transmission line. This 
is a need that is just beginning to be recognized. I 
believe this data is typical of ferrite-rod baluns, but 
that's another story. 

conclusion 
Impedance-measuring devices can be very useful 

for matching antennas as well as in many other appli- 
cations around the ham shack. Their results, how- 
ever, must be treated with caution because even the 
best instruments and test setups are subject to 
errors. The most predictable source of error caused 
by the test setup is stray capacitance; this effect can 
only be minimized, not eliminated. Equations have 
been presented for calculating the true impedance in 
the presence of stray capacitance. Possible instru- 
ment errors have been discussed in a general way, 
and a possible method described for correcting these 
errors as well. 

The program for computing the true impedance in 
the presence of stray capacitance on an H-P 25 pro- 
grammable calculator is probably usable on other 
H-P calculators, although the keystroke numbers 
may be different. I do not have programs for calcula- 
tors of other manufacturers. 

reference 
1. C. R. Wylie, Jr., Advanced Engineering Mathemat~cs, second edition, 

fig. 4. Photograph of K4KJ's test setup for measuring the in- McGraw-Hill, New York, 1960, Chapter 5, "Finite Differences," pages 

put impedance of a WPAU 1: l  balun with various resistance 130-193. 

values across the balanced terminals. ham radio 
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broadband ref Iectometer 
and power meter 

Construction details 
for a combination 

peak-reading power meter 
and broadband SWR bridge 

The ref lectometer design described in this article 
uses a coupler technique that has not received atten- 
tion in the Amateur literature worthy of its versatility, 
simplicity, and useful characteristics. Apart from 
being easy to construct, this design covers a three- 
decade frequency range, from 100 kHz to 100 MHz, 
and can be constructed with a power sensitivity as 
low as 500 m W  or as high as 500 watts. 

The problem with most high-frequency reflectom- 
eter designs, in the experience of the authors, is that 
they generally cover only a frequency range of a 
decade or less - usually 3 to 30 MHz. Many are 
quoted as covering well into the vhf range (usually to 
150 MHz), but, in practice, they suffer from rather 
extreme errors in accuracy due to construction dis- 
continuities as well as from large sensitivity excur- 
sions across the range. 

The predominant technique employed in most 
published Amateur designs, and in many commercial 
designs, is to have one or more secondary "coup- 
ling" lines inserted into a short length of coaxial 
transmission line. The well-known Monimatch uses 
this principle. Two insulated wires are simply slipped 
under the braid of a short length of coax to form 

By Roger Harrison, VKPZTB, and Phil Wait, 
VK2ZZQ. Mr. Harrison's address is 14 Rosebery 
Street, Balmain, 2041, NSW, Australia. Mr. Wait 
can be reached at 6 Church Street, Balmain, 
2041, NSW, Australia. 
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coupling lines which sense the forward and reflected 
components of standing waves on the transmission 
line. 

A similar method, popularly used in commercial 
designs, is to construct a section of coaxial transmis- 
sion line from a sheet metal trough with two short 
coupling lines supported parallel to the center con- 
ductor. 

Apart from construction discontinuities, the tech- 
nique suffers from two serious drawbacks. The coup- 
ling coefficient of the secondary lines varies with 
frequency, being least at the low frequencies and 
rapidly increasing as the length of the coupling lines 
becomes a significant fraction of a wavelength. 
Secondly, the technique suffers from ever-decreas- 
ing accuracy at the higher frequencies for similar 
reasons, and poor sensitivity at the lower frequencies 
reduces the accuracy at low standing-wave ratios. 

Properly engineered and constructed, reflectom- 
eters using this technique can have excellent charac- 
teristics and accuracy across a bandwidth of as much 
as several octaves. Getting them to perform consis- 
tently across a decade or more is tantamount to 
magic - you rapidly run into the law of diminishing 
returns. 

design points 
Although the technique employed in the coupler of 

this reflectometer has been around for a number of 
years, i t  has received inadequate attention in the 
literature. The basic requirement for a reflectometer 
is that it generates two voltages which are propor- 
tional to the forward and reflected voltages or 
currents existing in the transmission line under meas- 
urement. Techniques employed to fulfill this require- 
ment use either voltage or current deflectors coupled 
to the transmission line to produce two out-of-phase 
signals, since the forward and reflected components 
on the transmission line are 180 degrees out of 
phase. 

This reflectometer employs a current transformer 
constructed as follows. A short length of coaxial 
cable is passed through a ferrite toroid forming the 
primary. The braid, or outer conductor of the coax, is 

connected to form an electrostatic shield. The secon- 
dary consists of a winding around the circumference 
of the toroid which couples to the magnetic compo- 
nent of the leakage field of the short length of coax 
cable. 

The load on the current transformer secondary is 
center-tapped so that out-of-phase signals appear at 
each end of the secondary. The load center-tap is 
returned to a voltage divider which samples the rf 
signal on the transmission line to perform the addi- 
tion and subtraction across the load, yielding the for- 
ward and reflected components. 

From this, the SWR may be computed from the 
following equation: 

where 

Ef = forward voltage components 
Er = reflected voltage components 

Although a current transformer is employed, for 

T I  GROUND BRAID AT 
THIS END ONLY 

F WO 0 POWER POWER 

SENSITIVITY 

fig. 1. Schematic diagram of the broadband reflectometer 
and power meter. A specially configured switch was used 
for S1 (C&K type 7211); otherwise a double-pole, triple- 
throw switch will be necessary. The meter has a basic scale 
of 50 p A ,  with an internal resistance of 2000 ohms. The sensi- 
tivity pot (R8) should have a logarithmic taper. Transformer 
T1 is wound with 40 turns of number 35 AWG (0.14 mm) en- 
ameled wire over a Neosid type 28-511-31.F14 material toroi- 
dal core (initial permeability of 220). The measurements 
(outside diameter, inside diameter, thickness) of this toroid 
are 12.7 x 6.35 x 3.18 mm (0.5 x 0.25 x 0.125 inch). It is 
available from Neosid Limited, 10 Vansco Road, Toronto, 
Ontario, M8Z 5J4, Canada. C2 is a small mica compression 
trimmer. 
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fig. 2. Printed circuit board layout (above) and parts place- 
ment diagram (below) for the reflectometer and power 
meter. Note: In this project the components are mounted 
on the foil side of the circuit board. 

convenience the detected components are presented 
as voltages. 

circuit description 
The secondary of the current transformer drives a 

center-tapped resistive load (R2, R3) connected to a 
voltage-sampling network (C1 -C2/C3) across the rf 
input such that sum and difference voltages will 
appear across the ends of the transformer (see fig. 
1). The two diodes, CR1 and CR2, rectify the sum 
and difference voltages, with rf and audio bypassing 
being provided by C4 and C5. A dc return for the 
diodes is provided by RFC1. 

Power measurement is made by rectifying a por- 
tion of the rf voltage tapped off the line by the resis- 
tive divider, R5, R6. CR3 and C6 form a peak detec- 
tor, as the load, R7 and the meter, is very light. CR4 
and CR5 provide protection for the meter. 

Some published designs use a resistive tap across 

the line to sample the rf for the current transformer 
load. A t  low powers, however, the low-resistance dc 
return of RFC1 provides better sensitivity. 

The power rating is limited principally by the volt- 
age breakdown characteristics of the coax line 
through T I .  Standing-wave ratios greater than 3:1 
generate substantial voltages across the transmission 
line, and any high-power operation with high SWR 
values should take this into account. 

The sensitivity bandwidth is limited by the perrnea- 
bility of the toroid and the number of turns on the 
secondary winding. If this reflectometer is construct- 
ed for use at higher power levels, the sensitivity 
bandwidth is considerably improved. 

Construction is very straightforward. The printed 
circuit board design shown in fig. 2A is recom- 
mended; otherwise, variations in construction may 
affect performance, particularly at the higher fre- 
quencies. As can be seen from fig. 2B, the compo- 
nents are mounted on the copper side of the board. 
Once all the components are soldered into position, 
the board is attached to the coax sockets and mount- 
ing bolts. 

The toroid current transformer's secondary should 
be wound first. Following that, the coax primary 
should be assembled. Cut a 45-mm (1-314 inch) 
length of RG-58lU (single shielded), stripping back 
the braid and insulation as illustrated in fig. 3. Refer 
also to the component overlay and photographs. 
This operation is not all that critical, but it is advisable 
to follow the diagrams. Slip the toroid over the short 
length of coax and solder the coax and T I  leads to 
the printed circuit board as illustrated in fig. 2. Posi- 
tion the toroid centrally and attach it to  the coax and 
board with a small amount of pliable rubber cement. 
Follow this by mounting all the other components. 

View of the printed circuit board used in the reflectometer 
showing all the components and the general construction 
technique. 
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The printed circuit board is mounted in a metal box 
on which two suitable coax connectors have been 
mounted. The printed circuit board is soldered to the 
center pins prior to securing the assembly with the 
two mounting bolts. To avoid undue stress, which 
can cause problems following assembly, coaxial 
plugs (assembled with cables) should be inserted into 
the two coax sockets when soldering the board to 
the center pins. Make sure that a good fillet of solder 
secures the pins to the printed circuit board IN and 
OUT pads. 

The board is mechanically secured by two mount- 
ing bolts (shown in fig. 2 and the photos). A nut is 
placed under the board on each mounting bolt and a 
second on top of the board. This also serves to 
ground the board groundplane. Solder the top nuts. 

The drawings show mountings for two SO239 
sockets, although any of the other popular series of 
connectors may be used. However, center-to-center 
spacing of the sockets should be maintained at 60 
mm (2-318 inches). The reflectometer was mounted 
in a 100 x 75 x 50 mm (4 x 3 x 2 inch) aluminum box. 
The meter used has a 50 x 50 mm (2 x 2 inch) face, 
but a larger unit, offering better accuracy, may be 
used, although this would necessitate a larger box. 

calibration 
A suitable rf source, a dummy load, and an rf volt- 

meter or an accurate rf power meter will be required 
for calibration. 

SWR Scale. The instrument is connected between 
the rf source and the dummy load, the rf to the IN 
socket and the dummy load to the OUT socket. The 
sensitivity control should be set fully counterclock- 
wise. The switch should be set to read forward 
power. 

With the rf source on, rotate the sensitivity control 
clockwise until the meter reads full scale. Now, 
switch to read reverse power; adjust the trimmer, C2, 
to obtain minimum meter reading, increasing the 
sensitivity as the meter reading decreases. You 
should be able to reduce the meter reading to zero or 
very near. 

,' 
CENTER CONOUCTOR 

OUTER JACKET 2 
fig. 3. Dimensions for the section RG-58 of coaxial cable 
used as the primary of the transformer. 

Once this operation is completed, the reflectom- 
eter section is calibrated. The photo shows the cali- 
brated meter scale we attached to the meter face. 

Any meter scale can be calibrated by using table 1 
or the SWR equation. 

table 1. Meter readings to calibrate the new SWR scale. 

SWR scale reading 

3.0:l 0.5full scale 
2.5:1 0.42 full scale 
2.0:l O.34full scale 
.5:1 0.2full scale 
1.2:1 0.1 fullscale 
1.1:1 0.005full scale 

Power. Fig. 1 shows a divider network which Sam- 
ples the rf voltage on the transmission line. The lower 
divider resistor is shown as a trimpot. A deposited- 
carbon type was used, but a fixed resistor may be 
substituted. The trimpot was set so that the full-scale 
meter reading corresponds to a particular peak pow- 
er measured by another method (a borrowed power 
meter or rf voltmeter across the dummy load). 

R6 values for particular full-scale power readings 
are given in table 2. The power scale should be cali- 
brated to suit the individual instrument, as it will be 
nonlinear, the nonlinearity depending on the particu- 
lar diode used for CR3. 

table2. Resistance value for R6 t o  change 
full-scale power reading. 

peak power 
watts 

500 
200 
100 
50 
20 
10 
5 
3 

R6 value 

6.8 ohms 
two 33 ohms in parallel 
33 ohms 
68 ohms 
two 330 ohms in parallel 
330 ohms 
680 ohms 
1 k and 100 ohms in series 
(linearity suffers) 
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performance 

The current transformer response is essentially 
aperiodic, with the - 6 dB points (compared with 
midband) from 200 kHz to 40 MHz (see fig. 4). This 
unit has a midband full-scale sensitivity of 500 mW 
(sensitivity control at maximum). At 50 MHz less 
than 5 watts is required to carry out measurements, 
even with low SWR values, 

The inherent impedance of the unit was measured 
using a 5watt  TEK dummy load and a Hewlett-Pack- 
ard vector impedance voltmeter. The results are illus- 
trated in fig. 5. The impedance discontinuities dis- 
played are well within the accuracy limitations of the 
meter movement. The real (or resistive) component 
of the reflectometer's impedance is within 5 per cent 
of the nominal 50 ohms - most of this variance 
probably is due to connector and construction dis- 
continuities. 

The variation in the real part of the impedance is 
within + 1 ohm across the frequency range and can 
be essentially ignored. The reactive component is 
negligible up to 30 MHz, at which point it begins to 
become slightly capacitive. This is largely immaterial. 
The overall impedance decreases rapidly above 
100 MHz. 

The short length of coax through T I  is "short" 
compared with the wavelength at 100 MHz, and it is 
physical discontinuities that contribute to the inaccu- 
racies measured, becoming significant around 100 
MHz. The S0239s used aren't constant-impedance 
connectors, and they probably contribute as much as 
construction to the upper-frequency limitation. 

+ 4 *  I I I l l  I ' 7-7 -- 

/MHz IOMHr IOOMH2 
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fig. 5. Impedance characteristics of the broadband reflec- 
tometer, as measured with a Hewlett-Packard vector volt- 
meter while terminated with a 50-ohm load. 

methods. For power around 20 to 50 watts, R2 and 
R3 should be reduced to 47 ohms. For powers above 
this, the number of turns on the toroid should be 
reduced. As a guide, twenty turns on T I  with R2 and 
R3 down to 47 ohms should prove adequate for pow- 
ers in excess of 150 watts. 

The basic reflectometer construction is so simple 
and inexpensive that several could be built to provide 
remote monitoring of individual antenna installa- 
tions. Protection circuitry for transceivers and power 
amplifiers may be simply implemented using the 
basic reflectometer circuit driving protection circuitry 
from the outputs of CR1 and CR2. It is possible to 
use the reflectometer for swept VSWR measure- 
ments by using the differential output of CR1 
and CR2. 

Accurate measurement of VSWR values below 2:l 
can be made by driving an expanded-scale differen- 
tial voltmeter circuit as described in reference 2. This 
type of measurement is useful when measuring the 
VSWR performance of an antenna over a narrow 
bandwidth, particularly narrow-band loaded whips 
used for mobile applications. 

The basic sensitivity bandwidth may be shifted up 
in frequency by a decade or more such that it rolls off 
around 1 MHz at the low end and above 50 MHz at 
the high end by using a toroid having a permeability 
of 50 rather than 220. 

possible modifications 
For higher powers, the sensitivity of the reflectom- 

eter may be varied by one or several of the following 

references 

fig. 4. Relative sensitivity of the reflectometer portion of the 
meter. I t  takes 0.8 watt across 50 ohms to produce a full- 
scale reading at 28 MHz. 

1. P.G. Martin, "Frequency Independent Directional Wattmeters," Radio 
Communications, (England), July, 1972. 
2. H.C. Gibson, GBGCA, "Test Equipment for the Radio Amateur," Radio 
Society of Great Britain, London, 1974. 
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new approach to measuring SWR 

of sampling bridge 
for measuring power I 

and SWR provides I 

In the past, VSWR measurements were made main- 
ly to check antenna matching characteristics. There- 
fore, these measurements were performed at fairly 
high levels, with a directivity of 26 dB being suffi- 
cient. The new circuit design in this article provides 
low-level VSWR measurements between 30 watts 
and 30 mW incident or reflected power with a direc- 
tivity of 40 dB. 

applications 
After the introduction of highly linearized transis- 

tors, wideband transformer techniques to cover 1.5 
to 30 MHz became increasingly important. Wideband 
power stages, with exceptionally low intermodula- 
tion distortions, are required in test instruments, 
antenna distribution amplifiers, and ssb transmitters. 
Because there is higher feedback in transistor circuits 
than in vacuum tube designs, the return loss of the 
matching transformer plays an important role. Slight 
matching changes will degrade the intermodulation 
distortion performance. Therefore, it has become 
vital to measure the properties of wideband trans- 

formers over a large frequency, power, and directiv- 
ity range. So far, no instrument has become available 
that will easily measure these parameters. 

circuit description 
The initial bridge arrangement for measuring the 

forward and reflected voltages (power) on a trans- 
mission line was invented in Germany by Dr. Busch- 
beck more than 30 years ago (see fig. 1). The obvi- 
ous disadvantage of this circuit is that the two output 
ports have a fairly high impedance and are very sensi- 
tive to loads. Resistive loads below 10 kilohms will 
significantly disturb the directivity as well as the fre- 
quency response. This requires special diodes for 
high resolution. Also, this type of power meter suf- 

fig. 1. Schematic diagram of a conventional bridge arrange- 
ment for measuring SWR. The load across points A and B, if 
sufficiently low, will significantly affect the directivity as 
well as frequency response. 

fers from the disadvantage that the power reading is 
highly nonlinear and depends very much on the 
mechanical configuration. The other disadvantage 
caused by the high impedance is that there is always 
fairly high cross-talk between both output ports, 
which effectively limits the directivity to about 
26-30 dB . 

In an effort to overcome the rectification nonline- 
arity, a special version of the tunnel diode, called a 

By Ulrich L. Rohde, DJ2LR, 52 Hillcrest Drive, 
Upper Saddle River, New Jersey 07458 
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"backward diode," was used. Backward diodes* 
have virtually no threshold voltage and exhibit an 
extremely good approximation to a square law char- 
acteristic between a few pV and several mV. How- 
ever, back diodes used as rectifiers have an extreme- 
ly low impedance and therefore will load the circuit. 

fig. 2. Diagram of a new bridge arrangement that employs 
back diodes and a transformer voltage divider. This configu- 
ration provides wide frequency response and high directiv- 
ity. The transformers are wound on TC9-type ferrite cores. 
This is the circuit used in the Rohde €t Schwarz NAUS 80 rf 
power meter. 

Because of this loading effect, an attempt was made 
to use a compensated RC voltage divider, as used in 
oscilloscopes. This was not successful, however, 
since the required flatness of output voltage tracking 
and frequency could not be achieved. 

Analyzing Dr. Buschbeck's circuit, it is obvious 
that the primary limitation is a result of the capacitive 
voltage divider, which, as a side effect, limits the cut- 
off frequency at the lower end of the frequency 
range. To overcome this limitation, a transformer 
was employed as a voltage divider, which led to the 
circuit shown in fig. 2. 

The advantage of fig. 2 is that both outputs are 
now terminated in 50 ohms, providing the necessary 
low impedance for the back diode rectifier. The 
inductive voltage divider provides a significantly flat- 
ter frequency response. In addition, since all impe- 
dances are now 50 ohms, the cross-talk is also 
reduced, allowing directivity of 40 dB. 

This new technique can be used effectively to 
measure the characteristics of wideband transform- 
ers and power amplifiers under actual operating con- 
ditions. Network analyzers presently on the market 
are not capable of measuring at this low frequency 
range and high power level. 

"Another description of the back diode can be found in the H~nts  and Kinks 
section of QSTfor April, 1978. 
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folded umbrella antenna 

An effective, 
easy-to-build, 

all-band amateur antenna 
based on the principles 

of the folded unipole 
used in the 

broadcast service 

A survey of amateur antennas would probably 
show that 95 per cent of them fall into one of four 
general categories: 

1. Horizontal dipole (including inverted vee) 
2. Vertical (ground mounted and ground plane) 
3. Yagi (multiband and monoband) 
4. Quad (multiband and monoband) 

The folded umbrella falls into none of these groups 
- yet, when you see what it can do you'll wonder, 
"Why not?" This article describes a versatile antenna 
that is: 

1. Broadband on all frequencies, 1.8 through 
30 MHz 
2. Easily tuned 
3. Fully effective without ground radials 
4. Without critical dimensions 
5. Simple, inexpensive, and easily erected by 
one man 
6. Space saving 
7. DC grounded 
8. Adaptable to your tower 

It seems that most homes lack the space required 
for a 3.5-4 MHz dipole, or for the ground radials 
needed to operate a conventional series-fed vertical 
antenna efficiently. The folded umbrella has evolved 
from the effort to overcome these space problems. 

The first step was to consider an antenna used in 
the ccmmercia!-breadcast fie!d and known as a f=!d- 
ed unipole. Shown in fig. 1 ,  it is a grounded broad- 
cast antenna tower, with steel arms across the top 
which are connected electrically to the tower. Wires 
are connected to the ends of these arms and dropped 
to the bottom, forming a cage around the tower that 
is insulated from the tower at all points except the 
top. The cage wires are tied together at the bottom 
and fed directly at that point with 50-ohm coaxial 
cable. The advantages claimed for this antenna are 
as follows: 

1. Broadband performance 
2. Low radiation-angle 
3. Elimination of expensive base insulator 
4. Elimination of approximately 6100 meters 
(20,000 feet) of copper wire 
5. Elimination of expensive matching network 
and weatherproof housing 

These features are important to the operator who's 
trying to put a broadcast station on the air with limit- 
ed funds. 

the result 
The folded umbrella is simply the result of several 

approaches to the development of an antenna which 
is, roughly, the electricalequivalent of the folded uni- 
pole. The outcome of the evolution process is shown 
in fig. 2. 

design considerations 
In the interest of simplicity and economy, this 

antenna was built around a 12-meter (40-foot), four 

By John M. Haerle, WB511R, Route 2, Box 
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section, telescopic or pushup TV receiving-antenna 
mast. In the development process, it soon became 
evident that the cage wires could best be supported 
by the nylon guys. Thus, the wires were pulled much 
farther away from the center mast - a fortunate 
accident as will be seen later. 

Also, a 4.6-meter (15-foot) aluminum top-loading 
whip was added at the 12-meter (40-foot) level, mak- 
ing the antenna 16.8 meters (55 feet) high. The an- 
tenna will work well enough without the top loading, 
but the whip lowers the radiation angle and improves 
efficiency, especially at frequencies below 7 MHz. 

Note that this antenna is not to be confused with 
the conical monopole or the discone. It is not within 
the scope of this article to discuss the differences, 
but they are well covered in reference 1. 

tuning and matching 
The commercial broadcast version of the folded 

unipole requires no variable tuning or matching 
arrangement, since it's designed for a single frequen- 
cy. However, to match the folded umbrella on any 
frequency across all six high frequency amateur 
bands, a tuned open-wire line and transmatch unit 
are used. Fig. 3 shows four different transmatch and 
feedline combinations. Fig. 3A is the basic combina- 
tion, using an unbalanced transmatch. In this config- 
uration, be sure that the side of the feedline ground- 
ed at the antenna is the same side that's connected 
to the ground terminal on the transmatch. 

Fig. 3B illustrates the use of a balanced trans- 
match. In this case, a 4:1 balun is used at the anten- 
na to maintain a balanced condition on the feedline. 

Fig. 3C shows an arrangement which, theoretical- 
ly, should unbalance things and bring unwanted rf 
fields into the shack. However, it has been tried and 
found successful in some cases. As a matter of fact 
the experimental antenna, which has drawn so much 
favorable mail, is operated in this manner. Note the 
balanced transmatch, and no balun at the antenna. 

Fig. 30 shows the use of a short length of coax 
when it's inconvenient to bring open-wire line into 
the station. Keep this coax as short as possible. The 
open-wire part of the feedline should be, ideally, 
about 20 meters (65 feet) long (or a multiple thereof). 
When using other lengths it may be difficult to obtain 
a 1 : 1 swr on some frequencies, especially the higher 
frequencies. If this happens, experiment with slightly 
different line lengths of plus or minus 0.9-3 meters 
(3-10 feet) until it becomes easy to obtain 1:1 swr on 
virtually any frequency. 

performance 
Performance of the folded umbrella is quite gratify- 

ing. When operated properly, the swr should be 1 : 1, 
and your rig should see a %-ohm resistive load on all 

hf amateur frequencies. On 1.8 MHz, the folded um- 
brella substantially outperforms a half-wave inverted 
vee, whose apex is 15 meters (50 feet) above ground. 
For all other bands, the comparison antenna is a mul- 
tiband inverted vee, 40 meters (130 feet) long, 15 
meters (50 feet) above the ground, with tuned feed- 
ers and transmatch. 

From 3.5-4 MHz, the inverted vee is generally bet- 
ter up to 805 km (500 miles) because of the high radi- 

ation angle of the inverted vee or the low radiation 
angle of the folded umbrella. Between 805-1610 km 
(500-1000 miles) the superiority of the two antennas 
alternates depending on propagation conditions. 
Beyond 1610 km (1000 miles) the folded umbrella 
takes over, its superiority improving with increasing 
distance. 

From 7-7.3 MHz, the folded umbrella definitely 
outperforms the inverted vee at any distance. It ap- 
pears that the diamond shape of the wire cage 
begins to provide a measure of cross-polarization 
from 7 MHz up resulting in the following: 

1. A diversity effect, which minimizes fading on 
the transmitted signal 
2. A much better snr on receive because of the 
closed-loop design and because the antenna is dc 
grounded 
3. Broadband performance. For example, if the 
folded umbrella is tuned for a 1:1 swr at 7.150 
MHz and the transmatch is left untouched there- 
after, the maximum swr observed at either 7.000 
or 7.300 MHz is 1.2: 1 
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The experimental model was not used much be- 
tween 14 and 30 MHz since a quad is generally used 
on these bands, but performance is comparable to 
that of a dipole on these frequencies. Other builders 
have reported excellent DX results on the upper 
bands. 

operation without transmatch 
The foided umbrella is basically a 3.5-4 MHz anten- 

na. If it is fed directly with coax and no transmatch, 
the swr is less than 2:l at both 3.5 and 4 MHz. From 
1.8 to  2 MHz the coax-fed antenna shows an swr of 

approximately 2: 1. On the 7-MHz band, swr is in the 
2.5:l range. A t  14.2 MHz, swr is 5:1, at 21.3 MHz, 
swr drops back to 1.5:1, and on 30 MHz, swr is 
about 3:l. 

Since none of these swr numbers is really high, a 
transmatch and tuned feedline can easily subdue 
them, resulting in I: I swr across all six bands. 

using your tower 
By applying unipole principles, you can use your 

tower. Just start by connecting one wire at some ar- 
bitrary point on the tower, say 12 meters (40 feet) 

fig. 2. Construction details of the folded umbrella antenna, which is, roughly, the electrical 
equivalent of the folded unipole. Dimensions are approximate and are not critical. 
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above the ground. Use nylon line to pull the wire 
away from the tower. Then, bring the wire back to 
the bottom of the tower, as shown in fig. 4. 

Use an exciterlvswr meter and a bridge or a grid 
dipper to check the resonant frequency. If it falls 
within the 3.5-4 MHz range, add the other three 
wires and proceed as with the folded umbrella. Your 
beam should provide adequate top loading. Be sure 
to ground the tower well. 

construction 

1. Set up the collapsed pushup mast, using 6-mm 
(71.4-inch) nylon guys on all four sides. Use the close- 
ly woven nylon, not the loosely braided type. The 
former is much stronger and will not unravel. Do not 

\ / / UMBRELLA STATION 

MAST 
UNBALANCED 
TRANSMAJCH 

\ \ / / UMBRELLA STATION 

4 TRANSMATCH H I"' I 

\ / / UMBRELLA STATION 

MAST 

BALANCED 
TRANSMATCH 

UNBALANCED 
BALUN TRANSMATCH 

fig. 3. Transmatch and feedline configurations for the an- 
tenna. Sketch (A)  shows the basic arrangement using an 
unbalanced transmatch. Note grounding. In ( 0 )  a balanced 
transmatch is used. A 4:1 balun is required. Sketch ( C )  
shows an arrangement as in (B),  but without the 4:l  balun. 
Transrnatch is balanced (no ground). Sketch (Dl  shows how 
to use a short length of coax cable between the open-wire 
line and the station. The coax cable length should be as 
short as possible. 

1. 4. Detail showing existing tower 
used instead of mast. W 

use other synthetic line. Some of the other kinds of 
line become brittle with exposure to sunlight and will 
eventually break, while nylon retains its strength in- 
definitely. Nylon will stretch, but the close-woven 
type requires tightening only a few times initially. 

2. Place the guy anchors at least 9 meters (30 feet) 
from the base of the mast (or use the house or trees 
where possible). Tighten the bottom guys firmly 
and place your ladder against the mast for fur- 
ther work. 

3. Metal rings are supplied on the TV mast for attach- 
ment of guys. Be sure these rings are now in place 
before proceeding. 

4. Insert 4.6 meters (15 feet) of aluminum tubing into 
the top of the pushup mast. This tubing can be made 
up of two or three telescoping pieces, if desired, just 
so long as the bottom (largest) piece fits snugly in- 
side the top section of the pushup mast. The tubing 
can be secured by drilling through and bolting or by 
slotting the pushup mast and using a clamp (see 
fig. 5). 

5. Attach four nylon (close-woven) guys to the top 
guy connection ring (fig. 5). 

6. Pull the top section up out of the collapsed mast 
assembly about 0.6 meter (2 feet) to facilitate con- 
nection of the umbrella wires. 

7.  Tie two small loops in each of the four top riylon 
guys as shown in fig. 2. These loops should be about 
4 and 8 meters (12.5 and 25 feet) from their attach- 
ment points on the mast. 
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8. Install umbrella wires. * Use approximately 16.8 
meters (55 feet) of wire for each of the four elements. 
Clean and tin about 5 cm (2 inches) at one end of 
each wire. Clean and sand the mast just under the 
guy attachment ring. Using a stainless-steel hose 
clamp, attach the umbrella wires, spacing them 
equally around all four sides of the mast (fig. 5). 
Smear silicone rubber cement (GE or Dow-Corning) 

fl +-TOP LOADING 

fig. 5. Detail showing attachment of top guys, "umbrella" 
wires and top loading whip. 

liberally over the hose clamp and bare wire ends to 
prevent corrosion of the electrical connection. 

9. Thread one of the antenna wires through the two 
loops on each of the guys. You are now ready to 
begin raising the mast. 

10. Use heavy leather gloves and be very careful 
when pushing the mast up. Whenever you stop the 
mast part way up, be sure to tighten the locking bolt 
very firmly, using pliers or a sufficiently large cres- 
cent wrench. If the mast should slip unexpectedly, it 
can pinch and cut your hand most painfully. This is 
the reason for the heavy leather gloves. 

11. As you raise the mast, temporarily secure the 
bottom ends of the umbrella wires to their respective 
guys with tape. Then, keep these four wirelguy 
assemblies tied away from the mast as you raise it. 
This prevents the wires and guys from becoming 
tangled during the erection of the mast. 

12. Now, push the top section up to its full length. 
There will be a hole at the top of the next section 
below. When the bottom of the top section is pushed 

high enough to clear this hole, push a large cotter pin 
(provided in the mast hardware) through this hole. 
Spread the ends of the cotter pin only enough to 
secure it, which will make it easy to remove at some 
later time. Now, tighten the locking bolt firmly. 
Repeat this process on the other sections. 

13. Push the next section up and secure as above. 

14. Attach four more 3-mm ( 1  /&inch) nyion guys to 
the ring at the top of the section just above the bot- 
tom section. This set of guys will end up, on full erec- 
tion, 6 meters (29 feet) above the ground (fig. 2). 

15. Push this last section up and secure, as above, 
and temporarily secure all guys. 

16. Now, provide a bracket at the base of the mast 
for the purpose of connecting the four umbrella wires 
together while insulating them from the mast. This is 
the feedpoint for the antenna. Cne s~ggested meth- 
od of anchoring and insulating the feedpoint is 
shown in figs. 2 and 6. However, as with other parts 
of this project, there are many different mechanical 
arrangements which will produce the same electrical 
results. Use your ingenuity. Remember, none of the 
dimensions are really critical, since the tuned feeders 
compensate for physical variations. If you're follow- 
ing fig. 6, however, pull the umbrella wires through 
the PVC tubing, tighten the clamp below the tubing, 
and trim off excess wire, leaving several cm of wire 
below the clamp. Now, bare the wires below the 
clamp and solder them together. 

17. Drive three or four 2.4-meter (8-foot) ground rods 
around the base of the mast and connect them 

TUBING 

STEEL 
(OR ALUMINUM) 
BRACKET 

RODS 
GROUND RODS 

6' 'ilk C L A M P  ( T Y P I C A L  ALL RODS1 

'Any available type of copper wire up to 2 mm (no. 12 AWG), solid or 
stranded. The experimental model uses surplus 1.3 mm (no. 16 AWG) fig. 6. Mechanical details at the bottom end of the TV mast. 
stranded, insulated wire. The ground rods are essential for good performance. 
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securely to the mast with heavy copper wire, tubing 
or strap (fig. 6 ) .  

18. Attach feedline, soldering one side to the feed- 
point and connecting the other side to ground. The 
most practical line to use is the 450-ohm plastic lad- 
der line made by Saxton. I t  is strong, flexible, and 
much easier to use than bare open wire while just as 
effective. Furthermore, it's affected very little by ice, 

TO 
450 OHM LADDER LINE STATION 

Lo 3mm N / B  IN1 NYL0lu / 
MESSENGER 

CABLE 

fig. 7 .  A practicai way to support the 
open-w i re ,  450-ohm transmission 

line. A small-diameter nylon cord is 
threaded through the transmission line 

as shown and anchored to a convenient g" 
J point. Leave enough slack in the nylon mes- 

-- senger cable to  account for  changes in 
8 u 
FEEDPOINT humidity. 

snow, or rain, as far as tuning is concerned. Figs. 2 
and 7 show a simple, practical way of supporting the 
line. For the experimental model, it was necessary to  
run the line 18 meters (60 feet) to the house, keeping 
it at least 3 meters (10 feet) above ground. To relieve 
tension on the line, 3-mm (l /&inch) nylon was 
threaded through the holes in the line and stretched 
from the mast to the house, serving as a "messen- 
ger" cable. Here again, use your own ingenuity to fit 
your situation. 

19. After tuning and testing, tighten and secure the 
guys, using a plumb level to be sure the mast is ver- 
tical. 

closing remarks 
Here is an antenna that can do many things for 

you. Don't expect it to  perform like a beam - but it 
will more than hold its own against conventional 
dipoles and trapped verticals at all frequencies and 
on all high frequency amateur bands. 

I have received literally hundreds of inquiries from 
people who were impressed with what they heard 
when I was using the umbrella antenna. All inquiries 
have been answered, and those who have built the 
antenna report equally gratifying results. 

The writing of this article was deliberately delayed 
pending receipt of data from others to provide the 
reader with authentic, reliable information. 

reference 
1. Paul H. Lee, KGTS, "The Amateur Radio Vertical Antenna Handbook," 
Cowan Publishing Company, 1974, pages 49-52 (discones and rnonopolesl; 
pages75-80 (folded unipoles). 
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A discussion of different 
approaches to broadbanding 

80-meter antennas, 
including theoretical 

calculations and actual 
model measurements 

Judging by the horrendous congestion that can 
be found on the 80-meter band almost any evening, 
it is certainly one of the most popular bands. But all 
of its users share the same problem with antennas. 
The ratio of the upper limit of the band to the lower 
limit is 1.143:1, larger than that of any other high-fre- 
quency Amateur band. Building an antenna which 
has adequate bandwidth for the entire 500 kHz may 
seem like an impossibility. 

Years ago, transmitters had a very large range of 
matching capability. This luxury disappeared when 
the compact transceiver appeared on the scene over 
ten years ago. The problem has been compounded 
by the introduction of transmitters with solid-state 
power amplifiers requiring a load very close to 50 
ohms. Protection circuits are normally employed to 
reduce the driving power to avoid damage to the out- 
put transistors. The use of a transmatch will elimi- 
nate the mismatch problems, but takes away the 
convenience of frequency changes without retuning. 

The antennas shown in this article exhibit accep- 
table impedance matches over much more than the 
usual bandwidth. Although these designs may not be 
the perfect solution in every installation, they should 
provide starting points for further experimentation. 

current designs in use 
One of the classic ways to increase the bandwidth 

of a simple dipole is to enlarge the effective diameter 
of the conductors in the radiating elements. The 
cage antenna is one example of this, in which each 
half of the dipole is made of several conductors. The 
multiple conductors are suspended on spreaders at 
two or more places. This simulates a conductor of 
roughly the diameter of the spreader. The fan dipole, 
or bow-tie, antenna is a simplification of the cage 
arrangement. In this design, each half is composed 
of two wires joined at the feedpoint. The wires fan 
out from this point and are held apart by a single 
spreader at the far end.' Antennas of this type pro- 
vide a noticeable increase in the bandwidth over 
which a transmitter may be adjusted for a conjugate 
match, but they have apparently not enjoyed much 
popularity. Perhaps it is because these antennas are 
considered somewhat unsightly. The antennas I'll 
discuss have wider bandwidths for the same level of 
complexity (and lack of beauty). 

antenna models 
To provide a more convenient means of attacking 

the problems associated with broadband antennas, 
two types of antenna models were used to test the 
designs. Simple mathematical models were used to 

By Terry Conboy, NGRY, 1231 Crestview 
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allow prediction of the approximate antenna impe- 
dance match vs frequency, before they were con- 
structed, whenever possible. An equivalent circuit 
for a simple wire dipole appears in fig. 1. This model 
accounts for the change in reactance at the feed- 
point as the frequency is changed, but it does not 
allow for the normal tendency of the resistive compo- 
nent of the feed impedance to rise with increasing 
frequency. This tends to be a second-order effect 
and doesn't seriously affect the results. It does, how- 
ever, greatly simplify the calculations. 

If the resonant frequency of this mathematical 
model is checked, it wili be found to be 3742 kHz. It is 
not 3750 kHz, which is the arithmetic center of the 
band. Like all resonant circuits, the model exhibits 
geometric symmetry. The resulting effective center 
of the band is J3500 kHz x 4000 kHz = 3742 kHz. 
This frequency is used as the band center throughout 
the calculations to maintain band-edge symmetry 
when plotting the SWR. In real antennas, the many 
other variables involved make the 8-kHz distinction 
unimportant. 

The plot of the calculated impedance for this 
mathematical model is shown on the Smith chart in 
fig. 2. The accompanying SWR plot is given in fig. 3. 

3 Z847pH 

fig. 1. Approximate equivalent 
circuit of a standard wire dipole 
antenna. 63 54 

This is typical of several antennas I have used in the 
past. These antennas were mostly inverted vees with 
center heights of about 12 meters (40 feet) and the 
ends about 3 meters (10 feet) high. A 5:l SWR is con- 
sidered intolerable by many Amateurs and much 
worse than a typical antenna would measure. This is 
probably because many SWR meters read closer to 
3.5:1 for such an antenna. Close inspection with a 
noise bridge or other impedance-measuring equip- 
ment will show a typical SWR meter to be an incur- 
able optimist. This defect is especially obvious when 
attempting to read fairly high mismatches at lower 
power levels. 

Calculations of predicted antenna impedances and 
matches were facilitated by the use of programmable 
scientific calculators (HP-55 and TI-59) and an IBM 
370 running the SPICE circuit analysis program writ- 
ten at the University of California, Berkeley. The 
antennas were also physically modeled by scaling 
them up in frequency and down in size by a factor of 
almost nineteen. This moves the resonant frequency 
to 70 MHz, which is the center of the i-f passband 
used in most microwave equipment designed for 

fig. 2. Calculated input impedance of the dipole equivalent 
circuit, normalized to 50 ohms. 

telecommunications service. Microwave link analy- 
zers cover the range from 50 to 90 MHz and include 
the capability of accurately measuring return loss. 
Return loss is just 20 times the logarithm of the 
reflection coefficient, expressed in dB. Although the 
Hewlett-Packard 3702Bl3710A and its companion 
return loss hybrid are designed for 75-ohm measure- 
ments, the use of a minimum-loss resistive matching 
pad permits its use with nominal 50-ohm loads. The 
loss of this pad was accounted for in the measure- 
ments made. 

The scaled antennas were suspended from the 
ceiling inside a laboratory for the measurements. 
There were many reflections from the metal frame- 
work of the building, but they were probably on a par 
with those one could expect from power lines and 
the exteriors of buildings in the vicinity of an 80- 
meter antenna. All of the plots in this article show the 
equivalent scaled-down frequencies corresponding 
to the measurements made on the scale models. All 
of the necessary corrections have been made. 

fig. 3. Calculated SWR of the dipole equivalent circuit. 
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parallel antennas 
This antenna configuration was suggested by the 

common use of paralleled dipoles for several bands. 
Others have apparently tried paralleling two antennas 
cut for different parts of the same band to widen the 
overall bandwidth with little success. The secret for 

fig. 6. Impedance calculated for the parallel antenna equiva- 
lent circuit, normalized to 50 ohms. 

TO 
TRANSMITTER 

fig. 4. The parallel antenna is formed by two stagger-tuned 
dipoles, mounted at right angles to each other and fed at a 
common feedpoint. 

proper operation is to mount the two antennas in 
such a way that they do not couple to each other. 
This can be done by mounting them at right angles 
as shown in f ig. 4. 

One of the two dipoles is cut for 3530 kHz and the 
other to 3966 kHz. The higher frequency is 1.06 times 
the geometric center of the band (3742 kHz). The 

fig. 5. Approximate equivalent cir- 
cuit of the parallel antenna. Indi- 
vidual resonances are at 3530 and 
3966 kHz. P 
lower frequency is the center frequency divided by 
1.06. The equivalent circuit of this arrangement is 
given in f ig. 5. I t  is just the parallel combination of 
two dipole equivalent circuits which have been 
adjusted up and down in frequency by multiplying 
and dividing the reactance values by the 1.06 factor. 

I t  is recommended that this antenna, and the 
others shown as well, be fed through a balun. Cur- 
rents flowing on the outer conductor (shield) of the 
coaxial feedline can cause undesired coupling be- 
tween the antennas, which can restrict the band- 
width. 

The calculated impedance of the antenna is shown 
in f ig. 6 .  The loop in the curve is interesting. The 

antenna impedance is capacitive at low frequencies 
just like the single dipole, crosses over through a per- 
$,.,.+ I c L L  match, thei; bezoriies indtiz:i*ve. The impedaixe 

then becomes capacitive again as the frequency 
increases, goes through perfect match once again, 
and finally becomes inductive once more at the top 
of the band. The calculated SWR is shown by the 
solid line in fig. 7 .  Measurements on the scale model 
of the antenna are also shown on the same plot by 
the dashed line. The measurements show good agree- 
ment with the calculations (most of the discrepancy 
between the two curves results from the individual 
dipoles never having a perfect match to 50 ohms). 
Despite this, the SWR is better than 2 : l  across the 
entire band. If you can make dipoles that have a wid- 
er bandwidth than the ones assumed here, your 
antenna could be even better than this. 

One of the interesting features of the parallel 
antenna is its tendency to be omnidirectional. Like 
the turnstile antenna, the currents in the two dipoles 
are out of phase. Over the middle of the band, at 
least, the currents in the two dipoles are roughly 
equal. Fig. 8 shows the calculated phase difference 
between the two dipoles as a function of frequency. 
The ratio of the two currents, given in dB, is plotted 
in fig. 9. Even though the currents can differ by more 
than 10 dB at the band edges, the normal nulls in the 

, ~ L c u L A T l O N  

\cr ' 
I QI, 

10-  A- 
3 5  3 6  3 7  3 8  

FREQUENCY- MHz 

fig. 7 .  Calculated and measured SWR of the parallel antenna. 
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fig. 8. Calculated phase angle between the currents in the 
two stagger-tuned dipoles of the parallel antenna. 

radiation pattern of a dipole will be filled to a large 
extent. Signals radiated at a high angle will be ellipti- 
cally polarized. This is of some benefit when receiv- 
ing. The antenna will respond fairly well to linearly 
polarized signals which arrive parallel to either anten- 
na from high elevation angles. Since many of the sig- 
nals received on the 80-meter band arrive at high 
angles, the elliptical polarization is probably of much 
more value than the omnidirectional characteristics 
observed toward the horizon. 

I t  is worth noting what happens when the resonant 
frequencies of the two dipoles are separated by a dif- 
ferent ratio. Calculations were made at two other 
pairs of resonant frequencies. When the ratio is 1.05 
instead of 1.06, the SWR at the band edges is about 
2.5 to 1 and the midband SWR is about 1.4 to I .  If the 
ratio is reduced to 1.04, the SWR at the middle of the 
band barely rises to 1.05 to 1, yet the SWR remains 
about 3.1 to 1 at the band edges. The loop in the 
impedance plot on the Smith chart shrinks, but it 
does not disappear until the two dipoles are tuned to 
the same frequency. 

Most Amateurs probably don't have a house lot of 
the right shape to permit placing two such antennas 
at right angles to each other. It may be desirable to 
erect the antennas as inverted vees instead of as con- 
ventional dipoles, Increasing the coupling between 
the antennas will reduce the bandwidth of the sys- 
tem, but the use of inverted vees has a minimal effect 

fig. 9. Calculated current ratio between the two dipoles of 
the parallel antenna. 

on the coupling. The angle between the dipoles may 
deviate from 90 degrees by about 15 degrees without 
significant degradation. If the angle decreases below 
60 degrees, the match at the high end of the band 
will deteriorate. As the angle is decreased even more, 
the lower frequency antenna seems to dominate, and 
the tuning of the higher frequency dipole has less 

( 5 0  OHM NOMINAU 

5 0  OHM 
SOURCE 

150 OHM NOMINAL) 

fig. 10. Schematic representation of the two-way Wilkinson 
hybrid with the ideal transmission line impedance. 

and less effect on system operation. When the 
antennas are nearly parallel, the SWR curve appears 
to be that of the lower frequency antenna alone. 

Wilkinson hybrids 
Before looking at the next antenna configuration, 

a discussion of a very interesting circuit is in order. 
The Wilkinson hybrid is very commonly used as a 

fig. 11. Calculated input impedance of the Wilkinson hybrid 
terminated by two 50-ohm loads. The quarter-wavelength 
lines are assumed to be 75 ohms. Data are normalized to 50 
ohms. 

power divider or combiner at microwave frequen- 
cies.2The arrangement of the circuit is shown in fig. 
10. This is the simplest form of the circuit. Other 
variations allow driving more than two loads. Modifi- 
cations providing very wide bandwidths have also 
been developed.3 

Fig. 11 shows the calculated impedance of a Wil- 
kinson hybrid terminated with 50-ohm loads. The 
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fig. 12. Calculated SwR at the input of the Wilkinson hybrid 
using 75-ohm cables. Each leg was terminated in a 50-ohm 
resistive load. 

quarter-wavelength lines are assumed to be 75 ohms 
instead of 70.7 ohms to indicate the performance to 
be expected with available cables. For this reason, 
the input impedance is never exactly 50 ohms. The 
coirespondiiiy SWR is shovlin i i i  fig. 12. 

Like other hybrid circuits, the Wilkinson provides 
isolation between the t w o  loads, This occurs 
because a signal entering the Load 1 port can travel 
to the Load2 port by two paths. One path is directly 
through the 100-ohm resistor; the other path is 
through one of the quarter-wavelength lines to the 
source and then back up the other quarter-wave- 
length line. Because the second path totals one half- 
wavelength, the signal traveling this route is 180 
degrees out of phase with the signal through the 
resistor. As it happens, the amplitudes of the two 
signals are equal, and complete cancellation occurs. 

No circuit is perfect, however, and several imper- 
fections can causea reduction in the isolation obtained 
between the two load ports. It should be obvious 

' I 9  0 5  METER (62 FEET, GMI 

50 OHM LINE 

50 OHM LINE -WILKINSON 

ANY LENGTH 
5 0  OHM COAX '--I. TO RIG 

fig. 13. Diagram of the turnstile antenna driven with a Wil- 
kinson hybrid. Both dipoles are tuned to the band center 
and are mounted at right angles to each other. 

that the rejection is perfect only at the design fre- 
quency, since the transmission lines give the right 
phase shift only at that frequency.Even so, the isola- 
tion will be better than 20 dB over the whole 80- 
meter band. The other major source of less-than- 
ideai performance is the possibility that the driving 
source is other than 50 ohms. Most Amateurs fail to 
realize that the output impedance of a power ampli- 
fier designed to drive 50-ohm loads is seldom 50 
ohms. This effect could easily cause a 10-dB degra- 
dation of the isolation between the output ports. 

One clever use of the Wilkinson hybrid with Ama- 
teur antennas has been in driving phased vertical 
arrays.4 The isolation of the hybrid is useful in pre- 
venting interaction of the antennas via the phasing 

fig. 14. Input impedance, calculated using SPICE program, 
of the turnstile antenna driven by a Wilkinson hybrid with 
75-ohm lines. Data are normalized to 50 ohms. 

harness, which makes designing and adjusting such 
an array much easier. 

Since the power from the input of the hybrid is 
equally split, the loss is 3 dB between the input and 
each output. Power coming in either of the two load 
ports is attenuated by 3 dB because half of the power 
goes back into the source port and the other half is 
dissipated in the 100-ohm balancing resistor. This 
has an interesting effect on the reflected power - it 
is cut in half! Unfortunately, when the reflected pow- 
er is burned up in the load, it cannot be re-reflected 
and travel again out t o  the antenna or other load 
where the power is wanted. This causes a drop in 
system efficiency. 

A special case occurs when two identical loads are 
driven by the hybrid: one load driven directly from 
the hybrid output and the other load driven through a 
quarter-wavelength of 50-ohm cable. If the loads are 
not 50 ohms, there will be a reflection at the load 
back toward the source. Since one of the loads is 90 
degrees farther away, the reflection coming back will 

48 may 1979 



be a total of 180 degrees out of phase with the reflec- 
tion from the directly connected load. The reflected 
waves are thus equal and out of phase. The power 
summing action of the Wilkinson hybrid will cause 
them to cancel out. Where did the power go? It  is all 

the reflected power will arrive back at the source, 

;-::I , , , , , , , , 
dissipated in the 100-ohm balancing resistor. None of 

L 
and the apparent match is perfect. This leads directly 3 0  3 2  3 4  3 6  3 8  4 0  4 2  4 4  4 6  

t o  the next antenna system. FREQUENCY- M H z  

fig. 16. Calculated equivalent loss in the balancing resistor 
turnstile PIUS Wilkinson for the turnstile antenna driven by a Wilkinson hybrid. 

A turnstile omnidirectional antenna is shown in 
fig. 13. The \Nilkinson hybrid is used to drive the two 
antennas with equal power. An extra electrical quar- 
ter-wavelength of 50 ohm coax is connected 

CALCULATED 

A\ 
I MODEL MEASUREMENT 

I 1 I I I 

3 0  32 3 4  3 6  38 4 0  4 2  4 4  4 6  

FREQUENCY- MHz 

fig. 15. Calculated and measured SWR of the turnstile anten- 
na driven with a Wilkinson hybrid. 

between the hybrid and one of the antennas. The 
hybrid is made of two electrical quarter-wavelengths 
of 75-ohm coax and a high power noninductive 100- 
ohm resistor. The bandwidth of this antenna system 
is unbelievable! See fig. 14 for the calculated impe- 
dance of the system. The calculated and measured 
values of SWR appear in fig. 15. Many dummy loads 
don't match this well. I t  is perhaps an apt compari- 
son, unfortunately; the bad news is in fig. 16. This 
plot shows the equivalent loss as a function of fre- 
quency. A t  the edges of the 80-meter band, about 
2.5 dB of transmitter output is turned to heat in the 
100-ohm resistor. If your kilowatt power amplifier has 
65 per cent efficiency, almost 285 watts must be dis- 
sipated at 3.5 or 4 MHz, leaving only 365 watts to be 
radiated. 

These calculations are still based on the original 
dipole equivalent circuit with the 5:l SWR at each 
band edge. The amount of loss in the resistor is 
reduced if the antennas fed by the hybrid are wide in 
bandwidth. 

Baluns are almost mandatory for this antenna con- 
figuration. The cables in the phasing line and the 

hybrid will cause undesirable resonames to  affect 
the impedances of the two dipoles if currents are 
allowed to flow on the cable sheaths. Whether a 
balun is used or not, the connections at the feed- 
points must be insulated from each other. If no balun 
is used, this means the two shields of the coaxial 
cables at the feedpoints cannot be allowed to make 
contact, since these points are not at zero potential 
with respect to each other. 

If a solid-state transmitter is in use and a trans- 
match is considered undesirable, an antenna of this 
type might be a good compromise. The power lost in 
the balancing resistor in the hybrid might be less than 
you would lose when the automatic drive reduction 
circuit is activated by another antenna with a poorer 
match. 

conventional turnstile 
An obvious question occurs immediately. Why not 

remove the 100-ohm resistor? This would transform 
the antenna into a conventional turnstile antenna. 
The Smith chart in fig. 17 shows what happens 

fig. 17, Impedance calculated for a conventional turnstile 
antenna (no 100-ohm balancing resistor), normalized to 50 
ohms. 
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when this is done. The corresponding SWR curves 
are shown in fig. 18. The results are not that impres- 
sive, but are included here to satisfy possible curiosi- 
ties. If the necessary space for all of the wire is avail- 
able, a better choice would be the parallel antenna. 
This would eliminate ail of the coaxial transformers 
and provide an increase in bandwidth. 

coaxial trap antenna 
When the wondrous ciaims about the "double 

bazooka" antenna came forth, it was hard to resist 
trying one. Even if only 10 per cent of the claims were 
true, it still had to be amazing. After the disillusion- 

FREOUENCY- MHz 

fig. 18. Calculated and measured SWR of the conventional 
turnstile antenna. 

ment,5 those strange lengths of RG-581U cable cried 
for use in an antenna. The resulting design is sketched 
in fig. 19. 

The shorted quarter-wavelength sections of coax 
look like parallel resonant traps that decouple the 
short end-sections at the high end of the band and 
make the antenna think it is shorter. At the lower end 
of the band, the shorted pieces of coax look induc- 
tive, slightly loading the antenna and allowing the 
antenna to be somewhat shorter physically than 
would otherwise be required. The larger diameter of 
the coaxial traps also contributes to the increased 
bandwidth. 

The synthesis of a mathematical model for this 
antenna was not attempted. However, both full-size 
and scale models of the design were built. The full- 
size antenna used RG-581U and the scale model used 
RG-174/U, a miniature 50-ohm coax. The scaling of 
the conductor diameters is not in proportion to the 
frequency ratio, which certainly results in some 
errors. 

A Boonton model 250-A RX meter was used 

OPEN 

fig. 19. Diagram of the 
coaxial trap antenna. The 
traps resonate at approx- 
imately 3800 kHz. 

1 
TO i ) !G  

through a known length of 50-ohm cable to measure 
the impedance of the scale model. The scaled down 
frequencies and impedances are plotted in fig. 20. 
The equivalent SWR curve is shown in fig. 21. Notice 
that the shape of both plots is similar to those of the 
previously mentioned parallel antenna, although the 
overall match is not as good. This antenna is worth 
consideration when the necessary acreage is not 
available for two full-size dipoles. 

Tuning the coaxial trap antenna can be difficult. 
The first thing to do is to grid-dip the traps as shorted 
half-wavelength sections at about 7.6 MHz. A noise 
bridge could be used to look for a zero impedance at 
this frequency instead. When this is done, the traps 
will be quarter-wavelength at about 3.8 MHz. If a 
noise bridge or grid-dipper is not available, cutting to 
the specified length shown may be close enough. 

If the coaxial cable used for the traps has foam- 
polyethylene insulation, the traps must be length- 
ened to approximately 15.85 meters (52 feet) and the 
inner wires shortened to about 1.4 meters (4 feet, 7 
inches). For Teflon-insulated cables, the appropriate 
dimensions are 13.75 meters (45 feet, 1 inch) and 3.5 
meters (1 1 feet, 6 inches). 

fig. 20. Measured impedance of the scale model of the coax- 
ial trap antenna normalized to 50 ohms. Frequencies are 
scaled down to 80-meter equivalents. 
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fig. 21. Measured SWR of the scale model coaxial trap antenna. 

Once the coaxial traps are cut, connect the wires 
to them that go from the shorted end of the traps to 
the feedpoint. Leave these pieces of wire about 30 
cm (1 foot) longer than indicated to allow for trim- 
ming. Hoist the antenna into position without the 
end wire stubs connected. Adjust the length of the 
inner wire sections to obtain resonance around 3800 
kHz. Then connect the end stubs to the center con- 
ductor at the open-circuited end of the coaxial traps. 
Trim their length to optimize the match at the low 
end of the band. 

It may be necessary to go back and make minor 
adjustments to the lengths of the wires at both ends 
of the coaxial traps to center the SWR curve as 
desired. Remember to keep the lengths of all sec- 
tions the same on both sides of the antenna. I t  is 
quite possible that your dimensions may come out 
quite different from those shown, due to effects from 
the surroundings. 

comments please 
I hope that some of the ideas presented here have 

been thought provoking. I would be interested in 
hearing of any productive modifications to  the 
designs presented in this article. Comments on both 
successes and failures in working with these anten- 
nas are also welcome. 
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matching complex antenna loads 
to coaxial 

transmission lines 

A simple method 
for determining 

the correct length 
and stub position 

when stub-matching 
antenna systems 

Matching problems in vhf coax systems can be a 
stumbling block for the Amateur interested in 
advanced or large-scale antenna arrays. Commercial 
antennas match closely to a %-ohm system and pro- 
vide little challenge. When several antennas are 
stacked, however, the matching or feed system 
becomes more complex. If the antenna is homebrew, 
even one antenna can cause matching problems by 
providing other than a %-ohm nonreactive load. 

There are two simple methods of matching a 50- 
ohm system to a load of another impedance: the 
quarter-wavelength transformer section and the 
matching stub. Each method has its good and bad 
points; each is perfect for some applications and 
much less than perfect for others. 

The quarter-wavelength transformer section is well 
described; it is simply a quarter-wavelength section 
of coaxial cable used between the load and the rest 
of the feedline. The Zo, or characteristic impedance, 
of this section is an interim value between the load 
and the feedline impedances. I t  is this impedance 
value and the quarter wavelength that are critical to 
proper transformer function. Since the formula for 
transformer section Zo requires the desired impe- 
dance at both ends of the section, these values must 
be known. 

The stubbing method involves a physically short, 
open-circuited section of coaxial cable connected in- 
to  the feed line with a T connector (see fig. 1). The 

By J im Pruitt, WB7AUL. 8505 N.W. 91st 
Street, Oklahoma City, Oklahoma 73132 
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positioning piece places the stub at a point on the 
line where the resistive component of the impedance 
is equal to Zo and the reactive component is induc- 
tive. The stub itself is simply a capacitor which is ad- 
justed to cancel the inductance. This makes the stub 
attachment point appear to be resistive and equal to 
ZO; in effect, it becomes a perfect load. To use a stub 
assembly you must know the following: 

1. VSWR of the unstubbed system (measured at the 
antenna) 

2. Wavelength in the line 

3. Actual position of the standing wave voltage mini- 
mum point nearest the load 

which system? 
The strong points of the systems dictate their best 

uses. When the load impedance is unknown (and 

Basic stubbing assembly. The load attaches to the connec- 
tor at the right. The shears are used to trim the stub for the 
lowest reflected power. 

probably complex), the stub is the easiest choice. 
When paralleling antennas of known impedance, the 
quarter-wavelength section is perfect for the impe- 
dance conversion, since the impedance values for 
both the antenna and transmission line are known. If 
multiple homebrew antennas are used, of course, 
each antenna is stubbed to 50-ohms and paralleled 
with quarter-wavelength sections. 

In general terms, however, unknown complex 
impedances can easily be reduced to a purely 
resistive load which is equal to the feedline Zo with a 
stub, while transformations from one known impe- 
dance to another are more easily done with trans- 
former sections because the construction is easier. 

stub system 
When using a stub matching system, I use a capa- 

citive stub because the end of the stub is left electri- 

ANTENNA 

(COMPLEX LOADj 

TRANSMITTER 

POSlTlONlNG 

I COAX- T \ 

G E E D  L I N E  I 
I 

OPEN ENDED 
COAX STUB CONNEC TlON 

STU8,FEEDLINE AND POSITIDNING PIECE ARE MADE 
OF THE SAME COAX. 

fig. 1. Diagram of a stub-matching system to match the 
complex load present by the antenna and the fixed output 
impedance of the transmitter. In this example, the feedline, 
positioning piece, and stub are made from the same coax. 

cally open. This allows easy adjustment of length and 
permits the whole feed system to  be checked occa- 
sionally with a leakage meter to check dielectric 
condition. 

The stub is installed in the inductive region of the 
feedline at a point within 90 degrees toward the 
generator from the voltage minimum nearest the load 
(see fig. 2). The distance from the load to the first 
voltage minimum point is part A of the positioning 
piece length and should be found by direct measure- 
ment. A slotted line may be used if its velocity cons- 
tant is identical to that of the cable in use. Details of 
its use may be found in reference 1. 

If an appropriate slotted line can't be found, a 
simple fluted line may be constructed from a 60-cm 
(2-foot) length of coaxial cable. The cable is marked 
every 2.5 cm (1 inch). A small (I-cm, or 318-inch) 

VOLTAGE STANDING WAVE PATTERN 

ANTENNA 

REGION 
LOAD 

STUB POSITION Ar PART-B mlNT 1 DISTANCE FROM LOAD 
TO FIRST E M I N  (PART A I 

I 
k 

POSITIONING PIECE LENGTH 

I 

fig. 2. The stub is located 90 degrees toward the generator 
from the first voltage minimum. This places the stub within 
the inductive region, allowing an open stub to be used. 
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CLAMP ASSEMBLY 

r SILVER SOLDER 

SEE 

5MM 11/161NCHI 30MM ( I / 8  INCHI 27 

L- 63 5MM12-//21NCH)-~ 9 5MM iTYIjMR 4 1/4 

3 6 l b ~  I, 
SCDE W 

@ PROBE PSSEMBLY 

+ / AREA / CONNECTOR 
SMMll -3 /4INCHi 1 

iNO. 10 WIRE 
I / 

HF PROBE DETECTOR CA-1368 

fig. 3. Detailed diagram of a detector assembly which can 
be used with a homemade fluted line (A).  The clamp assem- 
bly slides over the probe assembly and is secured with a 
thumb screw in the clamp area. The schematic diagram 
shown in (B) is suitable for use with the probe. This detector 
has the capability, by use of the attenuator, of determining 
the VSWR on the line. If other means of measuring VSWR are 
available, the attenuator can be deleted. The tuned-circuit 
can be changed to measure the desired frequency, acting as 
a simple rf voltmeter. 

area around each mark is stripped of outer insulation 
and the braid is quickly tinned with a large soldering 
gun. Using a drill press and V block, drill a small hole 
through the tinned shield and inner insulation to 
expose the inner conductor as shown in the photo- 
graph. A suitable detector probe is shown in fig. 3. 

This arrangement allows rf voltage measurements 
along the line every 2.5 cm (1 inch). By using interpo- 
lation the voltage minimum can be located quite ac- 
curately between holes. 

When part A of the positioning piece length has 
been determined, part B is calculated with 

To convert 6' in electrical degrees into part B in em, 
first measure the distance between the voltage mini- 
mum points on your fluted line. Multiply this figure 
by two to find the line wavelength. Then 

part B (cm) = e x lzne uavelength fin c n )  (2) 
360 

If you're working with inch dimensions, simply 
substitute those dimensions at the appropriate places 
in the above formula. 

Line wavelength can also be calculated from 

29980 up 
Line wavelength = (cm) = 

~ M H ~  

11803 vp 
(inches) 

~ M H ~  

where 
up = velocity factor of the line 

(0.686 is typical for coax with 
polyethylene dielectric) 

fMHz = operating frequency 
part B = the distance from the voltage 

minimum to the stub location 
VSWR = the standing wave ratio of the 

unstubbed system measured 
at the antenna 

6' = part B expressed in electrical 
degrees 

Line = wavelength measured on the 
wavelength fluted line in cm (or inches) or 

computed. 

The total length of the positioning piece is part A 
(the measured part) plus part B (the computed part). 
A section of feedline cut to that length (including 
connectors) is connected as shown in fig. 4 with a 
variable capacitor substituted for the stub. 

As the capacitor is adjusted, the reverse power in- 
dicated on a VSWR meter will dip to a minimum. If 
the positioning piece is the correct length, the mini- 
mum will be zero. If you don't obtain a zero reading, 
loosen the connector on the stub end of the position- 
ing piece as shown in fig. 4 to slightly lengthen the 
piece (don't take it off). If the reflected power dimin- 

6'(electrical degrees) = T a n-  1 
1 (1 1 

,iVSWRVSWR 
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ishes as the connector is loosened, the positioning 
piece is too short and should be lengthened in 1-cm 
(318-inch) increments until a minimum is obtained 
(representing a VSWR of 1.1 or less). If loosening the 
connector increases the reflected power, the piece is 
too long and should be shortened in I -cm (318-inch) 
increments. 

When the positioning piece is the correct length, 
the minimum reflected power should be noted and 
3n open-circuited coaxial stub with a connector on 
~ n i y  one end should be substituted for the capacitor 

ANTENNA 

WATT METER 
POSITIONING 

(REVERSE POWER P I E C E - ,  

'RANSMIT TER 

I 

LOOSEN THIS CONNECTOR 

f TO CHECK POSlTlONlNG 
CAPACITOR BOX PIECE LENGTH (SEE TEXT) 
VARIAELE 0-150pF 

CONNECTED TO STUB 

CONNECTOR 

(TUNE FOR MINIMUM 

REFLECTED POWER1 

'ig. 4. After the exact length of the positioning piece has 
>een determined, a capacitor box can be substituted for the 
:oaxial stub. Varying the capacitor should reduce the re- 
terse power to a very small value. If not, the length of the 
)ositioning piece will have to be adjusted until the reverse 
)ewer is negligible. Once the value of the capacitor has 
)een determined, the equations in the text can be used to 
ind the physical length of the coax. 

)ox. The stub length in electrical degrees is deter- 
nined with the following formula 

vhere 

4 = electrical length of the stub in degrees 

-his is converted to stub length in cm by this 
ormula: 

stub length = $(line wavelength, cm) 
360 

The stub should be cut at least 2.5 cm (1 inch) too 
3ng. After it is in place use garden pruning shears to 
ut off first 1 cm sections, then smaller ones as the 
eflected power approaches the previously noted 
ninimum; try not to cut off one section too many! 

When the stub is properly installed and pruned, 
our antenna will show a virtually perfect 50-ohm 
lad to the feed system and the VSWR on the feed- 
ne will be nearly 1 : 1. 

Sample section of a homemade fluted line. 

quarter-wavelength matching system 
When using a quarter-wavelength transformer 

section there are only two computations to make. 
First the quarter-wavelength length is found either by 
direct measurement with a fluted or slotted line sec- 
tion or by the following formula 

transformer section length = 

29980 v 11803 v 2 (em) = 2 (inches) 
4 f ~ ~ z  ~ ~ M H Z  

Next, the characteristic impedance of the trans- 
former section is determined from 

where 

ZO = impedance of the matching section 
Zs = impedance at one end of section 
Zr = impedance at the other end of the 
section 

A section of the appropriate cable is then chosen, 
cut to the computed length, equipped with connec- 
tors, and installed in the system (see fig. 5). 

The real problem with this method is finding the 
appropriate impedance cable, of course. Referring to 
the example, how far would you have to look to find 
commercial 61-ohm cable? The problem can be alle- 
viated if the system is designed so the required char- 
acteristic impedance is near commercially available 

ANTENNA 
( 7 5  OHMS) 

EXAMPLE OF A/4 TRANSFORMER 23 
TRANSMITTER 

5 0  OHMS 75  OHMS 

)) 
(( 

5 0  OHM 75  OHM 
COAX COAX 

k0' 61 24 OHMS 

fig. 5. Example of a quarter-wavelength matching trans- 
former. To match between 50 and 75 ohms requires a coax- 
ial section with a characteristic impedance of 61.24 ohms. 
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iomplete fluted line detector showing the probe and detector. 

values, but this isn't always possible. You can also 
construct the cable yourself in rigid form, or forget it. 

quarter-wavelength sections 
as power dividers 

If careful attention is paid to the values of impe- 
dance available for conversion at different points in a 
proposed antenna system, some natural combina- 
tions can be found. One example is the parallel com- 
bination of 50-ohm antennas with 75-ohm matching 
sections as shown in fig. 6. 

In this example 50-ohm loads are connected to 71- 
ohm matching sections which transform the impe- 
dance to 100 ohms. The feedline then sees two 100- 
ohm loads in parallel, or a total load impedance of 50 
ohms. In addition, since the input points to the 100- 

/ 5 0  OHM 
ANTENNAS ic, 'n 71 OHM SECTION 

71 OHM SECTION TRANSMITTER 
/ 

5 0  OHM 

/ LINE SECTIONS 

L 5 0  OHM 
FEED LINE 

71 OHM 

71 OHM 

fig. 6. As seen in this diagram, four antennas can be 
matched to the transmitter by using quarter-wavelength 
sections of 70-ohm coax. Each antenna's impedance is 
transformed to 100 ohms and combined with another anten- 
na to get back to 50 ohms. 

ohm section are equal, the current (and power) will 
split evenly between the antennas. 

Further, loads with the same impedance can be 
fed with different power levels by using different 
cable values in the sections (although this brings 
back the probiem of noncommercial impedance 
values). In this case the desired power levels are con- 
verted to currents. The input impedances to the 
transformer sections are then selected to obtain the 
desired currents as shown in fig. 7. 

phasing 
Another factor to remember when operating multi- 

ple antennas is phasing, or timing the arrival of rf 
energy at each antenna. Generally, if the antennas 

I f z ~ ~ ~ ~ ~ i 5 P  OHMS 
AT THIS 

fig. 7. By selecting the impedance of the matching sections, 
an unequal power division can be obtained. This procedure 
is useful when trying to create a particular radiation pattern 
from a group of antennas. 

are simply stacked together, you want them to oper- 
ate in phase; all feedlines from the antennas to the 
matching transformers must be equal length. 

If the antennas are not to be in phase, the appro- 
priate delays can be easily obtained by adding addi- 
tional cable in the indicated antenna feedlines. Add- 
ed cable length increases the phase delay; the 
amount of delay can be computed from 

degrees of delay per c m  of cable = 

360 
line wavelength, c m  

Stubbing and matching sections are not really the 
bugaboo that they may seem. A good stubbing job 
can be done easily in an hour; a matching trans- 
former takes less time. The frequency changes over 
the two-meter band, for example, have negligible 
effect. These matching tricks can be a big help in 
making efficient, custom-tailored Amateur arrays. 

reference 
1. Robert S. Stein, WGNBI, "How to Use the Slotted Line for Transmission- 
Line Measurements," ham radio, May, 1977, page 58. 
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multiband antenna system 
2-1958) for his multibanding method. Here are some I claims and rebuttals for his version: 

A different approach 1 1. A beam element that was seif-resonated near 21 

I to t riband-beam design 

results in performance 
comparable to that of 

MHz was made to resonate near 14 MHz by inserting 
a loading ccil or twin Scorn hairpin !oop in the middle 
of the element. 

Fact. The coil actually used had only about half the 
inductance a coil would need to act as claimed. 

2. An "automatic-switching stub" in the form of a 

large, single-band, I piece of open-ended twin lead or coaxial cable was 
connected in parallel with the loading coil. The stub 

multielement Yagis I 
was to act as an electrical short when the antenna 
was used near 21 MHz. This was because the stub 
alone resonated at this frequency, electrically elimi- 
iiatiiig the  tiiiiing effect of :he I~ad lng ccl! at 21 MHz. 

Until the early 1950s, a person interested in serious 
DX had to resort to stacked Yagis, fittingly called a 
Christmas tree, when faced with the limitation of a 
single rotor and mast. For most of us, however, it is 
difficult enough to build and tune a single Yagi beam, 
much less three stacked beams. During the record 
sunspot peak of 1956-58, several Amateurs tried to 
solve the multiband antenna problem, resulting in a 
number of new beams, especially mini types. 

Most people are familiar with the W3DZZ trap 
antenna either as a dipole, ground plane, or Yagi tri- 
bander. The disadvantages and difficulties of this 
antenna, compared with a single-band, full-size Yagi, 
are that at 14 and 21 MHz the element is less than full 
size, causing reduced gain and bandwidth (both 
SWR and F/B ratio bandwidth). It is a major problem 
to seal the traps (tuned circuits) so that moisture and 
the polluted atmosphere do not cause corrosion at 
element, coil, and capacitor contacts, especially if 
dissimilar metals are used. In addition, a compromise 
between trap Q and bandwidth had to be chosen. 
For a triband element, four traps are required per ele- 
ment, with the contact resistance in the traps caus- 
ing losses. This form of the triband Yagi is now the 
most widely used Amateur DX antenna, and it is 
manufactured in several countries. 

G4ZU tribanding 
Sdbstantial initial interest, except in the U.S., 

earned G4ZU British patent number 790,576 (12- 

This article first appeared in Amateur Radio, the journal of The 
Wireless Institute of Australia, in April, 1978. 

Fact. An open quarter-wavelength stub acts, under 
matched conditions, like a near short, but G4ZU had 
a different case and insisted that the stub cable had 
to have a very special "velocity factor" ( i e . ,  capaci- 
tance per unit of length). It appeared to me that the 
cable capacitance, in conjunction with the parallel 
inductor, performed the two-band tuning - and not 
the stub, as claimed. 

3. The 28-MHz tuning was not explained by G4ZU. In 
private correspondence, the inventor stated that the 
coil-to-mounting-channel capacitance did the trick 
together with a part of the stub. 

Fact. By placing the stub cable inside the element or 
double-boom tubing, the resultant coupling of dis- 
tributed L and C caused the 28-MHz resonance to 
occur, along with others. 

The experiments which demonstrate these facts 
can easily be repeated. Startwith a dipole resonating at 

A dipole can be tuned to a lower frequency by in- 
serting a loading inductance, L. 

By Hans F. Ruckert, VKZAOU, 25 Berrille 
Road, Beverly Hills, 2209 Australia 
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Or, to a higher frequency with a capacitance, C. 

By looking at the distributed L and C components, 
the antenna can be reduced to a parallel-tuned 
circuit, 

with the dipole itself acting as a series-tuned circuit, 

resulting in the combination looking like two reso- 
nant circuits. 

The paralleled parallel-(Lp+ Cp) and series-tuned 
circuits (L, + L,) form the "multiband tank" used in 
transmitters t o  cover 3.5 to  30 MHz without coil swit- 
ching. There are always two resonances occur- 
ring at the same time, 3.5 to 8 MHz (Lp and Cp) and 7 
to 30 MHz (L, and C,), depending on the values of Cp 
and C, 

CABLE C p  p 
By replacing the series-tuned circuit (L, and C,) 

with the dipole half-elements, and the cable capaci- 
tance by a lumped capacitor of the same value, you 
obtain (in either case) a two-band element (for exam- 
ple 14 and 21 MHz, 21 and 28 MHz, or even 70 and 
180 MHz). The cable (stub) resonance and the velo- 
city factor of the cable used are of no consequence 
- only the cable capacitance matters. Lp may be a 
coil, a hairpin loop, or a double boom with shorten- 
ing bar. Bringing the cable (Cp) near the element 
creates more resonances, due to the distributed L. 

This form was too difficult t o  tune, and unwanted 
resonances occurred as well. 

After understanding what made the G4ZU beam 
work on three bands, I looked for a three-frequency 
circuit that was tunable (and controllable) and could 
be converted into a triband antenna element. To  
obtain resonance on three different frequencies 
(14.15, 21.25, and 28.6 MHz) at the same time with- 
out switching inductors or changing capacitors, you 
need three inductors and three capacitors arranged 
as follows: 

These two circuit versions fulfill this requirement. 
By adjusting the three L and C values, the three 
simultaneous resonances can be moved over a wide 
range. 

As previously described, one series-tuned circuit 
can again be replaced by a dipole to  obtain a triband 
element. In A above, you then have two differently 
tuned, parallel-tuned circuits in series; in B, a series 
and a differently tuned parallel-circuit in parallel in 
the middle of the element. This "triband element" 
may be any Yagi-type radiator, director, or reflector, 
the groundplane radiator, or a cubical quad element. 
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antenna's development, later extending the 14-MHz 
elements to full size to be competitive with other full- 
size Yagis. On 21 MHz, the element is 0.75 wave- 
length and on 28 MHz a full wavelength long (colline- 
ar), resulting in excellent gain and bandwidth on the 
15- and 10-meter bands. The front-to-back ratio, and 
30 the reflector gain and bandwidth, were improved 
by feeding the reflector via a crossed-phasing line. 
This resulted in more concentrated radiation in the 
vertical plane. Mechanically, the reflector to driven 
element and driven eiement to director spacing is 
only 2 meters (6 feet), producing a short beam. For 
strength, a twin boom (25 x 3 mm [ I  x 118 inch] Al- 

Close-up view of the center element showing the hairpin Mg-Si corrosion-resisting tubing) is used. All clamps 
loops and interconnecting straps. Note that a double boom are cast from an aluminum alloy. Only stainless-steel 
is used in this antenna. screws, bolts, and nuts are used, to avoid electrolysis 

and corrosion at contacts between dissimilar metals. 

The dipole may have any length, from one quarter feed system 
wavelength ta a fu!! wave!ength, The resnnan? cir- Feeding with a single coaxial cable presented a 
cuits are not tuned to the antenna operating frequen- 
cies, and should not be confused with dipole traps 
(W3DZZ type). 

Since 1960, the A version has been built in Yagi, 
groundplane, and quad form by Amateurs in several 
countries. I've described these antennas in VK, ZL, 
DL and W-land Amateur literature. Other Amateurs 
(JA, ZS, DM, OK) have also described their experi- 
ences with this system. Unfortunately, antenna man- 
ufacturers showed no interest. This is a true triband- 
antenna element, where the full element is used on 
all three frequency bands, unlike the unused dipole 
ends of the W3DZZ system. 

D J2UT version 

number of problems because of the large impedance 
and phase changes, especially at 21 MHz, A T-match 
connected to both the driven element and reflector 
finally gave the desired, and easy to control, results. 
The 28-MHz match is improved by selecting a suit- 
able L/C ratio for the tuned circuits. By placing prox- 
imity, or matching elements, for 21 MHz and 28 MHz 
in front of and near the driven element, the impe- 
dance at the T-match is also suitable for 21- and 28- 
MHz operation. At 21 MHz, the resonant frequencies 
of the 21-MHz match element and the radiator are 
above and below 21.25 MHz respectively, much like 
a band filter. At 28 MHz, the match element also acts 
like an additional director. 

DJ2UT was particularly successful in using this tri- 
band-tuning system, and he asked the writer for per- The centers of the long elements and the 21-MHz 
mission to produce this antenna and to call it the match element have a polycarbonate center that 
VK2AOU beam (see fig. 1). He had continued the seals and holds the coaxial cable capacitors (about 75 

director 

28-MHz match element 

21-MHz match element 

radiator 

reflector 

radiator T-match 

reflector T-match 

radiator to 21-MHz match 
element spacing 

28-MHz match element to 
21-MHz match element 

8.6 meters 

4.9 meters 

6.7 meters 

10 meters 

10.6 meters 

each side 1 meter long 

each side 1.4 meters long 

0.4 meters 

1 1 1 1 DlRECTOR-/0,,5, 2 0  METERS 

MATCH ELEMENT- I0 METER 

MATCH ELEMENT-I5 METER 

PiMHz 

RADIATOR-10, 15. PO METERS 

T - " 

T MATCH 

M - 60 OHM FEEDER -COAX COll 

spacing 0.4 meters I 
REFLECTOR- 10,15. POMETERS 

1 

director to radiator 
to reflector spacing 2 meters each 

fig. 1. Physical layout of the VKZAOU multiband beam as manufactured by DJZUT. The capacitors are formed by short lengths 
of coax inserted in the center of the element, while the inductances are small hairpin loops. 
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fig. 2. Performance characteristics of the VK2AOU beam. 
The test dipole was located at the same height, though ten 
wavelengths distant. 

and 100 pF), the stubs for the hairpin loops, and the 
pieces of 30 x 2 mm element tubing. Two-part 
clamps and three bolts hold each of the five elements 
to the boom, and also the boom to the mast-mount- 
ing bracket. An insulated wire and clamp for the 
mast extension are used to support the boom and 
avoid sagging. The weight with the original tubing 
amounts to 23 kg (50 pounds). The turning radius is 
5.8 meters (19 feet) and the antenna area is 0.65 
square meters (7 square feet). 

The antenna can handle a continuous rf power of 
2.5 kW. The tuning elements are not at high rf volt- 
age points as in trap beams. Galvanized copper sol- 
der lugs are used to attach the RG8U coax. The use 
of the popular 1: 1 ferrite balun is not recommended 
for obtaining symmetrical feeding of the beam halves 
because it was discovered that the same degree of 
coupling was achieved without this core. DJ2UT rec- 
ommends using 3.5 meters (11.5 feet) of coaxial 
cable in the form of a closely wound, six-turn cylin- 
drical coil near the beam feed point to achieve a bai- 
anced feed. 

The complete triband beam prior to installation. 
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performance 
When compared with a W3DZZ-type triband beam 

on a 7-8 meter boom, this antenna exhibits a superior 
forward gain and reflector bandwidth (see fig. 2). On 
20 meters, the performance is better than that of a 
two-element quad or three-element, full-size Yagi. 
On 15 meters, due to the extended elements, per- 
formance is similar to that of a four-element, full-size 
Yagi. On 10 meters the performance is due to  the col- 
linear (double length) elements and the 10-meter 
match element, and is comparable to the perform- 
ance of a five- or six-element Yagi. 

The VSWR curves are shown as a band because 
nearby objects cause a change depending upon 
proximity. 
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homebrew 
2-meter 

mobile antenna 

There's no doubt that the Citizen-Band boom is 
here. There are millions of CBers and millions more 
CB radios and accessories. Hams, always ready to 
make something out of nothing, are discovering 
many ways to use CB components for Amateur- 
Radio use. This article is about another use: a 2- 
meter, %-wavelength, mobile gutter-clip antenna 
made from CB antenna parts. Although I designed it 
for 2 meters, the same techniques could be used for 
any vhf or uhf band by making appropriate changes 
in antenna length for the desired frequency. 

Starting at the base and working up, the parts 
used are these: a gutter-clip antenna mount (original- 
ly intended for use with a center-loaded CB anten- 
na); a spring with an M6 (%-20) threaded female 
base and a top that takes a whip (this is a part from a 
base-loaded CB antenna); and, finally, the whip 
itself, which is stainless steel. The whip can be a CB 
or Amateur Radio part. 

construction 
Here's how it all goes together. The gutter-clip 

mount that I found had RG-58/U coax and a PL-259 
connector attached. If the clamp you find doesn't in- 
clude the cable you'll have to make one. Obtain a 3- 
meter (10-foot) length of RG-58lU coax and solder a 
PL-259 connector (or the connector to fit your radio) 
to one end. 

The other end of the coax goes to the antenna. 
Solder the coax center conductor to a solder lug 
large enough for a 6.4-mm (0.25-inch) bolt. Even if 
your clamp has coax with it, you may have to replace 
the solder lug with one that will fit. If you solder on a 
new lug, use heat-shrink tubing over the connection, 
part of the lug, and about 25 mm (1 inch) of the coax. 
This will help protect the connection and act as a 
cable strain relief. 

Connect the coax outer conductor to the metal 
clamp. This is a little tricky. Make the ground con- 
nection at the U-shaped holddown clamp. To do this 
and still have shielding from there to the antenna 
base, carefully cut away a 3-mm (0.125-inch) piece of 
the outer insulation all the way around at the point 
where the coax will be under the holddown clamp. 
Be careful not to cut the braid. Then wrap a 25-mm 
(1-inch) length of bare wire around the coax braid. 
This wrap will protrude past the outer insulation to 
provide good contact with the clamp and bracket 
when tightened down. 

You're now ready for the spring. The spring may 
have a 6.4-mm (0.25-inch) stud screwed into the bot- 

By Joel Sampson, WD8QIB, 3009 Calumet 
Street, Weber Road and Calumet, Columbus, 
0 hio 43202 
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tom; if so, remove the stud. To attach the spring to 
the clamp, use an M6 ( 5/4-20) by 25-mm (1-inch) round 
head bolt through the solder lug, an insulating wash- 
er, the clamp, an insulating washer, a lock washer, 
and the bottom of the spring in that order, bottom to 
top. Note that some of the gutter clamps have insu- 
lating washers smaller than 6.4 mm (0.25 inch); if so, 
drill them out before assembling. Tighten the bolt. 

radiating element 
You're now ready for the antenna whip. It can be 

almost any stiff wire, but stainless steel designed for 

Construction of the 2-meter, quarter-wavelength, mobile 
whip antenna. Parts were scrounged from CB supply stores 
and the author's junk box. The antenna is easy to unclip and 
remove when you leave your car unattended. 

this purpose looks good and won't rust. You may be 
able to find a broken piece large enough to work, or it 
can be purchased at any electronics store that sells 
CB or ham equipment. A CB whip for a bottom- 
loaded antenna can be used and should be long 
enough to make two 2-meter antenna whips. 

The whip goes into the top of the spring and is 
held in place with a setscrew (which may take a hex 
key wrench for adjustment). Position the whip in the 
opening as far as it will go, then back it out about 
12.7 mm (0.5 inch). In this way you can loosen the 
setscrew and make minor changes in whip length 
without having to cut the whip. Antenna length is 
measured from the top of the whip to the bottom of 
the lockwasher under the spring. How do you find 
the correct length? Use the following formula: 

length in mm = 
74970 

frequency in MHz 

length in inches = 2952 
frequency in  MHz 

For example, the middle of the 2-meter repeater band 
is 147 MHz: 

length in mm = 

2952 = 20 length in inches = --- 147 

operation 
After the antenna is cut to the correct length 

you're ready to try it out. Clamp it on to the gutter 
mount and feed the coax through a window. A vhf 
swr bridge can be used to adjust the whip length for 
the lowest reflected power. This shouldn't be neces- 
sary, however, if you calculated and measured accu- 
rately. 

In using the antenna, I found it to be very effective 
and convenient. Its performance is more than ade- 
quate for repeater use, and it's easy to unclip and slip 
through the car window when the car is parked, 
which is an excellent security feature. The antenna is 
small and weighs much less than the CB antenna for 
which the gutter clamp was intended, so you should 
have no problems with the clamp coming loose. 

My total cost came to around $4 for parts, which 
were purchased from a "junk box" at a local Olson 
electronics store. Antenna parts from damaged CB 
antennas or surplus parts should be available free or 
inexpensively from a CBer friend or a CB store. Even 
if the parts are purchased brand new, the cost is still 
considerably less than for most commercially made 
units. 
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sloping antenna array 
for 80-meter DX 

An array using wire elements 
that has given 

a good account of itself 
during the pileups - 
it's the W2LU sloper 

Anyone who has put in an evening trying to work 
DX on 80 meters will understand the frustration that 
results in a desire to develop a better antenna system 
for this band. With 80-meter DX you soon learn that 
the criteria by which a "better" antenna system is 
judged would weigh directivity nearly equal to gain: 
i.e., "You can't work 'em if you can't hear 'em." 
An  increasingly popular way of obtaining a reason- 
able amount of both has been with the sloping dipole 
system. The sloper, as must be expected, has both 
positive and negative aspects. 

the sloper antenna 
Probably the sloper's biggest drawback is that, to  

get good azimuth coverage, it's necessary to have 
at least two radiators directed 180 degrees apart, 
with three radiators at 120-degree intervals being 
preferable. This arrangement requires a good-sized 
piece of real estate, typically a 61 by 53 meter (200 
by 175 foot) lot for a full three-radiator system with 
reflectors. 

The second drawback is that a big tower is highly 
desirable. Although functional slopers have been 
erected with tower heights of only 15 meters (50 
feet), heights of 24 meters (80 feet) or more are pref- 
erable, with 31 -37 meters (100-120 feet) being ideal. 

On the positive side we have a number of points. 
Perhaps first is the sloper's excellent operating char- 
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acteristics. The complete system as outlined in this 
article demonstrates a front-to-back ratio of 20-25 dB 
on signal paths on the order of 3200 km (2000 miles) 
or more. The gain of the system is estimated to be 
between 2 and 5 dB over a dipole, depending on the 
direction relative to the radiator. 

2 70° 
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180' - 
00- 
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IM ' / 

/ 
120° \600 

90' 

fig. 1. Plan view of the experimental sloper antenna. Two 
sloping dipoles were used. One was pointed directly at a 
vertically polarized test signal; the second was pointed 180 
degrees away. 

The other major advantage of the system, once 
the cost of the real estate and tower have been dis- 
counted, is its basic simplicity and its cost and effort 
effectiveness. The radiators are ordinary dipoles, and 
the reflectors are either plain wire or inductively load- 
ed wires. Furthermore, the radiators, being dipoles, 
present approximately balanced feedpoints and don't 
require an extensive ground system for efficient op- 
eration. A system of radials tied in with a grounded 
tower would probably reduce ground reflection 
losses. 

By Eugene B. Fuller, W2LU, 1185 Wall Road, 
Webster, New York 14580 



experimental system 
While developing this system, I performed experi- 

ments to determine the ideal angular spacing be- 
tween the radiators and radial reflectors. The config- 
uration used for these experiments consisted of two 
dopers; one was pointed directly at a vertically polar- 
ized test signal source approximately 0.8 km (0.5 
mile away, and a second was pointed 180 degrees 
away. Two reflector wires were then placed radially, 
one to each side, so that the included angles be- 
tween the radiators and reflectors could be varied in 
a symmetrical fashion as shown in fig. 1. 

The tests were repeated several times and the re- 
sults appeared to be consistent. Table 1 indicates 
representative values. 

Several conclusions were drawn from these tests. 
First, by comparing signals from the two dipoles, I 
found that an included angle of 60 degrees between 
the reflectors and the further dipole represented the 
best front-to-back ratio - 20 dB. An angle much 
smaller than this resulted in degredation. An angle of 
60 degrees between the reflectors and the near di- 

table 1. Test results from experiments to determine ideal 
angular spacing between radiators and reflectors in the ex- 
perimental sloper antenna system. 

reflector position dipole 1 dipole2 f l b  gain 
(degrees) (dB) (dB) (dB) (dB) 

no reflectors 38 28 10 0 
60-300 43 32 11 5 
90-270 41 28 13 3 

120-240 41 21 20 3 
150-210 40 27 13 2 

pole resulted in a forward gain of about 5 dB over a 
dipole. Therefore a system of three dipoles and three 
reflectors optimized both front-to-back ratio and for- 
ward gain. A four-dipole, four-reflector system 
would probably perform satisfactorily; however it's 
doubtful whether the added complexity would pro- 
duce meaningful improvement in performance. On 
the other hand, dropping back to a two-dipole, two- 
reflector system would definitely result in degraded 
performance. 

A system was then installed using a three-dipole, 
three-reflector configuration with 60-degree spacing 
as shown in fig. 2. All reflectors were cut to 43 
meters (140 feet) and all dipoles were made resonant 
at 3.8 MHz. Although direct 180-degree, front-to- 
back checks were no longer possible, a large number 
of on-the-air checks confirmed the expected results. 

As a further refinement to the system, I decided to 
try adding additional parallel reflectors under each 
dipole as shown in fig. 3. In this installation the di- 
pole and radial reflectors are supported by a 30.5- 
meter (100-foot) tower. The added reflectors were 

30- 

DIPOLE 3 -, 
-- +----4 90- 

TOWER 

fig. 2. Sloper system using three dipoles and three reflectors 
with 60-degree azimuth spacing. 

hung from the 21-meter (70-foot) point on the tower, 
resulting in approximately 0.1-wavelength spacing 
from the dipole. Each reflector was 26 meters (85 
feet) long and resonated at 3.5 MHz, with about 30 
turns of B 8 W  3905-1 inductance. Obviously, higher 
towers would allow one to take greater advantage of 
this concept by making possible greater spacing and 
less inductive loading. Although I made no direct 
comparative measurements with and without these 
reflectors, it seemed that front-to-back ratio im- 
proved by about 5 dB, and the theory seemed valid. 

Tuning of the parallel reflectors was accomplished 
by grid dipping and noting the amount of rf energy in 
the element. With power fed to the radiator, I could 

fig. 3. Additional parallel reflectors were 
added under each dipole. Experimen- 
tal results indicated that front-to- 
back ratio improved by about 5 
dB. /' 
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LEGEND - 
-- CLASSIC 2 -ELEMENT ARRAY 

-OBSERVED SLOPER WITH REFLECTORS 

fig. 4. Beam pattern of the sloper using three radiators, 
three radially oriented reflectors, and three parallel reflec- 
tors. The data indicates response in the horizontal plane; 
that is, directivity, not gain. 

draw an arc with a pencil from the low end of the re- 
flector." I assumed that this arcing was greatest 
when the element was self-resonant. The element 
was then made to resonate about 10 per cent lower 
in frequency, or at 3.5 MHz. 

Thus the system was complete - using three ra- 
diators, three radial reflectors, and three parallel re- 
flectors. With the aid of a large number of compara- 
tive signal-strength readings - taken in the receive 
mode (using a Drake R-4A receiver) to eliminate the 
S-meter variable - a beam pattern was developed, 
as shown in fig. 4. Also shown in fig. 4 is the ideal 
pattern for a two-element vertical array using quar- 
ter wavelength spacing. I t  can be seen that the 
sloper pattern compares quite favorably in horizontal 
directivity. Remember that this data indicates a com- 
parison only in the horizontal plane, not vertical, and 
that it indicates directivity, not gain - gain being a 
function of directivity and efficiency. 

The system has been used for several years and 
has provided excellent, consistent, and reliable per- 
formance. It's been a great asset in digging DX out 
of the QRM and has always given an excellent ac- 
count of itself in the pileups. 

ham radio 

"Not a very good test from an engineering standpo~nt, but one used by 
hams for years. Use caution and make certain you are insulated from 
ground. Editor 
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antenna orm 
using 

celestial sources 

A simple procedure 
for measuring the 

receiving figure of merit 
of large 

vhf and uhf arrays 
using celestial bodies 

as noise sources 

High-performance vhf and uhf arrays for moon- 
bounce, meteor, and tropo scatter are proliferating in 
the Amateur Radio ranks. This article describes a 1 simple procedure for measuring the receiving figure 
of merit of large vhf and uhf arrays using radio stars, 
the moon, or the sun as a source. I developed the 
technique from the references and recently used it to 
measure the performance of the 25.6-meter (84-foot) 

1 moonbounce dish at KBNSS. 
The method derives the ratio of the antenna gain, 

I G, to  the receiving system noise temperature, T ,  or 
G / T .  G / T  is a measure of system receiving sensitivi- 
ty  and applies directly in link calculations and serves 
as a standard for performance comparison. Knowing 
G / T  and either the antenna gain (GI or the system 
noise temperature ( T ) ,  the unknown parameter can 
be derived. 

measurement procedure 
G / T  is measured from celestial sources by taking 

the ratio of the received signal* noise power to the 
noise power received from the cold sky. This ratio, 
called the Y factor, is compared with the known radi- 
ation flux density, S, of the source (table 1 )  toLdeter- 
mine the receiving system figure of merit, G / T  (eq. 
1 ) .  Units of G / T  are decibels per degree Kelvin, 
dBI0K. 

The advantages of this technique are simplicity 

"The s~gnal of these celestial sources has noise characteristics 

BY William H. Curry, Jr., W5CQ/W4RXY, 
11003 Blue Roan Road, Oakton, Virginia 22124 
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fig. 1. Solar flux density vs. frequency for July through December, 1978. 

and accuracy. The technique is elegant because it 
requires no knowledge of either antenna gain, G, or 
system noise temperature, T .  The critical measure- 
ment, Y, is calculated as a ratio so that measurement 
units and biases cancel. Finally, no special equip- 
ment beyond that for normal station operation is nec- 
essary. Only a suitable measure of receiver output 
power is required. This could be from the receiver S- 
meter, although better accuracy will result if a simple 
diode noise detector is used, as described in refer- 
ence 1. 

The qualifying minimum performance necessary to 
use this procedure is that the system must be able to 
detect sun noise, which is the strongest source. 
Measurement accuracy depends on the following 
factors: 

1. Source used. The flux density, S, of the sun 
varies randomly by a factor of two or more. There- 
fore measurements from the sun may not be accu- 
rate within 3 dB unless corrected for actual solar flux 
at the time of observation (see table 1 and fig. 1). If 
G/T is large enough to permit radio star measure- 
ments, accuracies to within 0.5 dB are attainable 

under favorable reception conditions. 

2. Atmospheric/ionospheric attenuation. 
Source attenuation varies inversely with frequency 
and elevation angle. Observations at 144 MHz near 
the horizon may not be accurate within 3 dB. Obser- 
vations of Cassiopeia A or Cygnus A at 1296 MHz, at 
elevation angles greater than 45 degrees, can be 
accurate to f 0.5 dB. The references contain addi- 
tional information for those interested in corrections 
to obtain the greatest possible accuracy. 

3. Number of measurements. Averaging a large 
number of observations, or applying linear regression 
analysis, will result in improved accuracy. 

4. System noise floor. The more sensitive the sys- 
tem, the bigger will be the difference between signal 
noise power and cold sky noise power; i. e.,  a larger Y 
factor. Reference 2 has an excellent chart of sky 
noise. I t  illustrates the relatively high noise character- 
istic of the galactic equator and the relatively low sky 
noise at the galactic poles. The more sensitive the 
system, the more attention must be paid to cold sky 
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X = wavelength (meters) 

S = source flux density f rom table 1 
(watts per square meter per Hertz) 

K = Boltzmann's constant 
= 1.38 x 10-23 joules per degree 

Kelvin 

Eq. 2 translates the source flux density, S, to  units 
of equivalent temperature, T.  It includes a factor 
(112) to  account for the unavoidable loss resulting 
from the interception of a randomly polarized signal 
by an antenna sensitive to a single polarization. The 
factor X2/4n accounts for the antenna gain relation- 
ship to wavelength (area factor). 

The Y factor used here differs from that described 
by K2LMG and W2YBP in reference 1, but  the princi- 
ple is the same. WABIQN, reference 3, describes a 
sun-noise measurement procedure using an estimate 
of antenna gain by use of horizontal and vertical 

A view showing the antenna feed supporting the radiating 
element (dipole) covered by a polyethylene bag a t  the focus. 
The Gregorian reflector, supported by the 5.5-meter (18- 
foot) fiberglass tripod, was not usable i n  the restoration. In- 
stead, the dipole feed was mounted on  a feed tower, 
clamped at  the base to  a rotator for polarization control. 
The coaxial feed tower was made f rom 7.6-cm (3-inch) diam- 
eter aluminum irrigation pipe w i t h  a 3.5-cm (1-3/8-inch) di- 
ameter copper water pipe as a center conductor. The focal 
length of the dish is 7.6 meters (25 feet). 

The K3NSS 25.6-meter (84-foot) parabolic reflector i n  the 
s tow position. A small group from the Southern Maryland 
Amateur Radio Club, including the author, restored the 
antenna t o  432-MHz moonbounce. A l l  rf systems, including 
the feedlines and feed antenna, were missing. The 432-MHz 
system was built and installed f rom individual and club 
assets. The restoration began in  the fall of 1976, and the first 
contact was completed w i t h  LXlDB in  April, 1977. 

temperature. For example, to take readings from the 
moon, which has a very weak S ,  care would have to 
be taken to ensure that the cold sky reading was 
from a low noise area. This isn't as important for sun 
measurements. The objective is to get large Y factor 
measurements. 

measurements 
The algebraic relationship of G / T  to  the Y factor 

and source intensity, I(s), is given by: 

where: 

Y =  signal noise power (source) 
cold sky noise power 

12s I(s) = - 
87rK 

(2) 
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beamwidths, Oh and 8v. The procedure described 
here will yield better accuracy. 

Eq. 1 is an algebraic ratio. The G / T  value is more 
useful in logarithmic (decibel) units. Therefore the 
following conversion applies to the G,/T ratio from 
eq. I :  

Remember that algebraic ratios usually result 
from, or are used in, equations with multiplication 
and/or division terms. Equations employing or yield- 
ing logarithmic values usually have addition and/or 
subtraction terms. Eq. 1 written for logarithms is: 

Typical G / T  values for Amateur arrays range be- 
tween - 10and + 15dB/OK. 

Those interested in the derivation and further 
explanation concerning radio astronomical measure- 
ments of antenna performance should consult refer- 
ences 4 through 8. Wait (reference 4) presents a clear 
derivation of eq. 1, and the remaining references 
contain extensive information dealing with every 
aspect of radio astronomy measurements. 

measurement techniques 
The ease and accuracy of measurements depend 

greatly on your ingenuity. The following observa- 
tions are submitted as food for thought: 

1. Receiver linearity. The receiver chain must be 
operated linearly over the dynamic range of the 
measurements. As a starter, the receiver agc must be 
defeated. 

2. Receiver bandwidth. The i-f should be operated 
at the widest possible bandwidth, since noise-power 
measurements are involved. 

Close-up of the feed dipole. The dipole is covered with a 
polyethylene bag to keep rain water out of the assembly. 
The feed tower is guyed by use of a slip-ring collar, visible as 
the bulge half-way down the feed-tower. Since this photo 
was taken, a reflecting element has been added to the feed 
dipole, giving a cardioid feed pattern. 

3. Measuring the Y factor. An accurate measure- 
ment technique is to note the cold sky power, then 
acquire the source; then, by use of a precision vari- 
able attenuator, reduce the source signal to equal the 
previous cold-sky reading. The required attenuation 
is the Y factor. Caution: remember to convert deci- 
bel readings to algebraic ratios and vice versa as 
applicable. 

table 1. Source flux density, S, as a function of frequency for selected celestial bodies. The data were derived from references 5 
through 7. Values are in watts per square meter per Hz x 10 23. 

Cassiopeia 
sun moon A 

frequency ( X  1 0 - 2 1 )  ( X  1 0 - 2 3 )  (X  1 0 - 2 3 )  Cygnus A Taurus A 
(MHz) note I note 2 note 3 ( X  1 0 - 2 3 )  ( X  1 0 - 2 3 )  

note 4 
432 280 0.08 5.55 

1296 525 0.80 2.05 

Notes, 1. The value for sun S varies randomly by a factor of two or more. The value listed is typical for a quiet sun. 

2. Calculated by the author from the relationship: S = ( 2 ~ T r n / X ~ )  Qm where Ilm = solid angle subtended by the moon viewed from earth. See 
reference 7. 

3. S decreases approximately 1 per cent per year. Value corrected by the author to 1978. See references 5 and 6. 

4. 144 MHz values extrapolated by the author. Expect large measurement variations because of atmospheric and ionospheric effects 

5. Daily solar radiation measurements are available from the Space Environmental Laboratory, 325 Broadway, Boulder, Colorado 80302. Data is 
available to remote computer terminals by contacting J. D. Schroede: at (303) 499-1000, extension 3780. 
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4. Power vs voltage measurements. Be sure to attenuation and source polarization assymetry 
measure the Y factor as a power ratio. Most meters (stellar sources). Those who strive for absolute preci- 
and chart recorders respond to voltage or current, sion may be interested in the more detailed discus- 
not to power. Squaring a voltage or current ratio sions on factors affecting measurement accuracy 
yields the corresponding power ratio. contained in references 4 through 6. 

5. Acquiring the source. Locating a source in the 
sky is a matter of determining its Greenwich hour I'd like to thank Ruth Phillips, K3AGR; Howard 
angle, GHA, and declination for the time of observa- Eich, W3HE; Jim Erickson, K3LFO; Dave Phillips, 
tion. Table 2 lists celestial coordinates (right ascen- W3JPM; and Willie Mank, W1ZX; all made major 

table 2. Location, advantages, and disadvantages o f  celestial sources for antenna-performance measurements. 

position (see note 1) 
r ight 

celestial ascension declination 
source thrs.-mins.) (degrees) 

Cassio~eia A 23-22 N 59 

Cygnus A 19-59 N 41 

Taurus A 5-33 N 22 

Sun see reference 10 

Moon see reference 10 

advantages 

Strong stellar source. Observable 
24 hrsiday north of 3 2 O  n latitude 

Observable over much of the 
earth for substantial period 
each day 

Visible for good portion of day 
over most of the earth 

Strongest source; Easy to locate 

Easy to locate 

disadvantages 

S decreasing about 1 per cent per 
year I Poor visibility in Southern 
Hemisphere 

Some polarization evident in 
very precise measurements 

Third strongest stellar source 

Large, random variations in intensity 

Very weak source 

Note 1. Right ascension and declination are coordinates on the celestial sphere. See references 9 and 10 to convert to antenna pointing 
coordinates for local time. 

sion and declination) for stellar sources. Reference 
(9) gives GHA and declination directly by hour for the 
sun and moon, as well as procedures for finding 
stellar GHA from right ascension. 

Polar antenna mounts are usually calibrated direct- 
ly in GHA (or the equivalent measure, LHA) and decli- 
nation, since these are used for the mounting axes. 
To use azimuthlelevation antenna mounts, conver- 
sion formulas, calculator, and computer programs 
are published in reference (10) and other sources. 

6. More information. The Eimac compendium, ref- 

contributions to the restoration of the K3NSS 25.6- 
meter (84-foot) parabolic reflector at Cheltenham, 
Maryland, to moonbounce operation, including the 
measure of performance from Cassiopeia A. That 
effort was the inspiration for this article. 
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tebook 

self-gating the 82S90/74S196 decade counter 

In many typical counter circuits, 
the clock input to the first decade 
coiifitei is lo~ical ly  c~mbinec! with the 
count gate prior t o  being applied to 
the counter. In some cases, the limit- 
ing frequency factor is then the exter- 
nal gate and not the first decade 
counter. Fig. 1 shows a method of 
using the internal circuitry of the 

fig. 1. Schematic diagram of a 
method for using the internal 
gating in the 82890/748196 
counter to eliminate any exter- 

In addition, the counters also ignore 
any inputs on the clock lines. By tying 
the load !her: t o  the output lines, the 
information is held, while it is proc- 
essed through to the readouts. A 
negative reset pulse will reset all flip- 
flops to zero, ready for the next count 
period. 

R. S. Naslund, W9LL 

stacked foi l  construction and the 
package design which allows very 
short lead lengths. Several values 
were checked for series resonance 
wi th 3 m m  leads; values for t w o  
popular ceramic values are included 
in the list below for comparison: 

Ceramic 0.02 pF 12.0 MHz 
Siemens 0.047 pF 10.0 MHz 
Siemens 0.068 pF 8.0 MHz 
Siemens 0.1 pF 6.5 MHz 
Ceramic 0.1 pF 6.3 MHz 
Siemens 0.47 pF 2.8 MHz 
Siemens 0.68 pF 2.6 MHz 

Stability of the Siemens capacitors, 
of. course, is not as good as poly- 
styrene or silver mica, but I find them 
very useful for timing circuits, active 
filters, and similar applications. 

Bi l l  Wildenhein, W8YFB 

cure for the 
- 

RESET O- 
R4C backlash 

4 8  

VCC ,NPUT 
Shortly after I received my new 

R4C, the dial started to develop a 
CLR OD 4 DB OB CKI backlash problem. A t  first glance, it 

appeared that the clearance between 
nal clock gates. By using the 8ZS90/74S196 

count gate to control the 
CountILoad line, the IC wi l l  
ignore any pulses on the clock 
line when the counters are 

COUNT GATE used as latches. 

82S90174S196 to perform the gating, 
thus allowing the IC to be used to its 
full 100-MHz capability without any 
degradation caused by  external 
gating. 

When the CountILoad line and the 
Rest line, pins 1 and 13 respectively, 
are high, the counter will operate in a 
normal clocked fashion. Since the 
count  gate is connected t o  the 
CountILoad line, the counter wil l 
continue to  function for the length of 
the gate. However, at the end of the 
counting time, the count gate goes 
low, shift ing the IC into a mode 
where the counters actually act as 
latches fed from the Data Input lines. 

metalized capacitors 
Where the need exists for a very 

small size, low cost, stable, close 
tolerance capacitor in the range of 
0.001 to  2.2 pF with good high- 
frequency characteristics, the 
Siemens M K M  and MKH types are a 
good choice. They can be obtained in 
either metalized polycarbonate or 
metalized polyester, with 5 per cent 
tolerance, rated at 100, 250, or 400 
volts. As an example of their com- 
pactness, the 0.47 pF, 100 vol t  
capacitor measures a 1 x 1 x 0.5 
cm. The feature that attracted me 
most was their very low parasitic in- 
ductance of 20 nH; this is due to the 

the nylon gears was not correct. 
However, upon closer examination I 
determined that the backlash was 
caused by a binding of the outer edge 
of the plastic concentric dial closest 
to the front panel. In order to get a 
better look at the problem, I removed 
the white metal bracket that has the 
pilot lamp socket attached to it. This 
bracket is attached to the front panel 
by a machine screw on each end. 

Each machine screw has a metal 
spacer between the bracket and 
panel. While removing the screw, 
hold the spacer with a long-nose plier 
or i t  will fall down into the bottom of 
the chassis necessitating the removal 
of the bot tom cover i n  order t o  
retrieve it. 

After removal of the bracket, you 
will notice two felt pads on each end 
of the plastic index plate attached to 
the front panel. Remove these two 
pads completely. These pads were 
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autek filter 
The Autek OF1 ssb lCW active 

filter has proven itself to  be a very 
useful device. Like any other "black 
box" in the typical ham shack, on- 
the-air use indicates certain modifica- 
tions would make it far more useful. 

Since the OF1 operates from the 
ac line, a low-drain indicator light 
would show when the power is on. 
This is easily accomplished with an 
LED mounted just above the NOTCH 
control on the front panel. A 15-Vdc 

added by Drake to prevent the con- 
P H O N E  / 

centric dial f rom rubbing on the fig, 2. ~ i a ~ ~ ~ m  of the SPEAKER 

lh POT 
O U T  

plastic index plate, which could warp modifications to the OF1 
PLUG 

with age. audio filter. The power- 

* ,  
15V SUPPLY 

Drake has since corrected the indicating LED is 

- / 
R E S I S T O R  

supply is available, with the appro- 
priate series resistor, you have a light, 
color of your choice. 

T h e  second modification allows 
ahe operator to switch the filter in 
or out of the circuit. Thus, the head- 
phonelspeaker can monitor either 
the filter or the direct output from the 
receiver. This is very easily accom- 
plished with a miniature double-pole, 
double-throw switch installed just to 
the left of the existing ac switch. An  

ed in a 5-mrn hole just 
problem on their later production above the NOTCH, To 

equalizing control was included to 
prevent overloading the Autek Ampli- 
fier. Thus, the phones will hear basic- 
ally the same level in or out of the 
filter. Since the pot requires very little 
adjustment, it was mounted on the 
rear, just below the three-lug strip. 
This three-lug strip is the tie point for 
the filter input, making modification 
very simple. 

Bill Long, K6EVQ 
Bob Landgrave. WA6WZQ 

,,AUDIO OUTPUT 

_ -  , 

improved stability for the 32s transmitter 

runs by relocating the index plate ~ I I O W  the operator t o  AUDIO 
BOARD from the inside of the panel to the switch the OF1 in and oc SUPPLY 

front of the panel. The felt pads have out of the circuit. a mini- , - 5 M M  
WHITE WIRE CISV SW LOCATION 

also been removed. ature double-pole, dou- 
ble-throw switch was in- NOTCH 24MM 

Bernard White' W3CVS stalled in the indicated 115/16"1 4 9  ~ M M  $1 15/16 ' ' )  

position. L E D  LOCATION MAIN BOARD 

While operating CW "split" with 
my Collins 32s-1175s-3 combination, 
I noticed a definite frequency shift on 
the transmitter signal. This occurred 
only on the first dash or couple of 
dots when using VOX CW keying, 
being most noticeable on 10 meters. 
When PTT was used, the drift was 
completely unnoticeable. 

M y  transmitter is a modified 32s-1 

which has been up-dated to an S-3.1 
A zener diode provides regulation for 
the B-plus supply t o  the HFO and 
PTO. The stock 32s-3 also regulates 
the voltage to these oscillators, but it 
is supplied by an OA2. Examination 
of the circuitrevealed that the voltage 
for the regulators is derived from the 
+275 volt input via a set of contacts 
on the VOX relay, K1 (see fig. 3).  This 

MODIFIED 3 2 s - 1  R 9 5  
C137 1 0 0  

TO S 9 A / L 2 3  

R137 NOT U S E D  
IN 3 2 5 - 1  

R137 
4 7 

R 9 4  

TO R 9 3  

fig. 3. By changing the 
V i 3  

CAL 

connection to R17, the 
oscillators are energized 2,4,7 ro ';2" 

at all times. This elimi- xC" " A " O  c x BREAK 

nates the frequency shift 32S-3 

caused by switching 
their plate voltage. 

means that during receive mode, 
there is no voltage applied to the HFO 
or PTO, with the transition from zero 
to full operating voltage (regulated or 
not) causing the oscillators to shift 
frequency slightly. 

By changing the circuit to  maintain 
voltage on the regulators, and hence 
the oscillators during receive, this 
anomaly is avoided. Simply move the 
lead connecting R17 to the VOX and 
connect i t  t o  C137 on the power 
amplifier cage wall. This capacitor 
has + 275 volts applied continuously. 

After this change .is made, VOX 
keying will be just as good as wi th 
PTT, w i th  no  shi f t  discernible. 
However, the effectiveness of this 
modification to an unmodified 32s-1 
has not been determined. 

reference 
1 Paul K Pagel, NlFB, "Updat~ng the Colltns 
325 1 ," ham rad~o, December, 1978, page 50 

Paul Pagel, NlFB 
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Beginning with a small handful of amateur wireless operators in the early 1900s, the Amateur Radio popula- 
tion in the United States has grown to the point where it's now approaching 360,000. Last year the growth rate 
was about 8 per cent, down slightly from 1977, and this year it is expected to be about the same. And while 
orderly growth is healthy for the hobby, in many ways the Amateur Radio Service is like the proverbial "house 
that Jack built," with rooms added as they are required, with little thought to future construction - or indeed, 
to the esthetics of the architecture! 

If you study the history of Amateur Radio, it's easy to understand why this happened: for years there were 
more licensed Amateur Radio stations in this country than all the other radio services combined, many top 
members of the FCC were hams, and the management ranks of most major radio-electronics firms were filled 
with licensed amateurs - many, in fact, began their careers as Radio Amateurs. With influential friends in high 
places who had a vested interest in Amateur Radio, most operators gave little thought to the future. The com- 
plexion of Amateur Radio has changed over the years, however, and it's obvious that we can no longer afford 
such a laissez faire attitude toward our future. 

One matter that concerns many of the older hams is that in the past 25 years the character of Amateur Radio 
has evolved slowly away from being a technician's hobby, where much of the operating equipment was 
homebuilt, to an operator's hobby, where little or no technical expertise is required. This is not necessarily a 
problem because our activities are closely linked not only to a rapidly changing technology, but to a dynamic 
society that continually confronts Amateur Radio with new obstacles, challenges, and opportunities for pro- 
viding useful public service. Nevertheless, more thought must be given to the impact of this trend on the long 
range future of Amateur Radio. 

With a steadily increasing number of amateurs and greater government intervention in terms of changed 
licensing regulations, restrictive antenna covenants, and RFI requirements (not to mention WARC 79 and the 
proposed revision of the Communications Act), it's increasingly apparent that all of us must give some serious 
thought to where the Amateur Radio Service should be in the coming decade. While long-range planning is 
hardly an exact science, it is possible to anticipate some of the problems, to perceive certain distant opportuni- 
ties, and to develop appropriate recommendations. If we put our collective heads together, we should be able 
to plot a positive future course for Amateur Radio - rather than drifting out of control as we have for the past 
few years, reacting to external events as they have occurred. Positive results, however, will require a substantial 
amount of effort on a continuing basis by a large number of concerned amateurs. Complaining about the cur- 
rent state of affairs or railing about the "system" in the press is neither positive nor constructive. 

Those of you who have read my editorials for the past eleven years know that 1 have pointedly avoided the 
politics of Amateur Radio. Therefore, when I suggest that a possible focus for future planning activities is the 
ARRL's Long-Range Planning Committee, you know that suggestion is not politically motivated. For those of 
you who are not members of the ARRL, the Long-Range Planning Committee was established by the ARRL 
Directors in January for the purpose of "reviewing and making recommendations concerning programs which 
the ARRL is and should be providing to its members and to the Amateur Radio Service . . ." 

At its initial meeting in February the members of the committee, according to one of those present, agreed 
upon several criteria which would govern the committee's activities: 

1. The general welfare of the entire Amateur Radio Service was to be served, not just parts of it. 

2. No fact of the ARRL's operation was exempt from scrutiny. 

3. A subject as complex and far reaching as the future of Amateur Radio cannot be properly appraised 
without inputs from many different people - ARRL members or not. 

If you have any comments or recommendations about the future of Amateur Radio, make it a point to let the 
Long Range Planning Committee (LRPC) have the benefit of your thoughts. A letter or card to Vic Clark, 
W4KFC (12927 Popes Head Road, Clifton, Virginia 22024), marked for the attention of the LRPC, will be acknowl- 
edged, and Vic will make sure that your comments are available to each of the members of the committee. 

Jim Fisk, WlHR 
editor-in-chief 
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onghand printed- 
:ircuit layout 
bear HR: 
The article, "Printed-Circuit Layout 

lsing the Longhand Method," 
vrhich appeared in the November, 
978, issue of ham radio was 
specially interesting to me because 
have been using the described tech- 
lique for the past two years. How- 
Iver, the additional steps which I 
Ise will produce a better board and 
Ire desirable wi th  high-density 
,oards. First, lines on the paper pat- 
ern which represent the copper 
;hould be made red and the circuit 
:omponents should be shown black. 
[his makes reading and interpreta- 
ion easier. Second, when the pattern 
s transferred to the copper foil sur- 
ace by marking with a sharp point, 
he points should not be deep enough 
o produce burrs (burrs tear the pen 
~ o i n t  and eventually make it difficult 
.o produce a clean fine line). Third, 
3fter the points are on the copper 
:hose which are connected should 
3e joined by a pencil line. This is 
mportant on a high-density board 
Decause it permits inking the lines 
papidly and the pen point does not 
have time to dry. Lines produced with 
3 dry point must be retraced; a 
smeared line is nearly always the 
result. 

Maximum ground-plane area is a 
requirement for rf circuits, especially 
for vhf circuits. Filling in all the blank 
area with a pen is tedious and it's 
difficult to make the area completely 
resistant to the etch solution. Tape 
can be used but covering small ir- 

regular areas is difficult. I find that an 
easy method is to outline the ground 
plane area first with the pen, then 
fill in all the enclosed area with the 
blue dye used by tool makers and 
machinists. I have tried many inks 
and paints for this step, and the blue 
machinists dye is superior to  all 
others. It is easy to apply with a small 
brush and dries rapidly. The board 
may be etched minutes after applica- 
tion. A coat which appears too thin 
will resist the etchant even at ele- 
vated temperature. The ink wets the 
copper surface and flows easily but 
stops when it contacts the previously 
applied line. 

The machinists dye is also useful 
for producing plug patterns on cir- 
cuit boards. Coat a l -cm (%-inch) 
strip at the board edge and use a 
sharp point or jeweler's screwdriver 
to  remove the ink from areas be- 
tween the contacts. Use an old plug, 
placed against the board edge, for a 
pattern. It is easy to produce 22-con- 
tact plug patterns with this method. 

I have used two types of the blue 
dye. One is called Dykem Steel Blue 
and is a product of Dyken Corpora- 
tion of St. Louis, Missouri. Another is 
called Mike-O-Blue and is sold by 
Ashburn Industries of Houston, 
Texas. A four-ounce can is adequate 
for many boards. 

This "longhand" method will pro- 
duce high-quality circuit boards 
which have clean lines and ground- 
plane areas without pit marks com- 
monly found on boards which have 
been prepared by other methods. 
Boards with 3-mil copper foil can be 
etched in less than ten minutes in a 
50 per cent etch solution (ferric 
chloride) heated by placing it in a 
tray or plastic dish floated in hot 
water. Use only enough etch solution 
to cover the board about 1 cm (?h 
inch) and agitate during etching to 

provide a washing action. In addition, 
the copper surface can be seen dur- 
ing the process so the board may be 
removed when completed. 

I have tried many types of ink pens 
and find that the Sharpie brand is 
best; their number 49 has the best 
point. Store the pen with the point 
down, this aids in keeping a generous 
supply of ink in the point and is al- 
ways ready to use. 

During the past years I have spent 
many hours trying to find an easy 
method for producing "longhand" 
etched circuit boards and have con- 
cluded that the technique described 
in ham radio, along with the addi- 
tions indicated above, is the best. 

Robert J. Grabowski, W5TKP 
Houston, Texas 77005 

Dear HR: 
During a literature search for an 

electronics project I recently went 
through my file of ham radio - and 
was distracted for three evenings 
reading the fine articles in three years 
of issues! Yours is by far the highest 
quality journal of all those devoted to 
Amateur Radio; please don't com- 
promise that quality. 

Guy Rothwell, KHGJCD 
Kailua, Hawaii 

Dear HR: 
I just breadboarded the CW pro- 

cessor described by Jones in the 
October, 1978, issue of ham radio. 
It's really sharp! However, the 555 os- 
cillator interacts with the operation of 
the 576. To cure this problem, I've 
installed a 100-ohm resistor between 
the 5-volt line and pin 8 of the 555, 
and a 220yF capacitor between pin 8 
and ground. It makes a real im- 
provement. 

Jeff Davis, VESCBJ 
Grimsby, Ontario 
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design considerations 
for 

linear amplifiers 

The first of several 
articles on practical 

construction techniques 
for hf power amplifiers 

So you want to build a linear amplifier! So do many 
other Radio Amateurs. Without doubt, the most 
popular piece of home-built transmitting equipment 
(aside from small circuit board projects) is the high 
frequency linear amplifier. It can be built without 
having an advanced degree in solid-state technology 
and computer analysis. 

Recent FCC decisions, moreover, have made a lin- 
ear amplifier homebrew project more inviting to  
Amateurs, particularly those interested in 10-meter 
operation. For a period of time, in the early spring 
of 1978, it was nearly impossible to buy an off-the- 
shelf, commercial linear amplifier; most manufactur- 
ers had stopped production in view of the drastic 
redesign requirements imposed by the new FCC 
rules. Home-constructed amplifiers, happily, are 
exempt from the FCC straitjacket. And, more and 
more, Amateurs are discovering the fun of building 
their own amplifiers. It's not as hard as you might 
think! There's still fun in building and adjusting 
equipment, and the high-frequency linear amplifier 

By William I. Orr, WGSAI, 48 Campbell Lane, 
Menlo Park, California 94025 
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described in this series of articles is a good project for 
the home builder, whether you're an old timer or 
newly licensed Amateur. 

what to build 
The builder of a linear amplifier undoubtedly has 

many questions that must be answerd before he can 
pick up a soldering iron or drill; what tubes to use, 
what plate voltage, drive level, harmonic suppres- 
sion, TVI prevention, cooling, and packaging? 

At  this stage of the game, even the stoutest of 
hearts may falter. But cheer up, the overall problem 
is not complex if the project is approached on a 
workmanlike basis. The purpose of these articles is to 
provide a blueprint that will guide the builder through 
the design, construction, and checkout of a modern 
linear amplifier capable of operating on all Amateur 
frequencies between 3.5 MHz and 29.7 MHz. This 
first article covers design, selection of tubes and 
components, formulas that make the job easier, and 
practical construction considerations. A later article 
will cover the metal-work, assembly, and testing in 
detail. 

Before you jump into the project, bending metal 
and soldering wires, you should know that there 
exists a vast amount of literature covering the design 
and construction of linear amplifiers. It would be 
foolish to ignore this storehouse of accumulated 
knowledge. A t  the end of this article is a list of sug- 
gested reading material, and you can learn a lot by 
observing what has happened in this interesting field 
of radio design. Since this series of articles cannot 
possibly cover every detail of building a linear ampli- 
fier, you can pick up a lot of very useful extra infor- 
mation if you scan some of the suggested reading 
material. 

preliminary design 
The first choice you will have to make concerns 

the tube (or tubes) to be used, the operating volt- 
ages, and the means of cooling the tubes so that 
their operating temperature will remain within the 
limits imposed by the manufacturer. 

A word of warning is advisable on the subject of 
surplus or second-hand transmitting tubes. Large 
power tubes have a finite shelf life. The perfect 
vacuum has not yet been created, and old tubes (sur- 
plus World War II vintage in particular) are not to be 
trusted - they may have an imperfect vacuum. Sur- 
plus tubes marked JAN (which stand for Joint-Army- 
Navy procurement), such as JAN-813 or JAN-211, 
provide no warranty to the user, since the tubes are 
purchased by the military on a special contract with 

PARASITIC 
SUPPRESSOR 

OUTPUT 
PI- L NETWORK 

rY7 < 

INPUT 
PI-NETWORK 

FILAMENT- 8 -  B+ 
TRANSFORMER r l  

M A t R  BLOWER 

120 VAC 

fig. 1. Schematic diagram of a basic grounded-grid amplif ier 
circuit. A high-mu triode tube is used w i t h  the exciting sig- 
nal applied t o  the fi lament circuit w h i c h  has been isolated 
f rom the filament transformer and metering circuits by the 
rf choke, RFCI.  A fixed-tuned pi -network circuit matches 
the output impedance of the exciter t o  the input impedance 
of the amplifier. A pi-L plate output circuit is used for maxi- 
m u m  harmonic suppression, w i t h  a simple parasitic sup- 
pressor placed in  the plate lead to  dampen vhf oscillations. 
For safety, the metering is placed i n  the fi lament return cir- 
cuit. The grid meter is inserted between the grid (ground) 
and the fi lament return, whi le the plate meter is i n  the B 
minus return lead t o  the power supply. The air blower is 
connected t o  the primary of the f i lament transformer. This 
circuit may be modified for t w o  parallel-connected tubes by 
the addition of a second plate parasitic suppressor and 
increased air blower and f i lament  transformer current 
capacity. Plate tank circuit components need not  be modi- 
fied i f  the t w o  tubes run at the same voltage and current as 
one tube. 

source inspection and no warranty return program. 
Thus, an Amateur who buys a JAN-labelled tube 
receives no warranty. New tubes purchased from a 
franchised dealer carry the manufacturer's full war- 
ranty. Dealers in surplus tubes, moreover, have no 
reliable facilities for testing transmitting tubes, which 
require a large, expensive, and exotic test console. 
Thus, the purchase of a surplus or second-hand tube 
may turn out to be penny wise and pound foolish. 

To determine the tube type to be used, i t  is impor- 
tant to note that the most popular ham-type linear 
amplifiers seen in the various station descriptions and 
advertisements are capable of running I - k W  input on 
CW and 2-kW PEP input on ssb. The amplifiers use 
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cathode-driven (grounded-grid) circuitry requiring a 
drive signal compatible with today's modern exciter 
(about 80 to  100 watts PEP output). A representative 
amp!ifier circuit is shown in fig. 1. 

Further investigation shows that the modern 
amplifier concept employs low-profile styling and is 
des ig~ed for desk-top operation next to the exciter. 
In some cases, the power supply is an externai unit. 
In any case, the amplifier is capable of being controlled 

ate more intermodulation distortion than one tube, 
but this is not the case. Power tubes designed for ssb 
service do not have to be matched pairs, as do the 
inexpensive TV sweep tubes used in some linear 
amplifiers. 

Regardless of the tube or tubes chosen, grounded- 
grid triode operation implies class-B service (which 
you can find outlined in detail in the suggested litera- 
ture). An important characteristic of this class of 

table 1. Typical  r f  linear ampl i f ier  service, cathode-driven (grounded-grid) 

t ube  \i 

zero 
signal 

p late plate 
roltage current 

2500 260 
390s 320 

3000 240 

3000 90 

3000 130 

max imum 
signal 
p late 

current 

800 
667 

670 

670 

667 

max imum 
signal 
gr id 

current 

240 
230 

220 

270 

55 

m a x i m u m  
signal  
dr ive 

power  

80 
rn 
65 

125 

50 

typical  
p o w e r  
ou tpu t  
(PEP) 

1200 
1250 

1250 

1300 

1150 

Representative operating charactersitics of popular tubes suited for cathode-driven service. The 4-1000A 
is operated as a class-B triode with grid and screen tied together. It can be seen that in terms of efficiency 
there's not much difference between tube types. The 4-1000A requires the most drive power, the 8877 
the least. The differences in power output are insignificant and are within error of measurement. Power 
output is a function of plate circuit loading and grid drive causing the values to be approximate. 

by the external VOX or push-to-talk circuit of the 
exciter. And it can be operated either from 120- or 
240-volt primary service. 

power capability 
Given these general specifications, the next step is 

to determine what goes into the black box that is to 
become your new linear amplifier. If the linear ampli- 
fier is to run at I - kW in the CW mode and 2-kW PEP 
in ssb service, the choice of tubes to  be used nar- 
rows. And since cathode-driven (grounded-grid) 
service is contemplated, selection is restricted to a 
few tubes which have the ability to sustain this pow- 
er level wi th good linearity and low intermodulation 
distortion. Linear operation implies that the output 
signal is an exact replica of the input signal; low inter- 
modulation distortion means that unwanted, spuri- 
ous distortion signals are not generated in or near the 
signal frequency. When both of these criteria are 
met, the ssb signal is clean and no power is lost in 
furry sidebands or splatter. 

Table 1 shows some practical tubes for linear serv- 
ice and their operating characteristics. From an engi- 
neering point of view, there's not much choice 
between using a single large tube or two smaller 
tubes in parallel in the high-frequency region. Multi- 
ple tubes are thought to be less efficient and gener- 

service is that tube efficiency is at maximum 66 per 
cent and usually runs close to 60 per cent. Inherent 
tank circuit losses in the amplifier reduce this a bit, so 
that the plate power output of a representative 
class-B amplifier may run about 55 per cent. How- 
ever, in cathode-driven (grounded-grid) service, a 
portion of the driving power (feed-through power) 
appears in the plate output circuit and provides a 
measurable output efficiency of approximately 60 per 
cent for the stage. 

Now, if your maximum input power level is known, 
as well as plate efficiency, i t  is easy to determine the 
power output of the amplifier as well as the power 
dissipation of the tube (generally known as plate dis- 
sipa tion). 

If the 2-kW PEP power input condition is chosen 
and an overall amplifier efficiency of 60 per cent is 
assumed, the PEP output will be 

2000 x 0.60 = 1200 watts 

The remainder of the power (2000- 1200 = 800 
watts) is consumed in plate dissipation and circuit 
losses. Tube plate dissipation at 60-per cent efficien- 
cy runs close to 800 watts. Circuit losses run from 50 
to 100 watts. These figures may add up to a little 
more than 800 watts of power loss, but a portion of 
this is accounted for by the plate dissipation attribu- 
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table t o  the feedthrough power previously 
mentioned. So, without doing anything more com- 
plicated than a little grade-school math, the general 
operating parameters of the amplifier have been 
determined. 

A t  the I - k W  CW condition, power input is 1000 
watts and tube efficiency remains close to 60 per 
cent, provided certain circuit precautions are taken 
(these will be discussed later). You can estimate the 

need any test equipment at all. All you do is weigh 
the amplifiers. Unless one of them has lead fishing 
weights in it, the heavier amplifier is the toughest and 
best!" 

There is more than a grain of truth in this remark. 
Attempting to cram a 2-kW PEP amplifier into a shoe 
box is a time consuming and complicated task, since 
the problem of getting rid of the heat caused by tube 
dissipation and circuit losses is a formidable one. 

fig. 2. A representative air cooling system for a ceramic-metal power tube, such as the 8877. A forced-air cooling system is 
shown in  (4); the blower is mounted on the chassis which acts as a plenum chamber. With the chassis airtight, the air is forced 
past the tube socket, tube base, and out the anode. The chimney is used t o  direct the air through the finned anode. A n  electrical 
analogy of the cooling is shown i n  (6). The blower is represented by  a generator and the various back pressures by the voltage 
drops across the series-connected resistors. Total back pressure is the sum of the resistances. Representative fan and blower 
performance is illustrated in (C).  The blower efficiency drops as the back pressure is 
increased, while the fan fails to  deliver air at any appreciable back pressure. The ability to  
overcome back pressure is proportional t o  the speed of rotation of the blower or fan, plus 
the physical design of the blades. A n  inefficient fan allows air t o  slip around the ends of the 
blades. It is diff icult to  determine a good blower or fan, as opposed t o  a poor one, by intui- 
tion. Graphs of blower and fan performance may be obtained f rom the manufacturers. 

EXHAUST 
AIR 

AIR 
BLOWER 

PRESSURIZED CHASSIS 

power output and tube and circuit losses yourself for 
this power level. 

Linear amplifiers and their power supplies have 
grown sleek and physically smaller in recent years. 
More efficient components are used and cooling 
techniques have improved, permitting the amplifier 
to be squeezed into a compact cabinet with high eye 
appeal. Some manufacturers and designers, how- 
ever, have cheated, by skimping on the power trans- 
former or by using an inadequate cooling system that 
allows the tubes to overheat during extended periods 
of operation. One old timer, when asked to judge the 
relative merits of two competitive, widely advertised 
linear amplifiers, replied, "That's easy! You don't 

Imagine a metal box the size of a 2-kW PEP linear 
amplifier with an 800-watt bulb burning inside of it! 
Or consider that a burner on an electric stove may be 
only 600 watts. This will give you a picture of the 
amount of heat that has to be removed from a 2-kW 
PEP linear amplifier during operation to prevent i t  
from burning up. 

The human voice, which is the usual modulating 
device in ham radio, luckily has a low average power 
level with quite high peak power. Thus, an amplifier 
designed for voice operation can have a power sup- 
ply designed for low average power, yet be capable 
of sustaining full peak power for a short time interval. 
Many manufacturers count ofi this low average voice 
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power and skimp on the power transformer in an 
effort t o  squeeze their amplifier into a small cabinet. 
But what happens if speech processing is used to 
raise the average voice ieve! and the amplifier is nper- 
ated continuously during a DX contest? Or the ampli- 
fier is used for RTTY? The power transformer, ampli- 
fier, ar?d tubes may not stand up under this added 
burden. Make sure your design is capable of tough, 
continuous operation. This is the least expensive 
approach for the long run. 

tube cooling 
Once the tube type has been chosen, the next item 

of business is to adequately cool the tube. The man- 
ufacturer's data sheet provides maximum tube tem- 
peratures and usually the amount of air required to 
do the job. What does this entail? An  air cooling sys- 
tem is shown in fig. 2. I t  can be compared with a 
series electrical circuit, wherein the resistance to the 
flow of air created by the tube and accessories is 
equivalent to the opposition to current flow provided 
by resistors. The air resistance (back pressure) is 
equivalent to the voltage drop across the resistor, 
and the number of cubic feet of air per minute (cfm) 
required to overcome the back pressure can be com- 
pared with the voltage necessary to force current 
through the resistors. Back pressure is measured by 
a manometer and is expressed in terms of equivalent 
inches of water. Once back pressure and cfm are 
determined, the blower can be chosen that will force 
the required air through the system. 

Air requirements for some popular transmitting 
tubes are listed in table 2. As an example, the 8877's 
maximum operating temperature is 250 degrees C. 
To hold this value, about 22 cfm are required to over- 
come a back pressure of 0.2 inch of water. This pro- 
vides an anode dissipation of 1000 watts, more than 
sufficient for ssb operation at the 2-kW PEP level. 
The full anode dissipation rating of 1500 watts can be 
achieved with an air flow of 35 cfm, but at the price 
of a higher back pressure value of 0.41 inch of water. 
In passing, it should be noted that axial fans do not 
like working into high values of back pressure, as fig. 
2C indicates. 

A single 3-5002 tube requires 13 cfm air flow at a 
back pressure of 0.08 inch of water per tube. For two 
tubes, the air flow requirement doubles to 26 cfm, 
but the back pressure remains the same. Generally 
speaking, air f low is easy to obtain, but back pres- 
sure abiliw is hard to come by in simple, inexpensive, 
and relatively noiseless blowers. Amateurs like blow- 
ers that don't make noise. Unfortunately, movement 
of air creates noise, and the higher the back pressure 
requirement the more air noise that will be created. 

(This limits thesize of a practical, air-cooled, transmit- 
ting tube to about 50 kW, above which it would prob- 
ably require a Volkswagen engine to run the blower 
and would produce sufficient noise to drive the 
operator out of the station. Hence, the use of water 
or vapor cooling in the largest transmitting tubes.) 

choice of blower 
The most common air impellers are the centrifugal 

(squirrel cage) blower and the axial fan. The axial fan 

table 2. Representative cooling requirements for various 
power tubes. 

back 
tube type c fm pressure 

3-5002 13 0.08 
(2) 3-5002 26 0.083 
3-10002 25 0.43 
8874 8.6 0.37 
8875 2 0.16 
8877' 22.5 0.20 

blower 
diameter rpm 

3 1600 
3 3100 

3% 3000 
2% 3100 

4 2800 

3 3100 

Notes 1. For 1000 watts anode dissipation 
2. 1600 feet per minute from axial fan 
3. In ElMAC SK-410 socket with ElMAC SK-406 chimney 
4. Axial fan or blower 

The listed values are given in cubic feet per minute and back pres- 
sure in inches of water. The impeller information is the centrifugal 
blower wheel diameter (inches) and motor speed in revolutions per 
minute. Low-speed blowers are attractive because they create less 
air noise, but they are unable to work into any appreciable amount 
of back pressure. As shown, these tubes, regardless of plate dissi- 
pation, require a blower speed of about 3000 rpm, except for the 
single 3-5002. These data are for operation at sea level and the 
quantity of air should be increased about twenty per cent for oper- 
ation at high altitude (Denver, Colorado, for example). The cooling 
requirements can be verified only by making temperature meas- 
urements on the tube seals and the anode. Glass tubes, such as 
the 3-5002, can be cooled from the side by an axial fan, but only 
after tests are made to ensure that the glass envelope temperature 
remains within specified limits. 

is the quieter of the two, but does not have the ability 
to work into a high level of back pressure. The ability 
of the squirrel cage blower to overcome back pres- 
sure is a function of the blower speed in rpm and the 
diameter of the wheel - the larger the diameter, the 
lower can be the rpm for a given amount of back 
pressure. Suggested blower specifications and fan 
information are included in the data for popular tube 
types. 

I t  must be remembered, too, that the hypothetical 
Amateur living at an altitude of 1600 meters (5000 
feet), in Denver, Colorado, for example, exists in a 
world of thinner air than that encountered at sea level 
and would have to increase the air requirements out- 
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lined in the illustration by about twenty per cent to 
achieve the same degree of cooling. 

amplifier enclosure 
Once the cooling requirements have been deter- 

mined, all that remains is to get the cooling air into 
and out of the amplifier box. Why enclose the ampli- 
fier? Aside from cooling requirements, today's elec- 
trical specifications require rf harmonic suppression 
of a high order. This means that the amplifier must 

indicating meters 

Several meters are required to properly tune and 
operate a linear amplifier. A t  the very least, grid and 
plate currents should be monitored, and it is conven- 
ient to be able to  read filament voltage. The grid and 
plate currents can be read on one meter switched 
between the appropriate circuits, but the use of sep- 
arate meters is recommended for ease in  tuning. All 
meters should be checked for accuracy before instal- 
lation in the amplifier. 

Placing the meters in the walls of the am~l i f ier  box - 
is bad, since the rf energy can easily escape through 
the meter case and glass, invalidating the otherwise 
good shielding of the unit. It is wiser t o  place the 
meters on a separate front panel, wi th the amplifier 
box supported behind the meter panel. Meter leads 
are then brought out through appropriate filtering 
networks. 

fig. 3. ~ 0 t h  input and output chokes of a grounded-grid parasitic suppression 
amplifier can form a parasitic oscillator circuit. Usually the 
cathode choke, RFC1, has more inductance than the plate "You don't have to worry about shielding or neu- 
choke. RFCZ, but stray capacitance between the plate choke tralization. A grounded-grid amplifier just won ' t  
and the enclosure can lower the resonant frequency of the oscillate." Right? Wrong. A grounded grid amplifier 
plate parasitic circuit until an uncontrolled oscillation can makes a very good oscillator under certain con- 
occur. This unwanted oscillation can be cured by removing ditions. 
turns from the plate choke, moving the choke farther away 
from the metal walls, or by placing a resistor either in series 
or in parallel with the choke. Means for detecting such para- 
s i t ic~  are discussed in the text. 

be placed in an rf-tight box and that connections to 
the amplifier be carefully filtered to prevent unwant- 
ed harmonic energy from escaping and blocking out 
Joe Sixpack's television receiver next door. All 
amplifiers generate and amplify harmonics of the 
driving signal; the task is to keep them from harm's 
way. Proper filtering will do the job. 

Ventilation holes can be placed in an rf-tight box, 
provided they are properly screened. Wires can enter 
and leave the box provided they are properly filtered. 
A screened opening should be about twice the size of 
an unscreened opening to obtain the same air circu- 
lation, since the screening material represents nearly 
50 per cent coverage of the area. A series of many 
small holes drilled in the top and bottom of an enclos- 
ure will provide ventilation without letting any great 
amount of rf energy escape, provided the holes are 
small compared with the harmonic frequency. For 
high frequency work quarter-inch holes are satisfac- 
tory. More smaller holes will work, too. Copper wire 
screening can be placed over the blower opening if 
the mating surfaces between screen, blower, and 
chassis are free of paint so that electrical continuity 
exists between the various metals. 

Low-frequency parasitic oscillations. Any ampli- 
fier can oscillate in  the low-f requency region 
(200-1500 kHz) by virtue of the interelectrode capaci- 
tances of the tube forming some resonant circuit 
with either the input or plate rf chokes (fig. 3). A sure 
cure for this problem is to change the type of choke, 
or else place a resistance in series or in parallel wi th 
the choke to inhibit oscillation. In the designs dis- 
cussed here, the inductance of the input choke is 
very low compared with that of the plate choke, so 
that oscillation is improbable. 

A low-frequency parasite can often be heard in a 
nearby broadcast receiver as an unsteady carrier or a 
rough buzz. Or, it can be found when the amplifier is 
operated with plate voltage (but no excitation) and 
the controls tuned at random. A small neon lamp is 
held near the plate lead. If a parasite is present the 
bulb will ignite with a bright yellow glow. The bulb 
should be held at the end of a dry wooden stick, as 
dangerously high voltage is present and exposed 
when the amplifier is operated wi th the cabinet 
shielding removed. 

Vhf parasitic oscillations. Vhf parasites are treat- 
ed by resonant circuits formed by connecting leads 
and interelectrode capacitances of the tube (fig. 4).  
They can be suppressed by loading the circuit until 
oscillation is impossible. A parasitic choke, com- 
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posed of an inductor and resistor in parallel, will do 
the job. The suppressor is placed in the plate lead, 
but a second suppressor is sometimes required in the 
inpot circuit. 

The suppressor represents a portion of the lead 
wound up into a coil and shorted by a resistor. A t  the 
~arasit ic frequency there is a large voltage drop 
across the coil. The resistor acts as an rf load for this 

fig. 4. Vhf parasitic circuits in grounded-grid amplifiers are 
made up of stray input capacitance (C3) plus the inductance 
of the input and plate leads, L1 and L2, see (A). The parasitic 
oscillations may be suppressed, as shown in (B), by shunt- 
ing a portion of the input and/or plate lead with a resistor to 
load the parasitic circuit. However, this choke must not be 
too tightly coupled to the plate circuit at the operating fre- 
quency or it will dissipate fundamental frequency power 
and overheat. 

voltage drop. I f  the load is tightly coupled to the 
tube, oscillation will not take place, but if the load is 
tightly coupled at the operating frequency, the sup- 
pressor will probably overheat and burn up. The 
number of turns in the inductor must be determined 
by test so that sufficient inductance exists t o  do the 
job, but not enough inductance is used to couple too 
much fundamental energy into the resistor, 

A vhf parasite can be determined by the neon bulb 
test. The bulb will glow with a bright purple color if 
oscillation is taking place. 

High frequency parasitic oscillations. The 
grounded-grid amplifier can be turned into a splendid 
oscillator if the input circuit is detuned too far from 

resonance. The tuning range of the input circuit 
should therefore be quite restricted. It is a good idea 
to tune the input circuit to  the middle of the Amateur 
band in use and then forget it. Actual adjustment of 
this circuit will be discussed in a subsequent article. 

High frequency parasitic oscillation can also take 
place if output power from the amplifier finds its way 
back into the input circuits. Shield~ng and filtering 
(which also reduces vhf harmonic energy radiation) 
serves to reduce the possibility of high frequency 
oscillation. In some instances, the grounded-grid 
amplifier must be neutralized to achieve stability. 
Luckily, this is generally not required for amplifier 
operation below 30 MHz but the builder should be 
aware of the fact that high frequency oscillation at 
the operating frequency can take place in a ground- 
ed-grid amplifier if the proper precautions are not 
exercised. 

summary 
So far, we've slogged through a quicksand of 

physical design problems. Let's sum up what has to 
be done as far as this aspect of amplifier design is 
concerned: 

1. The amplifier tube has to be chosen for the partic- 
ular power level desired and must be properly venti- 
lated and cooled. 

2. The amplifier has to be placed in an rf-tight box for 
harmonic suppression and operational stability. 

3. Circuit design must ensure that unwanted oscilla- 
tions do not take place. 

The next article in this series will discuss the elec- 
trical design of the linear amplifier. 
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AFC circuit for VFOS 

Add a new measure 
of stability 

to an existing VFO 

incorporating 
this AFC circuit 

The search for frequency stability in Amateur 
equipment, both commercially manufactured and 
homebrew, has been one of the longest and most 
fervently pursued in the history of ham radio. In the 
earliest days, when King Spark reigned supreme, fre- 
quency stability wasn't much of a problem since the 
damped waves covered a considerable portion of the 
spectrum. However, as the state of the art advanced 
(and in those days it was an art), the vacuum-tube 
oscillator became re rigeur, receiver selectivity im- 
proved (necessary because of a more crowded spec- 
trum), and the need for greater oscillator stability 
quickly became apparent. That need has been with 
us ever since! 

In the early 1930s, crystal controlled transmitters 
became the way to go, with a powerful assist from 
the Federal Radio Commission (the ancestor of the 
FCC). You could actually find the same ham at the 
same spot on the dial (almost) night after night. After 
all, during the depression, who could afford more 
than one or two crystals? They cost about two days' 
pay (about $7.50) each! Crystal control was undeni- 
ably a great advance over the self-excited oscillators 

then in use for transmitter frequency control. By the 
standards of the day, transmitters became literally 
"rock stable. " Unfortunately, receivers of that period 
didn't enjoy the same stability. The superheterodyne 
had become popular, and the instability of its high 
frequency oscillator (HFO) required a frequent touch 
of the tuning dial (in much homebrew gear) to keep 
the desired station audible. Manufactured gear was 
better, of course, but few Amateurs could afford it. 
By today's standards these oscillators were pretty 
crude, but we were dealing with a lot of CW and a lit- 
tle a-m telephony. With the broad bandpass win- 
dows in those old receivers, a-m was easily handled, 
and a changing CW beat note could be tolerated as 
long as the band wasn't crowded. 

Use of the Amateur bands was rapidly increasing, 
however, and by 1939 or 1940 the trend was away 
from crystal control toward something known as the 
ECO, or electron-coupled oscillator. Great strides had 
been made in stabilizing the same old Hartley and 
Colpitts oscillators by using higher gain tubes such as 
the new pentodes, looser coupling between oscilla- 
tor and load, and a myriad of other tricks that today 
we take for granted. 

Rather than labor the points unduly, it is best t o  
say that today, both VFO and crystal oscillators are in 
wide use in the ham bands, the more stable crystal 
oscillator being used for certain receiving functions, 
MARS frequency assignments, vhf repeater chan- 
nels, and so forth. The VFO, of course, finds its major 
application in the HFO of the modern hf transceiver. 
A new state-of-the-art device, the frequency synthe- 
sizer, actually uses both techniques: a reference 
crystal oscillator of high stability and a particular type 

By Read C. Easton, KGEHV, 3691 Gay Way, 
Riverside, California 92504 
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Front view of the VFO-stabilizing unit. The three LEDs are 
used to indicate the position of the control voltage within 
its total range. 

of VFO known as the voltage-controlled oscillator 
(VCO) locked to the crystal oscillator by the phase- 
locked loop. 

Still, the great majority of equipment in use today 
employs the VFO in one form or another, tube or 
transistor, Hartley, Colpitts, Vackar. They share one 
common failing; they all drift in frequency to some 
extent. Even the justly famed Collins PTO can be irri- 
tatingly unstable to a frequency-measuring nut. 

Individual component variations in an otherwise 
sound VFO design can, in a production situation, 
become an annoying source of trouble. A more fun- 
damental problem is that to thoroughly stabilize a 
VFO takes much time and use of temperature-com- 
pensating capacitors. The stabilizing procedure also 
requires a manufacturer to employ a trained techni- 
cian for this task. The manufacturer attempts to 
arrive at a sort of stability "middle ground," or per- 
formance that will satisfy the majority of buyers. 

what is a VFO 

Let's briefly examine the device we're trying to im- 
prove so that a little more than the tip of this iceberg 
becomes visible. Contrary to opinions expressed by 
some sources, black magic does not play a major role 
in VFO design. The modern VFO is a marvel of con- 
struction. It is usually built in a very rigid box of steel 
or heavy aluminum, and almost invariably today is a 
solid-state device even though vacuum tubes may 
appear elsewhere in the radio. Use of solid-state 
devices removes from the VFO one of its worst 
enemies - heat. Most of the VFO circuits in produc- 
tion equipment today can trace their origin to the 
basic Colpitts circuit, probably because the coil tap in 
the Hartley introduces added switching complexity 
and cost. 

Even more basic is the real heart of the VFO, the 
tank circuit or frequency-determining network. Any- 

thing that causes the oscillatory period of this net- 
work to vary (other than deliberate variation) will 
have an adverse effect on the stability of the VFO. 
The sole exception to this statement is the AFC cir- 
cuit. However, this can be considered a form of oper- 
ator control and, in fact, the operator can alter the 
VFO frequency through manipulation of the AFC cir- 
cuitry, ijndesirabie factors include changes in tem- 
perature, change in the load on the VFO, changes tn 
supply voltage, and vibration. An excellent measure 
of the designer's success is the stability of his VFO. 
From a manufacturing standpoint, add one more 
vital point. It must be reproducible! I once built a little 
VFO that was a marvel of stability. Three other 
people tried to reproduce it. Their versions oscillated 
and they were in the correct frequency range - but 
they drifted. The circuit was not easily reproducible. 
Therefore, it was useless except to me. 

VFO improvement 
Many papers have exhaustively covered the trials 

and tribulations of VFO design, both from the home- 
brew aspect and from the commercial viewpoint. I t  
seems sufficient to note that most of the hints, tech- 
niques, design criteria, and other good and valid 
information presented in VFO design paper~l.2~3 are 
basically aimed at reducing frequency drift. We have 
relatively simple formulas for calculating the compo- 
nent values, but no one has yet come up with a 
magic formula to make the VFO stable. 

The recent article by PA0KSB4 suggests one solu- 
tion to the stability problem. Fig. 1 shows a stabiliz- 
ing device in block diagram form - a single stage 

Inside view of the logic portion of the control unit. The only 
other components are those installed inside the VFO enclo- 
sure. Additional information regarding the changes to the 
Atlas equipment can be obtained either from the author or 
by writing to Atlas Radio. 
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binary counter, a storage element (D-type flip-flop), 
a clock (low frequency crystal oscillator), and an inte- 
grator to drive the control element. Fig. 2 shows the 
entire control element, a tuning diode, a bypass 
capacitor, an isolation resistor, and a small coupling 
capacitor. Room for these tiny components could 
easily be found in any VFO I've looked at. As you can 
see from the size of the coupling capacitor (1 pF), the 
effect of the VFO (dial) calibration won't be a major 
one. In all cases so far, minor readjustment of indi- 
vidual band trimmers has easily absorbed the small 
additional capacitance represented by the control 
element. 

practical AFC package 
The actual circuit of the AFC unit is shown in fig. 

3. There are a few changes from the original. First, in 
this country at least, there are no 100-megohm %- 
watt resistors commercially available. To my knowl- 
edge, the highest value %-watt resistor available in 
quantity in this country is 22 megohms. A series pair 
of these resistors, along with a 2-pF capacitor (metal- 
lized Mylar or polycarbonate) will provide an 88- 
second integrator time constant, as compared with 
the 100-second value in the original circuit. The 
slightly shorter time constant has proven entirely 
adequate in practice. It must be noted that high-leak- 
age capacitors, such as electrolytics, are unsatisfac- 
tory in this application. The added expense of the 
low-leakage capacitor has to be accepted to obtain a 
smoothly operating unit. 

The circuit likes a low impedance input; this point 
is mentioned in the original article, but without par- 
ticular emphasis. As a majority of the radios manu- 
factured in this country have a VFO output impe- 
dance in excess of the 50 to 100 ohms which I (and 
apparently the AFC circuit) consider low impedance, 
a broadband autotransformer has been added at the 
input to help the interface problem. Use of this 
approach has allowed sampling of the VFO output 
voltage without detriment to either its output ampli- 
tude or intrinsic stability. This particular transformer 

CLOCK I3 
RF 

I N P U T  > 

CONTROL 
ELEMENT 
IN V F O  

COUNTER STORAGE INTEGRATOR 

fig. 1. Block diagram of the AFC control unit. The clock con- 
trols both the counter and storage sections, determining 
when to count and when to transfer information to the next 
stage. The integrator serves to smooth out the information 
going to the control element, preventing the VFO from 
jumping back and forth in frequency. 

t t 

* TO VFO TANK 
C I R C U I T  

fig. 2. Schematic diagram of the control unit which is in- 
stalled inside the VFO. Since the added capacitance is very 
small, any change in frequency is easily compensated for by 
the VFO's trimmers. 

has been examined with a Hewlett-Packard 250B Rx 
meter and found to be essentially flat from about 2 to 
over 23 MHz. This is more than adequate for any 
range of VFO frequencies yet encountered. 

Routine equipment turn-on generally gives a ramp 
voltage of about one quarter maximum. This, plus 
normal voltage change due to operation, necessi- 
tated some form of metering. An early approach with 
Atlas equipment involved switching the S-meter. 
However, this method has since been discarded in 
favor of three LEDs which, with the addition of a 
7406, illuminate upper and lower limit red warning 
lights when the ramp voltage comes within one volt 
of either end of its range. In between, a green LED 
glows. The transition from red to green, at each end 
of the range, is reasonably abrupt. Only a few milli- 
volts of overlap exist between the red and green 
LEDs. This metering system provides an adequate 
GoINo-Go indication which is particularly useful 
under mobile operating conditions. Trying to read a 
conventional analog meter under crowded freeway 
conditions is not exactly conducive to an extended 
life expectancy! Also, the components of the LED 
metering system are noticeably less expensive than a 
meter. 

In addition to metering, this approach makes pos- 
sible construction of the AFC circuitry in a completely 
separate box without a multitude of connecting 
wires. The length of the four-wire umbilical isn't criti- 
cal, allowing the user to position the box for opti- 
mum convenience. This concept also reduces the 
amount of internal work necessary to incorporate the 
drift-cancelling circuitry. For example, in the case of 
the Atlas 1801210 series, the device plugs directly in- 
to the AUX VFO socket. A 100-ohm resistor at the 
radio end of the connecting cable prevents any inter- 
action between the AFC system and the VFO in the 
radio. Internal work on the radio is limited to  installa- 
tion of the control circuitry within the VFO compart- 
ment and adding one wire from the control element 
to pin 1 of the AUX VFO socket (normally unused) to 
carry the ramp voltage. All other voltages are already 
present. The digital dial (if used) plugs into this same 
socket, but, because of the plug construction on 
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fig. 3. Diagram of the logic portion of the AFC control unit. The transformer is bifilar wound with nine turns of number 26 AWG 
(0.4-mm) enamel insulated wire over a Q2 ferrite toroid. Core should be 9.4 mm (0.37 inch) outside diameter, 5 m m  (0.2 inch) 
inside diameter, and 4.9 m m  (0.19 inch) thick. 

both the digital dial and the AFC unit, they piggyback 
without trouble or interaction. In a transceiver as 
compact as the 210X, minimal work within the radio 
is a worthy consideration. Conversely, within the 
Atlas VFO compartment there is more than adequate 
room for the control-element components. After 
having modified several of these radios, total conver- 
sion time is less than an hour, including the minor 
recalibration required. 

adaptability 
The AFC unit will perform equally well on older 

tube-type VFOs. It has successfully been installed in 
Heathkit tube-type VFOs (St3400 series) with no 
problems. No adverse effects on dial linearity were 
noted. Since this VFO is not bandswitched, only one 
recalibration is needed. Even though the piston 
capacitor is of very low capacitance, more than 
enough range is available after adding the AFC con- 
trol element. 

Initial examination of an older Swan 350 proved 
enlightening. Although the schematic shows a solid- 
state VFO and emitter follower practically identical to 
the early Atlas units (as well as a tube-type VFO 
amplifier), maximum rf voltage was only 60 millivolts 
(at 7 MHz). Other bands weren't much different. This 
rf level doesn't allow resistive isolation in the pickoff 

line, because the input voltage to the AFC unit then 
becomes too low for reliable operation of the 
counter. 

Even with a relatively poor VFO, AFC lockup will 
occur within a minute. It takes a little time for the 
integrator to do its thing. A good VFO will normally 
stabilize within about 75 seconds of turn-on. For 
example, the Atlas 350-XL with AFC settles down in 
ten to fifteen seconds, while a relatively poor home- 
brew unit, the first one on which the AFC approach 
was tried, took about a minute to stabilize. However, 
this VFO was so bad that without AFC it would drift 
noticeably during a two-minute transmission. I threw 
the whole thing together in a hurry several years ago 
and never got aroung to taming it. Consequently, it 
was a natural for AFC experiments. The first time the 
modified rig was used on the air, I was accused of 
having bought a new radio. "We don't have to chase 
you any more!" Constant attention had to be paid to 
the ramp voltage though, because that VFO never did 
settle down on its own. About once an hour the 
ramp voltage would have to be reset because it 
would be getting perilously close to its range limit. 
Conversely, the Atlas 350-XL can run all day and 
nothing has to be reset. The ramp voltage has more 
than enough range to keep this excellent VFO locked 
up indefinitely. 
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fig. 4. Examples of measured drift from VFOs with and 
without AFC. 

The system of automatic frequency correction 
described in this article offers an order of magnitude 
stability improvement. It is not a universal cure for all 
the ills that may beset a VFO. For example, this cir- 
cuitry cannot correct the frequency jump that is 
caused by sticking or misaligned mechanical tuning 
assemblies or from worn or corroded contacts on a 
bandswitch or variable capacitor shaft. Sudden fre- 
quency excursions of this type look to the circuit like 
"human intervention," a frequency shift too rapid to 
be corrected. One demonstration of AFC capability 
that invariably generates astonishment is connecting 
a counter capable of reading the VFO frequency to 
the nearest Hertz to a cold radio which is AFC 
equipped. When the radio is turned on, the counter 
will faithfully reveal the rapid initial warmup drift, the 
sudden stop, and then will remain for hours within 
about 5 Hz of the original lockup point (see fig. 4). 

In the near future, buyers of Atlas equipment will 
be able to order this feature as an option; a retrofit 
program exists for older Atlas equipment. For those 
brave souls willing to invade the mysterious innards 
of their VFO, the system is available as a package; the 
modification really isn't all that hard to perform. If 
AFC of the VFO isn't the final answer to outstanding 
stability in older gear, it must be pretty close to it. 
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improving antenna accuracy 
in satellite 

I 
and the elevation angle gets higher, things begin to 
change much more rapidly, which requires more 

tracking systems frequent updating of antenna direction. On some 
passes activity gets downright frantic as the satellite 
passes close overhead and the operator finds that 
the elevation rotator is about to hit the stops and the 
azimuth angle has suddenly switched from south to 

A review of the problems north! 
Even microprocessor-controlled systems are not 

encountered in 
Amateur tracking systems, 

with suggestions 
for improving accuracy 

and operating 
efficiency 

Most  users of the OSCAR communications satel- 
lites have some form of antenna tracking system for 
obtaining the greatest advantage from the available 
transmitter power and for increasing the strength of 
the received downlink signal. These systems range 
from simple, manually switched dipoles to elaborate 
arrays driven in azimuth and elevation under micro- 
processor control. But most setups fall somewhere 
in between - often with antennas driven in azimuth 
and elevation by rotators with separate control boxes 
manually operated by the same person carrying out 
the communications - similar to the arrangement 
shown in fig. 1. 

This general arrangement is simple, inexpensive, 
and not particularly difficult to operate when the sat- 
ellite is low in the sky. On these passes, neither azi- 
muth nor elevation changes very rapidly, and it's a 
simple matter to update the antenna position from 
time to time. However, as the satellite gets closer 

"Appendix A is not included with this article but is available on request from 
the author. Please include a 229 x 305 mm (9 x 12 inch) self-addressed 
envelope with 28 cents postage. Overseas readers may send one IRC (5 
for Air Mail) and omit the envelope. 

entirely immune to these problems. What happens 
is that the azimuth angle begins to change so fast 
that the rotator simply can't keep up with it. Add to 
this the time lag in updating the antenna position in 
a manually controlled system, and you frequently 
find yourself in a situation where the elevation con- 
trol has the antenna pointing straight up (or nearly 
SO) as the satellite azimuth angle suddenly swings 
150 degrees or more in a few seconds. So then you're 
stuck. The azimuth rotator slowly trundles around 
the 150 degrees (or 210 degrees in the other direction 
if the mechanical stop happens to be in the way), 
while the satellite merrily recedes into the distance. 

Slew rate. The rate at which the azimuth angle 
changes is called the slew rate. What we'd like to do 
is find a way to anticipate excessive slew rates so we 
can reduce or eliminate the problem. The first order 
of business is to find the minimum elevation angle at 
which the slew rate can exceed the azimuth-rotator 
rotation speed. This, of course, depends on what 
kind of rotator you have, but most rotators turn a 
full circle (360 degrees) in one minute or 6 
degreeslsecond, so we'll use this figure for the sake 
of argument. 

If you ask a dozen different OSCAR users what 
that critical minimum elevation angle is you'll get as 
many different answers, but most will probably say 
it lies between 60 and 70 degrees. Experience in 
manually operated Az-El control systems does in- 
deed seem to point to a number in this range; but 
surprisingly, the correct number for OSCAR 7 is an 
elevation angle of 87.3 degrees - a mere 2.7 de- 
grees from the vertical! The mathematical procedure 
for arriving at this number is detailed in Apendix A* 

By Bill Johnston, NSKR, 1808 Pomona Drive, 
Las Cruces, New Mexico 88001 
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along with the procedure for finding the maximum 
azimuth error (lag) between satellite and rotator as 
well as the lag duration. For most rotators the critical 
angle is extremely high. The faster the rotator, the 
higher the angle. 

Obviously, then, the slew rate can exceed the ca- 
pacity of the typical azimuth rotator for only a very 
short time on any given pass (in fact, for well under 
ten seconds at the maximum). So why does the slew 
rate cause so much trouble? We can best answer 
that by taking a look at just how high the slew rate 
can go, and in particular by looking at the special 
case where the satellite passes directly overhead. 

Here we have the satellite approaching, let's say, 
from the southeast. Since it's going to pass over- 
head, it's coming straight toward us the whole time 
it's in view, and the azimuth angle doesn't change at 
all. (Actually, due to earth rotation, the satellite's 
ground track is slightly curved, and the azimuth 
angle will change a little.) At the instant the satel- 
lite passes through the zenith, the slew rate jumps to 
infinity, then becomes zero again as the satellite 
recedes to the northwest. 

In other words, on an overhead pass, the slew 
rate is infinitely high if only for an instant. If the satel- 
lite passes very close by, but not directly overhead, 
the slew rate will become very high (but not infinite) 
and will remain high for a longer period of time. 

Incidentally, the rate of change of the elevation 
angle is always quite low. For OSCAR 7, the fastest 
it can possibly change is a little more than a quarter 
of a degree per second, so this is never a factor we 
have to worry about. 

ELEVATION ROTATOR 

CONTROL BOXES 

As mentioned earlier, OSCAR 7's slew rate can 
exceed the 6 degree/second speed of a typical ro- 
tator for less than ten seconds at the most on any 
given pass, But even after the slew rate decreases, 
it still takes a little time for the rotator to catch up. 
The worst-possible case is again the overhead pass, 

fig. 2. When the satellite is high overhead, or nearly so, the 
azimuth angle changes quite rapidly and the azimuth error 
may become quite large. However, with the antenna eleva- 
tion at 90 degrees, the actual pointing error between anten- 
na and satellite is fairly small. 

where the total duration of the lag is 30 seconds. 
(Appendix A gives details on how to compute the 
duration of the lag for other passes.) 

Pointing error. Even though we can develop a tem- 
porary azimuth error of up to 180 degrees, the actual 
pointing error is not as bad as it might seem. For ex- 
ample, suppose we have an overhead pass and the 
elevation rotator hits the stops at 90 degrees, as 
shown in fig. 2. The azimuth suddenly swings 180 
degrees, and the azimuth rotator direction is now in 
error by that amount. Even if the elevation control 
remained at 90 degrees and we waited 30 seconds for 
the azimuth rotator to come around, the satellite 
elevation angle would have changed by only about 
8 degrees in that time. So the absolute pointing error 
between antenna and satellite true elevation angle 
would at most be about 8 degrees, regardless of the 
magnitude of the azimuth error. Once the azimuth 
rotator comes around to its proper alignment, the 
elevation rotator can be brought to bear on the satel- 
lite in less than 1-1 12 seconds (assuming a 6 degree1 
second turning rate). 

fig. 1. A typical satellite Az-El control system consists of a 
pair of rotators operated by separate control boxes. Usually With typical antenna beamwidths of 15 to 30 de- 
the person carrvins out the communications must also grees at the half-power points, an 8-degree pointing . - 
operate the antenna controls. error is inconsequential. Judicious operation of the 
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BEFORE MOOiFlCATlON 

A F T E R  MODIFICATION 

fia. 3. Azimuth rotator dial face as normally supplied for the 
mechanical stop at 180 degrees and as modified when the 
stop is placed at 160 degrees. 

elevation control can reduce the magnitude of that 
error even further. 

reducing antenna pointing error 
Everything we've said so far seems to indicate that 

the overall problem isn't nearly as great as we 
thought, so why even bother worrying about it? 
Well, first of all, the relatively small pointing error 
described above can be achieved only if the antenna 
is kept on track at all possible times. From a practical 
standpoint, in a manually operated control system, 
this simply isn't feasible. If you devote all your time 
to operating the antenna controls you have no time 
for communicating. 

The end result is that the actual time lags and 
pointing errors are usually quite large. Nevertheless, 
a number of ways are available to improve the per- 
formance of such a system without putting an in- 
creased workload on the operator. Another good 
reason to  attack this problem is that improvement in 
pointing accuracy allows the use of higher-gain an- 
tennas, which have inherently narrower beamwidths. 
This is especially beneficial when the antenna is 
under some form of automatic control. 

Planning. A good rule in manually operated systems 
is t o  plan each pass ahead of time. Check to see how 
high the elevation angle will be to locate any poten- 
tial trouble spots. During the pass, instead of playing 
a constant game of catch-up with the antenna, lead 
the satellite by half the interval between antenna cor- 
rections. For example, if you normally reposition the 
antenna every two minutes, then each time you 

move the antenna, set it to  where the satellite will 
be one minute from that time. In this way the an- 
tenna will be a little ahead half the time and a little 
behind half the time, and the average pointing error 
will be reduced to half of what it would have been 
otherwise. 

Mechanical considerations. Conslder :fie azimuzh 
at which the mechanical stop on the azimuth rotator 
should be placed. Since most rotates turn only 360 
degrees, the  deal locat~on for the stop wouid be at 
the azimuth corresponding to the point where the 
satellite first comes into view on a pass that will 
take it directly over the ground station. (For most 
locations, this would be an azimuth of about 162 
degrees for ascending passes, or about 15 degrees 
for descending passes.) In this way there would 
never be any interference from the stop for the type of 
pass (ascending or descending) you selected for its 
location, and interference to the other type of pass 
wouid be iio.viiorse than if yo" did iioihing a: all. 

It may seem that some rotators require the stop to 
be oriented to a particular direction (usually south). 
But this isn't true; you can orient the antenna to any 
direction you like on the mast. All that's required is 
that, once you've reset the antenna, you draw a new 
dial face for the position indicator. Fig. 3 illustrates 
an example where the regular dial face of an indicator 
requires that the stop be at 180 degrees and as modi- 
fied for the stop at 160 degrees. 

You might also try to obtain or modify a rotator 
that will turn more than 360 degrees. One that will 
turn 390 degrees with stops set at 180 degrees and 
210 degrees, would work very nicely for both ascend- 
ing and descending passes. As shown in fig. 4, if 
rotation starts from the 180-degree stop, the antenna 
can move clockwise a full turn through 180 degrees, 

fig. 4. Turning pattern of rotator with 390 degree rotation 
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finally hitting the other stop at 210 degrees. These 
stops wouldn't have to be mechanical stops in the 
rotator but could be electrical stops in the control 
box or appropriate software if the system is under 
microprocessor control. Some sort of indicator (a 
pilot light, perhaps) could be used to let you know 
when the rotator is inside the extra 30 degrees, so 
you'll know which way to turn it if you're getting 
ready to track the satellite's initial azimuth as it 
comes over the horizon. 

antenna elevation inversion system 
Although most elevation control systems are set 

up with stops at 0 and 90 degrees, there's no law 
that says they have to be that way. And in most 
cases there is no physical reason that limits the 
equipment t o  this range. Remember the overhead 
pass? Suppose you don't touch the azimuth control, 
but when the antenna elevation reaches 90 degrees 
you let i t  keep right on going over on its back. All of 
a sudden you've eliminated a whole slew of prob- 
lems. Instead of frantically chasing after the azimuth 
control, just ignore it, and every once in a while give 
the elevation control a slight touch up. Even when 
the pass isn't directly over head,much time and effort 
can be saved on high passes by inverting the antenna 
at the proper moment. 

Antenna motion resulting from an elevation in- 
version system of this type is illustrated in fig. 5. 
Manufacturers of optical and electronic tracking 
equipment often incorporate this feature into their 

ELEVATION 0 .  ELEVATION 45' ELEVATION 70' 

I 
E L  EVATION 90' 

ELEVATION 70' 
INVERTED 

ELEVATION 45. 
INVERTED 

ELEVATION 0 .  
INVERTED 

fig. 5. Antenna movement with an elevation inversion sys- 
tem. No azimuth change is made in these illustrations. 

L I N v E R r E D  

AZIMUTH 

RIGHT SIDE UP 7 

ELEVATION 

fig. 6. Azimuth and elevation dial faces for an antenna eleva- 
tion inversion system. Numbers on the normal side of the 
dials are black; those for antenna inversion are red. When 
elevation dial is in the red, the corresponding azimuth red 
scale is used, and vice versa. 

products, although they sometimes refer t o  inver- 
sion as "dumping." 

One thing you must do when using this type of 
system is to modify the azimuth and elevation control 
dial faces. Otherwise, when the antenna inverts, the 
azimuth dial wilt be 180 degrees off. It's normally a 
simple matter to extend the scale on the elevation 
control, and an example of how to  label both faces 
is shown in fig. 6. The numbers on the normal (right- 
side up) side of the elevation dial are black and are 
red on the side that shows the antenna inverted. The 
azimuth control has its normal set of black numbers 
with an inner set of red numbers that are 180 degrees 
opposite in value to the black ones. When the eleva- 
tion control pointer is in the black, you read from the 
black scale on the azimuth dial also. When the eleva- 
tion dial is in the red, you read from the red scale on 
the azimuth control. I t  probably wouldn't hurt t o  
have an indicator light illuminate when the antenna 
is inverted. 

Renumbering dial scales isn't as hard as you might 
think. Dry transfer lettering works very nicely, and, 
if you want to be able to  return the dials to their 
original condition, the new scales can be put on 
paper templates and attached with rubber cement. 
They can be peeled off later without damaging the 
original dial face. 

systems under microprocessor control 
Many of the ideas discussed so far, although 

especially suited for systems under manual control, 
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are applicable to automatic control systems. Let's 
take a look at some factors that again affect both 
types of systems but are of special interest in sys- 
tems under microprocessor control. 

We already know that slew rates vary widely, 
from a small fraction of a degree per second up to a 
hundred degrees per second and higher. Most rota- 
tors, though, have only one speed, so you have to 
constantly turn it off and on to keep it on track. 
These start/stop operations put a Jot of wear on the 
rotator, and the very nature of the procedure pre- 
vents the antenna from being exactly on the satellite 
at all times. Ideally, we'd like a rotator with a speed 
that varies according to the satellite slew rate, since 
this would produce a smooth and continuous motion 
with no pointing error. 

Variable-speed rotators. Finding a variable-speed 
rotator suitable for your station would probably be no 
easy task, although you couid buiid one from scratch 
with an appropriate motor. On the other hand, if 
your rotator is driven by a synchronous ac motor, it 
would be a simple matter to build a variable-frequen- 
cy ac power supply that would in turn vary the motor 
speed. The microprocessor would select the correct 
frequency to produce the desired rotator speed. 
This, of course, would require calculating the slew 
rate in addition to the azimuth and elevation angles. 
The procedure for doing this is given in Appendix A. 

Even the operator of a manually controlled system 
might find a variable-speed control handy, as it 
could reduce his workload to a certain extent. Com- 
mercially made speed controls, operated by a small 
joy stick and capable of handling motors of up to 15 
watts, are available through a number of amateur 
telescope dealers. They are advertised as "drive 
correctors." You can save yourself some money, 
though, if you're willing to build you own. 

It's even easier to vary the speed of rotators driven 
by dc motors, but whether the rotator is ac or dc, 
you'll have to invest some time in designing the in- 
terface circuitry between the control system and the 
microprocessor. 

Microprocessor interface circuitry. Regardless of 
whether the rotator speed is variable or fixed, there 
will be times when the slew rate exceeds the rotator's 
capability. To reduce the complexity of the micro- 
processor software, the computer would calculate 
the slew rates for the pass ahead of time and store 
the information concerning the time period (if any) 
during which excessive slew rates will occur. Then, 
during actual tracking, the microprocessor would 
instruct the antenna to begin leading the satellite by a 
few degrees just before it gets to the bad area. The 
end result would be a worst-case pointing error of no 

more than 4 or 5 degrees, and then only for five or 
ten seconds. 

There are, of course, many things the software 
should take into consideration; unfortunately we 
can't discuss all of them here. But whatever you do, 
make sure that the software knows where the rota- 
tor's mechanical stop is, and make sure it knows how 
to minimize interference from the stop. 

operational procedure for a micro- 
processor-controlled tracking system 

Now that we've discussed a number of the factors 
in developing a system, let's see how an interactive 
microprocessor-controlled tracking system might 
operate. The software would be designed for fully 
automated operation while at the same time incor- 
porating interrupt capability to permit the operator to 
take control when desired. 

The tracking program could be called up by typing 
in the word TRACK. Once activated, the prGgiEitTi 
would accept additional commands. Entering NEXT 
PASS for example, would cause the computer to 
check the station's digital clock, compute the start- 
ing time of the next pass for each of the active satel- 
lites, and flash a message similar to the following on 
its display screen: 

28 OCT 78 1635 UTC 

TIME 
NEXT TILL 

SATELLITE MODE PASS START 
Oscar 7 A 17:04 : 29 
Oscar 8 J 16:21 IP 
Oscar 9 B 1 6 4  : 09 
US2 A 17:51 1:16 
RS4 A 16:50 115 

HIGHEST PRIMARY 
LENGTH ELEVATION DIR COVERAGE 

9 15 A WEST 
12 32 D EAST 
21 88 A OMNl 
4 6 D NE 

18 76 D OMNl 

which satellite? 
Suppose, as in example above, you decide to work 

OSCAR 9, which has a Mode B ascending pass start- 
ing in nine minutes and lasting for 21 minutes. (Since 
it will be an overhead pass, the computer shows the 
coverage to be omnidirectional.) You would type in 
OSCAR 9, to which the computer would reply: 

PREPARE TO TRACK? 

Upon receiving a response of YES, the micro- 
processor would make calculations to determine if 
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the azimuth slew rate will become excessive and 
would store the information regarding that part of 
the pass. It would then calculate the initial azimuth 
angle and swing the antenna to that point on the 
horizon (0 degrees elevation). As this operation is 
being carried out, the microprocessor would check 
the clock and display on the screen: 

READY OSCAR 9 MODE B 
T MINUS 8:43 AZ 163 EL 0 

Following this, the computer would update the T 
time (TIME TlLL START) every second as it count- 
ed down from 8 minutes, 43 seconds. You'd then be 
free until T minus 15 seconds, at which time the 
computer would begin emitting a persistent "beep- 
beep-beep" to alert you of the approaching satellite 
acquisition. At T minus zero the beeping would stop 
and the screen would flash: 

TRACKING OSCAR 9 MODE B 21:W REMAINING 
AT T PLUS :W AZ 163 EL0 

As the pass progresses the computer would count 
down the time remaining while counting up the T time 
and would continually update the azimuth and eleva- 
tion numbers so that you'd know where the antenna 
is pointing at any given moment. A few minutes 
before the satellite reaches the point where the slew 
rate becomes excessive, the microprocessor would 
instruct the antenna to begin leading the satellite by 
a few degrees. The pointing error will therefore be 
kept to a minimum, and a few seconds later the an- 
tenna will be right back on target. When the pass 
ends, the screen flashes: 

PASS COMPLETE AT T PLUS 21:W AZ 354 EL 0 

At this point you can shut down the station if 
you're finished. Or, if you wish to try another pass, 
you can enter NEXT PASS to obtain an updated 
list of upcoming passes. Perhaps you're interested 
in what's available the next day. In that case you'd 
enter ALL PASSES 29 OCT to obtain a complete 
list. Or maybe you're interested only in Mode J for 
the next afternoon, so you'd type in MODE J 
PASSES 29 OCT P M  to  obtain a list of only the 
passes in which you're interested. 

An interrupt capability would be incorporated into 
the software so you can stop in the middle of a pass 
if desired. For example, during the OSCAR 9 pass 
described above, suppose you communicate for ten 
minutes, then decide to try a different satellite. You'd 
type in STOP, which halts the tracking of OSCAR 9, 
followed by NEXT PASS RS4, to which the com- 
puter replies: 

TIME 
NEXT TlLL 

SATELLITE MODE PASS START 
RS4 A 16:s I P 

HIGHEST PRIMARY 
LENGTH ELEVATION DIR COVERAGE 

14 76 D OMNl  

PREPARE TO TRACK? 

This tells you that the pass for the Soviet satel- 
lite RS4 is in progress (IP), having begun at 16:50, 
with 14 minutes remaining in the pass. Furthermore, 
it's a descending Mode A pass with a fairly high 
elevation angle and more or less omnidirectional 
coverage. In reply to the computer's question, you 
might type in YES. 

The computer would immediately bring the anten- 
na to bear on the satellite at its current position in 
the sky and begin to track RS4 as it flashed: 

TRACKING R S 4  MODE A 14:00 REMAINING AT 
T PLUS 04:W AZ 328 EL 11 

The possibilities are unlimited, but the examples 
we have looked at should give you a good idea of 
the convenience that appropriately designed soft- 
ware can bring to a station that has a microproces- 
sor-controlled satellite tracking system. You have a 
free hand in programming all the features that suit 
your situation. 

summary 
We began by discussing problems encountered in 

satellite tracking and described how some of them 
can cause serious pointing errors in both manually 
and automatically controlled systems if corrective 
measures are not taken. A number of approaches 
were covered for improving accuracy. A major con- 
cern is that, if at all possible, we reduce the work- 
load on the operator (who would prefer to  spend his 
time communicating rather than operating antenna 
controls), and we have presented some ways to do 
just that. Finally, we looked at some special problems 
associated with microprocessor-controlled systems 
and discussed some software features that should 
be included in the finished system. 

We concluded by looking at an example of an 
operational procedure for a microprocessor-con- 
trolled tracking system. Here we discussed how the 
computer could provide detailed data on various 
satellites as well as controlling the tracking antenna 
in a convenient and accurate manner. 

A number of hams have incorporated many of 
these features into their stations. The sky's the limit 
when you begin to work on your own system. 

28 OCT 78 16:54 UTC ham radio 
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I 
resistance, R L  (equal to R ) ,  maximum transfer of 

with the Hewlett-Packard models W A ,  W B ,  and noise power will result. The noise power, P,, 
342A. The article also stated that most, if not all, of dissipated in the load will be 
these noise sources were unsatisfactory because of 
their high VSWR at frequencies above 250 MHz or so. e4 - 4kTRB P, = ---- - - = kTB 4R 

(3) 
Described here is a noise source, using the Sylvania 4R 

5722 diode, which is patterned after the Hewlett- 
Packard Model 343A VHF Noise Source, and which 
appears to be comparable to that commercial unit at BY Robert S. Stein, WGNBI, 1849 Middleton 
frequencies up to at least 450 MHz. Avenue, Los Altos, California 94022 

I diode noise source 
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for receiver noise 
measurements 

Construction of a 
temperature-limited 
diode noise source 

for accurate 
automatic and manual 

noise-f igure measurements 
to 500 MHz 

The saturated temperature-limited thermionic 
diode has been used extensively for measurement of 
receiver noise figures in the high-frequency, vhf, and 
low uhf regions. Its characteristics are predictable 
and repeatable, and it may be used either in conjunc- 
tion with an automatic noise-figure meter or with its 
own power supply and indicating meter for manual 
noise-figu re measurements. 

A recent article' described the use of diode noise 
sources with automatic noise-figure meters and indi- 
cated that many homebuilt sources could be used 

~ ~ = ~ R '  

fig. 1. Basic circuit of a 
t e m p e r a t u r e - l i m i t e d  

R'= R diode noise source. 

The noise source may also be used to make manu- 
al noise-figure measurements by either the twice- 
power or Y-factor method. Either technique requires 
a fixed plate supply and a variable filament supply, 
with an appropriate plate-current meter. In the past it 
has been normal practice to vary the diode filament 
voltage by means of a small variable auto-trans- 
former or a power rheostat. such control devices 
change voltage in discrete, albeit small, steps. This, 
coupled with voltage changes in the primary power 
source, make it difficult to establish and then to 
maintain the desired diode plate current. WGGXN 
described an improved power supply which mini- 
mized the problem.2 This article will present an up- 
dated version of his approach, using modern soiid- 
state techniques. 

diode noise source 
TO understand how a temperature-limited thermi- 

onic diode is used as a noise generator, we must start 
with the basic concepts of noise power. A resistance 
at a temperature other than absolute zero generates 
across its open-circuit terminals a voltage which is 
caused by the random motion of free electrons. This 
noise voltage, en, is infinitely broadbanded and de- 
fined by the equation 

e$ /B  = 4kTR uolts2/unit frequency bandwidth (1) 

where 

k = Boltzmann's constant 
1.374 x 10-23 joule/OK 

T = absolute temperature in OK 
R = resistance in ohms 
B = bandwidth, in Hz, of device 

under test 

Since our treatment of noise deals with receivers 
or amplifiers of finite bandwidth, eq. 1 is usually writ- 
ten as 

e$ = 4kTRB (2) 

When resistance R is connected to a matched load 



Eq. 3 defines the available noise power f rom 
resistance R .  

Although its derivation is beyond the scope of this 
article, effective input noise temperature, T,, is 
defined as 

where 

Tih = hot input noise temperature in OK 
Ti, = cold input noise temperature in O K  

Y = ratio of hot output noise power to cold 
output noise power 

In the case of a temperature-limited thermionic 
diode ( f ig .  I ) ,  shot-noise current, in, can be deter- 
mined from the equation 

ig = 2qIB (51 

where 
q = electronic charge, 1.600 x 10- 19 

coulomb 
I = dc plate current in amperes 
B = bandwidth, in Hz, of device under test 

The total available noise power, Pn, from a diode 
noise source is the sum of the diode shot-noise 
power and the terminating resistor noise power. 
From eqs. 3 and 5, 

This equation can be factored and rearranged as 

Pn = kB [ ( f )  (!f) + T ]  

Since 
q = l . 600x10 -19  = 11644.8 - 

k 1 . 3 7 4 ~  10-23 
(8) 

then 

P, = kB(5822IR + T) (9) 

If, in eq. 3, the temperature is Tih, then 

where Tih is the noise temperature of the noise diode 
with its load resistance, R ,  at a temperature of T. 
Thus when I is zero, Tih is equal to T .  

The excess noise ratio, ENR, is defined as the ratio 
of the available noise power at temperature T in ex- 
cess of that available at a standard temperature ( T o )  
to the available noise power at To, and is expressed 
as 

A t  a standard reference temperature of 290°K, 

T- 290  = T - 1  ENR = - -- 

290 290 
(131 

Tih ENR = --- 
5822IR + T 

I 290 = 290 - (14) 

T Since the term is the noise power contribution 
290 

of the load resistor, if a temperature of 290°K is used 
for the load, eq. 14 reduces to 

I f  R equals 50 ohms and I is expressed i n  
milliamperes, 

ENR e I (16) 

and ENRdB + 1010gI (17) 

Note that this commonly used equation is predi- 
cated on the temperature of the load resistance being 
290°K (17OC or 62.6OF). In actual practice, the load 
resistance temperature may be as high as 310°K 
(37OC or 98.6OF). In this case, the excess noise ratio 
will be lower, yielding receiver noise-figure measure- 
ments which are higher than the true noise figure. 
The corrections for these errors are plotted in fig. 2. 

A schematic diagram of the actual temperature- 
limited diode noise source is shown in fig. 3. You will 
note that the output circuit is considerably more 
complicated than those used in most of the previous- 
ly published designs.2-5 It is this output circuit, prop- 
erly arranged physically, which makes this noise 

fig. 2. Temperature corrections for a temperature-limited 
diode noise source (courtesy Hewlett-Packard Company). 
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fig. 3. Schematic diagram of the diode noise source. Pin 
connections shown at PI are those for a Cannon WK-5- 
22C-5/16 connector used to mate with a Hewiett-Packard 
3408, 342A, or modified 340A Automatic Noise Figure 
Meter. 

source comparable to the Hewlett-Packard model 
343A. 

The diode output circuit must theoretically satisfy 
two requirements: it must present a 50-ohm impe- 
dance ! 1 :! VSWR! to the receiver connected to the 
output connector, and it must present a load to the 
diode which results in a constant ENR over the 
usable frequency range. In practice, however, it ap- 
pears that these two conditions cannot be satisfied 
concurrently, and, as in all designs, a compromise 
must be reached. The compromise in this case is to 
keep the VSWR as low as possible and to permit the 
ENR to change over a portion of the frequency 
range. The rationale for this is simply one of a known 
factor versus an unknown. If the VSWR is other than 
1 : 1, the mismatch loss between the noise source and 
the receiver will be indeterminate. (Although noise 
power obeys ail power-transfer laws, noise is random 
in phase; therefore the loss is ambiguous rather than 
known.) On the other hand, it is possible to deter- 
mine the ENR, although not to any precise degree of 
accuracy, so that measurements using a known 
value are possible. 

An expanded schematic of the diode output circuit 
appears in fig. 4. The numbered components corres- 
pond to those shown in fig. 3, while those having 
letter subscripts represent the distributed reactive 
components, as follows. CpJ is the plate-to-filament 
capacitance of the tube; Lp is the series inductance 
of the tube structure and tube pins; L, is the series 
inductance present in R1 and the plate pin connec- 
tors; and C, is the shunt capacitance of the tube 
socket andlor C6. 

If R1 and L3 are both replaced by shorts, and C7 is 
removed from the circuit, there will be a steep rise in 
the ENR to a resonant point, as shown on curve A of 
fig. 5. The VSWR at 432 MHz with this configuration 
will be about 3.5:l. K2PEY, in his circuit,3 damped 
out this resonance by adding a 51-ohm series resistor 
(Rl), resulting in curve B. However, the VSWR was 
still approximately 1.5:1 at 420 MHz according to his 

W8BBB modified the circuit further by adding L3 
in series with R2. Since his article provided no figures 
on ENR or VSWR,4 there is no basis for its compari- 
sion with the earlier configurations or with the one 
presented at this time. 

Incorporating R1, L3, and C7 in  the circuit results 
in curve C of fig. 5. it can be seen that the ENR has a 
tising characteristic with frequency, but the VSWR is 
less than 1.2: 1 at 432 MHz. Thus, we have achieved 
a low VSWR, but at the cost of having an ENR which 
changes with frequency. As previously stated, how- 
ever, we know the ENR to a fair degree of accuracy 
and we have minimized the indeterminate mismatch 
loss. 

The noise source is enclosed in an 83 x 54 x 41 mrn 
(3-1 14 x 2-1 I 8  x 1-518 inch) aluminum utility box. 
Two methods of mounting and making connections 
to the 5722 noise diode are presented, both of which 
have proved to be equally usable. 

If suitable VSWR-measuring equipment is available 
(either a network analyzer or a slotted line and SWR 
indicator), the method shown in fig. 6 is preferable, 
since it permits optimization of the noise-source 
VSWR by adjustment of capacitor C6. The tube is 
mounted by means of a 19-mm (314-inch) diameter 
wrap-around plastic clamp positioned so that the 
cable tube pins pass through a 16-mm (518-inch) 
diameter hole in the shield plate. The cable clamp is 
attached to the enclosure by means of a metal stand- 
off post. Connections to the tube are made via con- 
tacts which have been removed from a 7- or 9-pin 
miniature tube socket and slipped over the appropri- 
ate tube pins. 

If you are unable to measure the VSWR of the 
noise source, use a standard 7-pin, saddle-mount, 
mica-filled phenolic tube socket, from which the 
center ground post and the contacts for pins 2 and 5 
have been removed; mount the socket on the shield 
plate. Do not use a black Bakelite or ceramic socket, 
or one which has a shield base. The added capaci- 
tance of the mica-filled phenolic socket is just about 
optimum at 432 MHz, so capacitor C6 can be 
omitted. 

Other than the mounting and the elimination of 
C6, the socket method of construction follows that 

fig. 4. Expanded schematic diagram of the diode- 
source output circuit. Numbered components corre- 
spond to those in fig. 3. Components with letter 

article, and about 1.8: 1 at 432 MHz by measurement. subscripts are explained in the text. 

34 june 1979 



shown in fig. 6.  In either case, mount the tube so 
that pins 3 and 4 are in a plane perpendicular to the 
bottom of the housing. To reduce the plate lead 
inductance, the contacts for pins 1 and 6 should be 
bent at right angles toward one another and soldered 
together. The usual vhf wiring techniques are 
required. Disc capacitors C3, C4, and C5 must be 
soldered directly between the tube pin contacts and 
the mounting plate, with lead lengths at an absolute 
minimum. Rf chokes L1 and L2 are each ten turns of 
no. 26 (0.4-mm) or no. 28 (0.3-mm) enamel-covered 
wire, close spaced and air wound to approximately 
0.1 inch (2.5 mm) diameter. 

Although R2 is shown as a nominal 51-ohm 
resistor, its optimum value is 50 ohms. It is suggested 
that a resistor as close as possible to 50 ohms (meas- 
ured on a resistance bridge or accurate digital multi- 
meter) be selected. Five per cent, 114-watt carbon- 
film resistors are recommended for both R1 and R2; 
the application of heat when soldering to the neces- 
sary short leads of ordinary composition resistors 
generally changes their values. 

One lead of R2 is wound to form L3, a three-turn 
coil 2.5 mm (0.1 inch) in diameter and 5 mm (0.2 
inch) long. Except for this lead, all other connections 
to the plate of V1 or to J1 must be made virtually 
leadless. C7, R21 L3, and C6 (if used) are all grounded 
to a solder lug attached to one of the mounting 
screws for J 1. 

A shielded, two-wire cable, brought out of the 
housing through a neoprene grommet, is used to 
connect the noise source to either a Hewlett-Packard 
automatic noise-figure meter or to the noise-source 

10 I00 

F R E O U E N C Y  - M H z  

fig. 5. Relative ENR of a diode noise source for various con- 
figurations of the output circuit shown in fig. 4. Ideally, the 
ENR should be unity over the entire frequency range. 
Curves A and B have been calculated, thus the dashed por- 
tions above the maximum usable frequency of 600 MHz. 
Curve C is representative of the Hewlett-Packard model 
343A and of the homebuilt noise source up to at least 
450 MHz. 

I - B R A S S  S H I E L D  
P L A T E  

C 2  

fig. 6. Physical layout of the noise source. The shield plate 
on which C1 and C2 are mounted is made of brass with a 16- 
mm (518-inch) diameter hole to clear the tube pins or to 
accommodate a 7-pin miniature tube socket (see text). 

power supply unit. If the noise source is to be used 
with a noise-figure meter, the appropriate pin con- 
nections to a Cannon WK-5-22C-5/16 connector are 
shown in fig. 3. Otherwise, any convenient pair of 
mating connectors can be used on the noise-source 
cable and the power supply. Obviously, the male of 
the pair should be attached to the cable so that high 
voltage is not exposed on the power-supply con- 
nector. 

The 5722 diode generates a considerable amount 
of heat, which can affect the resistance values of R1 
and R2. To minimize the heat within the housing, dis- 
card the U-shaped part of the utility box that mates 
with the half shown in fig. 6. In its place, use a simi- 
lar piece made from perforated aluminum stock. This 
will retain the integrity of the shielding and will allow 
heat convection from within the enclosure. 

If VSWR-measuring equipment is available and C6 
has been included in the circuit, the VSWR of the 
noise source can be optimized. This can be done 
without applying filament or plate power to the 
diode. Table 1 shows the VSWR of several configu- 
rations of the noise source, with and without a tube 
socket. The frequency at which C6 should be adjust- 
ed depends on your preference. Adjusting C6 for 
minimum VSWR at 432 MHz results in a VSWR of less 
than 1.2: 1 over the entire usable range of the noise 
source. If the VSWR adjustment is made at 222 MHz, 
the VSWR increases to slightly less than 1.3:l at 432 
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MHz and is only 1.1 :1 at 145 MHz. Since noise-figure 
measurements at 432 MHz would appear to be of 
greater import than at other frequencies within the 
range of the noise source, it is recommended that the 
VSWR be optimized at that frequency. When so ad- 
justed, the VSWR at the other amateur frequencies 
appears to  be at least equal to that of the Hewlett- 
Packard model 343A. 

For those amateurs interested in tweaking to the 

diode noise source for manual noise-figure measure- 
ments appears in fig. 7. I t  consists of an adjustable, 
regulated switching supply for the filament of the 
5722 noise diode, supplied by transformer TI, and a 
simple half-wave rectified dc plate supply. High 
voltage is obtained from T2, a 12.6-volt transformer 
which has its low-voltage winding connected to the 
secondary of TI, thereby providing approximately 
115 volts ac for the plate supply. 

table 1. VSWR measurements for several configurations of diode noise sources. See text and fig. 3 for de- 
scription of configurations (second column). 

unit 

1 

2 

2 

2 

3 

4 

5 

6 

configuration 

no socket, C6 and L3 optimized 
at 432 MHz 
iio socket, C8 am! L3 optimized 
at 432 MHz 
no socket, C6 optimized at 
300 MHz 
no socket, C6 optimized at 
222 MHz 
with socket, C6 omitted, C7 opti- 
mized at 432 MHz 
with socket, C6 omitted, C7 opti- 
mized at 432 MHz 
with socket, C6 omitted, no opti- 
mization 
with socket, C6 omitted, C7 opti- 
mizedat432 MHz 
Hewlett-Packard 343A 
Hewlett-Packard 343A 
Hewlett-Packard 343A 

30 
MHz 

1.04 

1.05 

1.05 

1.04 

1.04 

1.06 

1.07 

1.05 

1.04 
1.02 
1.03 

ultimate, the inductance of L3 can be varied slightly 
by stretching or compressing the turns to minimize 
the VSWR. There will be some interaction between 
the inductance of L3 and the capacitance of C6, so 
that one will have to be readjusted if the other is 
changed. Alternatively, a trimmer capacitor can be 
substituted for C7 and its capacitance varied, in lieu 
of adjusting L3, to achieve the same results. Again, 
there will be interaction with the setting of C6, neces- 
sitating alternate adjustments of both capacitors. 

It can be seen from the figures in table 1 that even 
without VSWR-measuring equipment, careful con- 
struction should result in a noise source which is as 
good as, and probably better than, any which have 
been previously built (or described) by amateurs. 

The final VSWR must be measured with both 
halves of the enclosure assembled. If the VSWR in- 
creases when the cover half is in position, it will be 
necessary to drill an access hole in it so that the trim- 
mercapacitorcan be adjusted with the cover in place. 

power supply 
The power supply circuit which is used with the 

50 
MHz 

1.07 

! .09 

1.06 

1.04 

1.06 

1.10 

1.13 

1.08 

1.05 
1.03 
1.05 

145 
MHz 

1.12 

! .20 

1.08 

1 .04 

1.09 

1.18 

1.23 

1.13 

1.08 
1.05 
1.07 

VSWR 
m 

MHz 

1.15 

1.19 

1.08 

1.04 

1.14 

1.22 

1.28 

1.17 

1.06 
1.06 
1.08 

432 
M H z  

1.03 

1.03 

1.16 

1.29 

1.05 

1.04 

1.14 

1.09 

1.09 
1.12 
1.17 

500 
M H z  

1.06 

1.12 

1.27 

1.41 

1.15 

1.12 

1.21 

1.23 

1.14 
1.18 
1.16 

550 
MHz 

1.14 

1.23 

1.37 

1.51 

1.25 

1.23 

1.33 

1.34 

1.17 
1.23 
1.13 

The object of the power supply is to establish a 
constant diode plate current by controlling the fila- 
ment current and hence, the filament temperature. 
To accomplish this, op amp U2 is used to drive 01, a 
Motorola MJE801 Darlington pair, which supplies 
current to the 5722 filament. A reference voltage is 
established at the inverting input of U2, derived from 
the regulated 5-volt output of U1 and set by R5, the 
diode current control. The diode plate-current return 
is through resistor R4 connected to the output of U1; 
a portion of the voltage drop across the resistor is ap- 
plied to the noninverting input of the op amp by 
means of the voltage divider formed by resistors R7 
and R8. 

Once the diode plate current has been set by 
means of R5, any change in plate current will result in 
a change in voltage at the noninverting input of U2. 
Since the sensing circuit is in the negative return of 
the power supply, an increase in current will cause 
the noninverting input to become more negative. 
The resultant decrease in the output of the op amp 
will lower the base current of 01, thereby decreasing 
the diode filament current to compensate for the in- 
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crease in plate current. Conversely, if the diode plate selected shunt. Three usable ranges, of 3, 10, and 30 
current tries to fall, the noninverting input of U2 will mA, have been incorporated; the maximum diode 
become more positive. This will increase the output current is between 20 and 25 mA with the circuit 
of U2, increasing the base current of Q1, and raising shown. The values of the meter shunts (R12, R13, 
the diode filament current to negate the decrease in and R14) will depend on the internal resistance of the 
plate current. meter you actually use. R12 must be equal to the 

The thermal inertia of the diode filament intro- meter resistance divided by two, R13 to the meter 

qql r - - - - - - - 7  

I15 I P . 6 V  
VA C P A  

L --.--.- J 

NOTES.' 
I. CR I- 4  IS MOTOROLA MOAPOO OR FOUR F I L  

DISCRETE 5 0  PIV. IA DIODES f lN400 l  OR 
EQUAL F I L .  

fig. 7. Schematic diagram of the noise-source power supply. The values of R12. R13, and R14 are discussed in the text. Film resis- 
tors may be deposited carbon or metal. The meter range switch must be a shorting type to protect the meter when the switch is 
rotated. 

duces a considerable time lag between the time that 
an error voltage is detected and the time that the fila- 
ment current is compensated. Therefore the op amp, 
instead of operating in a linear mode, functions more 
like a comparator in that its output switches between 
a level equal to the voltage on pin 4 and about 1.5 
volts less than the voltage on pin 8. The op amp out- 
put and the diode filament current are a series of rec- 
tangular pulses whose frequency varies between 
approximately 500 and 1000 Hz and whose duty cycle 
also varies; both the frequency and duty cycle 
depend on the setting of the diode current pot. 

Zener diode CR6, connected between the base of 
Q1 and the diode filament return, has been incorpor- 
ated to clamp the base voltage, and hence the diode 
filament current, to a safe value should there be any 
failure in the regulating circuit. Since the peak-to- 
peak amplitude of the voltage at the base of Q1 must 
be very close to 6 volts in order to obtain 20 to 25 mA 
diode plate current, a five per cent zener diode has 
been specified to preclude clamping at too low a 
voltage. 

The positive side of the diode plate supply is 
returned to ground through a 1-milliamp meter and a 

resistance divided by nine, and R14 to the meter 
resistance divided by twenty-nine. 

power supply construction 
The power supply can be housed in any conveni- 

ent enclosure and can be built in the same way as 
any conventional power supply. Only a few precau- 
tions need be observed. The negative terminal of 
plate-supply filter capacitor C9 should be returned 
directly to the transformer winding, and the negative 
side of the filament-supply filter capacitor C8 should 
be connected directly to the negative terminal of the 
bridge rectifier. Otherwise excessive ripple can 
appear in the outputs. 

Transistor Q1 must be mounted on a heatsink 
which is insulated from chassis ground, or it must be 
insulated from a grounded heatsink by means of a 
mica or plastic insulator. If chassis-type construction 
is used, the chassis can serve as the heatsink. Other- 
wise, a heatsink having a radiating area of approxi- 
mately 65 square cm (10 square inches) should be 
satisfactory. Be sure to apply a thin coating of sili- 
cone heatsink compound to the heatsink side of the 
transistor, and to the insulator if one is used. 

june 1979 5 37 



OT - C O L D  
31SE SOURCE 

power supply. They should approximate the values 
A  I  L  3 2 3 0  H E W L E T T -  

5 0  HOT T E S T  P R E C I S I O N  - P A C K A R D  listed below. Except for the output of U1, a 20 per 
IJBO'KJ R E C E I V E R  - V A R I A B L E  3 4 0 A  

ATT E N UAT O R ( I N  M O D E  MANUAL J  
cent variance in voltages can be expected because of 
component tolerances, especially in the transformers. 

fig. 8. Test setup used to determine the test-receiver noise 
figure by means of a hot-cold noise source. 

As mentioned previously in the discussion of the 
noise source, J2 can be any female connector which 
will mate with the noise-source cable connector. 
Inexpensive types, such as the Amphenol 91-MPM3L 
for the noise-source cable and Amphenol 78-PCG3 
for the power supply, are more than adequate. 

A word about the meter is in order. Since the 
accuracy of the noise-figure measurement is a func- 
tion of the accuracy with which the diode current is 
measured, a high-quality meter should be used. The 
accuracy of shunt resistor R12 is equally, if not more, 
important. (R13 and R14 are of lesser importance, 
since the accuracy of noise-figure measurements on 
these ranges is generally not critical.) If possible, the 
accuracy and tracking of the 3-mA meter range 
should be checked against a milliammeter of known 
accuracy. 

One way of trimming R12 to the proper value is to 
use a one per cent metal-film resistor whose resis- 
tance is the closest value higher than one-half the 
meter resistance. Then shunt the metal-film resistor 
with higher-value composition resistors (starting at 
about ten times the one per cent value) until the 
meter reading is correct. 

After double checking the circuit, connect the 
noise source to the power supply. Set the diode cur- 
rent control for minimum current and set the meter 
range switch to its 30-mA position. Energize the 
power supply and slowly increase the diode plate 
current by means of the diode current control. The 
current should increase smoothly from zero to a max- 
imum of between 20 and 25 mA. If a plate current of 
at least 20 mA cannot be reached, it is likely that CR6 
is limiting the base voltage of 01. Reduce the plate 
current to zero, turn off the power supply, and dis- 
connect one side of CR6. Then turn on the power 
supply again and increase the diode plate current to 
its maximum. If the plate current is now higher than 
could be obtained with CR6 connected, another 
zener diode should be used which has a slightly high- 
er zener breakdown voltage. Alternatively, the exist- 
ing zener voltage can be increased by about 0.6 volt 
by connecting an ordinary silicon diode in series with 
CR6; the diodes should be connected anode-to- 

measure across 

T I  secondary 
T2 secondary 
R3 
C8 
U1 output 

( to common) 
CR6 
V1 filament 
R11 

voltage measurement at 
1 mA plate current 20 mA plate current 

13.3 Vac 12.4 Vac 
113 Vac 88 Vac 
0.9 Vdc 1.5 Vdc 
13 Vdc 10 Vdc 

5.0 Vdc 5.0 Vdc 
6.2 Vp-p 6.2 Vp-p 
4.4 vp-p  4.7 vp-p  
123 Vdc 72 Vdc 

The voltages across CR6 and the filament of V1 
must be measured using an oscilloscope because 
they consist of rectangular pulse trains. Use extreme 
care when making such measurements, since the 
scope ground connection will be elevated from the 
power-supply chassis ground by the plate-supply 
voltage. 

The two characteristics of the noise source which 
required evaluation were the VSWR and the ENR. 
The former presented no problem, since suitable 
VSWR-measurement equipment was available. 
Table 1 shows the VSWR of six of the homebuilt 
noise sources at various frequencies between 30 and 
550 MHz. For comparison purposes, the measured 
VSWR of three Hewlett-Packard model 343A noise 
sources are also included. I t  can be seen that the 
comparison is favorable, especially at the amateur 
band frequencies of 432 MHz and below. 

Measuring the excess noise ratio is another matter, 
however. Short of sending a unit to the National 
Bureau of Standards, or equipping a primary stan- 
dards laboratory, there is no way to measure the 
noise output quantitatively. As derived earlier in this 
article, the theoretical ENR of a temperature-limited 
diode, when terminated by a resistive load at the 
standard reference temperature of 290°K, is nearly 
equal to 10 log I in a 50-ohm system, where I is the 
diode plate current in milliamperes. 

While we might accept this expression as an abso- 

anode. fig. 9. Test setup used to measure the test-receiver 
If current limiting is not being caused by the zener S U P P L Y  noise figure manually by means of the twice-power 

diode, check the various voltages throughout the u method. 
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lute value at frequencies below 30 MHz, we know 
from experience and from Hewlett-Packard's specifi- 
cations for the 343A noise source that the ENR grad- 
ually increases above 30 MHz to the limit of the 
source's frequency range. (This frequency limitation 
results from the transit time of the electrons passing 
from cathode to  anode becoming an appreciable part 
of the period at high frequencies, and from the series 
inductances shown in fig. 4. )  

Since there was no method by which the actual 
noise output of the diode could be measured directly, 
we resorted to  measurement by transfer. While this 
is a far from ideal technique, it was the only feasibie 
method, and provided us with usable data. The 
transfer method used was as follows. A hot-cold 
noise source and a precision variable attenuator were 
used in conjunction with a Hewlett-Packard noise- 
figure meter (in its manual mode as an indicator). 
The test setup is shown in fig. 8. 

The noise source comprised two 50-ohm termina- 
tions, one immersed in liquid nitrogen (boiling point 
at 77.3OK) and one housed in a thermostatically con- 
trolled oven (temperature at 380°K). The VSWR of 
each termination was measured through the coaxial 
switch and found to be less than 1.02:l. The noise 
figures of four receivers, one each at 28, 144, 220, 
and 432 MHz, were determined by means of the test 
setup shown, taking into account the measured in- 
sertion loss of the coaxial switch (approximately 0.05 
dB at 432 MHz, and insignificant at lower fre- 
quencies). These noise figures provided the refer- 
ence for the transfer measurement. 

The noise figures of the same receivers were then 
remeasured, using six different homebuilt noise 
sources and t w o  Hewlett-Packard 343A noise 
sources. In each case, the noise figure was deter- 
mined manually, by means of the twice-power meth- 
od, and automatically, using a Hewlett-Packard 
model 340A Automatic Noise Figure Meter; the test 
setups for these measurements appear in figs. 9 
and 10. 

The results of these noise-figure measurements 
were analyzed and plotted as errors in the ENR of 
each noise source, compared with the theoretical 
ENR of a temperature-limited diode. The results are 
shown in fig. 11, along with the nominal and speci- 
fied limits of the Hewlett-Packard model 343A ENR 

D I O D E  PACKARD 
N O I S E  

SOURCE R E C E I V E R  ATTENUATOR ( I N  AUTO 

fig. 10. Test setup used to measure the test-receiver noise 
figure by means of an automatic noise-figure meter. 
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fig. 11. Errors in excess noise ratios of six homebuilt 5722 
noise sources and two Hewlett-Packard model 343A noise 
sources, compared to theoretical noise power. Errors were 
determined by comparison with receiver noise figures 
measured using a hot-cold noise source. A positive error in- 
dicates output noise power in excess of the theoretical 
noise power; therefore a measured noise figure must be in- 
creased by the indicated error. 

D ENR ERROR I N  H P 3 4 3 A  NOISE  SOURCE.  U S I N G  H P 3 4 0 A  / 
A U T O M A T I C  N F  M E T E R .  1 

error. It must be reiterated that the ENR error is the 
deviation from the theoretical low-frequency ENR, 
and is a normal and expected deviation. Our tests 
were made to determine the magnitude of the devi- 
ation. 

Analyzing the resultsof these measurements proved 
to be somewhat more difficult than performing the 
tests. A t  28 MHz we expected the ENRs to be very 
close to the theoretical value. This proved to  be the 
case for the manual measurements, but the auto- 
matic noise-figure measurements were generally on 
the high side, indicating a lower ENR than expected. 
The conclusion was that the error was in the auto- 
matic noise-figure meter, which is specified as 
having a possible error of k 0.5 dB. By way of com- 
parison, the milliammeter shown in fig. 9 was an ac- 
curate digital meter, the loss of the 3-dB pad had 
been checked at 30 MHz, and the noise-figure meter 
was used only as a reference indicator, so that any 
error in that instrument was eliminated by using a 
fixed meter reference reading. The trend of low read- 
ings in the automatic mode is continued a t  144 and 

H P 3 4 3 A  :" 0 -  .. * 4  

S P E C I F I E D  
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220 MHz but not at 432 MHz, where both types of lett-Packard automatic noise-figure meters are cali- 
measurements yielded closely related results. brated, it follows that the ENR may be reduced to 

Although one of the homebuilt noise sources pro- 5.2 dB by reducing the diode plate current. The 
duced an ENR well outside of the expected range at required value of current plotted against frequency is 
220 MHz (for some unexplainable reason), the results shown in fig. 12, and is included in table 2. By set- 
seem to indicate that a homebuilt noise source can ting the diode current to the value indicated for the 
be constructed and can be expected to provide an frequency of measurement, no ENR correction need 

table 2. Nominal corrections for temperature-limited diode noise sources at Amateur frequencies. 

ENR 
frequency accuracy 

(MHz) (dB) 

28 f 0.20 
50 f 0.23 

1 44 * 0.28 
220 i 0.30 
432 f 0.38 

NF 
correction ENR (dB) 

(dB) at 3.31 mA 

0 5.20 
+0.13 5.33 
+ 0.45 5.65 
+ 0.65 5.85 
+ 1.17 6.37 

ENR within the range specified by Hewlett-Packard 
for their model 343A. No attempt was made to apply 
a temperature or mismatch-loss correction, since the 
intent was a comparison between the homebuilt 
noise source and the Hewlett-Packard 343A. Both 
types of noise sources were subjected to the same 
possible receiver mismatch and were operated under 
identical environmental conditions. 

noise-figure measurements 
As previously stated, the noise source can be used 

in conjunction with its own power supply to make 
noise-figure measurements, or it may be used with a 
Hewlett-Packard model 340B or 342A Automatic 
Noise Figure Meter. It may also be used with a modi- 
fied Hewlett-Packard model 340A, as described in 
reference 1. The techniques employed in automatic 
noise-figure measurements are treated briefly in that 
article, and in detail in the Hewlett-Packard manuals 
covering such equipment.6-9 The homebuilt noise 
source, when equipped with the appropriate power 
connector, can be considered as a direct replace- 
ment for the Hewlett-Packard model 343A at fre- 
quencies to at least 450 MHz. 

Table 2 summarizes, for the amateur frequencies 
of interest, the nominal noise-figure correction which 
must be added to the measured noise figure because 
of the noise-source ENR increase with frequency, as 
shown in fig. 11. The table also includes the accura- 
cy of the ENR, based on Hewlett-Packard's specifi- 
cations for the model 343A noise source and the 
measured equivalence of the homebuilt versions. 
Thus, this is the uncertainty of the corrected noise 
figure due to ENR only, but does not include other 
errors discussed in reference 1. 

Since the ENR is higher, at frequencies over 30 
MHz, than the nominal 5.2-dB value for which Hew- 

automatic noise-figure meter 
diode current (mA) to com- 
pensate for NFcorrection 

3.31 
3.21 
2.99 
2.85 
2.53 

be applied to the noise-figure reading. Manual noise- 
figure measurements may also be made in conjunc- 
tion with an automatic noise-figure meter, as 
described in the previously referenced manuals. 

Manual measurements, using the power supply 
described in this article, can be made in one of two 
ways: the twice-power method and the Y-factor 
method. The former is the one most familiar to most 
amateurs, and will be covered first. Fig. 13 shows 
four configurations, in order of preference, for the 
twice-power noise-figure measurement. In each dia- 
gram, the "receiver under test" means any receiver 
or portion thereof (such as a converter or mixer) 
which provides an output at either an intermediate or 
audio frequency. If AGC is incorporated in the receiv- 
er, the AGC should be disabled and the rf gain control 

. . . . . , . , . . . . .  . . 
0 0 0 0 0 0 0 0 0 0  P 0 0 O N 0 0  

N m v l o w - m a 0  o o m o o  
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fig. 12. Diode current required by a temperature-limited 
diode noise source to maintain a nominally constant 5.2-dB 
excess noise ratio (curve by J. R.  Reisert. WIJR). 
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set so that the receiver is not overloaded by the noise 
input. There should be a direct connection between 
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 with a diode noise source is 
not absolutely essential, but can minimize several 
problems. First of all, most receivers do not present a 
%-ohm input when optimized for a noise match. 
Because the rated ENR of a noise source is based on 
a 50-ohm load, there will be an indeterminate mis- 
match loss if the receiver VSWR is greater than 1.0:1. 
A 3 to 6 dB pad will not eliminate the mismatch ioss, 
but may reduce it somewhat. 

A second reason for using a loss pad is to ensure a 
50-ohm source impedance for the receiver, since the 
VSWR of the noise source is not a perfect 1.0:l. Any 
tendency of the receiver to "take off" when looking 
intoan impedance other than 50 ohms will be reduced 
by the use of a pad. 

In fig. 13A, the i-f output of the receiver under test 
is connected to a video or rf voltmeter (depending on 
the receiver output frequency), which is used only as 
an indicator. To terminate the 3-dB pad properly and 
present a constant load impedance to the receiver, 
the voltmeter must have a 50-ohm input impe- 
dance.* 

With the noise source off and the 3-dB pad out of 
the circuit, a reference reading is established on the 
voltmeter. The 3-dB pad is then inserted between the 
receiver and the voltmeter, the noise source is turned 
on, and the noise-source plate current is adjusted 
until the same voltmeter reference is obtained. The 
uncorrected noise figure (in dB) of the receiver plus 
the loss pad between the noise source and the 
receiver is equal to 10 log I,  where I is the diode plate 
current in milliamperes. The uncorrected receiver 
noise figure is determined by subtracting the attenu- 
ation of the loss pad from the calculated noise figure. 
The receiver noise figure must then be corrected for 
frequency by adding the noise-figure correction list- 
ed in table 2 or, at frequencies not listed in the table, 
the nominal Hewlett-Packard 343A error shown in 
fig. 11. Note that the noise-figure accuracy is limited 
by the degree of uncertainty in the noise-source 
ENR, as indicated in table 2 and fig. 11. Other 
uncertainties in the measurement will be discussed 
later. 

The advantages of the circuit shown in fig. 13A 
are twofold: the measurement is independent of both 
the voltmeter calibration and any nonlinearity in the 

*A high-impedance meter can be converted to 50 ohms by means of a 50- 
ohm, feed-through termination, such as the Heath SU-511-50, Tektronix 
01 1-0049-01, Hewlett-Packard 10100C, or Systron-Donner 454. 
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fig. 13. Four test configurations for measuring noise figure 
by the twice-power method, shown in order of preference. 
In A and C, the measurement is independent of the volt- 
meter calibration. In A and B, the measurement is inde- 
pendent of the linearity of the receiver detector. 

receiver detector. Fig. 13B shows a similar setup, 
except that the 3-dB increase in noise power 
depends on the voltmeter calibration. i n  this arrange- 
ment, the voltmeter ideally should be a true rms type 
so its readings are proportional to the square root of 
the power. I t  need not have %-ohm input impe- 
dance, but should be calibrated in dB, although the 
latter feature is not absolutely essential. An average- 
responding voltmeter can be used with little loss in 
accuracy, but a peak-responding type should be 
avoided if at all possible. t 

tThe terms "average-responding" and "peak-responding" refer to the volt- 
meter circuit, not the meter scale calibration. The Hewlett-Packard model 
400D is a typical average-responding meter calibrated in rms volts. Volt- 
meters which employ rf probes, such as the Hewlett-Packard model 4108 
and the various Heath, Eico, and similar electronic voltmeters, are invari- 
ably peak-responding meters, with their meter scales also calibrated in rms 
volts. In all of these instruments, the rms meter calibration is based on a sin- 
usoidal waveform, which is not valid for noise voltage. 
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When the arrangement of fig. 13B is used, a refer- 
?rice reading is established on the voltmeter with the 
ioise source off. Then the noise source is turned on 
3nd the diode plate current is adjusted until the meter 
.eading is exactly 3 dB greater than the reference 
.eading. (If the voltmeter does not have a dB scale, 
the diode current should be adjusted until the meter 
eeading is exactly 1.41 rimes the reference voltage.) 
The noise figure is determined as described for 
fig. 13A. 

Figs. 13C and 13D correspond to the test circuits 
ust discussed except that the audio output of the 
receiver is measured by means of an audio-frequency 
voltmeter. Both of these circuit configurations 
depend on the linearity of the receiver detector; for- 
tunately, most modern receivers use product detec- 
tors which are generally quite linear over a 3-dB 
range. The receiver beat-frequency oscillator must 
be on, of course, for the product detector t o  
function. 

Noise-figure measurements are made exactly as 
described for figs. 13A and 13B. In fig. 13C, the 
impedance of the voltmeter need not be 50 ohms, 
but its impedance and that of the 3-dB pad must be 
the same. In some cases, it may not be convenient or 
even possible to disable the receiver AGC when mak- 
ing measurements in accordance with figs. 13C or 
13D. In  view of the fact that the noise levels intro- 
duced are extremely low, the AGC in most, if not all, 
receivers will not be activated; so there is very little 
likelihood of any error occurring if the AGC cannot be 
disabled. 

The less familiar Y-factor method of measuring 
noise figure requires a precision variable attenuator, 
as shown in fig. 14. The resolution of the attenuator 
should be at least 0.1 dB, and preferably 0.01 dB, 
and must be of known accuracy at the converter out- 
put frequency. With the noise source off, the preci- 
sion attenuator is adjusted to obtain a convenient 
reference reading on the voltmeter. The noise-source 
plate current is then set to a value which corresponds 

POWER 
SUPPLY El 
D I O D E  
N O I S E  

S O U R C E  

RECEl  VER 0 
fig. 14. Test configuration for measuring 
noise figure by Y-factor measurement. The 

V O L T M E T E R  
Y-factor is the amount by which the attenu- 
ation must be changed to maintain identical 0 
meter readings with the noise source off and on. 

t 
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Y - F A C T O R  ( d B 1  

fig. 15. Noise figure plotted as a function of Y-factor for the 
nominal excess noise ratios of a temperature-limited diode 
operating at 3.31 mA plate current. 

to a known ENR, e.g., 3.31 mA, and the precision 
attenuator is readjusted to obtain the reference meter 
indication. The difference between the two attenua- 
tor settings, when converted from dB to the equiva- 
lent power ratio, is called the Y-factor, and is related 
to noise figure by the expression 

- 

where both the noise figure (NF) and excess noise 
ratio (ENR) are in dB.* Fig. 15 shows noise figure 
plotted against Y-factor (expressed in dB) for the 
nominal excess noise ratios obtained when the diode 
current is set to 3.31 mA. These curves obviously 
eliminate corrections because of differences in ENR 
at various frequencies, but are still subject to the 
uncertainty of the ENR tolerance. 

There is a third method of manually measuring 
noise figure which is not recommended, but which 
should be mentioned because of its past appearance 
in some publications. It entails inserting a precision 
variable attenuator between the noise source and the 
receiver under test, then determining the noise figure 
from the ENR of the source and the calibration of the 
attenuator. This method is generally inaccurate 
because of variations in attenuator accuracy with fre- 
quency, and because the load impedance presented 
to the noise source by the attenuator-receiver combi- 
nation may change as the attenuator setting is 
changed. 

measurement errors 
Some of the possible sources of error in noise-fig- 

ure measurements are already apparent from the pre- 
ceding discussion, especially that which is inherent in 
the noise source itself. However, there are addition- 

PRECIS ION 
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ATTENUATOR 

' T h i s  r e l a t i o n s h i p i s  d e r i v e d  i n  eqs. 1 t h r o u g h  9 of r e f e r e n c e  1 
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al errors which must be considered and which are 
discussed in greater detail in reference 1. These 
errors comprise the following: 

1. Noise-source accuracy, corrected for frequency 

2. Noise-figure meter or power-supply milliam- 
meter accuracy 

3. Receiver image-response error 

4. Temperature error 

5. Mismatch error 

If all errors are in dB. they accumulate additively. 
Therefore, the total measurement error will be the 
sum of the above. 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 opposing signs, and generally the 
accuracy of commercial test equipment is better than 
the limits of its specifications. Nevertheless, these 
possibilities of error are very real and cannot be 
ignored except for comparative measurements using 
the same equipment at one particular time. And even 
then, the mismatch errors between the noise source 
and different receivers under test still exist. 
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fect ground around your station. In most cases this 
lossy ground becomes part of your antenna system. 
This is particularly true for short verticals and invert- 
ed L antennas. These antennas are electrically in 
series with the lossy ground. Working with such an 
antenna can be frustrating; often you can hear well 
enough, but much of your transmitter power ends up 
heating the worms. 

Many of the better signals on 160 meters come 
from hams that have buried literally thousands of feet 
of copper in the ground to reduce these losses. The 
prospect of putting that much wire into the ground 

ground currents measuring 

1 0-30 or 0-50 microammeter 
4 germanium diodes (IN34 or equivalent) 
1 102-mm (4-inch) broadcast ferrite loopstick (about 6.5 

mm or 1/4 inch - round works best) 
1 365-pF variable 
1 0.1 r F  disc ceramic 
1 terminal strip 
2 rubber grommets 

fig. 1. Schematic of the homebrew magnetometer. 

in 160-meter 
antenna systems 

Several years o f  operat ing on 160 meters has veri- 
fied one thing for sure: The antenna is the name of 
the game. All the store-bought boxes and smooth- 
turning dials are useless without that super skyhook. 
This article describes an instrument that will tell you 
the behavior of rf ground currents in your antenna 
system: where it's going, how much, where the cur- 
rent divides, and the location of any conducting ele- 
ment within the instrument's field. 

top-band antennas 
Few Amateurs are lucky enough to have room for 

even a simple dipole on 160 meters. Such an antenna 
requires a length of at least 76 meters (250 feet) and it 
won't work too well as a DX antenna unless it's 30 
meters (100 feet) or more in the air. 

Loading a tower or short vertical antenna is often 
the best that space will allow. Many articles have 
been published on how to load this or that antenna 
on 160 meters and make it work. I've tried many and 
found that most have a common problem: ground 
losses. The shortest piece of wire that will resonate is 
%-wavelength long. That's 78 meters (257 feet) at 
1824 kHz. 

Shortened vertical antennas will work, but all verti- 
cals shorter than % wavelength must use the earth 
as a mirror image to supply the missing portion of the 
antenna. A typical example is the %-wavelength ver- 
tical that works against its mirror image to produce 
the patterns you see in the Radio Amateur's Hand- 
book. The problem is usually found in the not-so-per- 

- 
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makes my back ache just thinking about it. Can't you 
hook onto your water pipes for some of that ground? 
How about the backyard fence? Would it help to 
drive a few ground stakes? A!I the mathematical 
gymnastics I could muster just didn't tell me where 
those ground currents actually went. What I needed 
was a device that would measure the r f  current in the 
ground system and tell me where it was actually 
going. I finally built a device that does just that: it's 
called a magnetometer. 

the magnetometer 
The idea of a magnetic fieldstrength indicator is far 

from new. An  article in the older ARRL Antenna 
Handbooks describes a less-sensitive model for high- 
er frequencies. The 160-meter instrument described 
here uses a six-turn link and full-wave rectifier to 
make the impedance match to the meter more effec- 
tive. Somehow the unit works better on 160 meters 
than on the higher-frequency bands. One reason is 
that it's harder to get a proper ground on 160 meters, 
and ground currents tend to be higher for longer dis- 
tances through every possible path. By using the 
magnetometer you can tell the relative current and 
direction in any wire near your antenna or ground 
system - or in your antenna itself, for that matter. 
You can locate a buried ground or radial by sweeping 
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the magnetometer over the area and watching the 
meter deflection. You can compare relative currents 
in different radials or grounds. 

In niy basement, where the rf current in the water 
pipes comes to a T intersection, 1 can measure how 
the current divides, if it does, and the relative cur- 
rents in each section of pipe. In my case, the gas pipe 
was a better ground than the water pipe! 

The magnetometer is not sensitive to the anten- 
na's radiated field. It is shielded from this field by the 
aluminum box and will not act as a field-strength 
meter unless held perpendicular to a conductor car- 
rying rf current. The slot must be aligned perpendicu- 
lar to a conductor to allow the magnetic field to reach 
the loopstick. 

It is this magnetic field that operates the device. 
Fifty watts of rf power into your antenna is usually 
enough to give a useful reading. (Do your testing 
during the daylight hours when 160 meters is quiet.) 
A few minutes with the magnetometer will tell you 
exactly where your rf energy is flowing. 

Unless your antenna is textbook perfect, and few 
are, you're sure to get a few surprises. I checked 
WONFLrs station in this manner. Jim was using an 
inverted L antenna and loaded it through a series- 
tuned capacitor. Although he had several ground 
stakes and many buried ground wires, some rf still 

Front view of the magnetometer. Small, inexpensive, and 
easy to build, this device traces one of the most common 
problems on 160 meters: ground losses. 

Rear view of the magnetometer. The slot must be aligned 
perpendicular to a conductor to allow the magnetic field to  
reach the loopstick (see fig. 1). 

flowed into the station. Ail pipes and the furnace air 
duct in the basement were bonded together and tied 
to the ground system. 

I still remember Jim's surprise when we  found that 
he was loading his kitchen sink. I t  turned out that the 
soil pipe provided the best rf ground, and the only 
path to that was through the S-trap under the kit- 
chen sink. Boy was i t  hot! 

I've used my magnetometer for about four years 
and have had nothing but good luck and fun with it. I 
sent a sketch to a couple of my 160-meter cronies, 
W9GDW and N0BD. Both report that it works well 
for them too. 

construction 
The best part about the magnetometer is that i t  is 

inexpensive, requires no power supply, and most 
hams can build it in one evening, often from parts in 
the junk box. Parts placement isn't critical, and I'm 
sure that any reasonable approximation of the sche- 
matic (fig. I )  will work. Use the most sensitive meter 
you can find and germanium diodes for best results. 
The loopstick I used was made to operate in the 
broadcast band with a 365-pF capacitor. I removed 
about ten turns from the coil t o  obtain resonance in 
the 160-meter band. A grid dipper works well to  
check tuning range. The loopstick is mounted 25.5 
mm (1 inch) from the bottom of the minibox and 
about 19 mm ( %  inch) in from the back. Drill a 12.5- 
mm (%-inch) hole in each side of the box at these 
points. Use a hacksaw to cut a slot from the back of 
the box down to the holes. I used rubber grommets 
to mount the loopstick. The pickup winding is a six- 
turn loop of hookup wire wound over the center of 
the loopstick winding. A few more holes and there 
you have it: another gadget that no serious 160- 
meter antenna nut can live without. 

ham radio 



the digiscope 
Eliminate a lot of 

expensive test equipment 
by using the digi scope, 

a self-contained 
test instrument for 

ITL circuitry 

If you experiment with or repair digital circuitry, 
this article is for you. Even if you don't, consider the 
fact that most new equipment contains at least some 
logic circuitry. Whether you're a digital expert or 
merely contemplating an upgrade of your trouble- 
shooting skills, you'll find the digiscope very useful. 

To understand my claim, look at a few digital 
basics. Logic circuitry uses only two levels of volt- 
age, and at times a dc voltmeter is all you need to 
find a problem or debug an experiment. Unfortunate- 
ly, voltage levels in many circuits don't stand still, 
and rapid level changes make the voltmeter almost 
useless. Professional technicians depend on the 
oscilloscope to see what is happening in such cir- 
cuits. The cost of a good oscilloscope may exceed 
the cost of the device you're trying to check. That's 
where the digiscope fits in. The objective is to pro- 
vide oscilloscope function at multimeter prices. 

You might be interested in how the digiscope 
evolved. Last year, several of our club members 
decided to built the frequency counter described by 

J im Pollock.1 Naturally, some of the counters 
(including mine) didn't work on the first try. I had 
worked with digital circuitry previously and enjoyed 
helping with a few of the counters using an oscillo- 
scope for the repairs. As I used the scope, I began to 
realize that, for these types of circuits, oscilloscope 
functions could be approximated using inexpensive 
TTL devices. The result is that many more people 
could work with complex circuits without making a 
major investment in test equipment. 

1 oscilloscope functions 

I To see how I have approximated an oscilloscope 
function, take a brief look at the digiscope features. 

I 1. A level indicator serves as a basic voltmeter by 
indicating a 0 or 1 level in the circuit under test. 

2. Pulse duration from 0.1 microsecond to 999 mil- 
liseconds can be measured. A variation of this fea- 
ture allows the measurement of time between the 
trailing edge of a pulse and the leading edge of the 
next. 

3. The length of time between the leading edges of 
two pulses at different circuit points can be 
measured. 

4. You can defer the measurement of a pulse until 
after the occurrence of a pulse at another circuit 
point. This is similar to an oscilloscope's external 
sync. In addition, this measurement can be delayed 
for up to 99 milliseconds after the occurrence of the 
sync pulse, with a delay resolution of 0.1 millisecond. 
This approximates the oscilloscope's delayed sweep. 

- 
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5. Auxiliary gates are available on the front panel, 
including a latch to check for pulse occurrence or 
coincidence between two or three pulses. 

6. An event counter, inherent in the design, allows 
counting up to 999 events with overflow indication. 
Since some readers may not be familiar with the 
equivalent oscilloscope functions, I wil l include 
examples of digiscope use in circuit explanations. 

clock and display circuits 
Before looking at uses for the digiscope, I'll exam- 

ine the clock and display circuits, since they are the 
key to understanding basic digiscope functions. A t  
the heart of the display circuitry is the 74143 TTL IC 
which combines the functions of the 7490 and 7447, 
serving as a decade counter as well as a decoder for 
the displays. Three of the counters are used, permit- 
ting up to 999 counts with a latched overflow indica- 
tor. lnput to the first 74143 is from the clock, with 
options of 0.1 microsecond, 1 microsecond, 0.1 milli- 
second, and 1 millisecond. 

The pulse to be measured acts as a gate for the 
counter, allowing clock pulses to  be counted during 
the time the pulse being measured remains at a logic 
1 level. Initially, the counter is reset from the front 
panel. The next pulse to  arrive allows counting. After 
the first ends, further counting is inhibited so that the 
display may be read. lnput clock pulse options allow 
a measured range from 100 nanoseconds to 999 milli- 
seconds. Resolution varies from 0.1 microsecond to 
1 millisecond. A decimal point is displayed when 
necessary to indicate either 0.1 microsecond or 0.1 
millisecond resolution. 

The clock circuit and divider chain is almost identi- 
cal to that used in the WB2DFA 50-MHz counter1 
referred to earlier. The only change is that a 10-MHz 
crystal is used to obtain 0. I -microsecond measure- 
ment resolution. Although oscillators of this type are 
usually recommended for use up to 1 MHz, the 10- 
MHz crystal has worked well. No starting or stability 
problems have been observed. Counting range 
is changed by selecting the required frequency 
via S IA .  

As an example of operation, consider the pulses 
shown in fig. 1. Suppose you would like to examine 
the pulses of fig. 1B. To do this, connect the data-in 
test lead to the appropriate point, and set the range 
switch to 0.1 millisecond. Push the reset button to 
enable the scope. During the pulse time, pin 13 of U1 
(see fig. 2) is a 1 for its duration, or 10 ms. During 
this 10 ms, one hundred pulses from pin 12 of U4 are 
passed to the counter/display circuits. A t  the end of 
the 10 ms pulse time, the display is then held with 
100 displayed. S I B  selects the necessary decimal 
point line causing the display to read 10.0 millisec- 

MILLISECONDS 
0 10 20 28 30 

fig. 1. Timing diagram of the two  pulses used for ex- 
planation of the digiscope's circuits. The t ime scale is 
2 ms per division. 

onds, the length of the pulse. So that I may view the 
measurement, subsequent pulses are blocked, until 
the reset is pressed, so that the display may be read. 

Having measured the pulse width of fig. IB ,  you 
might be interested in the length of time between 
two consecutive pulses. To determine this, simply 
change S10 to the invert position and press reset. 
Fig. 1B would now appear as a train of 30-ms pulses 
with 10-ms separation. Using the same circuitry, the 
scope would now indicate a pulse length of 30.0 milli- 
seconds. Other factors, such as rise and fall times as 
well as the existence of jitter, have not been deter- 
mined, however repeated measurements may help 
determine the extent of any jitter. 

one-shot/swallow circuitry 
Recall I said that after the measured pulse ends, 

further pulses would be ignored. This is accom- 
plished with U12A. The trailing edge of the measured 
pulse causes U12A to be set, pulling pin 13 of U10 
low which prevents subsequent pulses from passing 
through UIOA. This condition exists until the reset 
switch is pressed. 

An  interesting problem could arise when the scope 
is reset. Suppose that the instant after the reset line 
is grounded you're halfway through a pulse. A n  erro- 
neous measurement would be obtained. To prevent 
this, the scope discards the first pulse after reset, 
ensuring that a partial pulse is not used. After reset, 
pin 2 of U10 is low, preventing pulses from passing to 
the counters. The first pulse, whether partial or com- 
plete, is blocked with its subsequent trailing edge 
used to set U12B. Indirectly, this causes pin 2 of U10 
to go high. The second pulse is now successfully 
passed through UIOA to the counters. By swallow- 
ing the first pulse, I ensure that only complete pulses 
are measured. 

external sync 
Examining pulses of uniform length is a fairly easy 

task. Unfortunately, the pulses may be of varying 
lengths, as illustrated in fig. 1A. By using the gating 
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method I have described, repeated measurements PRECISION 
I P S  U 3 - I  - 

would randomly show pulses of 10 milliseconds and 
2 milliseconds. In our simple case, merely finding o . ~ ~ ~  u 5 - l  0-4 
both pulses may be sufficient. A more precise 
method is to look for a pulse only at the time it NOR MA^ 

should occur. 
l ops  " 3 - 1 2  7 ~ L 0  u23-2 

As an example, suppose I want to measure the I ~ S  ~ 5 - 1 2  NORMAL 

first pulse of fig. 1A. Note that this occurs after the 
pulse of fig. 1B. By connecting the external sync 
input to the appropriate spot and placing the norm/ 
external sync switch in the external sync position, 
U16A is set by pulse C. The next pulse to ar,; at 
data-in is pulse A, the one I want to measure. In the 
external sync mode, the pulse-swallowing circuitry is 
disabled by U13B. Since I know exactly when to  
expect pulse A, partial pulses are not a problem. 

delayed sync 
To illustrate the delayed sync logic, assume that 

you want to look at only pulse B in fig. 1A. To avoid 
random measurement, use the external sync feature. 
If pulse C began between T I  and T2.7, the external 
sync feature would be sufficient. However, what is 
needed is a way to use pulse C as the sync but delay 
the input until after pulse A. 

This cabability is provided by the delayed sync cir- 

FRONT PANEL FRONT PANEL 

FRONT PANEL 
FRONT PANEL 

FRONT PANEL U9A 
7473 

RESET D-I 

FRONT PANEL 

fig. 3. Optional circuit to enable the operator to 
select smaller increments of delay time. 

cuitry. With the digiscope set ilp as in the last exam- 
ple, place S11 in delay position. Note that in the 
delay mode, setting U16A is still not sufficient for 
U13A to pass a signal; U16B must now also be set. 
This will occur at TO plus some amount of delay 
selected on the front panel. In this example, the 
delay switches are set for 20 ms. Thus, at T2, U16B 
will set, enabling pulse B to pass through U13A to 
the counter. In this example, pulse B could be 
selected with a delay ranging from 11 to 27 milli- 
seconds. 

The delayed sync logic allows me to enable meas- 
urement at a precise instant after the occurence of 
the external sync. This delay can range from 0.1 to 99 
ms. S4 selects delay increments of 0.1 or 1 ms. 
Counters U17 and U18 are responsible for delay tim- 
ing and are held at zero after the reset is pressed. 
When the external sync pulse arrives at U16A, U17 
and U18 are allowed to begin accumulating delay 
pulses. The desired delay is set into the thumbwheel 
switches. These switches present a BCD format to  
U19 and U20, where they are compared with the 
count in U17 and U18. When the count exceeds the 
amount set in the switches, a negative pulse is 
passed to U16B. This results in the set of U16B and 
the enabling of data-in. 

The precision of the sync delay circuit is very 
good, since it is based on the crystal-controlled 
clock. Accuracy however, is dependent on the reso- 
lution inherent in the delay range you have selected. 
Actually, the delay begins not at arrival of the exter- 
nal sync, but at the next clock pulse after external 
sync. Thus delay error could be from zero up to one 
unit of resolution. Any error always results in early 
expiration of delay. Suppose I select a 0.1-ms delay 
increment and set a delay of 4.6 ms in the thumb- 
wheels. Actual delay will vary between 4.5 and 4.6 
ms. For greater resolution, I could simply use smaller 
units of time in incrementing the delay counters. A 
circuit illustrating optional resolution of 1 or 10 micro- 

fig. 2. At  left, schematic diagram of the digiscope. The seconds is illustrated in fig. 3. It should be recog- 
RESET switch simultaneously controls all reset functions. nized however, that an increase in resolution reduces 
Above, the external inputs and conditioning circuits. the total delay available. 



Occasionally it may be necessary to measure the 
time between two pulses at different pins. As an 
example, I might wish to measure the time between 
the rise of pulse C and the rise of pulse A. To do this I 
would connect the pulse A line to the data-in jack, 
while the other point would be connected to the 
external sync input and S3 placed in the A-B posi- 
tion. S2 should be placed in the external sync posl- 
tion, S10 in the invert position, and the reset button 
pressed. When pulse C arrives, rt wrll se! U16A, 
which will set U14B. The Q output of U14B enables 
the counter input and timing begins. When pulse A 

If I simply wanted to detect the existence of over- 
lap, a test latch circuit is available. It is composed of 
UIOB and U9A. In this example, I could connect to 
any two inputs of UIOB. Overlap would be indicated 
by the lighting of the test latch display at the output 
of U9A. This latch is reset with the reset switch. 

A totaiize function is provided by S5. With this 
switch in the TOTALIZE position, front panel input is 
provided to the counters. External events, which are 
availabit. as TTL pulses, can then be accumulatea I 
suggest using an accessory inverter to shield the 
more expensive counter chip from possible excessive 

fig. 4. Schematic diagram of a sug- 
gested power supply for use with the 
digiscope. 

arrives at data-in, U12B is set. The G output of U12B 
resets U14B, ending the counting cycle. With the 
range switch set to 1 ms, 10 ms will now be dis- 
played. 

accessory circuits 
To assist in examining unusual situations, some 

accessory circuits are provided. These are simply log- 
ic gates with inputs and outputs extended to the 
front panel. U l  I D  and U l  I E provide a basic logic 
tester. Connecting the tester input to another logic 
circuit will cause the appropriate front panel LED to 
indicate a 0 or 1 condition. Note that a 1 will be indi- 
cated if connected to an open circuit. Both 0 and 1 
will be lit if connected to a pulsing circuit or one with 
a faulty voltage level between 0 and 1. Each LED is 
mounted in a 14-pin socket next to the counter dis- 
play sockets. LED function is indicated by trans- 
parent lettering on a negative film placed between 
the bezel and the LED. The overrange and test latch 
indicators are also located in this socket. 

Also available on the front panel are AND, OR, and 
inverter circuits. These can be used to combine pins 
of a circuit for making tests not otherwise possible. 
An example would be measurement of the overlap of 
pulses A and C. I could connect the lines of fig. 1 to 
the front panel connections of U10. The output could 
be inverted using U I I B .  The output of U11B is then 
connected to data-in. If overlap exists, it can now be 
measured to the nearest 100 ns. 

*A  drilled and plated set of circuit boards with additional instructions are 
available for $19.00 postpaid from RTC Electronics, Box 2514, Lincoln, 
Nebraska 68502. 

voltage levels. Accumulation can be reset at any time 
with the front panel reset switch. 

construction 
While building the digiscope I found it difficult to  

stop adding features. If you build this project, I think 
you'll find it a good idea to leave room for additions. 
For example, I think a good addition would be selec- 
table CMOS inputs for working on CMOS circuits. To 
facilitate this, I left some blank IC positions on my cir- 
cuit board. While a circuit board is suggested, you 
could wire wrap this project; my original effort was 
done on plugboard and didn't seem to suffer too 
much from all the stray wire." One note on the 10- 
MHz crystal is that not any crystal will work well in 
this circuit. I achieved the best results with a crystal 
obtained from Jan Crystals. A suggested power sup- 
ply is illustrated in fig. 4. 

conclusions 
The digiscope is an exciting approach to digital 

trouble shooting. I t  can give a way of working on 
complex circuits without expensive test equipment. 
If you are interested in digital circuits but don't know 
how to start, I suggest obtaining the TTL Cookbook. 
I know you'll find working with logic a lot easier than 
you expected. Whether you're new to TTL or a veter- 
an in logic circuits, I think the digiscope will be a val- 
uable addition to your workbench. 

reference 
1. Jim Pollock, WB2DFA. "Six-Digit 50-MHz Frequency Counter," ham 
radio, January, 1976, page 18. 
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talking 
digital readout 

for amateur 
transceivers 

Adapting the talking 
calculator's synthesized 
voice to digital displays 

for the visually handicapped 

During a ragchew with Ted Albrecht, WSIFJ, the 
subject of the talking calculator was brought up. This 
machine is manufactured by Telesensory Systems in 
Palo Alto, California, for the visually handicapped. 
We agreed that it would be most interesting if the 
talking calculator's synthesized voice were available 
separately. Perhaps it could be interfaced with digi- 
tal-readout equipment in general and Ted's in partic- 
ular. 

*The S2A Speech Synthesize Module is available from Telesensory Sys- 
tems, Inc., P.O. Box 10099, Palo Alto, California 94304. Contact Mr. 
Wladimir N. Walko, Speech Products Manager, (415) 493-2626. Unit price 
to hobbyists is $95.00. 

Happily, upon contacting Telesensory in Palo Alto, 
we found that the voice synthesizer module was 
available separately to hobbyists, and its numeric 
vocabulary was in standard TTL BCD code that 
already existed at the input of the 7447s in Ted's 
DD-1 Digital Display Unit. 

Ted's purchase of the Engl~sh speaking S2A 
module from Telesensory Systems* represented the 
committment necessary to get the project moving. 
Des~gn of an ~nterface between ~t and the DD-1 is the 
project this article describes. Much of the design 
should be credited to Tim Blank, WBSGYU, who is 
more knowledgeable of digital logic design than I, 
and who provided the assistance in debugging the 
assembled unit. 

intefacing considerations 
Interfacing the voice with the six-digit readout 

involves changing the parallel (all-at-once) visual dis- 
piay to a seriai or sequeniai form, so that the digits . . 

from left to right are said in order with a minimum of 
delay between words. It would be possible to clock 
across at regular time intervals if allowance for the 
longest word were made, but much wasted time 
would occur, so the clock approach was abandoned. 
Since each digit can be 0 to  9, or anything in 
between, four data lines of binary for each are 
required. To read the digits in sequence then requires 
that the first four digit data lines of the speech syn- 
thesizer module be sequentially connected to the 
four digit data lines coming from each digit of the vis- 
ual display. This adds up to twenty-four data lines 
between the DD-1 and the interface board! 

design 
The most reasonable approach was to use four 

eight-position multiplexers, one for each data line. 
They could be stepped by a binary address of three 
bits, from 0 through 7. The device that provides this 
address to the four 74151 multiplexers is a 74193, a 

, most remarkable MSI chip (fig. 1). The 74193 can 
I provide a four-line address with a capability of 0 
, through 15, which would seem to be a problem. 

However, the 74193 can be reset after any given 
number of steps very readily. In fact, it can be told to 

I skip a preset number of the initial steps in its output 
address. Its fan-out is about twenty, indicating no 
trouble in driving the multiplexers, so it seemed a rea- 
sonable basis for an interface. Since the 74193 could 
be told which addresses to provide, considerable 
imagination can be used in this aspect of the design. 

I decided to use the eight-position capability of the 

By Ray Brandt, NSKV, 824 North Marion 
Avenue, Janesville, Wisconsin 53545 
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fig. 1. Schematic of the talking readout. The 74193 provides the address to the four 74151 multiplexers. The inputs to the 74151s 
come from the designated pins of the 7447s in the frequency display. 

multiplexers, using the two spare positions to have the 7400 provides the inverter between it and the E 
the voice say POINT between megahertz and kilo- data line of the S2A. 
hertz, and between kilohertz and hertz, provided by 
the readout unit. Looking at the S2A vocabulary 
(table I), it's necessary for the A, B, and E data lines 
to be high, so the A and B data lines were hard-wired 
in the 2 and 6 data positions. An additional circuit 
was designed to bring up the E data line in these 
positions only. 

A dual NAND gate will produce a 0 only when both 
inputs are a 1. Studying the address truth table 
(table 2) for what is unique about these two posi- 
tions of address, it's seen that B is, of course, a 1 for 
both 2 and 6 and adds to C for the 6 position. But 
looking again, B is uniquely present on only 2 and 6 if 
odd numbers involving an A can be ignored. This 
suggests the approach. Invert the A and we have a 1 
only for even numbers - use it for one gate input 
with the B data line on the other gate input. 

Now we have a 0 out of this gate on only the 2 and 
6 positions. Since we needed a 1, another section of 

Taming the 74193. Several conditions must be met 
for the 74193 to step along through its addresses in 
sequence, reset at the end of the sequence or sen- 
tence, and for its selected data to  be presented to  the 
speech module only: 

1. When it is valid data 

2. When the module is not busy saying the previous 
word. 

Consider first the data provided by the digital dis- 
play unit (see table 3).  The count periods are a pre- 
cise, crystal-controlled, ten milliseconds each fol- 
lowed by 50-millisecond periods of stored display 
data, alternating about seventeen times a second 
between the two. We must accept data only during 
the storage time, or the readings will appear random, 
having been taken on the "fly" during a count. The 
waveform that defines these two periods is present 
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table 1. S2A Speech Synthesizer vocabulary. 

data lines up 

none 
A 
B 
A, B 
C 
A,C 
B,C 
A,B.C 
D 
A, D 
B,D 
A.B,D 

speech 

0 H 
ONE 
TWO 
THREE 
FOUR 
FIVE 
SIX 
SEVEN 
EIGHT 
NINE 
TIMES*MINUS 
EQUALS 

data lines up 

C. D 
B,C.D 
A.B,C,D 
E 
A, E 
B,E 
A,B,E 
C, E 
A,C,E 
B,C,E 
A,B,C,E 
D,E 

speech 

PERCENT 
LOW 
OVER 
ROOT 
EM 
TIMES 
POINT 
OVERFLOW 
MINUS 
PLUS 
CLEAR 
SWAP 

on pin 6 of the 7400 at the right edge of the DD-1 
board - the second chip from the back. It is in the 
logic 1 state during count, 0 during read. We want a 
signal that is up during the storage period. Since 
there was an unused section of this 7400, 1 made an 
inverter of it by connecting its pin 6 to 9 and 10, 
bringing out the desired signal to the interface board 
from pin 8. 

Interconnection hints. The grubby details of 
interconnecting with the DD-1 deserve comment. 
The picture looking into the top of the unit shows a 
small terminal board mounted at front right above 
the 7447s. The circuit was built from a small rectan- 
gular piece of circuit board stock, cross-hatched with 
a hacksaw to provide rows and columns for the data 
lines. The ventilating holes to the front and right of 
the power transformer were enlarged to accommo- 
date the twenty-eight interconnecting leads, leaving 
out the bottom of the accessory unit. I removed the 
mounting feet and replaced them with spacers, 
which fasten the DD-1 to the interface unit. 

The 100-Hz pushbutton of the DD-1 has a spare 
spdt section; the three leads added to it and the 
blanking output previously described are included in 
the harness. 

DD-1 mods 
To facilitate connection to the 7447 inputs and pro- 

vide the blanking output, it's necessary to remove 
the DD-I from its case - not a trivial job. Take out 
the power transformer mounting screws, all screws 
mounting the circuit board, and remove the input 
connector, the knob, and bandswitch mounting. 
Push in the LEDs and the panel should lift out from 
the back. Make short connections to the added ter- 
minal board; the harness may be added after reas- 
sembly. A magnifying lamp and small iron and solder 
are essential. If you decide to drill any holes in the cir- 
cuit board, for gosh sakes hold the board up to the 
light first so you won't drill through conductors that 
may be on the other side. 

Modification of the DD-1 is the most miserable 
part of the project, but finding the patient well after 
all this surgery should buoy you up for the remaining 
pitfalls awaiting you. 

interfacing the speech module 
Now consider interfacing the speech synthes~s 

module. The ROM of this unit is permanently stored 
with digital data which, when swept out by its inter- 
nal clock (roughly 12 kHz), produces an audio wave- 
form imitating the twenty-four words of its vocabu- 
lary. When properly filtered to reject the dominant 
clock frequency and amplified, acceptable speech is 
reproduced by the speaker. The complete program 
of the S2A is shown in table 1. (The unused words 
may come in handy when debugging the unit.) A is 
the least-significant bit; its pin is 7. B appears on 8, C 
on K, D on H, and E on pin F of its twenty-pin edge 
connector. 

if you're eager to try the speech board before fin- 
ishing the project, connect all the power leads and 
indicated ground leads, then tie all data leads either 
up or down (but don't leave them floating or you'll 
have problems). Pulsing the start line up with a clip 
lead, then back to ground, should produce the word 
you've coded into the speech board by the data line 
hookup you've chosen. 

The BUSY line goes to almost - 10 when saying 
words, then goes back to + 5  on completion. An 
emitter follower, with its emitter returned to ground, 
converts this to the TTL voltage swing required by 
the interface. 

event sequence 
Two latches are used in the control loop to guaran- 

tee the proper sequence of events. The left-hand 
latch normally passes on the information that the last 
word is complete. It then steps the address into the 
next position. However, when the D address line 
goes high for address 8, the inverter opens the latch, 
no more steps are permitted, and the sentence is ter- 
minated. If the 100-Hz switch on the DD-1 is not 
depressed, the lower gate operates at address 6, cut- 
ting the sentence two words short. 

table2. Address truth table. 

multiplexer 
address position 

0 
1 
2 
3 
4 
5 
6 
7 
8 

multiplexer address lines 
A 6 C D 

0 0 0 0 
1 0 0 0 
0 1 0 0 
1 1 0 0 
0 0 1 0 
1 0 1 0 
0 1 1 0 
1 1 1 0 
0 0 0 1 
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The right-hand latch has a logic 0 entering it at 
completion of a word, after the address has been 
stepped, which it passes along and inverts the next 
time a valid read period occurs from the DD-I. The 
latch Q output is inverted internally and serves as a 
start pulse to the speech module, telling it to GO 
while the data is valid. 

As I've indicated, the unit normally stops talking at 
the end of a sentence; this is its initial condition with 
all address lines high. The pushbutton pulls down the 
74193 LOAD terminal, resetting it to the 0 address, 
so it runs through the permitted sequence to address 
8 and stops. 

Another feature of the 74151 involves the use of its 
preset capability. If all four preset lines are in the 0 
logic state, a down pulse on the LOAD terminal will 
cause it to go to the 0 address. If the A preset line is 
tied high, the reset will go to address 1. If both A and 
B preset lines are tied high, while C and D are at 
ground, the unit will reset to address 3. 

This design permitted two useful features to be 
incorporated. When the DD-1 is presenting 160, 80, 
or 40 meters, only one digit is needed to enumerate 
the megahertz. Spectronics connects all four data 
lines for the first digit high on these bands to cause 
the digit to blank out. But this presents an A, B, C, D 
to the S2A and it will say OVER in this first-digit loca- 
tion. Since the DD-l reads only a 1 or 2 when it reads 
anything in the first-digit position, only the A and B 
data lines need be connected to the multiplexers. 
Connecting the C andlor D data lines to the A preset 
line will cause the program to skip that digit entirely, 
which will shorten the beginning of the sentence by 
one word. The designers.of the 74193 must have had 
this in mind, wow! 

Rather than connecting directly to the preset line, 
however, I ran the C and D data lines through one 
section of a dpdt toggle switch so that both the A 

Back view with the cover of the DD-1 removed. The harness 
and circuit board are visible at  the left. The harness enters 
the talking readout unit through an enlarged hole adjacent 
to the power transformer in the DD-1. 

its anode on the 74193 LOAD terminal and cathode 
on the sentence-terminator clock input of the left 
latch permitted the unit to AUTO-RUN, repeating 
however short or long a sentence were chosen, ad 
nauseam. I t  apparently provides a sufficient down 
pulse to the LOAD terminal to reset at the completion 
of each sentence. Really slick for an afterthought! 

The interface unit was built on a Radio Shack proj- 
ect board, about 102 mm (4 inches) square with a 44- 
pin edge connector printed on one edge. There are 
three rows where up to nine device sockets can be 
mounted as well as printed tabs permitting two or 
three connections to each chip terminal. Keeping the 
data lines in groups of four, along side of the connec- 
tor, makes tracing easier; the extra one or two can be 
at the end that didn't quite make it. 

table 3. Relationship between the address. displayed frequency, and output of speech module. 

DD-1 display 1 4 2 5 0 3 
speech ONE FOUR POINT TWO FIVE OH POINT THREE 
address position 0 1 2 3 4 5 6 7 

and B preset lines can be tied high in the other switch 
position (see fig. 1). The other switch position will 
delete the ONE FOUR POlNT from the start of the 20- 
meter reading when desired; call it megahertz Delete, 
I guess. Shortening the sentence to just the three- 
kilohertz numerals takes only 318 as long to say, per- 
mitting more rapid checking while tuning around the 
band with the transceiver. This can, of course, be 
switched in and out. 

While playing around with the unit at this stage of 
development, I noticed that connecting a diode with 

Make a sketch and assign each 74151 a data-line 
letter: A, 0,  C, or 0 .  One of each four data lines for a 
given digit will go to the same number pin of each 
74151. The first digit lines go to pin 4, second to pin 
3, third to pin 1, fourth to pin 15, fifth to  pin 14, and 
sixth to pin 12. Pins 2 and 13 of the A and B multi- 
plexers go to + 5 volts; the same pins of the C and D 
multiplexers go to ground as a part of the fixed deci- 
mal POINT at these address locations. 

Wiring can be completed, on the device-side of the 
board, I recommend about no. 24 (0.5-mm) stranded 
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power supply 

Iiiteifial view of the ?a!kin.; reedout chassis. The speech 
synthesis module is in the center of the chassis, directly 
behind the speaker. The interface board has temporarily 
been removed from its connector. At  the top of the chassis 
is the clock board which has been added to incorporate a 
talking clock feature. This unit will be described in a subse- 
quent issue of ham radio. 

wire as about the largest practical size to work with. 
The picture tells the story; it's a real birds nest! Use 
the bus down the center row of devices for ground; 
the other two for + 5 volts. The only reason for sig- 

The power supply (fig. 2) is conventional and 
requires little comment. The + 5 volt supply uses a 
6.3-volt, I-amp transformer. I slipped in a half dozen 
extra turns over the existing secondary winding with- 
out tearing down the transformer so that its eu?put is 
close to 7 volts, providing adequate voltage for good 
regulation. The total load at 5 volts is about 300 mA. 
A small 300-mA, 12-volt transformer from Radio 
Shack is adequate for the light load of the negative 
supply. 

The case of the 7805 may be bolted to the chassis; 
the 7815 can be insulated with a mica or fishpaper 
shim. To realize a - 10 volts, the positive terminal is 
connected to the + 5 volt output; the negative com- 
mon will then be 10 volts below ground. The full 15 
volts of the negative supply is used by the LM380 
audio amplifier, so the speaker should be returned to 
the - !!I YO!? bus. 

some afterthoughts 
There are other ways of building this unit. Perhaps 

mounting the four multiplexers on a small board 
internal to the DD-1 would make things easier and 
minimize the interconnection problem. This 
approach shoulg permit a unit no longer than the 
DD-1 for the balance of the circuit. I hope this is only 
the first article on the subject. Good luck on your 
talking second operator! 

fig. 2. Power-supply schematic. Circuit is conventional. Parts are available from 
Radio Shack and other popular suppliers. 

nals getting where they shouldn't is solder bridges, Oh yes - should you desire to interface a visual 
and if they don't get there at all it's poor connec- readout with only the seven-segment connections to 
tions. After installing all the devices, a couple of the LEDs available for data, National Semiconductor 
point-to-point checkouts with the ohmmeter are makes the 86L25, which will convert seven-segment 
worthwhile. It boggles my mind to imagine this as an data back to the BCD mode. One would be required 
etched board - perhaps someone will accept the for each digit, of course. 
challenge! ham radio 
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An interesting idea from 
our Canadian colleagues: 

computer time sharing 
over vhf links 

on the vhf bands 

If  ever two hobbies were made for each other, they 
must be microcomputers and Amateur Radio. More 
and more hams seem to have taken the plunge and 
are starting up small computer systems. A logical 
outcome of this marriage of activities is that sooner 
or later the ham will wonder if he can't use the radio 
to  send his computer information to his friends on 
the air. It cart be done, and this article describes one 
of the best ways of doing it. 

time sharing 
Most computer users have been exposed to the 

time-shared computer. The computer is very fast, 
and the users require and generate information very 
slowly. If each user is connected to the computer by 
a separate line (fig. 1) or a radio link (fig. 21, then all 
the computer has to do is to check each line periodi- 
cally and divide the processing time among the 
users. Typically it might take 20 seconds to type in a 
line on your terminal and only a few milliseconds at 
most for the computer to process that data line. Time 
sharing permits each user to think he has the whole 
computer to himself. It also permits the computer to 

act as an intelligent clearing-house for programs in 
which the users interact with each other. 

The next step is to look at the lines, or radio links, 
themselves. The line that took 20 seconds to type 
might contain 64 eight-bit ASCII characters, or 512 
bits of information - an average rate of 512/20, or 
about 26 bits per second. 

It's easy to send 2400 bits per second through a 
normal voice channel and it's theoretically possible to 
use much higher rates. So, if we were to store each 
line locally then send it in a short burst, it could be 
sent in about 0.2 second! More detailed estimates 
and calculations show that several hundred users 
could be accommodated on one voice channel. 

Also, because only one frequency (or two for full 
duplex) is used, newcomers can join the system easi- 
ly by getting onto that frequency without having to 
wait for new channels to be assigned at the com- 
puter. Now we have a time-shared radio link working 
with a time-shared computer (fig. 3). As we'll see, 
the time-shared radio link is useful by itself, without 
the central computer. Its major advantage is a huge 
saving of spectrum space (not to mention knowing 
what frequency to look on to find your friends). 

packets 
Each of the short bursts mentioned above is called 

a packet and most contain, in addition to the data, 
the identification of both sending and receiving sta- 
tions and some form of error checking, so that the 
recipient will know if the information is correct. If it is 
correct, the recipient sends an acknowledgment 
(ACK) to the sending station (a fully automatic proc- 
ess). Full details of the packet format appear below. 

Transmission of radio packets by Amateurs is now 
legal on several vhf and uhf bands in Canada. U.S. 

By'  Ian Hodgson, VE2BEN, 296 Malcolm 
Circle, Dorval, Quebec, Canada H9S IT7 
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fig. 1. A wired time-sharing system requires separate con- 
nections for each user. I t  permits communications between 
users as well as computing functions. 

Amateurs may want to apply pressure to be permit- 
ted to send packets also. 

networks 
Although two stations can send packets back and 

forth, the method doesn't really come into its own 
until many users share a packet repeater (called a 
node). Many nodes can be linked (possibly by a geo- 
stationary satellite - this system may actually be 
working in a couple of years) to form a network (fig. 
4). Each packet contains its own address informa- 
tion, so the network can automatically forward the 
information to its destination. 

The first radio packet network in use was set up by 
the University of Hawaii and is called the Aloha net. 
It links terminals on several islands to a central com- 
puter on about 400 MHz. 

the node 
The repeaters in a network may take several forms. 

They may be simple rf repeaters used to extend 
range, as we now use on two meters. This scheme, 
however, doesn't fully exploit the advantages of 
packets. 

COMPU rER 

TRANSCEIVER TRANSCEIVER TRANSCEIVER TRANSCEIVER 0 
TRANSCEIVER '8 

fig. 2. Radio equivalent of a wired system. A different fre- 
quency and a separate transceiver at the computer are re- 
quired for each user. 

A better repeater is the store and forward repeater, 
which receives packets from one or more users, pro- 
cesses them, and forwards them to a central node, 
which would otherwise be too far away to access. If 
major cities had intelligent nodes, store and forward 
repeaters would make them accessible to users in 
outlying areas. 

Major nodes would likely be computer controlled 
to perform error checking, acknowledging, and rout- 
ing of packets between users. Ultimately, the node 
might be connected to a central computer with more 
power than the individual users could afford to have 
at home. You could have access to utility programs, 
a ham community bulletir! board, repeater council 
data, a swap program, or even play multi-user space 
war instead of rag chewing. 

what else can it do? 
Any information that can be put into digital form 

can be sent through packets. This information 
includes RTTY, computer data, and even voice and 
TV pictures. Of course, data rates must be much 
higher for the last two modes. The packet system 
could be as easy, fast, and reliable for talking to 
hams a continent away as for talking across town on 
the repeater. 

how about details? 
Let's take a closer look at the details of the proc- 

ess. The packet format hasn't yet been finally decid- 
ed upon, but here's what we've been experimenting 
with (each byte is eight bits). 

bytes contents 

1 packet initiation byte (hex A71 
1 start of header (SOH, hex 01 I 
6 destination call sign 

2 destination node 

6 originator's call sign 

2 originator's node 

1 service message flag byte (set to hex 41, A, for ACK) 

1 spare 

1 end of header (€OH, hex 04) 

2 CRC16 (this is a type of error check) for header 

(Everything above is the header) 

1 start of text (STX, hex 02) 
64 DATA (could be ASCII, binary or EBCDIC) 

1 end of text (ETX, hex 03) 
2 CRC16for data 

91 bytes total 

Note that all packets must be the same length if 
the system is to operate efficiently (if you don't 
understand why, let's just say that it can be shown 
mathematically, and, even though I can do the fig- 
ures, I don't really understand either). 



COMPUTER 0 

f ig.  3. A packet network needs only one frequency and one 
main transceiver. I n  addition t o  computing power, the net- 
w o r k  offers flexible communications between users, a fact 
that Amateurs can put  to  good use. 

An  ACK is simpiy the header from i i ie received 
message with the originate and destination addresses 
interchanged and with the service byte set to indicate 
that it is an ACK. No data is included in an ACK. 

interference and ACKS 
I t  will undoubtedly come to pass that two users 

will, sooner or later, send their packets at the same 
time, thus causing total or partial loss of both. We 
can deal with this problem by using what's called a 
CSMA POSACK system. This acronym stands for Car- 
rier Sense Multiple Access Positive Acknowledg- 
ment. Here's how it works: 

You f inish typing your line of data and h i t  
"return," or whatever, to send the packet. Your sys- 
tem checks with your receiver, and if no signal is 
being received, the system immediately sends the 
packet. It then waits for a time of one packet length 

fig. 4. A packet network allows time-shared communica- 
t ions between users and a variety of nodes. Nodes i n  
various cities may be connected together by uhf links or 
perhaps by  satellite. Not as far out  as it seems, this scheme 
may be i n  operation within t w o  years. 

for the ACK. If not received, the system waits an ad- 
ditional, random, number of packet lengths and tries 
again. The process is repeated three times. If still no 
ACK is received, the system returns a message to the 
sender, telling him that the transmission was unsuc- 
cessf u I. 

LVhy do we wait a random delay? If there were no 
random delay, and two stations sent their initial 
packets at the same time, then all three tries would 
collide. This way, they don't. 

When receiving packets, your system intercepts all 
packets regardless of their address. The system 
checks the destination of every packet, and if it's for 
you, the error check (CRC 16) is performed. If this is 
OK, the system immediately sends an ACK. Note that 

fig. 5. Three possible packet radio setups. The protocol con- 
trol unit may be used by itself t o  implement the packet pro- 
tocol, or i t  may be used in  conjunction w i t h  a microcom- 
puter to  allow computer information exchange between 
users. Alternatively, the microcomputer may be program- 
med to  take care of the protocol itself, w i t h  some reduction 
in its availability for other purposes. 

i 

ACKs have priority on the system, as all transmitters 
wait one packet length after each packet sent so the 
ACKs can get through. Also if a signal is present on 
the initial receiver check, the packet transmission 
from your station is delayed long enough so that the 
other station can be acknowledged. 

USER 
TERMINAL 

hardware 

220-MHz 
TRANSCEIVER 

Sounds complex? Well, it is. But don't forget how 
inexpensive complexity is becoming; witness the 
pocket calculator, which for less than $10 is more 
complex than everything else in your house put 
together. Here's what you really need: 

- 

a. A vhf (220-MHz in Canada) transceiver ( fm will 
do) 

b. A computer, Protocol Control Unit, or both 
(see fig. 3) 

A single-board microcomputer can form the Proto- 
col Control Unit (PCU) to implement all the above 

66 june 1979 



details (these details are called the packet protocol). 
It would require only about 2k of memory and could 
probably be built for less than $100. We are working 
on this too. In due course, these should be available 
commercially, but for now let's build our own. Full 
details of the final protocol will be published when 
available. 

what frequencies can I use? 
In Canada certain portions of some vhf bands have 

been set aside for packets: 

frequency 
(MHz) 

220.1-220.5 

220.5-221 .O 

221 .O-223.0 

223.0-223.5 

433.0-434.0 

transmission mode 

shared packet and other modes 

shared wideband packet and other modes 

packet only 

shared wideband packet and other modes 

packet only (wideband, 100 kHz, for repeater 
links) 

shared packet and other modes 

Obviously the bulk of the activity is expected to be 
on 220 MHz. If you've looked at the low prices on 
rigs for that band, it seems like an excellent idea. 

how it all began 
In April, 1978, the Department of Communications 

(DOC) in Canada announced its intention of changing 
the regulations to permit only "Packet Radio" (cries 
of, "What the devil is that?") on 220-225 MHz. 
Amidst the horrified screams of many Amateurs, a 
few of us decided to have a closer look. We liked 
what we saw. With the close cooperation of the 
DOC, who modified their original proposal according- 
ly, we started experimenting with packets. The 
group doing most of the work is based in Montreal. 

One more thing to note. The Amateur Radio com- 
munity is the group that will develop this system on a 
low-cost, widely distributed basis. Our work will no 
doubt be closely watched by commercial interests, 
so let's earn our privileges as hams and contribute 
once more to the advancement of the state of the 
art. 
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the weekender 

biquad bandpass filter for CW use 
The biquad bandpass filter has many advantages 
when used as a CW filter. First, the biquad can be 
adjusted to control both center frequency and Q. Se- 
cond, the filter is very stable and will not break out in- 
to ear-shattering oscillations. Third, the filter can be 
built by hams like you and me. That is to say, the 
components are available at Radio Shack, the toler- 
ance of none of the components is critical, and no 
special test gear is needed. 

circuit description 
Fig. 1A shows the traditional circuit, which 

requires the plus and minus supplies. The advantage 
of this configuration over the single-voltage circuit is 
the capability to couple directly to the input and out- 
put of the filter. In addition, the op amp has better 
gain characteristics with the higher supply voltage. 

The single supply circuit is very similar (see fig. 
1B). Most references recommend providing a low- 
impedance dc return for the input circuit. For this 
reason, I avoided for a long time even trying the 
single-voltage supply. But my experiments with the 
pA741 showed that the circuit does a remarkably 
good job. By providing half the supply voltage to the 
positive input of the op amp, all of the outputs are 
operating above ground. This is the obvious reason 
for needing the capacitive coupling on the output 
and input. The pA741s will drive headphones direct- 
ly, but for general use, an amplifier speaker is recom- 
mended. 

By James M. Rohler, NBDE, 1967 Bristol 
Drive, Bettendorf, Iowa 52722 

After a short period of experimenting, you will f ind 
the adjustable features useful. The Q is especially in- 
teresting, since it can be adjusted too high, causing 
ringing. Under some conditions, the narrower band- 

b 
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fig. 1. Schematic diagrams of the biquad active filter for 
dual supply IA) and single supply (B). 
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fig. 2. Foil pattern for the active bandpass filter (above). The 
parts placement diagram is shown (below). 

width and ringing is a fair tradeoff for eliminating the 
QRM. 

components and construction 
Fig. 2 shows the foil pattern and parts placement 

diagram. If potentiometers are not desired, fixed 
resistor values can be determined from the following 
equations: 

where f, is the center frequency in Hertz, 
B is the bandwidth in Hertz, 
G is the gain of the circuit. 
The Q is the reciprocal of the bandwidth 
times the center frequency. 

For single-supply operation, jumpers are used to 
connect the junction of the bias resistors to pin 3 of 
each IC. In addition, pin 4 of each IC is connected to 
ground. To use a dual supply, the pin 3s are connect- 
ed to  ground, and pin 4s to the minus supply. Also, 
in this case, the input and output capacitors and bias 
resistors can be eliminated. 
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gallonmsize dummy load 

Homebrew dummy load 
with low SWR 

that includes 
rf-voltage monitorina w 

provisions 

In a previous article,' I described a home-built 
dummy load based on intelligent overload of a bank 
of carbon resistors good for 5-second tuneup of a 1- 
k W  transmitter (50 per cent loaded at tuneup). The 
dummy load served me well for many years and, in 
fact, is still in use. But an incident occurred recently 
during a TVI test of a new linear that emphasized that 
a rating of 500 watts for 5 seconds doesn't mean a 
full kilowatt continuously! A new set of resistors got 
the load back to normal, but the incident caused 
some time out to build the dummy load described 
here, which is capable of running tests at the 2-kW 
input level. 

review of rating techniques 
The following applies to Allen-Bradley 2-watt resis- 

tors. Other sizes, or resistors of other manufacturers, 
can be used, but the rating coefficients must be ob- 
tained from the manufacturer. 

A 2-watt, A-B resistor of the 20 per cent series is 
rated for a continuous load of 2 watts for 100,000 
hours when the resistor is mounted with 25.4-mm (1- 
inch) leads and has a body temperature of 100C 
(212F). This occurs when the ambient temperature is 
50C (122F). The life rating increases by a factor of ten 
for a 50C (122F) reduction in temperature. The allow- 
able load increases by 40 per cent for a 10:l reduc- 
tion in life. For short-term loads the resistors are 
rated at 44 watt-seconds for the same mounting and 
ambient temperature, i.e., 44 watts for 1 second, and 
SO on. 

The required life for a test dummy load is very 
short; a few hundred hours in many years. Also, 
good cooling can be provided by mounting resistors 
with metal fins touching the resistor body and im- 
mersing the resistor body and fins in oil. Even after 
considerable testing, the resistor body temperature 
need not exceed 50C (122F). 

The shorter life requirement allows the power in- 
put to be increased by a factor of 1.44 and the lower 
temperature by a factor of 1.4. The rating now 
becomes 10.6 watts continuous, or 47 watts for 5 
seconds. It's somewhat over 28.5 watts for 10 
seconds and well over 20 watts for 20 seconds. (Am- 
bient temperature isn't a major factor for very short 
loads, but resistance change is.) 

A t  high power there's another factor to consider. 
The maximum voltage rating of a 2-watt resistor is 
500 volts, which will affect the mounting method. 

choice of design values 
Since some work is done at full 2-kW input, a 

dummy load that could accept this power for short 
test periods seemed desirable. A reasonable assump- 
tion for maximum linear efficiency is 60 per cent, so 
the desired rating was 1200 watts for 5 seconds, 
which would allow 300 watts continuously. 

The voltage rating must be reduced by the peak- 
to-average ratio of the applied signal. Also, for high 
frequency power use some dielectric heating of the 
resistor body will occur. With some allowance for 
this, the rf voltage across a resistor should not ex- 
ceed 250 volts rms. 

At this voltage the minimum resistance for a peak 
dissipation of 47 watts is about 1325 ohms. A total of 
26 resistors in parallel would be needed for a 50-ohm 
load. However, since this is not a standard value, 
some adjustment is necessary. 

The local surplus emporium had no 2-watt resis- 
tors close to the 1200-ohm value, but there was a 
large bin of 470-ohm units at a very good price. A 
quick calculation showed that eighteen of these in 
parallel would give a resistance of 25 ohms, with two 
such banks in series giving the desired 50 ohms. 
Alternatively, two banks of fifteen resistors each 

- 
By R. P. Haviland, W4MB, 2100 South Nova 
Road, Box 45, Daytona Beach, Florida 32019 
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would give 60 ohms, nearly the mean between 50 
and 75 ohms. The last combination was chosen for 
construction. 

dummy-load circuit 
While the dummy load is usually used with a watt- 

meter, an independent power check is sometimes 
useful. A built-in rf voltmeter can give this measure- 
ment. Because of the high voltage present, a voltage 
divider must be included. The circuit is shown in 
fig. 1. 

With the resistors in hand, the mounting and oil 
immersion problems must be worked out. For very 
short periods of operalion, a 0.946-liter (I-quart) can 
would be suitable. However, the temperature rise is 
rapid, and more oil is desirable, so 3.8 liters (1 gallon) 
allows reasonable test periods. 

construction 
It's easier t o  show the construction than to  

describe it. Fig. 2 shows the load assembly. Three 
fins provide the connections for the two banks. One 
outer fin soldered to the can case provides most of 
the assembly support and the connection to the 
outer coax lead. The other outer fin is drilled to fit 
over the center conductor of the coax receptable, 
providing the remainder of the support. (Note that 
the three fins should be the same size to keep the 
voltage equal across the banks.) The voltage- 
monitoring components are mounted on a terminal 
strip with tip jacks used for the output. 

If possible, use hermetically sealed connectors. 
Transformer oil, the preferred cooling medium, tends 
to migrate, and unsealed connections will always be 
oily. Even light mineral oil will migrate. Hydraulic 
brake fluid, the other possible coolant, also migrates. 
If you must use standard connectors, be generous 
with silicone rubber sealant. 

Performance of the unit is good. The SWR is about 
1.2:1, with a 50-ohm wattmeter, to above 30 MHz. 
However, at higher frequencies the uncompensated 
reactances affect performance. The apparent resis- \TiF; CRI 

RI ,RP EACH 4 7 0  OHM ZWATT,ALLEN BRADLEY 
RESISTORS IN PARALLEL 

R3,R4 lk IWATT 
C 0 O O l r F  CERAMIC DISC 

CRI GERMANIUM DIODE 

fig. 1. Dummy-load schematic, including voltage- 
monitoring provisions. 

fig. 2. Construction of the gallon-size dummy load. Fins are 
made from copper flashing. The 2-watt resistor leads pro- 
ject through holes in the copper, are bent over, and then are 
soldered. The fins should touch the resistor body. Resistor 
spacing should be two body diameters or more. The fins 
should clear the can sides by 12.5 m m  ( %  inch) or more. 

tance on 144 MHz is appreciably reduced, and the 
SWR is undesirably high. While the unit is usable at 
vhf, it's basically a high-frequency design. 

variations 
Many variations of the basic design are possible. 

Sixty resistors would handle a kilowatt transmitter 
for long periods. Exact 50- or 75-ohm loads can be 
worked out for SWRs around 1.05:l. Special resis- 
tances are possible, such as 8 ohms for audio ampli- 
fier tests. Stray reactance can be tuned out for vhf 
operation. 

The unit shown has been operated many times 
with a linear amplifier running at 1-kW input for 
periods of 10 minutes or so. No measurable change 
in resistance values was found. The unit has paid its 
way: the linear is now free of TVI thanks to the 
testing time possible. 

reference 
1. Robert P .  Haviland, W4M6, "Superfluous Signals," ham radio, March, 
1976, pages 40-43. 
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multivibrators and 
analog input interfacing 
Previous parts of this series have concentrated on 
only one multivibrator, the bistable, or fiip-fiop. This 
part will examine the monostable multivibrator, or 
one-shot, and look into ways of converting analog 
signals to digital levels. 

A one-shot will create a single pulse of controllable 
width in response to a trigger. The trigger can be 
either a positive-going or negative-going state transi- 
tion. There are two basic types: conventional and 
retriggerable. The latter will automatically reset and 
start the pulse again if a trigger arrives before the 
pulse is complete. Most of the former will inhibit any 
retriggering if the pulse has already started. 

A one-shot symbol is shown in fig. 1. It has Q out- 
puts and direct set and clear inputs as in a flip-flop. 

PNONAL EXTERNAL 

r 
POSITIVE 

RESET * U OUTPUT 

* RESET (CLEAR1 AND SET (PRESET) 

MAY BE EITHER ACTIVE-LOW OR 

ACTIVE-HIGH DEPENDING ON DEVICE 

fig. 1. One-shot multivibrator symbology with option- 
al external components. 

Some devices allow a choice of positive or negative 
triggering. As in the flip-flop, unused control and 
input lines must be tied high or low depending on 
function. 

Output pulse width depends on an RC time con- 

By Leonard Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 

stant, either internal or external. The device is partly 
analog in operation, and a full description is found in 
texts.' Each one-shot IC is specified in width from a 
simple formula or a graph showing width versus RC 
combinations. Most all one-shots have internal resis- 

0 0.4 0 . 8  1.2 1 6 2.0 

INPUT VOLTAGE iLjNI 

SYMBOL 

fig. 2. Schmitt trigger gate hysteresis curve and symbol. 

tors and capacitors that can be changed by external 
components. Most confusion in RC selection comes 
about by the three pins marked Rint, Cext, and 
Rex,/C ,,,. Connection rules are: 

lnternal C only: C,,, pin left open 
External C: Capacitor between C,,, and 

Rext/Cext pins 
lnternal R only: Connect Rint pin to V,, 
External R: Rin, pins left open, resistor be- 

tween Vcc and Re,,/C,,, pin 

lnternal capacitance and resistance are specified for 
each device. External components should be mount- 
ed as close as possible to the package; R and C pins 
are very susceptible to noise pickup, even with TTL. 

External resistance may be variable for adjustment. 
The trimming potentiometer must not be wirewound 
for short pulses; winding inductance will change the 
time constant. 

astable multivibrators 
These are free-running oscillators with digital level 

outputs. Their use is generally restricted to digital 
VCOs (voltage-controlled oscillators). Most are of the 
emitter-coupled variety for stability." Details can be 
found in application notes or reference 1. 

Most of today's timing is obtained from quartz 
crystal or LC oscillators, with or without dividers for 
lower frequencies. Such oscillators don't have the 
fast rise and fall times required for digital circuits. TTL 

"Not to be confused with ECL, or emitter-coupled-logic 
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devices will not work properly with transition times of 
about 5 microseconds or more; internal circuitry will 
actually oscillate while a transition is made from logic 
0 maximum to logic 1 minimum. CMOS is a bit more 
tolerant. There are two solutions. 

the Schmitt trigger 
A Schmitt trigger is a high-gain amplifier with 

feedback to give hysteresis. Hysteresis is a nonlinear- 
ity between input and output and, in digital form, 
helps to discriminate signal and noise when feeding 
digital inputs. 

Some gates and inverters incorporate Schrnitt trig- 
ger circuits at each input. So do a few one-shots. 
Typical input versus output is shown in fig. 2 for a 
TTL gate. The hysteresis symbol is used in gates and 
inverters having Schmitt inputs. 

A rising input voltage will cause the output to 
"snap" from high to low when i t  crosses the 1.6-volt 
threshold. Internal feedback allows a very stow 
threshold crossing to change the output very rapidly. 
Schmitt inverters and gates are very good for inter- 
facing an analog signal within input maximum volt- 
age swing to conventional digital circuitry. 

Other uses are given in fig. 3. Circuits of figs. 3A 
and 38 are useful for automatically resetting a digital 
circuit during power-on. Fig. 3C may be used to 
debounce a single-throw switch, but with some cau- 
tion. Values are for TTL, and closure time constant is 
much shorter than opening time constant. I t  will 
work well with CMOS, where resistor values can be 
equal and much higher. 

comparators 
Comparators are high-gain, wideband operational 

r/7 @ HOLD LOW AT TURN ON 

@ HOLD%IGH AT TURN ON 

/=SWITCH CLOSED 

pF 2 SWITCH INTEEFACF 

fig. 3. Schmitt trigger applications with inverters. 

a THRE5HOLD VOLTAGE 

ADJUSTMENT POT 

STABLE DC VOLTAGE 

BYPASS CAPACITOR 
THRESHOW 

VOLTAGE 

1 SWITCHING TIMES 

L S I G ~ ~ I  84SEL INE  

EOUAL TO THRESHOLD 

fig. 4. Typic& comparator circuit. 

amplifiers with output clamps to restrict output voit- 
age swings to digital levels. A typical application is 
shown jn fig. 4. 

Comparators usually need two more supply volt- 
ages. This requirement is offset by the ability to 
threshold signals with a dc baseline way off digital 
voltage limits. Input voltage thresholds and baseline 
shifting are the same as for lower-frequency opera- 
tional amplifiers. 

The main characteristic in choosing comparators is 
slew rate, or response time. Slew rate is rate of 
change of output voltage per unit time compared 
with input voltage. Slew rate should be as high as 
possible. The newer rating is response time and is 
found on data sheets as time-related graphs of out- 
put voltage change for different overdrives. 

Overdrive occurs when the input voltage exceeds 
threshold voltage. Most high-speed comparators 
have nearly the same output voltage transition with 
any overdrive; the major change is a slight delay with 
small overdrives. 

Packages such as the Motorola MC3430 have four 
separate comparators. The MC3430 needs only two 
voltages, + 5 volts and - 5 volts, and also has a com- 
mon strobe control line. All four outputs are TTL- 
compatible and are three-state. When the strobe is 
high all outputs are in a high-impedance state, which 
allows wiring several outputs in parallel. Feed- 
back may also be added for hysteresis.2 

The Harris HA-4905 is also a quad comparator with 
an interesting supply connection. Two package pins 
are used for the comparator section and two more 
are used for the output circuits. One or two supplies 
can be used for the comparator with a differential of 
5-15 volts. The output-circuit supply may be set to 
equal the digital-circuitsupply for signal compatibility. 

references 
1. Jacob Millman and Herbert Taub, "Pulse, Digital, and Switching Wave- 
forms," Chapter 11. McGraw-Hill Book Company, 1965. 
2. Motorola Semiconductor Data Library, Volume 6, Series B, Motorola 
Semiconductor Products, Inc., 1976, page 6-23. 

ham radio 

june 1979 79 



tebook 

lcreased break-in delay range for the Heathkit HW-8 

The Heathkit HW-8 transceiver 
reak-in delay time constant is such 
iat, even with relatively fast keying 
nd maximum time delay set in, the 
g returns to the receive mode after 
very word. This is fine for rapid 
reak-in, but most CW operation is 
ot rapid break-in, and all that's ac- 
omplished is unnecessary relay wear 
nd operator fatigue. The fix is sim- 
~le: Change C92 from 10 yF to 50 yF, 

from 10 pF to 50 pF, the transmitter 
and sidetone monitor oscillator key- 
ing develop tails because of the cou- 
pling back through the solid-state de- 
vices. This side effect may be elimi- 
nated in the transmitter keying circuit 
by lifting the end of R64 nearest the 
back of the printed circuit board, 
where wire "W" connects, soldering 
the anode lead of a IN4148 silicon 
diode (Radio Shack 276-1122) in the 

MUTE I 

In addition, receiver muting is de- 
layed excessively by the increased 
size of C92. This may be corrected by 
placing a 4700-ohm resistor in parallel 
with C43. Remove C43 from the cir- 
cuit board, solder it across a 4700- 
ohm resistor, and place the pair 
where C43 was originally installed. 
(Refer to fig. 1.) All resistors are % 
watt. 

After making the modifications, 

SIDE TONE OSCIL L ATOR 

fig. 1. Changes to the Heathkit HW-8 for increased break-in delay range. 

25 volts; R72 from 3.3 megohms to empty hole, and soldering the cath- the DELAY CONTROL potentiometer 
1.0 megohms; R73 from 10 megohms ode lead of the diode to the uncon- will provide a wide range of time con- 
to 22 megohms; parallel C43 with nected end of R64. Reconnect wire stants. Each operator should adjust 
$700 ohms; and add a diode in series "W" to the junction of the diode and the DELAY CONTROL to suit his par- 
with R64 (see fig. 1). R64, above the board. In the sidetone ticular keying speed, with high speed 

The time constant is controlled by oscillator circuit change R72 and R73 requiring the least delay time. 
C92. However, when C92 is increased as indicated above. John Abbott, K6YB 
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Collins 516F-2 
high-voltage regulation 

Shortly after acquiring my Collins 
S-line equipment, I became aware 
that the CW waveform as viewed on 
the SB-610 monitor scope left some- 
thing to be desired. A definite trough 
appeared in the waveform, which is 
characteristic of a high-voltage power 
supply with insufficient regulation 
(fig. 2). The as-built, 10-pF filter is 

fig. 2. Monitor scope display of Collins S- 
Line CW waveform showing insufficient 
high voltage supply regulation. 

sufficient for SSB operation. How- , 
ever, during key-down CW opera- 
tion, with the amplifiers running full- 
bore and exhibiting a widely varying 
load, there's a need for increased ca- 
pacitance in the filter section. I found 
that a minimum of 25-pF of filter 
capacitance provided the smooth 
waveform shown in fig. 3. 

fig. 3. Monitor scope display of Collins S- 
Line CW waveform showing good high 
voltage supply regulation, which is ob- 
tainable in practice. 

With under-chassis space being at 
a premium,  three 80-pF caps 
(Sprague TVA 1716) were used to re- 
place the originals. These capacitors 
will provide over 2 % times the former 

capacitance and will fit into the chas- 
sis-mounted clamps without protrud- 
ing below the chassis bottom. If other 
types or sizes are used, be sure suffi- 
cient chassis clearance remains. 

Before removing the original caps, 
observe the physical wiring arrange- 
ment. Place the new capacitors in the 
same direction as those to be re- 
moved. The original capacitors are 
manufactured with terminals instead 
of wire leads, but no difficulty should 
be encountered if the full-iength leads 
of the new units are used and only 
the negative lead of the ground-end 
capacitor (C4) and positive lead of the 
high-voltage bus capacitor (C2) are 
trimmed after the connections have 
been made. Be sure to insulate the 
negativelpositive interconnecting 
leads of the three capacitors. They 
are not at ground potential, and they 
pass near the capacitor mounting 
brackets. See fig. 4. 

fig. 4. Modified Collins 516-F2 supply. 
High-voltage filter caps C2, C3. and C4 
are replaced with 80-pF caps. 

After installation, make certain that 
no short circuits exist. When the sup- 
ply is reconnected to the 32-S ( ), en- 
sure that the bias pot adjustment is 
correct. 

Paul Pagel, NIFB 

loss of torque in 
HAM-M rotators 

Several years after I purchased my 
first HAM-M rotator, it started to slow 
down. At first I thought the slow- 
down was because of the extra an- 

tennas I'd added, so I increased the 
voltage with another transformer in 
series with the internal transformer. 
This helped for a while, but the rota- 
tor gradually slowed down again until 
it took five minutes to rotate 360 
degrees! 

After several inquiries and investi- 
gations, I found the cause. It seems 
that the electrolyte in the motor ca- 
pacitor, C2, a 120-140 pF, 50-Vac ca- 
pacitor, dries out in time. I installed a 
substitute capacitor, and the anten- 
nas almost took off. I removed the 
extra transformer. Even then, with a 
heavy antenna load, the I-rpm speed 
was fully restored. 

The motor-start capacitor is easily 
changed. It's conveniently located in 
the control box. The as-built Cornell 
Dubilier capacitor part number is 
51 172-10, priced at $2.50. A higher 
quality (but possibly larger in size) re- 
placement is probably available from 
your local electrical or motor supply 
house. The capacitance should be at 
least 120 pF. 

I've experienced this problem sev- 
eral times. In one case, it happened 
after only one year on a new 
HAM-M-II. 

Joe Reisert. WIJR 

phono plug wiring 
Soldering the braid of coaxial 

cable, such as RG-58/U, to the shell 
of a phonoplug can be a messy and 
sometimes frustrating job. Excessive 
heat may be applied, resulting in the 
center-conductor insulation's being 
damaged, causing either a shorted 
plug or the possibility of future inter- 
mittent trouble. 

A neat and virtually short-proof 
connection may be made using heat- 
shrink tubing. Instead of soldering 
the coaxial braid to the shell of the 
plug, a 2.5-cm (I-inch) length of 9.5- 
mm (318-inch) diameter heat-shrink 
tubing is slipped down the coax and 
over the braid until even with the end 
of the shell. The heat of a match 
finishes the job quickly, neatly, and 
permanently. 

Paul Pagel, NlFB 

june 1979 85 



products 

For literature on any of the new 
products, use our Check-Off 
service on page 110. 

IC-280 mobile 
transceiver 

The versatility of a microprocessor 
is exemplified in the introduction of 
the ICOM IC-280 fm mobile radio for 
2 meters. Referred to as the "remot- 
able" radio, the IC-280 actually 
comes assembled for immediate op- 
eration as one box. However, the 
same radio may be operated as sepa- 
rate units by removing the head and 
connecting the optional remote cable 
to each unit. You can then mount the 
central head in a small place where 
almost no other radio will fit. 

"Remotability" is not the only rea- 
son to have an IC-280. The micro- 
processor covers all 4 MHz of the 2- 
meter band, plus some at both ends, 
in 15- or 5-kHz steps which are se- 
lected by the user or the microproces- 
sor. I n  addition, there are three mem- 
ory channels to store any frequency 
which can be programmed on the 
dial. 

The modular 10-watt output stage 
has plenty of power to drive the most 
popular amplifiers to full output. The 

continuous display of frequency in 
transmit, receive, or memory position 
makes the IC-280 the easiest-to-use 
fm radio, and the best-performing fm 
radio that ICOM has designed to date. 
All ICOM dealers should have them in 
stock and on display now. See one 
today at your authorized ICOM dealer. 
or contact ICOM East, lnc., 3331 
Towerwood Drive, Dallas, Texas 
75234; or ICOM West, Inc., 13256 
Northrup Way, Suite 3, Bellevue, 
Washington 98005. 

multiple-output lab 
power supply 

A new lab power supply, capable 
of funct ioning as three separate 
power supplies and featuring an ex- 
clusive automatic tracking circuit, has 
been introduced by the B&K Preci- 
sion product group of Dynascan Cor- 
poration. 

The new Model 1650 offers a 5-volt 
dc, &amp output, and two separate 
25-volt dc outputs at 0.5 amp. The 
exclusive automatic tracking circuit 
allows the B output to "track" volt- 
age changes of the A supply. 

Designed for use with solid-state 
equipment where both linear and dig- 
ital circuitry may be encountered, the 
unit's three outputs are completely 
isolated, offering the user full versatil- 
ity to connect the outputs in series or 
parallel. 

The valuable tracking circuit allows 
proportional control of the B supply 
when the A supply output is varied. 
When the TRACK mode is selected, if 
the B control is set at 100 per cent, 
the voltage level selected with the A 
control will appear at both the A and 
B outputs. If the B control is set to a 
50 per cent position, the B output will 
be 50 per cent of the voltage at the A 
output. Tracking is controlled by 
means of a pulse-width-modulated 
control signal, which is coupled 
through an opto-isolator. This unique 
BBK Precision design permits com- 
plete electrical isolation of both sup- 
plies in the tracking mode. 

The tracking feature of the 1650 

allows it t o  be used as a substitute 
power source for breadboard and 
prototype circuits and other equip- 
ment. For test purposes it can pro- 
vide single or simultaneously varying 
voltages to observe operating effects 
on the circuit under test. The tracking 
feature can also provide positive and 
negative voltages for operational am- 
plifier circuits and offers a convenient 
means of evaluating the performance 
of differential amplifiers with voltage 
changes. 

The 1650 features automatic cur- 
rent limiting and short-circuit protec- 
tion on all ranges and outputs. IC 
control circuits maintain the highest 
reliability and stability. All power out- 
puts use color-coded, heavy-duty, 
six-way binding posts. 

The BBK Precision Model 1650 
multiple output power supply is a 
money-saving alternative to separate 
supplies. It's available for immediate 
delivery at local BBK Precision dis- 
tributors for $275.00. For additional 
information, contact BBK Precision 
Sales Department, 6460 West Cort- 
land Street, Chicago, Illinois 60635. 

DE-130 electronic keyer 
The new DE-130 Digital Electronic 

Keyer, by Dynamic Electronics, Inc., 
is designed to provide all the features 
required of a high-quality keyer at a 
minimum cost without additional ac- 
cessories. For example, an ac power 

supply is included, eliminating the 
need for batteries or an add-on sup- 
ply. The cost of an external paddle 
assembly is not necessary since an 
electronic paddle called a " touch 
key" is included. The electronic 
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This is  t h e  t i m e  o f  t he  year when many amateurs are working on their antenna systems for the coming DX 
season. If you're considering installing a new tower, however, there are some potential legal problems you 
should consider, even before you dig the hole for the base and pour the concrete. Mervyn Hecht, Attorney-at- 
Law and a Trustee of the Personal Communications Foundation (PCF), discussed four of the possible problems 
in a recent PCF bulletin: 

Error i n  calculat ing the  property line. "This can come about in two ways. First, the property line may not be 
where you think it is, especially on hillside properties. Imagine how expensive it will be to  move your misplaced 
tower if your neighbor discovers it is on his property and will not let you keep it there! If there are no property 
line survey marks you can rely on, and the tower is to  be positioned anywhere near a property line, have that line 
surveyed before you dig the hole for the base. 

Secondly, don't forget that the antenna will be wider than the tower. If the tower is right next to a property 
line, the antenna will protrude into your neighbor's "air space." If that happens, your neighbor has the right to 
make you move the tower. 

B lock ing  t h e  neighbor's v iew. This problem seems to crop up primarily on hillside properties. It may seem 
reasonable for the valley dweller with a hillside near his house to place his tower on the hillside, above the sur- 
rounding hills, but to a person who lives on the top of the ridge an antenna sticking up at the edge of his yard - 
so he has to look between the director and the reflector to see the setting sun - can be very frustrating. The 
legal aspects of blocking the view (or sunlight) are now in a state of change, but the trend is toward recognition 
by courts of these rights, and away from the absolute property rights characteristic of earlier times. 

The radio operator must recognize the potential problem and try to position his tower and antenna where it 
will not interfere with any often-used view nor block the sunlight. If there is some problem in avoiding this 
result, consider an alternative such as a) a motorized or hand-cranked tower so the antenna can be lowered 
when not in use; b) a smaller sized antenna; c) meeting with the potentially offended neighbor to obtain the 
neighbor's permission to  erect the tower on some less offending spot owned by the neighbor. 

Interference w i t h  underground or  property l ine easements. Many property titles are legally "burdened" 
by deeds to telephone companies, electric companies, cable television operators, and other utilities which give 
these services various rights. Usually these rights are to install (either under or over the ground) various cables 
and pipes, and often to enter onto the property to  replace, service, and check these installations. These ease- 
ments are often so broad that although you own the property - and pay the property taxes - you have given 
up the use of these (usually five-foot wide) strips of land. If you install anything which blocks the utility com- 
pany's rights, or prevents them from exercising the rights granted, you may be required to move your tower. 
Even if the utility is not using the easement now, i t  may in the future (perhaps a few weeks after you install the 
tower), or the utility may just be run by difficult people who are intent on enforcing their rights. 

Causing damage t o  t h e  neighbor's structure. There are three general ways I have seen this happen. First, 
mechanical drilling, such as with a jack hammer, which can cause shock waves to  nearby structures. Second, 
digging a hole may result in loss of lateral support which can cause unexpected land movement resulting in 
damage to  nearby structures. By far the most common major problems I have seen resulting from property line 
excavation, however, are related to water drainage. Particular care should be taken not to change any drainage 
pattern because, during a rain storm, the slightest change can cause thousands of pounds of water to 
accumulate in unexpected places." 

As if this is not enough to think about, Attorney Hecht further notes that although he has "not even men- 
tioned deed restrictions, height limitations, airport clearance and lighting regulations, city permits, convenants 
running with the land, or neighbors running after you with a shotgun . . ." he does not wish to discourage radio 
amateurs from installing a tower. Just be aware that if you are going to dig a hole for a tower base, don't dig 
near a property line unless you take special care to avoid the special problems that can arise. 

J i m  Fisk, WIHR 
editor-in-chief 



lightning protection 
Dear HR: 

I have recently become a profes- 
sional associate in the Lightning Pro- 

lightning protection 
Dear HR: 

Many  thanks f o r  publ ish ing 
K9MM's excellent article, "Lightning 
Protection," in the December issue. 
I t  is hoped that Amateurs will heed 
the warning. 

Author Becker suggests grounding 
wooden poles by placing a grounding 
conductor on the pole - this is quite 
effective, but it may act as another 
antenna, radiate minute ground elec- 
trical noises, and reradiating some 
transmitting power. It is suggested 
that the ground wire be cut into 10- 
foot (3-meter) lengths with each end 
bent 180' on a half-inch radius (ex- 
cept the top spike) and stapled to the 
pole with each loop separated by 2 
mm (1 I16 inch) from its neighbor. 
This spacing is adequate for Ama- 
teur use. 

I t  is fu r the r  suggested t ha t  
Amateurs become acquainted with 
the provisions of the National Elec- 
trical Code (NFPA no. 70) published 
by the National Fire Protection 

tection Institute, a group of profes- 
sionals, installers, and equipment 
manufacturers who have joined to- 
gether to promote lightning protec- 
tion and the safe design and installa- 
tion of lightning protection systems. 
For this reason, and because I am a 
Radio Amateur with several wire an- 
tennas, I found the article in the De- 
cember issue of ham radio particularly 
informative, accurate, and up to date 
as it discussed lightning theory, pro- 
tection against direct strikes, and pro- 
tection against surge and transient 
high voltages. 

As is usually the case, the article 
was well written and documented, 
and, in my opinion, serves as the best 
source of lightning protection infor- 
mation that I have seen to date for 
the Radio Amateur. Unless I miss my 
guess, this is a better treatise by far 
than that found in the ARRL Radio 
Amateur's Handbook. Quite frankly, I 
feel it is so good that those editors 
ought to consider lifting the article 
and using it in the Handbook in toto. 

Gerald B. Curtis, WBSFBL 
Westrnont, New Jersey 08108 

the usable hf spectrum; now that the 
Soviets have orbited their two vehi- 
cles this has increased the "forbid- 
den" territory to 200 kHz (29.3 to 
29.5 MHz). 

The pass time over any given area 
may be good for only 15 to 20 min- 
utes of acquisition, but since direct 
skip prevails over such a wide area, in 
all directions, this means that the 
effective interference chances are 
multiplied by the number of passes 
and orbit time. 

There are several other factors 
which seem to make satellites with 
10-meter output unacceptable, one 
being the large number of Civil 
Emergency Preparedness stations 
which have been on these frequen- 
cies since 1945, another being the 
many low-power stations which 
have been squeezed out of the lower 
part of the 10-meter band. 

I have suggested to AMSAT that if 
they lead the way now by deleting 
the 10-meter downlink, the Soviets 
may do likewise on their next ven- 
ture. AMSAT is to be congratulated 
for serving 10 meters during the sun- 
spot time, but the time to discontinue 
is now! 

Samuel H. Beverage, W I M G P  
North Haven, Maine 

Dear HR: 
My Digital Display, which appeared 

in the March, 1979, issue of ham 
radio, occasionally will reset to 999.9 
instead of 000.0. This problem is easily 
eliminated with the following simple 
circuit changes: 

Association; it lists specific re- 1. Lift pin 3 of U6 from ground and 
quirements for station protection. OSCAR 1omrneter reconnect it to pins 2 and 8 of U6. 
This document is available at most 
public libraries and is quoted briefly in downlink 2. Disconnect the line between 

part on page 645 of the 1978 ARRL Dear HR: pins 6, 7 of U12, and pin 10 of U9. 

Handbook. Compliance with the pro- Now that the 10-meter band is Reconnect pins 6 and 7 of U12 to 

visions of the NFPA Code may avoid practically fully open for worldwide 
pins 2, 3, and 8 of U6. 

insurance adjuster hassles if lightning direct communications, perhaps it's This ensures U12 will always begin 
plays havoc with your property. time to curtail Oscar 10-meter down- a count cycle in the same state. 

Marchal H. Caldwell, Sr., W6RTK links. The reason for my position is Frank C. Getz, Jr., N3FG 
Sacramento, California that 100 kHz is a lot to take out of Media, Pennsylvania 
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display SSTV pictures 

fast-scan TV 

Using an integrated circuit 
CRT controller plus software 

to provide the interface 
between a computer memory 

and a fast-scan TV 

The missing link for  all my SSTV projects1 was the 
interface from computer memory to a normal fast- 
scan TV set. Although commercial units are avail- 
able, their cost tends to be high and designs com- 
plex. In this article I will present a hardware design 
that is simple and can be easily constructed for less 
than one-hundred dollars. 

Product goals. Prior to starting the project I set a 
few goals for the interface: 

1. The hardware design should be simple, and 
make use of a minimum of components. 

2. The hardware should be reproducible, and flexi- 
ble enough to allow for future expansion. 

3. The software should be modular and use as 
much relative addressing code as possible and 
run in ROM. 

Obviously, to accomplish a task like this took care- 
ful planning and much thought. The item which 
made the whole project possible was the new family 
of Large Scale Integration (LSI) chips called CRT con- 
trollers. 

Spec i f ica t ions.  The hardware and software 
package in this article will accomplish the following: 

hardware 
1. Display a digitized slow-scan TV picture located 

in RAM on a normal TV set with 128 pixelslline 

I 
and 16 gray levels, expandable to 256 
pixels/line. 

2. Allow for transmission of medium-scan 
Amateur television2 in any format. 

I 3. Provide the flexibility to enhance the digitized 
picture by simple hardware program commands 
which include interlaced or noninterlaced video 
and fast-scan picture zooming. 

1 software 
1. Receive or transmit Amateur Radio SSTV with 

128 or 256 pixels per line and sixteen gray 
levels. 

2. Zoom by the use of software to transmit on 
SSTV or display on fast-scan TV any one of five 
quadrants of a digitized picture. 

I 3. Receive quarter-framed SSTV pictures, and 
display them on fast-scan TV or transmit the 
pictures on a composite single-framed picture. 

In order to accomplish these feats, you must first 
have some means of digitizing the picture and inter- 
facing the computer with the Amateur Radio receiv- 
er. Fig. 1 is a block diagram of my entire computer 
configuration. The detailed design of my SSTV 
analog interface board is contained in my previous 
articles. 1 

general background 
Fig. 2 is a block diagram of the computer video- 

interface card which is used to display the fast-scan 
TV. To help you understand the function of this card, 
I'll discuss how a microprocessor functions in this 
type of application. 

A microprocessor is generally a complex logic ele- 
ment which moves data to and from memory or ports 
external to the system. In this process, the data 
could be altered in any manner. In my application, 
data is first moved from a port which contains an 
analog-to-digital converter attached to an SSTV 
demodulator. The data is then formatted in the 
microprocessor memory in such a way that if it is 
accessed in a serial manner, converted to an analog 

By Clayton W. Abrams, KGAEP, 1758 Com- 
stock Lane, San Jose, California 95124 
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signal, and mixed with sync pulses, you could display 
the information as a picture on a television set. This 
movement of data is accomplished by a series of 
events called instructions. The art of creating these 
instructions is called computer programming. 

If the microprocessor were fast enough, this proc- 
ess could be accomplished by software with a small 
amount of hardware. To date, none of the commonly 
available low-cost microprocessor chips are fast 
enough. Obviously, if you would like to display pic- 
tures from memory, some sort of hardware device 
must be constructed. As a result of this requirement, 
I designed the following video-interface card. 

CRT controller block 
At this time, four manufacturers have developed 

LSI CRT controller chips. They are basically complex 
devices which replace the function of approximately 
forty ICs and combine their functions into a single 
package. These chips are designed to interface with 
digital computers and are used mainly in communica- 
tions terminals. 

Each controller typically contains a number of 
functional units. Fig. 3 is a block diagram of the 
MC6845 CRT controller. These devices are used to 
address memory as a data refresh buffer, serialize the 
data from RAM, and mix it at the correct time with 
TV sync pulses. Each manufacturer's chip design has 
different features. Some of these features range 
from built-in character generators to full-color 
graphics. 

Since an SSTV fast-scan display application con- 
sists of addressing large blocks of RAM (up to 16k), 
only one CRT controller met this requirement, the 
Motorola MC6845.3.4 The MC6845 is unique, 
because the chip has more versatility than do any of 

SSN characters as seen on fast-scan TV. 

4MATEUR MONITOR 

AUDIO 

RECORDER 

VIDEO SYNC SSTV rn I A I 
CARD 

DIGITAL 

SYSTEM 

C T - 8 2  
TERMINAL SYSTEM 

SWTP 
PR- 4 0  

PRINTER 
FAST SCAN 
INTERFACE 

TV MONITOR W 
fig. 1. Block diagram of the computer and SSTV systems. 

the other controllers. This IC contains eighteen pro- 
grammable registers which control the vertical1 
horizontal timings and refresh RAM address, number 
of scan elements, and lines per picture. 

The unique feature of the chip is that the software 
controls how the chip performs. For example, calcu- 
lations of the various controller chip-register values 
were made by fine tuning with an oscilloscope and a 
TV monitor to achieve optimum results. This feature 
is similar to changing variable capacitors or potenti- 
ometers in older hardware technologies. Software is 
much faster and more reliable than the older tech- 
niques. With software you can achieve textbook 
waveforms with a little experimentation. 

memory accessing 
Another subject which should be briefly discussed 

is direct-memory accessing (DMA). DMA is a tech- 
nique for reading or writing to or from memory at a 
much faster rate than allowed by the microprocessor 
software. The three DMA techniques that can be im- 
plemented in microprocessors are: 

1. Halting the processor. 

2. Cycle stealing. 

3. Multiplexing the CPU and DMA. 

Each technique has its own advantages. When plan- 
ning the project, two DMA methods were investigat- 
ed as possibilities in this application, halting the CPU 
and multiplexing. The cycle-stealing method would 
not be fast enough for the refreshing or accessing of 
a video display system. 
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fig. 2. Block diagram of the video-interface card. 

Multiplexing had a big advantage since the CPU 
and display could share the picture RAM area at the 
same time. This multiplexed-type of operation is 
easily implemented in the 6800 microprocessor since 
both phase 1 and 2 cycles have the same durations. 
In this configuration the CRT controller chip would 
drive the CPU. The CPU would operate as normal, ad- 
dressing RAM at a phase 2 cycle time. The display 
would access memory during phase 1 cycle time. 
This method was considered the most desirable, 
however the standard SWTPC 6800 MP-A CPU card 
derives its baud rate from the CPU clock. Therefore, 
this DMA approach was not chosen. If it were, the 
baud rates derived from the CRT controller clock 
would be nonstandard. 

The halting of the CPU was the method I chose for 
my card design. Additionally, halting of the CPU is 
the easy type of design to develop. All that has to be 
done to halt the CPU is to ground the halt line on the 
bus (SS-50). In my application, I decided to be a little 
more elegant than just grounding the halt pin to start 
the operation. The 6800, like many of the more popu- 
lar microprocessors, has an instruction called wait 
(WAI). When the microprocessor executes this com- 
mand, it waits or does nothing until it receives an in- 
terrupt (or signal) from another source. This is the 
method I chose to halt the CPU. While in wait state, 
my special card takes control of the bus and provides 

the signals to RAM to sequentially take the pixels 
(picture elements) and transfer them to the TV moni- 
tor. When the microprocessor receives the interrupt, 
the interface card is disengaged and normal micro- 
processor operation resumes. The SSTV hardware 
interface to the software is an analog-to-digital (AID) 
converter and a digital-to-analog converter ( D I N .  
The AID is used to receive the SSTV pictures, and 
the DIA  is used to transmit SSTV. Both units are 
connected to an MC6820 Pl.4 parallel port. Fig. 4 
describes the 6820 bits assigned by the software and 
used by the analog card. 

video-card theory 
Fig. 5 contains a schematic diagram of the video- 

interface card. Some of the major components have 
been previously discussed, with the details to follow. 

Initialization. Before the whole process can start, 
theCRTcontroller chip must be initialized. This initial- 
ization tells the controller chip the type of video 
which will be displayed and where the picture is in 
the microprocessor memory. To accomplish this, 
registers in the controller chip must first be loaded 
with data by software, with hardware selecting the 
chip at the correct time. 

Chip selection in the SWTP 6800 system is conven- 
iently located on the system mother board. I found it 
convenient to run a wire from the I10 selection line 
on the small socket toxhe =.line on the CRT control- 
ler chip. This left only the chip ENABLE control 
decoding which had to be installed on the card. 
Since data is valid only during phase 2 of the 6800 
clock cycle, only two signals had to be ANDed, W / n  
and phase 2. The least significant bit of the address 
line (A01 was connected to the chip RS input. Thus 
when A0 is true, the register number can be loaded; 
when off, the data is loaded into the controller chip. 

One important point should be noted when debug- 
ging this circuit: I t  does nothing without initialization. 
When initialized, you can observe the various output 
lines changing. 

Buffering. Since the card shares the same bus as 
the microprocessor, all lines must be buffered with 
either tri-state or low-power Schottky ICs (74LS). 
Tri-state devices have three output states, ground, 
high, and floating. When floating, these chips exhibit 
a high impedance which is almost an open circuit. 
When not in use, the video card floats on the bus. 

When a WAI instruction is executed by the micro- 
processor, the bus available (BA) line rises and the 
CPU card floats. I found that the SWTP MP-A CPU 
card has a bug and requires a slight modification to 
properly DMA the bus. Apparently Southwest 
designed the card for DMA; however, they allowed 
one buffer to be in the high state. Y w  can correct 
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this problem by cutting the lead on U12 between pins 
4 and 5. Leave the connection on pin 5, but connect 
a wire from pin 4 to pin 2 of U12. Since many manu- 
facturers produce 6800 CPU cards, I suggest that you 
consult your schematics to ensure that your card will 
tri-state the bus when the 6800 BA line goes positive. 

One line that my video card does not control dur- 
ing DMA is RIW. Since the video card is always read- 
ing RAM during refresh, I let this line float positive. 
The main reason for doing this is that I ran out of buf- 
fer modules on the three tri-state buffers (U16, U17, 
and U18). A more desirable state would be to condi- 
tion this line positive. 

Memory addressing. The memory addressing of 
the video card is the simplest part of the whole oper- 
ation. All of the difficult work is accomplished by the 
CRT controller chip. When initialized, the memory is 
addressed at one half the pixel rate (650 ns). The ap- 
propriate sync pulses are also outputted from the 
chip and mixed with the video. 

Data flow. The most important part of the entire 
video card is the flow of RAM data to the TV set. 
Since the CRT controller chip does the difficult task 

CLOCK 
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fig. 3. Diagram of the functions internal to the MC6845 
CRT-controller IC. 

OUTPUT SIGNALS - A SIDE OF PIA (68201 

SSTV OUTPUT 
MS8  TO O/A CONV L S 8  

SYNC 
BIT 

INPUT SIGNALS - B SIDE OF PIA 168201  

I I I I I i I i l  

A/D OUTPUT FROM 1 I ML .ST" -0-A- lB 
HORIZONTAL SYNC 

FROM SSTV 
DEMODULATOR 

VERTICAL SYNC 

START 
A DC 

CONVERSION 

'7 START 

SAMPLNHOLO 

fig. 4. Format of the digital signals into and out of the 
6820 PIA. 

of addressing memory, all that has to be done is to 
serialize the information. When RAM is addressed, 
the data is presented to two latches (U5 and U6) 
where each holds four bits of a byte (nibble). The 
data is latched at the end of an addressing cycle, 
with both latches feeding a multiplexer (U7). First the 
lower nibble then the upper nibble are fed through 
the multiplexer. Since each pixel is a nibble, and a 
byte contains two pixels, the data rate is twice the 
memory-accessing rate. This allows the use of 450 ns 
memory to refresh a picture with 128 pixels per line. 
If you wish to refresh a larger buffer with more pixels 
per line (256), you must make the following changes. 

1. Change the crystal frequency to twice the rate, 
12.2888 MHz for 60-video standards. 

2. Re-initialize the CRT controller chip for 128 
characters per line and a memory start address 
of 0000, 

3. Load a picture in RAM from address 0000 to 
3FFF (16k bytes). 

4. Place 16k of static 250-ns access time RAM at 
locations 0000 to 3FFF. 

These steps will produce a fast-scan television pic- 
ture with twice the resolution of comparable com- 
mercial units. 

video modulator 
The video modulator was designed for its simplici- 

ty and low cost. At first I considered using a digital- 
to-analog converter for the modulator. This method, 
on the surface, appeared to be a good approach. 
However, the component count and cost were con- 
siderably higher than I expected. Fig. 6 is a plot of 
the excellent linearity of this modulator. The four 1 
per cent resistors could be replaced with 5 per cent 
values by a selection process. Only one resistor had 
to be fine-tuned in the modulator circuit, the 3.3 kil- 
ohm resistor which controls the 70-to-30 per cent 
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fig. 5. Schematic diagram of the video-interface card. 



relationship between video and sync. If the sync is 
too low or high, change the 3.3-kilohm resistor in 
series with U11. The sync portion of the video should 
be 30 per cent of the total swing of the video signal. 

counters and timers 
The main counter on the card is very simple. The 

clock signal is generated by U1 and is divided down 
by U3. The only tricky part is the nibble latch signal 
derived from U2. Since the data is valid only at the 
end of the addressing cycle, it must be latched as 
close to the fail of the address as possible. Calcula- 
tions show that if 250-ns memory were refreshed, 
256 pixelslline could be refreshed and latched with 
this scheme. If the latch is marginal, inverters could 
be placed in series with the line for additional delay. 

The timer is used to  return from a wait condition of 
the CPU. I derived this return signal by counting 
down the 110-baud rate on the SS-50 bus by 2048. 
This method gave me an interrupt every 1.1 seconds. 
I serviced this interrupt by software, with the inter- 
rupt generated by grounding IRa on the bus line for 
approximately 2 ps (U15). The visible effect on the 

I I I 
0 5 10 I5 
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fig. 6. Diagram of the linearity of the fast-scan modulator in 
percentage of video signal to gray level. 

issuing the interrupt. This time could be reduced 
since the capacitor used in the single shot was the 
only value I had in my junkbox when the card was 
developed. Two external control signals were placed 
on the I10 connector of the card. These signals are 

STORS 

fig. 7 .  Layout of the video-interface circuitry on the prototype board. 

fast-scan TV is one missing scan line every 1 . I  freeze and escape. Freeze is used to display a contin- 
seconds. uous picture on the TV screen by grounding the cen- 

U13 is used to drop the DMA at the correct time tral line with a switch. Escape can be used to  return 
and issue the interrupt. The BA delay side of U13 to the CPU from DMA by grounding this line with a 
causes the video card to float 8 ps prior to and after pushbutton. The push button will cause an interrupt. 
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fig. 8. Suggested component mounting layout for use 
with DIP plugs. 

I decided to revise my software from the previous 
articles of this project for three reasons: 

1. To allow the programming code to reside on 
EPROM with slight changes. No self-modifying 
code was used. 

2; To simplify software operatior! by providing 
routines that have proven effective in the ma- 
jority of Amateur Radio SSTV contacts. 

3. To add new features to the software. 

Fig. 9 contains a memory map of the software. 
The software was written in a top-down manner with 
all of the major routines or subroutines callable from 
other programs. This means that if tt-? software were 
placed on EPROM, the routines cou 1 be called like 
macros and used as a basis of a hign-level program- 
ming package. Since the software demands the use 
of a small amount of RAM, twenty-two bytes were 
reserved in the A000 region which resides physically 
on the CPU card. The routines were made as versatile 
as possible by placing all delay constants and some 
limited code in this RAM region. 

The RAM constants are initialized during execution 
of the program, and can be modified at any time to 
produce new effects in the reception or display of 
SSTV signals. Table 1 further defines the RAM 
constants. 

video-card construction 
My card was solder wired on an SS-50 bus proto- 

type card. All signals to and from the card were 
routed through the connector at the top of the card. 
The power (8 volts) was obtained from the SS-50 
bus, and regulated to 5 volts by a three-terminal 
regulator on the card. 

Fig. 7 is the layout of the card. I found that the 
component layout was not critical due to the low fre- 
quencies involved. Three sockets were used for the 
components on the modulator and the clock circuit. 
The use of dip plugs make a convenient means of 
mounting discrete components. If you wish to exper- 
iment with different clock frequencies, new crystal 
plugs could be exchanged quickly. Fig. 8 is a layout 
of the dip sockets I used. 

The only component which may be difficult to 
obtain is the MC6845. This component is currently 
available by mail order from Jade Electronics for 
$29.95. The crystal and other chips can be obtained 
from the same source. The crystal frequency is a 
standard microprocessor frequency. A scattering of 
0.01-pF capacitors should be placed between the 5- 
volt line and ground. These capacitors are not shown 
on the schematic since they are a function of the 
card layout. The card requires no adjustments. The 
software handles all initial adjustments." 

CRT controller-chip software 
The CRT controller chip contains eighteen registers 

which can be programmed to produce almost any 
type of video. The chip has quite a large amount of 
flexibility in horizontal and vertical timings. However, 
the crystal frequency selected must be approximately 
correct. I selected the CRT controller crystal by the 
following calculations. 

The first step in crystal selection is to determine 
the over and under scan limits of your monitor. I 
determined that I could lock on video with a horizon- 
tal picture display time between 34 and 46 ps. Since 
the most desirable condition for my monitor (Sanyo 
VM4092) is to display a picture with a slight under- 
scan, I found that 42 ps was optimum. The next step 
was to calculate the pixel time. I chose to display 128 
pixels per line, and each pixel consisted of 64 bytes. 
Dividing 42 by 64, the pixel time was 656 ns. Convert- 
ing this time to frequency and multiplying by four, 
which is the counter-divide ratio, 6.095 MHz was 
found to be optimum. This value was close to an 
off-the-shelf commercial frequency of 6.1444 MHz 
(651 ns). 

The next task was to program the eighteen regis- 
ters. The specification sheet for the MC6845 provides 

*A copy of the source code is available by sending a self-addressed. 
stamped envelope to ham radio, Greenville, New Hampshire 03048. 
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more detail on the constant selection. I'll provide 
some of the logic on how I selected my constants, 
since I found the specifications somewhat confusing. 

Horizontal-total register (R0). The horizontal total 
register is the television horizontal frequency divided 
by the clock - 

63.5p/651  ns = 96 

Bytes to  be displayed ( R I ) .  For 128 pixels per line 
use 64, and for 256 pixels per line use 128. 

Horizontal-sync frequency (R2) .  This register 
moves the horizontal-sync position. The effect on 
the TV set is to move the centering of the picture 
right or left. A value of 77 was found to be optimum. 

Horizontal-sync w i d t h  (R3) .  The pulse width 
should be 4-5 ps, which is a value of 7 (4.55 ps). 

Vertical-total register (R4, R5). These two regis- 
ters determine the vertical frequency. These values 
were determined experimentally by changing R4 
(coarse) and R5 (fine tune) ending at 127, 10. 

Vertical-displayed rows (R6). This constant deter- 
mines the number of character rows that will be dis- 
played. Since an SSTV picture displayed on fast scan 
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fig. 9. Program memory map for the ssN routines. 
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fig. 10. CRT-controller IC initialization software. 

must have the correct aspect ratio, a value of 120 
was selected. This format causes eight lines not to be 
displayed on the fast-scan screen. 

Vertical-sync position (R7). This constant was 
chosen by trial and error. A value of 120 produced 
optimum results. 

Interlace (R8). This constant can select three types 
of interlaced video: normal, interlaced sync, or inter- 
laced sync and video. An interlaced picture produced 
the best video. Therefore, a constant of 1 was 
selected. 

Scan-line register (R91. This register is used to tell 
the controller the number of scan lines per character. 



Fast-scan picture of a girl's face. 

Since a pixel line has only one scan line, a value of 1 
was programmed. 

Refresh-buffer address (R12 and R13). These two 
registers determine the starting address for the 
refreshing of the fast-scan video picture. Since 120 
lines are displayed, the top four and bottom four 
SSTV lines were truncated. Therefore, a refresh start 
address 0240 (hex) was chosen. This centers the 
SSTV pictures on the fast-scan TV display. 

Fig. 10 is a source listing of a routine to load the 
CRT-controller registers. 

A CRT controller gives you a flexibility never before 
attainable in a video display system. One example of 
this flexibility is the newly proposed medium-scan 
TV. When the medium-scan format is standardized, 
a special crystal dip socket could be constructed and 
new constants placed in the software. When this is 

AOORESS 0 0 4 0  
HEX 

0 0 0 0  
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fig. 11. Diagram of the R A M  space required for the 
S S N  pictures. 

done, thecompositevideo could be connected direct- 
ly to an Amateur Radio transmitter. 

With a little imagination, numerous tricks can be 
played with the CRT-controller chip to enhance the 
pictures for display purposes. 

software 
To provide flow charts for this entire package 

would be an enormous task. Therefore. I've selected 

fig. 12. Flow chart of the SSTV 
INITALIZE 
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f ig. 13. Flow chart for transmitting an SSTV picture (TRANSI). 

portions of critical routines to flow chart which repre- 
sent how the package performs. 

picture area 
Fig. 11 provides a pictorial view of the digitized 

picture in RAM. The picture consists of a 16k-block of 
RAM. This 16k region could be divided up into two 
portions for low-density TV, or a single high-density 
area. I decided to use both densities in the software 
package. The low-density television area was desig- 
nated as a primary and a secondary region. The pri- 
mary region was used for receiving an SSTV picture 
with 128 pixels per line, and for displaying on low- 
density fast scan. The secondary region was used for 
picture enhancements and a second low-density pic- 
ture-storage area. If you are somewhat confused, 
don't worry, I'm sure you will understand as I discuss 
the routines in more detail. 

Main-line routine (START). The program is started 
by executing the instruction at location 4000 (hex). 
The first routine executed is START, which places a 
menu on the screen to display the program options. 
A routine selection is made by hitting a single key. 
The ESC key is used to jump to an undefined pro- 
gram. The ESC jump address assembled into this pro- 
gram is a location immediately after the ASCII table. 
This was done for future program expansions. Three 
levels of messages were programmed. The highest 
level is the START routine, used for the reception or 
transmission of SSTV with 256 pixels/line. 

The next level is FAST which is used for displaying 
fast-scan TV or transmitting SSTV with 128 pixels1 
line. The lowest level of messages are in the various 
routines. This menu scheme allows the calling of rou- 
tines from other programs with the entry messages 
displayed. 

table 1. RAM constants used t o  describe the displayed picture. 

label location bytes description 

XSAV A014 2 temporary index register store 
XSAV1 A016 2 temporary index register store 
PlXC A018 1 pixel counter 
LINE A019 1 line counter 
CNT2 AOlA 1 general counter storage 
CNTl A01 B 1 general counter storage 
RPlXC A01 C 1 receive pixels 
RLlNE A01 D 1 receive lines per picture 
RSTAT A01 E 2 picture start address 
RECVC A020 1 receive delay constant 
TPlCT A021 1 transmit pixels per line 
TLlN A022 1 transmit lines per picture 
TRX A023 1 transmit delay constant 
NHOR A026 4 program modifications used for 

quarter framing, also used for 
temporary byte store 



Receive SSTV (RECVI). This routine is a general- 
purpose SSTV reception program. Table 1 lists the 
four constants (starting with R )  which must be initial- 
ized for the routine to receive pictures from the A I D  
converter. This routine calls six other subroutines 
which store the picture in RAM (STORE), wait for ver- 
tical- and horizontal-sync pulses (VERT, HORIZ), and 
get pixels (GETA) from the A ID  converter. The con- 
stant NHOR is used for quarter framing. This will be 
explained later. This constant is initialized with a RTS 
(39 Hex) which means the call immediately returns to 
the calling JSR. Fig. 12 is a flow chart of the PlXR 
routine which receives a SSTV picture. 

Transmit SSTV (XMIT). This routine is a general- 
purpose transmission routine. Like RECV1, the rou- 
tine can be used as a universal transmit routine. The 
three constants in the RAM region, starting with T, 
control the type of SSTV transmitted. This routine is 
set up to transmit 60-Hz SSTV. For those in 50-Hz 
countries, you may wish to redefine the TRX transmit 
delay constant. The XMlT routine is the main line, 
and four other subroutines are called; TRANSI, 
SVERT, SHORIZ, and DEL5. The XMlT routine MENU 
allows for the transmission of up to nine pictures to 
be transmitted. Fig. 13 is a flow chart of TRAYS1, 
which is used to transmit an SSTV picture. 

Initialization routine (INIT and LOAD). Two rou- 
tines are used to initialize the system prior to execu- 
tion of the routine, lNlT and LOAD. INIT is a simple 
subroutine which initializes the PIA for transmission 
or reception of SSTV. The port assigned by the soft- 
ware is 8010 (Hex). The LOAD routine initializes the 
receive and transmit program constants, picture start 
address, and monitor jump address in the first part of 
the subroutine. In the second part of the routine, the 
CRT-controller registers are loaded with the con- 
stants previously described. The initialization tou- 
tines set the SSTV picture formats for 256 pixelslline 
and the CRT controller is set to display 128 pixels per 
line. 

SSTV zoom (ZOOM). ZOOM is used to enlarge a 256 
pixel per line picture by two times and transmit it on 
SSTV. Five locations can be selected, the four picture 
corners and the picture center. The original picture is 
not destroyed in the process. The enlargement proc- 
ess is quite simple. Each pixel and line is retransmit- 
ted twice, the net result is a picture enlargement. The 
TRZ routine performs this operation, and is callable 
from another program. To use this routine, load 
RSTAT with the address of the upper left-hand corner 
position of the picture, then call the routine with a 
JSR instruction. Fig. 14 is a flow chart of this routine. 
The ZOOM main-line routine selects the program con- 
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fig. 14. Flow chart of the zoom routing on the SSN 
picture (TRZ). 



stants and the number of loops through the program 
by displaying the routine's menu on the terminals 
screen. 

Fast-scan format (FMTI. This is the last of the 256 
pixelslline routines. This routine takes a high-density 
picture and compresses it 128 pixelslline (low den- 
sity). The process is accomplished by simple averag- 
ing of pixels. Fig. 15 is a flow chart of this routine. 
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\ 

I '  
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INITALIZE DECREMENT 
PIXEL 

COUNTER COUNTER 

fig. 15. Flow chart of the S S N  format routine (FMT). 

rt ---C 

This process produces some interesting effects when 
a high-density picture is compressed and displayed 
on high-density SSTV. The result is the original pic- 
ture duplicated two times on the upper half of the 
screen. The compression of high-density pictures to 
low density by this algorithm process produces some 
artifacts. These artifacts can be seen in the photo- 
graphs. I concluded that this problem was due to the 
simple algorithm I used. Since the artifacts occur 
mainly with black and white edges, I decided to live 
with this condition. 

- 
STORE 

IN 
*EYORY 

Fast-scan picture with the zoom routine. 

Quarter-framing (QTR1). This routine is used to 
receive four different SSTV pictures and place each 
picture in a different location in a composite picture. 
The routine, when executed, asks which quarter 
frame is to receive a picture. The options are 0 
through 4, which equates to upper left and right and 
lower left and right. The addresses of the various 
locations are listed in TABLE, which is stored in 
RSTAT when selected. Since a quarter-framed pic- 
ture has 128 pixels per line and 64 lines, RPlCX and 
RLlNE are changed to 64. Additionally, every other 
line is received, the RTS instruction at NHOR is modi- 
fied to jump to GETP1. This causes the PlXR routine 
to add 64 to X and wait for a second horizontal sync 
pulse prior to placing a new SSTV picture line in 
RAM. This routine assumes that the picture received 
is the same frequency as the last picture received, 
i.e., 50 or 60 Hz. 

Fast-scan TV routines (FAST). The main-line rou- 
tine for all fast-scan options is FAST. All pictures dis- 
played or transmitted in these routines have a density 
of 128 pixels. In these routines two picture areas are 
used. These areas are identified as areas 0 and 1. 
Each routine uses three areas in a slightly different 
manner. I'll discuss their use later. In order to return 
from FAST to START any other key, except 1 through 

Girl's face with quarter frames. 
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tine displays a picture for 7 interrupt cycles, or 
approximately 7.7 secondslcycle. The response to 
this message should be 1 to F (15). The DlSP subrou- 
tine operates in the following manner. Prior to dis- 
playing a picture three initialization steps are 
performed: 

1. The B accumulator is loaded with the number 
of cycles to be displayed. 

2. The interrupt service routine is loaded into the 
IRQ vector address in the monitor (A000). 

3. Address AWE is cleared. This step is required if 
you use an RT-68MX monitor, as I do. 

The interrupt mask is then cleared by a CLI and the 
display process is executed by a WAI command. The 
WAI causes the BA signal on the SS-50 bus to go 
positive, which tri-states the CPU card for DMA. 
After 1.1 seconds, an interrupt is generated by the 
hardware interface card and the RTI instruction 
(DISP3) is executed. This instruction restores all reg- 
isters including the PC counter. The next instruction 
after WAI is executed and the process is repeated six 

------l more times. 

TO FAST 
YON1 TOR 

Fast-scan receiveldisplay (FRECV). This routine is 
used to receive and then display an SSTV picture. 
When FRECV is executed, a message asks if 50- or 
60-Hz SSTV is to be displayed. The next message 
asks for the number of cycles. The response should 
be 1 to F (15). The number of cycles is the number of 
SSTV pictures you wish to receive and display on fast 
scan. The displayed picture will remain on the screen 
just long enough to allow reception of the next 
picture. 

When two or more cycles are selected, the picture 
is first loaded into the secondary picture area 0. The 
next picture is loaded into picture area 1. This proc- 
ess allows you to store two low-density pictures in 
RAM. A flow chart of the FREC routine is shown in 
fig. 16. . 
Transmi t t ing a low-dens i t y  SSTV p i c tu re  

fig. 16. Flow chart of the receive then display on fast 
scan routine (FRECV). (FXMIT). This routine allows the displaying of low- 

density pictures on SSTV. The routine is an example 
of how to call the XMlT subroutine. Prior to calling 

5, can be pressed. All routine options selected by XMIT, the number of pixelslline and display con- 
FAST will return to this routine after they are stants are changed. When XMlT is called, a low-den- 
completed. sity picture is transmitted on SSTV. The FXMlT rou- 

Display fast scan (FAST1, DISP). This subroutine 
controls all fast-scan displaying. When the main line 
program jumps to FAST1 , the 256-pixel picture is for- 
matted to 128 pixels and then displayed. If the jump 
is to FAST4, the 128-pixel picture is displayed. The 
routine places a menu on the terminal which asks for 
the number of cycles. A cycle is the number of times 
the DlSP subroutine is executed. The DlSP subrou- 

tine displays a message which prompts the operator 
to display picture 0 or 1. 

Fast-scan zoom (FZOOM). This routine demon- 
strates the flexibility of the CRT-controller chip. The 
routine is used to examine on fast-scan n/ an SSTV 
picture in RAM. The picture is examined by magnify- 
ing (zooming in on) the picture by two times. The 
zoom is accomplished by moving the SSTV picture in 
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area 0 to area 1. In this movement process, each stants in the software were selected and based upon 
pixel is doubled along with doubling the lines. The the SWTP MP-A CPU clock frequency of 1.7971 MHz. 
CRT-controller chip is then re-initialized for the pic- If you use another CPU card, the constants will have 
ture 1 area by CRT3, and is then displayed on fast to be altered. 
scan as a magnified picture. Fig. 17 is a flow chart of 
this routine. EPROM program relocating 

This completes the description of the operation of 
the software package. A few systems considerations 
will be discussed in this section. The programming 
package assumes that a MIKBUG-like monitor is 
used. All MIKBUG calls are contained in the equate 
table at the beginning of the source code. The soft- 
ware assumes that two memory-mapped I f 0  ports 

LOCATION 

INITIALIZE 
LINE I 

TO AREA I 

1 LlNE 2 

NUMBER OF PIXELS IN RAMCAFTERI 
DISPLAY 
OPTIONS 

DISPLAY 
AREA I 

PICTURE 

If you wish to relocate the software to reside on 
EPROMS, the task is quite simple. I assembled this 
program on a boundary which can be easily relocat- 
ed. I tried to use a minimum amount of absolute code 
in my assembly. To relocate the program, scan the 
source listing for JMP or JSR instructions which 
address the 4XXX RAM region. All that has to be 
done is change the 4XXX hex to another digit, i.e., 
CXXX. For example, I have relocated the software to 
run in 2708 EPROMS at location CXXX by this tech- 
nique. Since the package is greater than Ik, two 
2708 EPROMS are required. 

summary 
The displaying of gray-level pictures by use of 

microprocessors opens many new areas for the 
home hobbyist. The software techniques discussed 
in this article could be easily adapted for receiving1 
displaying weather satellite pictures by simply chang- 
ing program constants. Only the hardware demodu- 
lator interface has to be modified. Potential applica- 
tions are almost endless. 

Some may find my SSTV character-generator pic- 
ture of interest. I created this picture by software 
which is coresident with the fast-scan program. I do 
not intend to publish this program in this form. 

acknowledgments 
The interfacing of new devices like the 

CRT-controller chip was quite a challenge. Although 
Motorola did a fine job on their spec sheet, numerous 
questions arose. Without the help of Bruce Kinney 
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fig. 17. Flow chart of - dis- If you wish to obtain a printed-circuit board for my 
TO FAST play a zoomed fast-scan pic- fast-scan card, it can be obtained from Geoff Chap- 

ture (FZOOM). man, VK2AIT,* for 25 dollars, Australian, which 

are used for the SSTV analog-card (8010) and the 
CRT-controller card (803C). The 803X address was 
used because my system has a second mother 
board. All of the CRT-controller program I10 calls are 
located in the routine with CRT 1 through 3 labels. 
Don't forget that the CRT-controller-chip's least-sig- 
nificant bit (LSB) of the address identifies either a 
register number or register data, i.e., LSB = 0 
(data), LSB = 1 (register number). 

Delay loops are also used for timings. The timing 
loops are used to receive and transmit SSTV pictures 
through the hardware interface. Delay-loop con- 

includes shipping. If you wish to write me for more 
information, please include an SASE for my reply. 

"G. N. Chapman, VK2AIT, 70 Cliff Road, Epping, NSW, 2121, Australia. 
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uhf local-oscillator chain 
for the purist 

Design and construction 
of an LO system that offers 

excellent spectral purity, 
stability, and 

calibration tolerance 
with output 

between 380 and 540 MHz 

For many experimenters a major stumbling block 
toward building a high-performance uhf or micro- 
wave station seems to be the local-oscillator chain. 
This is especially true in EME applications, where 
any degree of success demands spectral purity 
affording at least 60 dB spurious rejection, calibration 
tolerance to within a few hundred Hz, and frequency 
stability of a few tens of Hz over the temperature 
extremes encountered in the station. These stringent 
requirements, along with the extensive test-equip- 
ment required to verify them, seem to put the whole 
business of LO design and construction into the 
category of "more art than science." 

background 
Certainly the most artistic uhf LO developed in 

recent years is the circuit by Joe Reisert, WIJR, 
originally published in his now-defunct W6FZJ 432 
MHz EME Newsletter. The circuit has since been pre- 
sented in ham radio1 and duplicated by hundreds of 
uhf enthusiasts with a high degree of success. I 
used Joe's circuit in my original 1296-MHz transceive 
converter2 and was entirely pleased with the results. 
The design offers exceptional spectral purity (fig. I ) ,  
good thermal stability, and adequate calibration 
tolerance (all as functions of the crystal used, of 
course). 

Joe's circuit was designed to be built in three- 
dimensional space above an unetched PC board, 
which was used merely as a ground plane. I devel- 
oped printed-circuit artwork for this LO some time 
ago to improve its repeatability by ensuring proper 
component layout. During the PC-artwork develop- 
ment, it seemed reasonable to replace a number of 
discrete components with their microstripline equiva- 
lents, thus reducing component count and cost. 
This task completed, I trimmed from the circuit every 
nonessential component in further attempts at cost 
reduction. When I realized that my circuit bore 
little resemblence to Joe's original design I threw 
caution to the wind, abandoned his original frame- 
work altogether, and ended up with a completely 
new uhf LO. 

spectral purity 
The result is shown schematically in fig. 2. 1 call it 

"Mr. Clean" in recognition of the excellent spectral 
purity achieved (see figs. 3 and 4). The circuit can be 

By H. Paul Shuch, NGTX, Microcomm, 14908 
Sandy Lane, San Jose, California 95124 
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The importance of spectral purity in a uhf LO can- 
not be overstressed, especially when the output fre- 
quency is multiplied into the microwave region. Fig. 
5 is an example of the LO output of a popular Euro- 
pean 1296-MHz receiving converter. Compare this 
figure with the LO of my 1296-MHz system (fig. 6). 

oscillator circuit 
The primary requirements for a usable local oscil- 

lator, as mentioned previously, are stability and spec- 
tral purity. Frequency stability is generally achieved 
by using an oscillator circuit that draws minimum 
current through the crystal (thus minimizing crystal 
heating). This in turn dictates operating the basic 
oscillator at an extremely low output power level and 
making up the necessary gain in the following buffer 
or multiplier stages. 

I learned from Joe Reisert some time ago that it's 
important to let the crystal oscillate at its natural 
resonant frequency. That is, when plugging a crystal 
into the oscillator circuit for which it was cut, you'll 

fig. 1. Dc-to-2 GHz spectral display o f  the Reisert local oscil- 
lator (reference 1) shows i ts  excellent spurious-response 
rejection. Vertical scale is 10 dB/division; horizontal scale is 
200 MHzIdivision; resolution is 1 MHz. 

achieve the greatest stability by letting the crystal 
oscillate wherever it wants to. Any attempt to VXO 
or "rubber" the crystal's oscillation frequency to 
achieve a desired dial calibration will result in a net 
degradation of local-oscillator stability. This is espe- 
cially true when the crystal frequency will subse- 
quently be multiplied to the ultimate output fre- 
quency. 

Since frequency pulling of the oscillator is to be 
avoided in the interest of stability, great precision is 
required in the crystal frequency calibration, with 
reespect to the particular oscillator circuit used, if the 
i-f calibration is to bear any relationship to the op- 
erating frequency. Crystal manufacturers can gen- 
erally optimize custom-ground crystals for operation 

0 1 

A 0 

rl L I 7uT;; RFCP OUTPU r 

P 380-54OMHz 

C 9  C 8  MINIMUM 

C1 8-24 pF ceramic trimmer 
C2 1000-pF feedthrough 
C3-C6 0.01-pF miniature ceramic discap 
C7 33-pF chip cap (ATC 1OOB or equivalent) 
C8-C10 1-9 pF piston trimmer (Triko 203-09M or equivalent) 
CR1 9.1-V Zener (1N757A or equivalent) 
CR2 1 N3600 (or equivalent general-purpose silicon diode) 
J 1 Output receptacle (E. F. Johnson 142-0298-001 

or equivalent) 

L1 4t 1-mm (no. 18 AWG) tinned, 17.8 mm (0.7 inch.) diam- 
eter x 5 mm (0.2 inch) long. Tap I t  up from C5 end 

L2,3 Microstripline inductors (see PC artwork) 
Q1,2 2N5179 
R1.2 180 ohms 5% '/.w carbon composition 
R3 330 ohms 5% %w carbon composition 
Y1 International Crystal OE-5 oscillator module. Frequency 

between 95-135 MHz (f,,,/4) 
RFC1,2 0.33 pH miniature molded choke 

fig. 2. Schematic of the Microcomm Model  LO-70 uhf local-oscillator chain, which evolved f rom the design by 
Joe  Reisert, WlJR.  



in a particular circuit, provided the schematic is 
supplied. Unfortunately, when ordering high-pre- 
cision crystals from two different reputable manu- 
facturers for use in Reisert's oscillator circuit, I found 
calibration errors on the order of 10 kHz at 432 MHz 
- certainly beyond my expectations for a $30 crys- 
tal! And since you can be certain the crystal manu- 
facturer certainly didn't build up Reisert's circuit and 
check the crystal for proper operation in it, perhaps 
it's better to use an oscillator circuit with which the 
crystal manufacturer has some experience. 

I decided to use an oscillator circuit of the crystal 
manufacturer's choosing. In so doing I found that 

fig. 4. Spectral display of the Microcomm LO-70 LO-chain 
(o~erat ina freauencv f 100 MHz)  shows the absence of 

fig. 3. Spectral response of the local oscillator presented in Q1, as seen in the LO chain schematic, fig. 2. Trim- 
this article compares favorably with the Reisert circuit. The mer capacitor C1 is used to resonate the OE-5 mod- 
analyzer settings are as in fig. 1. ule output coupling link, which provides a double- 

tuned interstage and greatly improved spectral pur- 

crystals from widely separated production runs all ify. However, as with all double-tuned circuits, these 

fell well within the manufacturer's calibration toler- two tanks are somewhat interactive, so during 

ance limits of f 0.001 per cent, as well as the claimed tuneup it may be necessary to readjust the OE-5 

thermal stability specifications of k0.002 per cent trimmer capacitor along with C1. 

from - 10 to +60°C. The crystal and oscillator cir- circuit description of the LO chain 
cuit (on a PC board, inside a can for shielding) are 
available as a preassembled module from Interna- The 200-MHz signal from Q1 is applied through 

tional Crystal Manufacturing Company as their 
Model OE-5. Specifications and the oscillator sche- 
matic are shown in fig. 7. This assembly costs 
around $20 in single quantities, supplied at your se- 
lected operating frequency in the 100-MHz range. 
Since it's no more expensive than a crystal of equiva- 
lent specifications ordered separately, why bother to 
build your own oscillator circuit?* 

Output power from the OE-5 oscillator module is 
low, on the order of 112 mW, which certainly holds 
down crystal heating. Spectral purity is enhanced by 
starting with 
(in this case, 

the highest crystal frequency practical 
around 100 MHz), and performing low- - 

order integer multiplication in active stages whose fig. 5. The importance of spectral purity in a uhf local oscil- 

bias current is optimized to the favored conduction lator chain is compounded when the output frequency is 
multiplied into the microwave region. This is the output of 
the local oscillator used in a popular European 1296-MHz 

"Lead time for this oscillator module runs typically six to eight weeks, so receive converter. The effect of inadequate filtering at all 
order well in advance. stages is evident. 



tuned circuit L1, C10, to the base of the second 
doubler, 02. Nothing exotic here, but 02's collector 
feeds a rather unusual output-filtering arrangement, 
which is largely responsible for the spectral purity of 
this LO. Basically, microstripline inductors L2 and L3, 
with trimmer capacitors C8 and C9, form two par- 
allel-resonant circuits. RFC2 inductively top-couples 
them for a standard two-pole bandpass. 

There are really more filtering elements here than 
meet the eye. For example, 02's collector feed 
choke, RFC1, and coupling capacitor, C7, form a 
single L-section high-pass filter, which keeps any 
200-MHz component from 02's base from entering 
the output filter. Additionally, C8, C9, and RFC2 
form a pi network lowpass filter which supresses 
harmonics from Q2. Thus the entire output cir- 
cuitry consists of one lowpass filter, one high-pass 
filter, and two bandpass sections - all ensuring that 
Mr. Clean lives up to its name. 

construction 
All components including the OE-5 oscillator mod- 

ule mount on a 63.5 x 76 mm (2.5 x 3 inch) PC 
board. PC-board artwork is provided in fig. 8. Micro- 
stripline dimensions are a function of the material 
used, so be certain to etch this board on 1.6 mm 
(0.0625 inch) thick fiberglass-epoxy PC laminate, 
double-clad with I-ounce copper (0.035 mm or 
0.0014 inch thick). One side of the board should 
remain unetched to serve as a ground plane. 

Drill the board as in fig. 9. Note that to avoid short 
circuiting the OE-5 power and output pins as well 
as the rf output at J1, it's necessary to remove 
ground plane metal from around the three holes 
marked countersink in fig. 9. A 3.25-mm, (0.125- 
inch) twist drill does an adequate job. Be careful not 
to drill too far through the board! 

Note that in fig. 2 the ends of the output filter 

O E - 5  OSCILLATORS 

9 5 V D C  AT ( 0 ~ 4 ~  

TEMP STABILITY -10 TO 602 -+ 0 0 2 %  REF 2 5 C  

I RF OUTPUT LOADED 

5 0  OHMS 0 . 2  VOLTS NOMINAL 
Z ~ ~ C  TOLERANCE f 001% 

N O T E .  SCREWDRIVER ADJUSTS COLLECTOR I TUNrNG, NOT FREOUENC" 

fig. 7. Schematic, dimensions, and specifications on the 
International Crystal OE-5 oscillator module. 

microstripline inductors (L2 and L3) are grounded 
through the board. This can be accomplished by 
installing small I -mm (0.04-inch) OD eyelets through 
the board at two locations indicated in fig. 9. These 
eyelets can be set then soldered to both sides of the 
board to ensure a reliable ground. For those who 
prefer not to prepare their own board, an etched, 
drilled, and plated board, with eyelets in place, is 
available from the author." 

Component layout on the printed circuit board is 
shown in fig. 10. I recommend mounting all com- 
ponents except the OE-5 oscillator module; save that 

. . 
grounding eyelets for L2 and L3, is available for $6.50 postpaid in the U.S. 

fig' 6' The Output spectrum Of the 1296-MHz sys- and Canada ($7.00 elsewhere) from Microcomm, 14908 Sandy Lane, San 
tern contrasts sharply with that of fig. 5. This clean display Jose, California 95124. A completely assembled LO chain, adjusted to your 
results from driving the uhf LO described in this article into selected operating frequency between 380-540 MHz, is also available at 
a well-filtered multiplier circuit. Spurious rejection over the nominal cost. Send a stamped, self-addressed envelope to Microcomm for 
dc-to-2 GHz region approaches 60 dB. details. Amateurs indicate callsign on correspondence. 
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fig. 8. Full-size PC-board layout for the uhf local oscillator. 
Substrate material should be 1.6 mm (0.0625 inch) thick 
fiberglass-epoxy PC board, double-clad with 1 ounce copper 
(microstripline side shown). 

the OE-5, grasp the three pins firmly with needle- 
nose pliers. Gently ease each pin, one at a time, into 
the main board. Do not use force. 

tune up 
There are at least three different techniques for 

tuning this local oscillator chain. I hope you can keep 
them straight, because in this section I'II tell you a) 
how not to tune an LO, b) how I tune my LOs, and c) 
how to tune yours. 

Avoid like the plague the "maximum smoke" tech- 
nique. It's not possible to successfully tune this cir- 
cuit, Reisert's circuit, or anyone else's LO circuit, for 
maximum indicated output power alone. Fig. 11 
illustrates quite graphically that if you tune for maxi- 
mum power it's likely to be distributed over a maxi- 
mum number of frequencies. I can't overemphasize 
the importance of tuning up uhf LO chains using 
proper test equipment together with a systematic 
procedure for minimizing spurious spectral re- 
sponses. I'm a firm believer in the use of spectral 
analysis and wouldn't dream of tuning up one of my 
own LO chains without the use of a microwave spec- 
trum analyzer. Take another look at fig. 3 and com- 
pare it with fig. 11. You can see the dramatic effect 
of tuning each stage of the LO chain for maximum 
spectral purity rather than maximum output. And 
the test equipment needn't put you into hock for- 
ever. Even a simple homebrew spectrum analyzer3 
will allow you to achieve spectacular purity. 

But you probably don't have a spectrum analyzer 
and cringe at the thought of having to build one 
before you can tune the LO you've just finished con- 
structing, right? There's another way; I call it the 
"poor man's spectrum analyzer." You'll need a vhf 

cavity wavemeter (a grid-dip oscillator in the wave- 
meter mode will do), some sort of a relative power- 
indicating device (the one I told you not to use in 
method a above), and a bandpass filter tuned to the 
approximate LO output frequency. (There are some 
constraints surrounding the selection of the proper 
filter, which I'II cover later.) You'll also need some 
sort of resistive attenuator or pad, 3 to 10 dB, with a 
50-ohm impedance and a volt-ohmmeter. 

Preliminary steps. First connect the pad to the LO 
output connector, the power meter to the other 
end of the pad, and a + 12 Vdc supply to feed- 
through capacitor C2. Caution: Do not exceed 12 
volts, as this is the Vce0 (maximum collector-to- 
emitter potential) of the 2N5179s used as the multi- 
plier transistors! In fact, series diode CR2 does pro- 
vide some protection, and I have not had any tran- 
sistor failures operating at 13.5 volts from a fully 
charged car battery - but why take chances? 

With power applied, tune C1 and the OE-5's trim- 
mer cap until the OE-5 oscillates, as indicated by an 
abrupt increase in supply current. With the OE-5 
oscillating, set up the grid dipper in the wavemeter 
mode, tune it to the crystal frequency, and sniff 
around the microstripline going to the base of 0 1  
for some rf. Once you've found it, disconnect Vcc, 
then reconnect it. Did the oscillator start? If not, try 
retuning the OE-5 trimmer and C1 slightly until the 
oscillator starts reliably each time. 

Now tune the first multiplier. As L1 and C10 are 
tuned through resonance, Q2 base will be biased into 

Key 
install eyelet here (see text) 
no. 60, 1 mm (0.04 inch) (1 1 places) 

+ no. 56, 1.2 rnm (0.046 inch) (5 places) + no. 49, 1.85 mm (0.073 inch) (3 places) 
f no. 27, 3.7 mm (0.144 inch) (5 places) 
+ no. 12, 4.8 mm (0.189 inch) (2 places) 
0 countersink ground plane side here (see text) 

fig. 9. Drilling template for local oscillator PC board (viewed 
from microstripline side). 
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conduction and supply current will increase by 5-10 
mA (Q2's collector current). Try it. The only prob- 
lem is that tank L1 ICIO may resonate at more fre- 
quencies than the desired FXml x 2. So tune the dip- 
meter (still in wavemeter mode) to the second har- 
n~onic of the crystal frequency, couple it loosely to 
L1, and tune for an indication of rf. Once you've 
found it, repeak C1 and C10 for the combined occur- 
rence of maximun: rf and maximum supply current; 
then check to make sure the oscillator still starts up 
each time power is applied. If not, retweak the oscil- 
lator trimmer slightly until it does. At this point you 
should start to see some indication of rf at output 

fig. 11. This spectral display, wi th measurement conditions 
J1' Remember that relative-power as in figs. 1 and 3, illustrates the importance of tuning the 

indicator can't distinguish between frequencies, but local-oscillator chain using a spectrum analyzer. This is 
what results if the LO is tuned for maximum output as indi- 
cated on a power meter. Note that the worst spurious com- 
ponent is down by only 10 dB. 

wavelength, trough-line filter in aligning the LO, 
and I knew it had sharp skirts! Just for good measure 
I swept the filter, and the problem became im- 
mediately evident (see fig. 12). A quarter-wave 
transmission line, shorted at one end, makes a 
dandy resonator. Unfortunately, so does a three- 
quarter-wavelength transmission line. The filter I 
chose exhibited a passband at the third harmonic of 
the LO frequency, and by tuning for maximum sig- 
nal through the filter, I was actually optimizing the 
spurious output! I mention this because quite a few 
bandpass filters exhibit multiple resonances. The 

fig. 10. Parts layout, Microcomm model LO-70 uhf local halfwave slab resonator described in the ARRL 
oscillator (microstripline side). VHF Manual and Handbook does, SO it would not 

yield a spurious-free output if used as a tune-up aid 

when ~ou ' r e  finished remove the filter and pad, and fig. 12. swept-frequency response of the quarter-wave, 
measure output power at J1. It should be on the trough-line resonator first used as a tune-up aid for this LO, 
order of 5-10 mw,  and the spectrum should appear as described in the text. Vertical scale is 5 dB/cm, wi th the 

as in fia. 3. second major division from the top of the screen represent- - - " - 

But don't count on it. The first time I tried this ing 0 dB insertion loss. Horizontal scale is 250 MHz/cm, 
yielding a dc-2.5 GHz display. Note that, while the insertion 

procedure! I ended with as Output loss at400 MHz (the desired frequency) is less than 1 dB, the 
at 1200 MHz as I had on 400 MHz. This didn't make insertion loss at the third harmonic (1200 MHz) is on the 
much sense to me, as I was using a high-Q, quarter- order of only 3 d ~ .  
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fig. 13. Swept-freqiiency response of the fvlicroconirn 
model PB-70 filter ultimately used as a tuning aid for align- 
ing this LO, as described in the text. Vertical and horizontal 
scales are as in fig. 12. Note absence of spurious responses 
out to 2.5 GHz, as well as the passband insertion loss of less 
than 1 dB. 

for this LO. Best bet is to use either an interdigital 
filter or helical resonator, or a multipole design 
whose interstage coupling is designed to supress 
higher-order modes. The Microcomm model BP-70 
is one such filter (see fig. 131, as is the Spectrum 
International model PSf432. Also useful are the sur- 
plus military filters of the F-197lU variety, which 
have recently surfaced at numerous ham auctions 
and flea markets around the country. 

Given a single-response bandpass filter tuned to 
the approximate operating frequency of the LO, it's 
possible to tune this oscillator circuit to  a degree of 
spectral purity rivaling that achieved on a laboratory 
microwave spectrum analyzer. 

conclusion 
I've presented a uhf local-oscillator chain that 

offers stability, calibration tolerance, and spectral 
purity on a par with Joe Reisert's very fine circuit, 
but with fewer components and easy assembly on a 
PC board. I am currently using this LO in my 432- 
MHz receive converter, driving multipliers in my 
1296- and 2304-MHz converters, in my 1296-MHz 
hand-held transceiver, and in an S-band satellite 
ground station design I am producing commercially. 
I find the circuit easy to assemble and extremely 
reliable. I hope other uhf and microwave experi- 
menters find it useful. 
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linear amplifier design 
The designer of a linear amplifier should be con- 
cerned with the proper potentials required to make 
the power tube operate in a linear manner. The word 
linear implies that the output signal of the amplifier is 
an amplified replica of the input signal. There's no 
such thing as a perfect linear amplifier, and the 
designer's problem is to make the practical amplifier 
(i.e., the amplifier that can be built) as linear as 
possible. 

When a linear amplifier is driven by a complex sig- 
nal, such as the human voice, nonlinearity results in 
intermodulation distortion. This unpleasant form of 
distortion creates a broad, raspy signal that throws 
annoying "buckshot" into adjacent channels. Proper 
design and operation of a linear amplifier reduces this 
distortion to a minimum. 

amplifier circuit and mode 
There's a lot of confusion with regard to the so- 

called "grounded-grid" amplifier. Rf power ampli- 
fiers are classified according to circuitry and mode of 
operation. The two classifications should not be con- 
fused with one another. For Amateur service, the 
two most popular circuits are the grid-driven circuit 
and the cathode-driven circuit. As shown in fig. 1, 
the circuits are remarkably similar, the most obvious 
difference being the placement of the ground point in 
relation to the input and output circuits. 

The mode of operation refers to the dynamic oper- 
ating characteristics of the tube (class AB?, class B, 
or class C). Characteristics of the classes are given in 
reference material listed at the end of this article. For 
linear service, the power tube amplifier is commonly 
run in either class AB1 or class B service. Thus, mod- 
ern equipment may have an intermix of circuitry and 
mode - the cathode-driven amplifier may be oper- 
ated in a class AB1 mode, for example, or the grid- 
driven amplifier may be operated in the class B 
mode. 

So far, I've not discussed the popular grounded- 
grid amplifier. This is a sloppy term which usually 
refers to a cathode-driven amplifier, working in the 
class B mode. "Grounded grid" implies cathode 
drive, but in such a circuit the grid may not neces- 
sarily be at dc ground potential, especially with 
respect to screen voltage (see fig. 2). Rf ground and 

I dc ground are not always the same in a linear 
amplifier, and most circuit engineers shudder at the 

I use of the term. 

amplifier plate circuit 
While this series of articles concerns itself with lin- 

ear, cathode-driven-amplifier design, the remarks 
about the plate circuit apply equally well to grid-driv- 
en amplifiers. It is desirable to operate any linear 
amplifier with a very minimum of intermodulation 
distortion, with high-plate efficiency, and with high 
power gain. The latter is especially important, as it 
affords maximum power output with a given amount 
of drive power. The class B mode of operation meets 
these requirements. 

Shown in fig. 3 is a graphical representation of a 
class B amplifier, showing the operating cycle of the 
tube. This is the portion of the electrical cycle over 
which the tube grid is driven positive (approaching 
+e) with respect to the cathode (or the cathode 

1 driven negative with respect to the grid). When the 
1 grid potential is highly negative with respect to the 

cathode (approaching -el, the tube is cut off and is 
inoperative. In the class B amplifier, the operating 
cycle is about one-half the electrical cycle, or approx- 
imately 180 degrees. The transfer curve plot shown 
indicates that the tube delivers power only over one- 
half of the electrical cycle and is cut-off during the 
other half of the cycle. Does this mean that the out- 
put signal consists of half-sine waves as shown, and 
is therefore highly distorted? Not at all. 

The amplifier plate circuit (often called the tank cir- 
cuit) saves the day, since the energy storage ability 
(Q) of the circuit balances the energy between the 
halves of the cycle, much as the flywheel stores ener- 
gy during the operating cycles of a gasoline engine. 
The plate circuit must, therefore, be designed to 
have sufficient Q, or energy storage, for good opera- 
tion. A Q value of 12 is commonly used for linear 
amplifier service, as it provides ample energy storage 
and at the same time provides reasonable reduction 
of harmonics generated in the amplifier. 

By William I. Orr, WGSAI, 48 Campbell Lane, 
Menlo Park, California 94025 
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fig. 1. A comparison between grid-driven and cathode-driven amplifiers. Rf and dc circuits have been simplified for clarity. In 
both cases, the grid- and plate-current meters are placed in the ground return circuits to remove any dangerous voltage from the 
meter movement. This, however, places the plate supply above dc ground by virtue of the voltage across the plate meter. I f  the 
meter coil should open, the negative lead of the supply rises to the value of the plate voltage. As a safety factor, a wirewound 
resistor is usually placed across the plate meter, and often the grid meter. The circuit configuration determines the difference 
between cathode- and grid-driven service. The applied voltages determine the mode of operation. 

A rigorous design of the plate circuit calls for man- 
ipulation of the plate voltage and current to deter- 
mine the operating parameters of the tube. The 
results of these tedious calculations can be summed 
up in simple formulas that provide the designer with 
circuit data in everyday terms. 

A network is required that matches the plate load 
impedance of the power tube to the characteristic 
impedance of the transmission line, while at the 
same time maintaining a Q value of 12. The popular 
pi network can do the job. The plate load impedance 
(ZL) for a class B rf amplifier can be closely approxi- 
mated by: 

load impedance (ohms) 

up until the sloping line denoting a particular Ama- 
teur band is intersected. The value of the component 
is then read horizontally off the y axis. For example, 
the required inductance for a plate load of 1560 ohms 
for the 15 meter band is about one microhenry - as 
close as the graph can be read. Note that capacitor 
C1 is commonly referred to as the tuning capacitor 
and C2 the loading capacitor. 

The graph for C2 tells us that the pi network can- 
not cope with impedance transformation values 
much greater than 100-to-1 at this value of 4. Note 
how the curves bunch together and "fall-off the 
graph" at plate impedances much higher than 5000 
ohms. 

- - plate voltage TETRODE 

2 x peak dc plate current (amperes) TUBE RF GROUND 

As an example, a pi network is to be used to match 
L 2  

a pair of 3-5002 tubes to a 50-ohm transmission line. 
The tubes operate with 2500 volts plate potential 

SCREEN 

with a peak dc plate current of 800 mA (0.8 amp) for SUPPLY 

a PEP input of 2 kW. 
CI 

load impedance = ------- 2500 - - 1560 ohms 
2 X 0.8 

RESISTORS 

Thus, the pi network plate circuit has to match a load i DC GROUND + - 

impedance of 1560 ohms to a 50-ohm termination. x 
designing the fig. 2. Diagram of the so-called "grounded-grid" amplifier. 

plate circuit network The grid and screen elements are bypassed to ground as far 
as rf is concerned, but each element has normal operating 

The approximate values of the pi network can be voltages applied and are "above ground" as far as dc is con- 

determined from three simple graphs. The plate cerned. Metering is inserted in the supply return leads to dc 
ground. Rf ground is placed at the positive screen voltage 

inductance from fig. 4, the tuning capacitance (C1) level. This eliminates the screen bypass capacitor, a tricky 
from fig. 5, and the loading capacitance (C2) from component that often causes circuit instability at the higher 
fig. 6. The graphs are entered at the x axis and read frequencies. 



A more accurate, computer-derived summary of pi 
network values is given in table 1. Note that, for a 
given plate impedance, when the operating frequen- 
cy is doubled the capacitance and inductance values 
are halved. (Fifteen- and forty-meter constants are 
related by a factor of three as 21 MHz is the third hai- 
monic of 7 MHz.) 

coil winding 
Winding plate coil L1 to a given value of induc- 

tance takes an inductance meter, or a degree of exper- 

PLATE 
CURREM 

AXIS 

G 

fig. 4. Plot of the plate inductance vs. plate load impedance 
for the high frequency Amateur bands (Q = 12). 
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fig. 3. Transfer curve and operating cycle for a class B ampli- 
fier. The transfer curve is determined by a static test of the 
tube where plate current is plotted against grid bias. Once 
the transfer curve is established, the operating cycle may be 
determined. The sine wave drive signal (e) is drawn about 
the bias line, determining both the zero-signal plate current 
(i,) and the peak plate current (i,,,). Note that when the 
grid driving signal swings negative, no plate current is 
drawn and the tube is cut-off for one-half cycle. Pulses of 
plate current only appear when the drive signal is positive 
wi th respect to the bias voltage. Thus, the output waveform 
of a class B rf amplifier consists of a series of half-cycles, 
much in the manner of a half-wave rectifier. The distorted 
waveform is restored to a sine wave by the plate tank circuit 
which, by virtue of its 4, or flywheel effect, stores energy 
on the active half of the cycle and releases i t  on the inactive 
half. Circuit engineers, working from a transfer curve, can 
determine actual dc operating potentials for a linear 
amplifier. 

tise and a dip-meter. A simple formula for calculating 
inductance when the coil dimensions are known is: 

R2N2 
Inductance (pH) = --------- 9R+ 10s 

where R is the radius of the coil in inches 
S is the length of the coil winding in inches 
N is the number of turns 

These calculations have been simplified in the 
ARRL type-A "Lightning Calculator," which is a sim- 

ple slide rule providing direct read-out of the coil 
dimensions if the inductance is known. It takes the 
hard work out of designing coils. 

Once the plate circuit has been designed and built, 
it is a good idea to "breadboard" it up and check it 
out with a dip-meter before the connections are final- 
ly soldered. Coil taps may have to be moved a bit to 
compensate for capacitance of the components to 
the chassis and adjacent parts. 

amplifier-cathode circuit 
The cathode-input circuit provides an impedance 

match between the 50-ohm coaxial output circuit of 
the driverlexciter and the input impedance of the 
cathode-driven amplifier (see table 2). The input im- 

1000 

2 
s 
G 

100 

10 
IOk 5k Ik 5 0 0  100 

ZLIOHMSl 

fig. 5. Plot of the tuning capacitance (C1) vs. plate 
load impedance (Q = 12). 



pedance (Zt) of a cathode-driven tube is related to 
the ratio of the peak cathode signal voltage to the 
peak cathode current (sum of grid and plate cur- 
rents), and is commonly given in the tube data sheet. 
For the 3-5002 at 2500 volts, it is about 110 ohms. 
And for two tubes in parallel, it is about 55 ohms, but 
only over the operating cycle. 

I t  is tempting to jump to the conclusion that if the 
amplifier input impedance is about 55 ohms and the 
coaxial line impedance driving it is 50 ohms, that no 
cathode impedance matching circuit is required. In 
fact, many commercially manufactured amplifiers 
leave it out for economy's sake. This omission is poor 
engineering practice, as the circuit Q is required in 
the cathode circuit as well as in the plate circuit. 
Omission of the cathode-tuned circuit can lead to 
distortion of the driving signal, increased intermodu- 
lation distortion, reduced amplifier efficiency, and 
driver loading problems. A circuit Qof 2 is adequate, 
and a simple rule of thumb is that the network circuit 
capacitances at resonance should be about 20 pF per 
meter of wavelength for one-to-one impedance 
transformation. 

practical amplifier circuit 

fig. 6. Plot of the loading capacitance (C2) vs. plate 
load impedance (0 = 12). 

Note that plate and grid currents are measured in 
the cathode return circuit. This requires the amplifier 
plate power supply to "float" a little above ground 
potential in order to insert a meter in the negative 
lead to measure plate current. This removes the 
lethal plate voltage from the meter. The grid meter is 
out of the critical t-f ground return path, which simpli- 
fies the metering circuit. A filament voltmeter is 

Armed with the information discussed so far, it is included. ~ i lament  voltage should be held to within 
possible to draw up a schematic for a cathode driven, 
2-kW PEP linear amplifier using two 3-5002 tubes in 
parallel (see fig. 7 ) .  This is a true "grounded-grid" 
circuit, as the grids are at both dc and rf ground 

LOAD= 50 OHM 

potential. o = 12 

Ci CP 

table 1. Computer-derived values for a pi network having a Q of 12 and working into a 50- 
ohm load. Values for C1 include the output capacitance of the tubes. These values are taken 
from a computer program derived by Bob Sutherland, W6PO. 

component 

band 1000 

160 1060 
80 546 

C1 
40 273 
20 136 
15 91 
10 68 

ZL plate load impedance (ohms) 

1500 2000 2500 3000 3500 4000 5000 
690 53 1 430 354 309 265 212 
364 273 220 182 1 59 136 109 
182 136 110 91 80 68 55 
91 68 55 45 40 34 27 
61 45 37 30 26 23 18 
45 34 30 23 20 17 14 
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f 5 per cent of 5 volts, and it is prudent to monitor 
this voltage when expensive tubes are used. A plate 
voltmeter may be included in the amplifier, but it is 
easier to place it in the power supply. 

4mplifier standby plate current is reduced by 
means of a 10-kilohm, 25-wait cathode resistor 
which is shorted out by the VOX relay of the exciter, 
causing the tubes to operate at the proper resting 
plate current when the amplifier is on the air. A zener 
diode is placed in series with the cathode dc return 
path to reduce the quiescent plate current during 
amplifier operation. 

A 50-ohm wirewound resistor from the negative 
side of the plate supply to ground makes certain that 
the negative supply terminal does not rise to  the 
value of the plate voltage if the positive side of the 
supply is accidentally shorted to ground. 

Two reverse-connected diodes are shunted across 
the safety resistor to limit any transient surges under 
a shorted condition which might cause wiring insula- 

tion breakdown. In addition, the diodes protect the 
meters from transient currents. A resistor across the 
zener diode provides a constant load for it and pre- 
vents cathode voltage from soaring if the zener safe- 
ty fuse opens. 

Rote that a 10-ohm, 50-watt wirewound resistor is 
placed in series with the B-plus lead to the plate rf 
choke. This resistor serves as a vhf choke to sup- 
press harmonic currents in the power lead and also 
protects the tube and associated circuitry in case of a 
flash-over in the tube or plate circuit. The tremen- 
dous amount of energy stored in the power supply is 
instantaneously "dumped" into the amplifier when a 

table 2. The pi-network circuit for a cathode-driven amplifier. This chart provides approximate values for the components of the 
cathode circuit. Capacitors should be 1-kV silver mica or equivalent. The inductor can be wound on a slug-tuned form. Value of 
C2 should take into account the cathode-grid capacitance of the tube which appears in parallel with C2 (information is from a 
computer program by W6PO). 

cathode cathode 
Z,(W band Cl(pF) C2(pF) L(PH) ZJQI band Cl(pF) CZ(pF) LI(PH) 
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EIMAC SK- 410 SOCKET 

GRID 

INTERLOCK 
5 0 0  mA 

SWITCH 
S 4  NORMALLY 

L _ - - _ - - - - - - - - - - - -  J 

1 2 3 4 5 6 7 8  

fig. 7. Schematic diagram of the3-5002 linear amplifier. 

250 pF, 4.5 kV plate spacing - Johnson 154-16 

500 pF, 4.5 kV 
1000 pF, 500 volt plate spacing 

0.001 pF, 5 kV - Centralab 8588-1000 

500 pF, 10 kV TV-type "door knob" 

0.01 pF, 500 volt mica capacitor. Ceramic disc is a 
suitable substitute if rated 1 kV. 

Three 100-ohm, 2-watt resistors in parallel 

Three turns of no. 14 AWG (1.6 mm) wound with 12.5- 
mm (0.5-inch) diameter and 19-mm (0.75-inch) length 
connected in parallel with the resistors. The coil may be 
wound around one of the resistors. 

flash-over occurs, and much of this destructive ener- 
gy is dissipated in the resistor. 

Many modern-generation Amateurs have never 
worked with equipment operating at voltages higher 
than 12 volts. This amplifier, with the high-voltage 
plate supply, is positively lethal and the operator can 
be killed if his hands are inside the unit when the high 
voltage is on. I t  is imperative, therefore, that safety 
switches be incorporated in the amplifier design. I t  is 
poor engineering practice to leave these devices out! 
S4 isa normally open, pushbutton device that is closed 
only when the lid is placed on the amplifier enclos- 
ure. S3 is a shorting switch that shorts the high volt- 
age to ground when the lid is removed. Construction 
of this special switch will be covered in a future arti- 
cle. Always remember - high voltage kills! Take 
necessary precautions. 

RFC 1 50 pH; 14 bifilar turns of no. 10 AWG (2.6 mm) enameled 
wire wound on ferrite core 12.5 cm (5 inches) long and 
12.5 cm (0.5 inch) in diameter (Indiana General CF-503 or 
equivalent). 

RFC 2 100 pH, 1 ampere dc; 112 turns no. 26 AWG (0.4 mm) 
spacewound wire diameter on 2.5 cm (1 inch) ceramic 
form 15 cm (6  inches) long (Centralab X-3022H 
insulator). Series resonant at 24.5 MHz with terminals 
shorted (B&W 800). 

RFC 3 2.5 mH, 100 mA 
T I  5 volts at 30 amps (Chicago-Standard P-4648) 
Blower 13 cu. ft./min. Use a no. 3 impeller at 3100 rpm (Ripley 

8472, Dayton 1C-180, or Redrnond AK-2H-OlAX) 

Although not shown on the schematic, it is a good 
idea to use a filament transformer having a primary 
winding tapped for 105, 115, and 125 volts. This pro- 
vides a plus or minus ten per cent adjustment from a 
normal line voltage of 115 volts. If a closer filament 
adjustment is desirable, the transformer can be run 
on the 105 volt tap with a rheostat in  series with the 
primary winding to place the filament voltage "on the 
nose." 

The plus and minus leads to the high voltage sup- 
ply should be run through high-voltage connectors 
and high-voltage cable. Test prod wire having a 10- 
kV breakdown is satisfactory. As an alternative, RG- 
58/U coaxial cable can be used for high-voltage leads 
along with PL-259 plugs and reducers and SO-239 
receptacles. The shield of the coaxial line is grounded 
by the connectors. ham radio 



short Beverage for 40 meters 

Discussion of a 
short Beverage antenna 

for 40 meters 
with particular emphasis 

on the matching transformer 
and termination 

Basically, m y  problem is one of geography. Living 
in a moderately rare DX location, I have become 
weary of pile-ups and the quick signal report ex- 
changes. The insipid hello, goodbye, PSE QSL 
routine fails to satisfy the rag chewer that I am, with 
the result that I now tend to avoid the higher fre- 
quency bands and seek refuge lower in the spec- 
trum. The 40-meter band offers attractive rag chew- 
ing possibilities, but everything about my location 
militates against a 40-meter pipeline to the folks back 
home. 

For a starter, the band assignment in this part of 
the Pacific is only from 7 to 7.1 MHz. This narrow 
band is cluttered with Asian BC stations, and from 
about 7.03 to 7.1 MHz there is one continuous roar of 
JA  ssb signals. To copy any WIK signals above 7.03 
is well nigh impossible without a highly directive 
antenna. The Asian signals so totally overwhelm the 

receiver as to completely bury the much weaker 
WIKs arriving from over 9600 km (6000 miles) away. 
After many frustrating attempts at rag chewing while 
listening on my vertical, I was convinced that, with- 
out some highly directive receiving antenna, it was a 
losing proposition. 

Extensive research and meditation on this dilemma 
brought me to the conclusion that some sort of Bev- 
erage antenna offered the only hope in my circum- 
stances. For me, multi-element phased or parasitic 
arrays on 7 MHz were out of the question, but a 
patch of jungle behind the house offered possibilities 
for a Beverage-type long wire. At  this point, I must 
acknowledge my debt to others for supplying me 
with the three basic premises upon which my project 
was founded. 

First, a simple low-to-the-ground, properly ter- 
minated long wire can achieve astonishing rejection 
of signals from unwanted directions.' Second, such 
a wire will exhibit maximum front-to-back ratio if it is 
an odd number of quarter wavelengths long.2 And 
third, although most publications show a simple 600- 
ohm resistor for termination, no simple resistor alone 
will ever give optimum termination. A little induc- 
tance will always be needed in series with the resis- 
tor.3 (Apparently the intrinsic insulator and end capa- 
citance of such a wire causes a slight mismatch 
which must be inductively cancelled out.) 

After an hour of tramping about in the jungle, 
taking repeated compass sightings, I finally located a 
group of four trees that lay in a perfectly straight line, 
on the exact bearing needed to beam WIK. A coco- 
nut palm and a breadfruit tree about 58 meters (190 

By B. H. Brunemeier, KGGRT, Box 209CK, 
Saipan, Mariana Islands, CM 96950 
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feet) apart provided the end supports, with two trees be used in place of the slug; however, one precau- 
in between providing intermediate support points tion should be observed. The primary and secondary 
along the span. windings should be placed on opposite sides of the 

There is no simple formula by which to determine circle, with a tight electrostatic shield between them. 
the height of the wire above ground. I wanted it low The object is to prevent proximity coupling direct 
enough that I might perform all adjustments while from the end of the hot wire over to the coax input. 

b------------------- L E N G T H  5 3 . 3  M E T E R S  -4 

I ( 1 7 5  F E E T )  I 
fig. 1. Diagram of the Beverage 
in use at the author's station. 
Each of the four ground wires 

I 
2 3 M E T E R S  

I ( 7 . 5  F E E T )  

is buried about 15 cm (6 inches) 
deep, on oppositesides and per- I 
pendicular to the Beverage 
wire. All wire used was number - - I 
10 AWG (2.6 cm), with the an- k5 ,2  M E T E R S  
tenna made from Copperweld. ( 1 7  F E E T )  

k 5  
( 1 7  F E E T J  

1 

I 5 0  O H M  

I 
I 

I 

L 5 2  M E T E R S  
( 1 7  F E E T )  

1 L 5 2  M E T E R S  
( 1 7  F E E T )  

I 

standing on an ordinary kitchen stool, and yet high For best unwanted signal rejection, all coupling must 
enough to be well above the hands of any pedestrian occur through the core material. 
traffic through the woods. A height of 2.3 meters To compute the characteristic impedance of my 
(7.5 feet) satisfied both requirements. A piece of wire, I used the standard single wire transmission line 
number 10 AWG (2.6-mm) copperweld was cut to a 
length of 53.3 meters (175 feet), which is 1.25 wave- formula Zo = 138 loglo 2h - where is the height of 
lengths at 7 MHz. With a block and tackle it was P 
stretched taut as a fiddle string, so that with the two 
intermediate support points, it hangs straight as an the wire above ground and p is the radius of the wire 
arrow. The coupling and termination enclosures measured in the same units. For my case, the com- 

H O T  W I R E  

F E E D  - T H R U  

HOT W l R E  

E L E C T R O S T A T I C  

SH1EL07 - - - - - - - - - -  TO AVOID B E I N G  A  
2 INCHES S H O R T E D  T U R N .  

b 
C O A X  

G R O U N D  ' 
W l R E  1 1 GROUND 

W l R E  

fig. 2. Diagrams of the matching transformer. The coil slug is made of powdered iron, 2.5 cm (1 inch) long and 1.3 cm 
(0.5 inch) in diameter. The primary is 30 close-spaced turns of number 26 AWG (0.4 mm) enameled wire, while the sec- 
ondary is nine turns of number 26 AWG (0.4 mm) enameled, also close spaced. The two windings are separated by 
approximately 6.5 m m  1 %  inch). The electrostatic shield is approximately 5 cm (2 inches) square and is made from 
copper foil; it is slotted to avoid being a shorted turn. 

were hung at wire level, and the ground system in- puted Zo is 489 ohms. Reasoning that the series coil 
stalled as shown in fig. 1. Any type of minibox would add a few ohms of rf resistance to the lumped 
enclosure may be used as long as it is all metal for resistor, I chose the next smaller resistor value, 470 
total shielding and weather proofing. ohms. A commercial slug-tuned coil was used for the 

The coil detail is shown in fig. 2. A surplus inductance. After all adjustments were complete, the 
powdered-iron slug of unknown pedigree was used inductance actually in use was 3 pH, or an X L  of 132 
here because I had nothing else. A toroid could well ohms at 7 MHz. 



N T E  
N D  S E T S  A S T A N D , N O  S I G N A L  C U R R E N T  

I N D U C E D  
AVE-OF V O L T A G E .  I N T O  W , R E  

F R O N T  \\\\\ 
S I G N A L  V O L T A G E '  ,& 
I S  A T  N U L L  5/4A 
F R O M  OPEN E N D  R E A R  

Q 

R E A P  

0 
fig. 3. Diagram (A)  shows the standing wave on the untermi- 
nated wire caused by an incoming signal from the rear. The 
signal voltage across the transformer is at a null 5/4X from 
the open end. When the wire is perfectly terminated (B), the 
signals from the rear of the antenna are absorbed by the ter- 
mination. 

The Beverage antenna is located such that it is 
broadside to the transmitting antenna (a base-fed 
vertical dipole), and located 38 meters (125 feet) 
away. The feedline is 50 meters (165 feet) of RG- 
58AlU coax. Such orientation ensures minimal cou- 
pling between the two. Under key-down conditions, 
with 500-watts input to my trusty old 813, the 
measured rf voltage at the receiver input is only 0.15 
volts rms. 

Before step-by-step adjustments are described, a 
little discussion of the back rejection theory will be 
helpful. As shown in fig. 3A, incoming signals prop- 
agating along the wire from the back side will induce 
a signal current into the wire. If the wire is unter- 
minated at the front end, a standing wave of voltage 
will be set up with a maximum at the open end. 
Reflections traveling backwards along the wire for an 
odd number of quarter wavelengths will create a 
voltage null where the coupling coil is located at the 
rear end. Because there is almost no voltage acting 
on the relatively high impedance of the coil, very little 
signal will be coupled through to the receiver. 

This can be clearly demonstrated by simply remov- 
ing the coil from the circuit and connecting the hot 
lead of the coax directly to the rear end of the wire. 
Under these conditions, a standing wave of current 
will appear in the wire with a maximum at the rear 
end, coupling very well into the low impedance of 
the coax. With the front end of the wire unter- 
minated, take an S-meter reading on some sky wave 
signal arriving from the back side. This establishes 
the ability of the wire to receive a certain signal level, 

apart from any termination or phasing attenuation. 
Once an average level is noted, reinsert the coupling 
transformer. On my antenna, the rear-side signal 
dropped by 18 dB when the coil was reinserted, 
showing that some amount of front-to-back ratio is 
achieved through the phase relationship of the odd 
quarter wavelength. The drop in signal noticed is not 
related to coil losses when the coil is reinserted. A 
similar comparison was made with the signal from a 
Kuala Lumpur station broadcasting on 6.03 MHz. AT 
this frequency, the wire is about one wavelength 
long, and it showed no front-to-back change at all 
when the coil was reinserted into the circuit. Coil 
losses with iron-core coupling are so insignificant 
that they do not show up in the meter readings. 

After my termination was reconnected and care- 
fully adjusted for minimum back pick-up, the front- 
to-back ratio was increased by another 15 dB, giving 
a total front-to-back ratio of 33 dB for both effects 
working together. Referring to fig. 3B, if the front 
end termination is a perfect match for the character- 
istic impedance of the wire, the induced rear side 
signal current is almost totally absorbed in the ter- 
mination, and there is no reflection to speak of going 
back to the coupling end. 

In my location there was no possibility of enlisting 
the help of a "local" 40-meter station to provide a 
rear side signal for tuning purposes. The closest dry 
land off my back is the island of Borneo, 4000 km 
(2500 miles) away! I selected a station in Kuching, 
Sarawak, (broadcasting on 7.16 MHz) to be my refer- 
ence for all front-to-back adjustments. To get accu- 
rate measurements on a signal from that far away is 
difficult but not impossible. Taking readings on a 
vertically polarized local signal can be misleading. 
The Beverage does respond to vertical polarization, 
but it depends on the slight forward tilt of the incom- 
ing wave front to produce the small horizontal vector 
actually coupling into the wire. If a local vertical 
signal is used, the wavefront is so square to the 
ground that coupling into the Beverage is much less 
than a low-angle sky wave arrival would provide. 
Comparisons with a front-side vertically polarized 
signal from KGGRJ, only 3.2 km (2 miles) away, 
showed the Beverage about 12 dB less responsive 
than it would be to low-angle sky waves from the 
same direction. 

An aged Hammarlund HQ180 receiver S-meter 
was used for all readings. The bandwidth was set to 
the narrowest position so the S-meter would respond 
only to the carrier of the station concerned and not to 
the buckshot of BC stations or QRN. The rf gain must 
be set to maximum for all readings. Since all readings 
are a comparison of the vertical reference (trans- 
mitting) antenna vs the Beverage, the first step is to 
establish a loss figure for the Beverage. Because it 
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presents a very small "capture area" to incoming 
wave fronts, and being very long and close to lossy 
ground, the Beverage is very inefficient, compared 
with the vertical. In order to derive its intrinsic loss, 
the termination must be disconnected and the cou- 
pling coil temporarily removed from the circuit. The 
center lead of the coax is jumpered to the end of the 
Beverage wire for the first comparison. 

The Kuching signal was then tuned in using the 
vertical antenna. The HQ-180 antenna trimmer was 
detuned to where the Kuching signal just peaked to 
the 20 dB over S9 mark. This is to avoid taking any 
readings at the compressed top end of the S-meter 
scaie where the calibrations are very inexact. The 
meter is watched for about one full minute to get the 
feel of the QSB and to make sure the needle never 
swings beyond the 20 dB mark. Then the vertical 
coax is disconnected from the receiver and the Bev- 
erage connected. 

With the Beverage antenna in use, the meter is 
again watched for about one full minute, noting the 
very highest swings of the needle. With mine, the 
peaks were an average of 20 dB lower, showing the 
basic Beverage wire alone has a receiving loss of 20 
dB compared with the vertical. 

Next, the coupling coil and termination were re- 
attached. The same comparison procedure was fol- 
lowed; first tuning in the signal on the vertical, ad- 
justing the antenna trimmer until the signal peaks 20 
dB over S9; then attaching the Beverage antenna 
and noting the drop in S-meter readings. The QSB is 
accentuated on the Beverage because it is very selec- 
tive to polarity, responding best to vertically polar- 
ized incoming wave fronts. 

The procedure is repeated with different settings 
of the termination coil, changing it in increments of 
about two turns of the slug between trials. As the 
optimum point is approached, the S-meter responses 
on the Beverage will go lower and lower. When I got 
my termination to the optimum setting, the S-meter 
dropped dramatically from the 20 dB over S9 mark 
on the vertical to only S3.5 on the Beverage -- count- 
ing downward from the 20 over 9 mark, allowing 6 
dB per unit, a decrease of 53 dB. 

Note that 53 dB is not the front-to-back ratio of the 
Beverage working alone! That is merely the dif- 
ference between the two antennas. In the first test 
described, it was already established that the 
Beverage had an efficiency of 20 dB less than the 

seeking to establish accurate decibel levels. Listening 
experience with this antenna would seem to indicate 
the actual suppression is not quite as dramatic as 
these figures indicate. The Hammarlund HQ180 ex- 
hibits different sensitivity on each band, so, obvious- 
ly, if the meter were accurate on one band, it would 
be lying on all the others. At 7 MHz, it seems to be a 
bit generous with its dB read-out. Nevertheless, the 
suppression of this antenna must be called excellent, 
more than worth the very small investment required 
for materials. It is hard to imagine more suppression 
per dollar than the Beverage offers. 

Taking hundreds of readings by the same compari- 
soii method, I found that when the Beverage was 
terminated at its best front-to-back rejection, the 
front-to-side rejection was also best. A strong 
Chinese broadcast station (7.025 MHz) from some- 
where in the rear quadrant was reduced 30 dB by the 
pattern of the Beverage alone. Japanese ssb signals 
arrive from a 30-degree-wide sector and do not all 
show the same front-to-side rejection ratio. The 
average values were from 36 to 40 dB front-to-side 
ratio for the Beverage alone (in the sector of 60 to 90 
degrees relative in the pattern). 

The proof of the pudding is always in the eating, 
and this antenna has certainly proven itself with my 
goals in view. The Beverage does not completely 
eliminate the undesired Asian signals, but it does 
knock them down far enough that distant signals, 
which would have been completely overwhelmed 
with the vertical, can now be heard. The only disad- 
vantage noted is that because of its polarity selectiv- 
ity, the Beverage antenna shows magnified QSB ef- 
fects. That is a small price to pay for the rejection in 
unwanted directions. Rag chewing with WIK  gen- 
erals on 40-meter CW is now commonplace and 
pleasurable, whereas before it was a grim struggle if 
possible at all. 

In conclusion, let me add that, due to  my unique 
location, all of these rejection figures were derived on 
signals arriving from 2400 to 9500 km (1500 to 6000 
miles) away, which implies low-angle arrival. I am 
unable to specify just how the rejection figures would 
work out for high-angle signals. Perhaps someone 
situated in the center of the United States could per- 
form further experiments to add high-angle rejection 
data to what I have already established for DX-only 
responses. Any takers? 

vertical. Subtracting this constant from the dif- references 
ference readings between the gives an 

1. Barry Boothe. W9UCW. "Weak-Signal Reception on 160 - Some 
front-to-back ratio of 33 dB for the Beverage alone. Antenna Notes." QST. June. 1977. ~ a a e  35. . - 

It must be remembered that S-meters are n0t0ri- 2. The ARRL Antenna  BOO^, 13th edition, American Radio Relay League, 

ously unreliable as regards absolute decibel calibra- Newington, Connecticut, 1976, page 172. 
3. Edrnund Laport, Radio Antenna Engineering, McGraw Hill, New York, 

tion. While useful for noting changes in a given sig- 1952, page 310. 
nal, they must be regarded with suspicion when ham radio 



matchbox plus two 

Improvements for your 
Johnson Matchbox 

antenna tuner - 
coax-to-coax tuning 

plus antenna switching 

The Johnson Matchbox antenna tuner has been 
around for a long time. The Matchbox was manufac- 
tured in two versions, one for 275 watts and one for 1 
kilowatt. The circuit used excellent quality compo- 
nents and was conservatively rated. This article 
describes modifications that can be made to the 
Matchbox that eliminate the need for disconnecting 
and connecting coax and wire feedlines and add the 
convenience of changing antennas with the turn of a 
switch. 

features 
The 275-watt Matchbox uses Johnson Series 154 

capacitors, which are rated at 3000 Vac. The coil is 
wound with no. 12 (2.1-mm) wire. It is to be noted 
that transmatch articles in QSTand the ARRL Hand- 
book specify Series 154 capacitors for use at 2 kW. 

The Johnson Matchbox will match the 52-ohm 
output of a transmitter into loads ranging from 
25-1200 ohms for balanced transmission lines to 
25-3000 ohms for unbalanced lines. The tuned circuit 
provides at least 15 dB harmonic attenuation.' Most 
Amateur transmitters and amplifiers for the high fre- 
quency bands use pi networks. The nominal design 
load impedance for this network is 52 ohms, with a 
maximum VSWR of 2:12,3,4,5 Maximum efficiency is 
obtained when the amplifier is loaded to its rated 
input and the load impedance is within design limits. 

By John D. Mitchell, K41HV, 436 Pinellas 
Road, S. E., Winter Haven, Florida 33880 



SINGLE- WIRE 
TERMINAL lead from the center terminal of the SO-239 to the 

balanced-line terminal, directly below. Ground the 
other balanced-line terminal. Connect the end of the 

L I 
coax line from your beam to the temporary SO-239. 
Run the transmitter output through a VSWR bridge 
to the Matchbox input. Use the tuning procedure 

BALANCED 
you used for balanced lines. 

modifications 
The schemat~c of f ig.  1 shows the Johnson 

NOTE 
Matchbox as built with the modified circuits in a 

MODIFIED CIRCUITS ARE WITHIN 
DASHED BOX PARTS ARE LISTED 

dashed box. The parts list in fig. 1 shows the values 
I 

UNDER FIG 2 
L - - - - - J  and descriptions of the parts used in the original 

Matchbox. (Early instruction manuals for the Match- 
Johnson box did not include this information.) The parts need- 
part no. description 

ed to make the modification are shown in fig. 2. Pro- 
C1 154-505-4 capacitor, 100ED30, 3kV peak, 0 19-cm 10.075- 

inch) spacing, 15-plateslsection, dual 100110 pF ceed as follows: 

C2 169-25 capacitor, 100EDA30, 3kV peak, 0.19-cm (0.075- 
inch) spacing, 15-plateslsection, dual differential, 
100110 pF 

SW1 22.884 bandswitch 

L1 23.1041 inductor, 33 turns no. 12 (2.1 mm), spaced 0.13 
cm (0.05 inch), airwound on spreaders at 90'. 
Five turns in center are double spaced. Diameter 
6.35 cm (2.5 inches). Winding length 12 cm (4.75 
inches). Taps at 8.8. 12.7, 14.6, and 15.5 turns 
from each end. Coupling coil: 5 turns 2.6 mm (no. 
10) double spaced, wound around center of 
inductor 

fig. 1. Schematic of the Johnson Matchbox showing modifi- 
cations (dashed box). The original parts i n  the Matchbox are 
shown for reference. These parts descriptions were omitted 
i n  early instruction manuals. 

typical antenna mismatch 
at band edges 

My triband beam, the CL-33, is assembled to favor 
the phone frequencies. The VSWR at the band edges 
is: 

frequency 
MHz vswr 

14.00 4.0 
14.35 1.8 
21 .OO 1.5 
21.45 2.0 
28.00 3.0 
29.70 4.7 

Tuning coax with the Matchbox and experimental- 
ly seleccting a line length will produce a 1 : 1 VSWR at 
the transmitter output on all frequencies within the 
antenna and Matchbox ranges. 

test connections 

1. Bypass or remove the relay. Run a line directly 
from the input SO-239 to the braid from the coupling 
coil. 

2. Remove the tuning capacitor C1 by removing the 
nuts on the stators. Remove the support posts and 
slip C1 away from the solder lugs on the connecting 
leads. Do not distort the leads. 

3. Remove the leads attached to the front and rear 
end plates of matching capacitor, C2. Remove the 

LEFT -MND STANDOFF RIGHT- HAND STANDOFF 

INSULATOR INWLATOR 

FRONT 
DECK DECK 

, 

OUTPUT BALANCED-LINE 
TERMINALS 

SINGLE- LINE 
TERMINA L 

quantity description 

1 antenna switch, Fair Radio cat. no. ML7464910-GI1407 
or equivalent 

2 standoff insulators, H.H. Smith 9502 or equivalent 

1 SO-239 coaxial receptacle, Amphenol 83-1 R 
1 flexibleshaft coupling, Fair Radio cat. no. COUN007 

1 switch extension shaft, brass or aluminum, 16.5 x 0.64 

The rear-panel photograph shows the simple cm (6.5 x 114 inches) 

hookup I used to experiment with coax-to-coax tun- 1 bar knob with brass insert 

ing before modifying. Remove the screw from the 1 switch mounting plate (refer to fig. 3 and text) 

top center of the rear panel. Temporarily mount a fig. 2. Graphic display of all connections for the modifica- 
SO-239, by one corner, into the screw hole. Run a tions, f rom C2 through new SW2, t o  the output terminals. 
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other ends of these same leads from the balanced- 
line output insulators. The leads will be used to con- 
nect C2 to the standoff insulators. Do not remove the 
single-wire output lead. 

4. Install standoff insulators on each side of the cen- 
ter output insulator. See photograph of wiring con- 
nections. 

5. Punch or drill a 1.27-cm (1 12-inch) hole for a 
SO-239 connector into the rear panel directly behind 
and below C1. Drill two mounting holes and install 
the connector from the inside. (You may want to add 
more connectors if your switch has more than two 
positions. 

6. Use fig. 3 as a template. Cut a 6.35 by 10.16 cm 
(2.5 by 4 inch) switch mounting plate from 0.17-cm 
(0.065-inch) aluminum sheet. Use a sharp center- 
punch and mark the centers for all holes, right 
through the template. All screw holes are for 6-32 
(M3.5) screws. (I drilled mine for 8-32 [M81 to allow 
for minor errors.) The ML7464910-GI 1407 switch has 
a 1.27-cm (1 12-inch) shaft bushing. Centralab Ham 
Switch 2551 has a 0.95-cm (318-inch) bushing. The 
2551 has six positions. The rear shaft bushing nut on 
C1 requires a 1.59-cm (518-inch) hole for clearance. 

7 .  Assemble the switch plate and switch. Attach this 
assembly to the rear end plate of C1. Use 6-32 by 
114-inch (M3.5 by 0.635 cm) brass screws. Longer 
screws will damage the C1 insulator. Install C1 in its 
original position. Attach connections from the band 
switch to the stators. Check the rear stator plate 
lead. It must clear the switch plate. 

8. Drill a 0.635-cm (1 14-inch) hole in the cabinet front 
panel 6 cm (2-318 inches) above the C1 shaft hole. 

In this view the rear panel holds an extra SO-239 which has 
been installed to experiment with coax-to-coax tuning. 

- 64 MM 12- 1/2 INCHES) c 

I 

+ NO 6 DRILL I 5  2 MMI 

fig. 3. Switch-plate drilling template. Punch or drill through 
the drawing into the blank switch plate. 

To complete wiring refer to the schematics, draw- 
ings, and photographs. 

Before replacing the cover, run through these 
checks: 

Temporarily install the dials and switch knobs. 
Remember CI and C2 are hot! Use the insulated 
coupling on C2. Keep your hands clear. Even at low 
power, you can be burned! 

Run tests on 20, 15, and 10 meters. If the impe- 
dance at your transmitter is outside the Matchbox 
range on any band change the feedline length.6 

feedline tests 
My feedline length was determined by inserting a 

180-degree 14.0 MHz line between my wall entrance 
panel and the Matchbox. The impedance at the input 
of this -/-meter (23-foot) line was outside the Match- 
box range on 20 meters but satisfactory on 15 and 10 
meters. I reduced the line length by making 0.3- 
meter (I-foot) cuts to 0.9 meter (3 feet). I recorded 
readings for each length, dial readings, and meas- 
ured VSWR. A review shows that at a 5.8-meter (19- 
foot) line length, the system was in tolerance at the 
edges of all bands. I made a new 5.8-meter (19-foot) 
line and verified the previous tests. 



All wiring connections from C2 to the new selector switch are visible in this inside view of the modified Matchbox. This photo 
also shows the t w o  new standoff insulators which are used for the junction points. 

wrap-up 
Replace the cover. Record dial readings at each 

100 kHz on 20 and 15 meters and at each 500 kHz on 
10 meters. Using a dummy load I can tune and load 
the transmitter, set the Matchbox to the recorded 
dial settings, select the antenna, and start transmit- 
ting without a touch-up. 

During one of the many tests conducted with this 
Matchbox, I found that I could match the CL-33 
antenna on 7155 kHz. W4TBU at Henderson, Ken- 
tucky, was worked from Winter Haven using my tri- 
band CL-33 beam. The report was S2. I haven't tried 
loading the two-meter beam. 

The kilowatt Matchbox can be modified for coax 
tuning. Switch ML7464910-GI1407 will work in the 
kilowatt model. Catalog no. ML7762999-GI1397 
switch requires more space, 7.62 cm diameter by 
12.7 cm long (3 x 5 inches). I t  has two decks and 
three positions. Contacts and insulation are more 
than ample for the legal Amateur power limit. 

Centralab switch JV9033 will also work in the kilo- 
watt Matchbox. This switch has two poles, eight 
positions, 17-ampere contacts, and 3000-Vac insu- 
lation.7 

references 

some additional suggestions 1. Operation andlnstruction Manual, Johnson Viking Matchbox. 
2. Mack Seybold, W2RY1, "Components for Pi-Coupled Amplifiers," RCA 
Ham Tips, RCA Tube Division. A number of switches are satisfactory for this mod- 
3, Drake T-4X Manual, 

ification. The ML7464910-G1 1407 from Fair Radio 4. Heath SB-200 Instruction Manual. 
Sales* is excellent and inexpensive. Centralab's 2551 5. Earl W. Whyman, W2HB, "Importance of Standing-wave Ratios," ham 

Ham Switch is a good commercial unit. It has two radio, JUIV 1973, pages 26-33. 
6. "Feeder-to-Transmitter Matching Networks," The ARRL Antenna Book, 

decks and six positions. Contacts are rated at 9 American Radio Relay League, Newington, Connecticut, 13th edition, page 

am~eres. It has 2000-Vac insulation.7 181 

"Fair Radio Sales, Post Office Box 1105, Lima, Ohio 45802 

7. Centralab Industrial Distributor Catalog, Series 201. 
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testmequipment mainframe 

Construction ideas 
for those wanting 
convenience and 

a professional appearance 
for test equipment 

Over the years I've built many pieces of test equip- 
ment, at first without paying much attention to size 
or appearance. Size became important because of 
extended operation aboard a sailboat and led to a 
series of units packaged in standard 51 x 77 x 128 
mm (2 x 3 x 5 inch) miniboxes. As these units were 
developed, I realized that good appearance wasn't 
really difficult. (See reference for a description of 
many of these designs and for hints on obtaining 
good appearance.) 

These units served me well but had some disad- 
vantages. The main one was in assembly of a test set 
up, which involved chasing down the right unit or 
units, getting batteries together, and interconnecting 
the units to secure the desired signals. Storage was 
another problem, as well as keeping batteries on 
hand. 

The appearance of the Tektronics 500-series plug- 
in units and mainframe led me to adopt some of their 
ideas and to the development of the mainframe and 
plug-in system described here - very handy and a 
great time saver. 

The idea of the mainframe can be seen in the 
photo of the first (or prototype) version. At  the bot- 
tom a chassis contains power supplies and control 
circuits, some interconnect circuits, and a series of 
switches. Receptacles at the top of the chassis are 
spaced to accommodate four miniboxes of the same 

A A 

LENGTHS OF (:;25Az ~ ~ ~ ~ ~ N m  ANGLE 

QUANTITY LENGTH 
mmON.1 

6 319 I12 1/21 
2 6 7 12 5 /81 
2 134 (5 1/41 
2 5 4  12 1/81 
2 6 4  12 1/21 
2 I 2 1  14 3/41 
2 1 9 8  17 3/41 

TYPE 
(SEE BELO WJ 

A 
A 
B 
8 
A 
A 
A 

I 

T Y P E  A / 

A I 

T Y P E  B / 
NOTE A,B ANGLE LOCATIONS BY TYPE 

fig. 1. Dimensions of angle stock needed for the first version 
of rack. Location of the pieces are shown. 

size 51 x 77 x 128 mm (2 x 3 x 5 inch) for individ- 
ual instruments. A receptacle on the front panel al- 
lows use of another instrument on an extension cable 
or makes the power supplies and interconnect points 
available externally. 

The chassis used in the prototype are special 
boxes, having an L-shaped cross section. This can be 
seen more clearly in the photo of the second version, 

By R. P. Haviland, W4MB, 2100 South Nova 
Road, Box 45, Daytona Beach, Florida 32019 



IMAKE 2 1  12 M2"I 

I CONTROL 6 4 m m  
PANEL I TOP 1 :2%6,,J 

SPACE RECEPTACLES B O m m 1 3  1/8"1 

ON C E N T E R  PANEL 12 1/16"1 L 5 3 m m  

MAKE I  O F  EACH 

fig. 2. Dimensions of sheet metal for first version of the rack. Hardware "hobby" aluminum sheet is satisfactory. 

which also shows the receptacles (Jones plugs) that 
accept the instrument packages. This version uses a 
different method of interconnect (tip jacks) instead 
of switches feeding a pair of buses. 

mainframe construction 
Two methods of construction were used. The 

four-unit frame is designed for hacksaw and tin-snip 
fabrication. The five-unit frame is designed for form- 
ing with a sheet-metal brake. With care and a little 
time, the bends of the second type can be made with 

1 NOTE ALL LIPS I 2  5 m m W ' I )  

a vise. The pieces may be fastened with rivets or self- 
tapping screws. 

Dimensions of the four-unit rack are shown in 
figs. 1 and 2 for the sheet metal and angle pieces re- 
spectively. The do-it-yourself stock available in hard- 
ware stores is easiest to work, although the rack 
could just as well have been made from sheet iron 
and iron angle. 

Dimensions for the five-unit rack are shown in fig. 
3. This unit can also be built from thin do-it-yourself 
aluminum stock. It will be more rugged if at least 1.3- 

- - - - - - - - - - - - - DOWN 

B A C K I N G  1 6 0 m m  

PANEL 16 1/4'J 

- --- -- - --- ---  I U P  

SPACE RECEPTACLES 8 Z m m l 3  3/16'7- 

ON C E N T E R  I PLUG 1 6 7 m m  

P A N E L  I 2  5 / 8 " 1  

\FOLD l P 5 m m  (I/P"J DOWN RIGHT-HAND E N D  

FOLD I 2  5 m m  11/2"1 UP LEFT-HAND E N 0  

fig. 3. Sheet-metal dimensions for the second version of the rack. Bend on the dotted lines to 90 degrees. If prepainted sheet 
stock is used, watch the direction of bends carefully. 



First version of the home-built equipment rack with home- 
built plug-ins. Instruments are described in reference 1. This 
unit can be built with tin snips and hacksaw. 

mm (0.05-inch) stock is used. Aluminum sold in rolls 
as mobile-home skirting is satisfactory, as is sheet 
iron. 

I've decided on a flat white finish for all small in- 
struments, with black lettering. The mainframe was 
finished the same way. Steps for obtaining a good 
appearance are as follows: 

1. Complete the instrument and get it working. 

2. Remove the case and clean it with steel wool 
and soap. Polish any scratches; smooth all 
corners. 

3. Spray with desired color paint, using several 
thin coats. 

4. Add lettering, using a pressure transfer kit. 
Watch location with respect to dials and binding 
posts. If any are crooked, remove and start over. 

5. With lettering complete, warm the case to 
about 92C (200F), which improves letter adhesion. 

6. Finish the instrument with a thin coat of trans- 
parent spray, such as Krylon spray varnish. 

7. Reassemble. 

With a little practice, a professional-looking appear- 
ance can be obtained. 

power supplies 
Each of the units shown contains two independent 

power supplies. One provides 1 1 2  volts regulated. 
This is used mainly for instruments based on op 
amps but is also for general use. A 12.6-volt ac line is 
also brought out of this supply. The second unit pro- 
vides + 5 volts, primarily for TTL logic. 

Circuits for the supplies used in the prototypes are 
shown in fig. 4A. These are IC regulated circuits. 

The original instrument design was based on f9 
volts rather than f 12 volts. If desired, provisions for 
these (or other) voltages can be made. Alternative 
connections for this requirement are also shown 
(fig. 4B). 

unit interconnections 
In addition to the power leads, three bus leads are 

provided for unit interconnection. The interconnec- 
tion schematic of the four-unit rack is shown in fig. 
5. One bus, C, is common to all units. It is usually 
used for a sync signal. The other two can be switch 
selected as shown. 

In the five-unit rack, the common bus is retained, 
but the unit leads A and B are brought to tip jacks, 
which gives more flexibility but is slightly less con- 
venient. 

The front panel also has an 8-pin receptacle (a tube 
socket was used in the prototype). This receptacle 
can be used with an extension cable to power 
another instrument or to power experimental equip- 
ment. It's convenient to make up several cables, a 
long and short one with instrument receptacles, and 
another pair with pigtail leads. A supply of "short 
preventers," made from alligator clips covered with 
transparent vinyl tubing, is a further convenience. 

fig. 4. Circuit for power supply used in the racks, (A). The 
320 regulator case must be insulated from the ground. (B) 
shows an alternative connection for +9, +12 volts. The 
negative line would be similar. 



FROM POWER PANEL 

POWER TO PLUG .N RECEPTACLE 

Sb'PPL I 

GPOUND +---- 

- ,Z" 0- 

+ 5 V O  i ---T--3 + 5 v  

TO OO 'ER PLUG INS 

I 0 6  

+ / P Y  

AC 

C 

A 

B 

BUS TO 

' I U G  I N  

fig. 5. Schematic of interconnections for the first version of 
rack. For the second version, the leads from pins 7 and 8 of 
the receptacles end on tip jacks to give greater flexibility in 
interconnection. 

The nominal 51 x 77 x 128 mm (2 x 3 x 5 inch) 
instrument cases are usually 54 x 77 x 131 mm 
(2-1 I 8  x 3 x 5-1 I 8  inches) and vary from one manu- 
facturer to another. Rack spacing is laid out with this 
in mind. 

The drilling and cutout pattern for the end of the 
instrument case is shown in fig. 6. This is for 8-pin 
Jones plugs. The alignment of the plug-in with the 
mainframe affects appearance, so the plug cutout is 
oversize to allow for adjustment. 

A first trial at the rack used tube sockets for recep- 
tacles. These were undesirable, giving poor align- 
ment and requiring too much insertionlremoval 
force. The Jones plugs are much better. 

battery operation 
Most of the instruments used with these racks 

FRONT OF BOX 

have low power drain, so battery operation for port- 
able use is possible. A convenient way of obtaining 
this is to build up a case with a receptacle on each 
end. Eight A-cells will last quite a while as the 12-volt 
supply. Four D-cells with one diode in series will do  
reasonably well for the 5-volt supply, or a lantern bat- 
tery can be used. If much portable operation is 
planned, use nickel-cadmiums instead of regular dry 
batteries. 

instruments 
The instruments shown in the prototype setup are, 

from left, 

Sine-wavelsquare-wave audio oscillator, 20 Hz-20 
kHz. 

Second version of the equipment rack designed for forming 
from sheet metal. Strips of rubber tape in front of the 
sockets stabilize the plugged-in instruments. 

Function generator, square-wave, triangle, pulse 
and sine-wave, period, 20 microseconds - 20 
seconds. 

Summing step-gain amplifier, - 40 to +40 dB 
gain. 

T I I Signal tracer or general-purpose amplifier 

ON C E N T E R  

X-NO 4 F H  
S C R E W  

fig. 6. Location of the plug cutout on the end of the 
minibox. Location of the plug should be adjusted if 
necessary, since alignment affects appearance when 
the unit is plugged into the rack. 

These instruments and others are fully described in 
reference 1. 

Two of the instruments shown in the prototype 
photo have been refinished and relettered to f i t  the 
plug-in format. The other two have been modified for 
the connector plug but have not been refinished. 

Additional instruments have been designed and 
built. I hope to describe these in a later article. 

reference 
1. R, P. Haviland, "Build-It Book of Miniature Test and Measurement In- 
struments," TAB, (No. 792). Blue Ridge Summit, Pennsylvania, 17214, 
1976. 
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scaling antenna elements 
Many  high-performance dipole and Yagi-Uda 
antenna systems have been developed over the 
years, but scaling them for use at other frequencies 
can produce disappointing results when the ele- 
ments' length and diameter cannot, from a practical 
standpoint, be scaled directly. Fig. 1 was developed 
a number of years ago for element lengths near a half 
wavelength.' The advent of the modern hand 
calculator has turned nuisance calculations into a 
challenge. 

using fig. 1 
As seen in fig. 1, the relative wave velocity on any 

element is a function of that element's length-to- 
diameter ratio, with: 

where I ,  = the length of the nth element 
d ,  = the diameter of the nth element 
r, = the length-to-diameter ratio 

Once the relative wave velocity, v,,, has been deter- 
mined from fig. 1, the free-space wavelength and 
element length are related by: 

where I ,  = the length of the nth element 
lo = the free-space wavelength 

For changes in an element's diameter, the new and 
old lengths can be equated by: 

where L, = the new length 
D, = the new diameter 
V,, = the new relative velocity 
R ,  = the new length-to-diameter ratio 

practical examples 

Length for  a given diameter. How long should a 
318-inch diameter rod be when it is a one-half wave- 

"Contrary to normal ham radio style, the examples in this article do not, for 
two reasons, include metric conversions. First, the element sizes are com- 
mon in the U.S.. used here as examples rather than for absolute conversion 
to the metric system. Second, the added complexity of metric conversions 
would tend to hinder understanding of this article and its formulas. 

I 
length radiator& 150 MHz? From the standard wave- 
length formula, a free-space, half-wavelength radia- 
tor is 39.3429 inches long.* Rearranging eq. 2 yields: 

' 0  = 5 with 3 = = 104.9 
d n  Vrn  I - 

v,, 0.375 

By moving along fig. 1, you will find a point on the 
curve where the length-to-diameter ratio divided by 
the relative velocity equals 104.9, r, = 96.3 and 
v,, = 0.918. 

From eq. 1, the rod length then becomes 

1, = d n v n  
= (0.375) (96.3) 
= 36.12 inches 

Change of diameter. Assume that one-half wave- 
length element is 391-118 inches long, and that its 
diameter of 1.5 inches should be increased to 2.0 
inches for added strength. What should the new 
length be? By eq. 1 : 

I From fig. 1, the relative velocity, v,,, is about 0.941 1, 
and substituting into a rearranged eq. 3 produces: 

Rn - I ,  = - - 391'125 = 207.802 
v,,D, V,, 0.941 l(2.0) 

I Move along the curve on fig. 1 and find the new 
length-to-diameter ratio divided by the new relative 
velocity factor which gives the above ratio, or: 

I The new length-to-diameter ratio is 194.3, and the 
new relative velocity factor is 0.9351. 
From this, the new element length becomes 

L, = R,D, = 194.3(2.0) 
= 388.63 inches 

I 
Change of frequency. Assume that a 146-MHz 
director has a diameter of 318 inch and a length of 
35.0 inches, and is to be used at 14.2 MHz with a 
new diameter of 2.0 inches. What is the new length? 

By Harold F. Tolles. W71TB, Post Office Box 
232, Sonoita, Arizona 85637 
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REL AnVE VELOCITY, Vr 

fig. 1. Graph of the cylindrical wire relative velocity vs. an element's length-to-diameter ratio.' This excludes the small spacing 
effects in series-fed antennas. 

First: 

From fig. !, the re!a?i.de lve!~cit;, fact=: is abw t  
0.9168, and the free space wavelength is: 

35.0 I ,  = 0.9168 = 38.1 763 inches 

or 0.4722 X at 146 MHz. 

From this, the 0.4722 X at 14.2 MHz is 392.5162 
inches (Lo.) 

Therefore: 

Move along the curve on fig. 1, and find that: 

The new element length, Ln, becomes 

L, = R,D, = 184.0 (2.0) 

= 368 inches 

summary 
As the above examples show, fig. 1 can be used to 

solve a number of element scaling problems in a 
short period of time when a hand calculator is avail- 
able. Moving from left to right on the figure increases 

(quite rapidly) the R,/Vrn ratio, and solving for L, in 
terms of R,D, and V,,L, (where L, = L,/V,,) is a 
good check (as well as refinement) of the ratio 
crbtained from the fig. ? CL!~\/P. 

I have used this procedure many times to scale 
beam elements with excellent results. For example, I 
scaled one high-performance, free-space, 3-element 
Yagi-Uda array directly from the 2-meter Amateur 
band to the 40-meter Amateur band, and the maxi- 
mum gain frequency shift on the 40-meter band was 
only 10 kHz! 

It appears that good results can be obtained when 
the element lengths are within +20 per cent of free- 
space, one-half wavelength, but the error is also a 
direct function of the number of antenna elements. I 
have not found this error to be significant in array 
scaling. 

Fig. 1 assumes that the elements are either shunt- 
excited or are parasitic. When driven elements are 
series-fed, a small gap capacitance exists across the 
end of the feed line which is in parallel with the ele- 
ment self-series impedance. This affects the driven 
element impedance more than it does the driven ele- 
ment gain. When the driven series-fed element is 
essentially one-half wavelength, good scaling results 
occur when the gap is omitted in scaling this 
element. 

reference 
'For greater accuracy, a full-size copy of the author's original graph is avail- 1. S. A. Schelkunoff and H. T. Friis, Antennas: Theory and Practice, John 

able by sending a self-addressed, stamped envelope to ham radio, Green- Wiley & Sons, Inc., Chapter 13; 1952. 

ville, New Hampshire 03048. ham radio 
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predicting close encounters: 
Oscar 7 and 

Oscar 8 

This article presents 
a fast, simple, and accurate 

method for predicting 
close encounters 

between Oscar 7 and 8 

In early 1975, Amateur Radio operators added 
another first to their long list of communications ac- 
complishments when two earth stations communi- 
cated via a path involving a direct satellite-satellite 
link.' Each station transmitted to AMSAT-Oscar 7 on 
432 MHz; the signals were then relayed to AMSAT- 
Oscar 6 on 146 MHz, and back down to the ground 
on 29 MHz. Never before, in any radio service, had 
two satellites been directly interlinked to support 
communications between two ground stations. 

Communication via the ESSE (earth-satellite-satel- 
lite-earth) path, using Amateur spacecraft, has been 
possible only when the satellites involved were rela- 
tively close to each other. Of course, it's also neces- 
sary that the transponder frequencies be suitable. 
Close-approach periods, lasting approximately three 
weeks, occurred about every six months for the 
AMSAT-Oscar 6 and AMSAT-Oscar 7. 1 still clearly re- 
member the reference orbit (first orbit of the GMT 
day) on Wednesday, February 5, 1975, during the 
first close-approach period. AMSAT (and the new 
RS) satellites are reserved for special experiments on 
Wednesdays, with a very interesting test scheduled 
for this particular day. The distance between the two 
spacecraft was less than 1200 km on the reference 
orbit, and Amateurs with 432-MHz transmit capabili- 
ties were being encouraged to try for interlinking 
QSOs. Strict cooperation was needed if the tests 
were to succeed; anyone transmitting to Oscar 6 on 
146 MHz might desensitize the transponder and con- 

- 

By Martin Davidoff, Ph.D., K2UBC, Mathe- 
matics Department, Catonsville Community Col- 
lege, Catonsville, Maryland 21228 



fuse stations receiving on 29 MHz. The results are 
history - the tests were a huge success. Coopera- 
tion was excellent; rapid fading, which many feared 
might be a serious problem, was minimal, and 
dozens of QSOs were made. Rag-chewing quality 
signals were heard on the 29-MHz downlink from 
W2GN, W8DX, VE2BYG (VE3SAT1, K3JTE (W3PK), 
and many others uplinking on 432 MHz. 

AMSAT later received written reports of completed 
ESSE QSOs from fifty-five Amateurs in twelve coun- 
tries during the January/Feb:uary, 1975, close-ap- 
proach period. Contacts were reported for satellite 
separation distances ranging up to 2000 km, and re- 
ception of the Oscar 7 mode B beacon repeated by 
the Oscar 6 transponder was reported for satellite 
separation distances ranging up to 7000 km. ESSE 
tests involving these two spacecraft continued dur- 
ing periods of close approach until mid 1977, when 
Oscar 6 ceased operation. 

The transponder frequencies for Oscar 8 where 
chosen so that ESSE tests could resume. Both mode 
A and mode J are suitable. Fig. 1 illustrates the links 
and transponder frequencies involved in ESSE com- 
munications using Oscar 7 and Oscar 8. Almost im- 
mediately following the launch of Oscar 8 (March 5, 
1978), it became apparent that ESSE communica- 
tions could take place when sensitivity measure- 
ments by K1HTV and W6CG of the Oscar 8 trans- 
ponders (modes A and J) showed that, as long as the 
satellite agc wasn't being activated, good return sig- 

Oscar 7, now more than four years old, is byinning to show 
signs of age. The unscheduled mode jumping and erratic behavior 
of the mode-B transponder and beacon observed in recent months 
are likely to continue. With a little luck, ground station cooperation 
(use minimal uplink power), and careful management by the com- 
mand stations, Oscar 7 may continue to operate for many more 
years. 

Operating modes for Oscar 7 are not specified in the 1979 
WGPAJ Orbit Calendar because instructions to the ground com- 
mand stations are being formulated on a short lead-time basis to 
help prolong the satellite's life (battery voltage and internal temper- 
atures are being carefully monitored), and because the spacecraft 
often jumps modes of its own accord. Users may operate through 
whichever transponder is on, except, of course, on UTC Wednes- 
days when Oscar 7 and Oscar 8 are reserved for special authorized 
experiments, or if AMSAT announces a spacecraft emergency. The 
WGPAJ Orbit Calendar can be relied upon to accurately provide 
Oscar 7's position, but it's up to the user to determine the operating 
mode. Atmospheric absorption at 10 meters (resulting from high 
solar activity), and almost total loss of the mode-B beacon make 
this a bit more involved than it first appears. Often, the only way to 
determine if the mode-B transponder is on is to transmit in the up- 
link passband, Mode B itself appears to have two distinct operating 
states, a normal state where it works as well as when first launched, 
and a degraded state where sensitivity and power output are way 
down. If nothing is heard on mode A or mode B, the transponder is 
probably in the recharge mode. 

AMSA7 - O S C A R 8  
MODE A OR iJ1 

fig. 1. Diagram of the paths and frequencies involved when 
two earth stations communicate via a direct link between 
Oscar 7 and Oscar 8. 

nals could be obtained over line-of-sight paths of 
3000 km by ground stations using as little as 100 milli- 
watts to a dipole. These expectations were acciden- 
tally confirmed a few days later when a number of 
Amateurs using the mode B transponder on Oscar 7 
were inadvertently repeated by the mode A trans- 
ponder on Oscar 8. To date, I'm not aware of any 
successful interlinking experiments using mode J. 

the problem 
With Oscar 6 and Oscar 7 in similar orbits, close- 

encounter periods lasted a few weeks and were repeat- 
ed on approximately a six-month schedule. The situ- 
ation with Oscar 7 and Oscar 8 is quite different. 
Close encounters now last only part of an orbit, but 
they occur almost once a day. A given ground sta- 
tion is in range of only a small percentage of such 
close encounters. Since satellite separation distance 
is a critical factor in ESSE communications, stations 
seriously interested in experimenting with this mode 
need an accurate method of determining when close 
encounters will occur and what the separation dis- 
tance will be. The goal of this article is to present a 
fast, simple method for obtaining this information. It 
involves the "close-encounter curves" shown in fig. 
2. With these curves, Amateurs can select the best 
orbits (and sections of orbits) for linking experi- 
ments. The mathematical basis of close-encounter 
curves is described in the appendix. 

close-encounter curves 
The vertical axis of the close-encounter curve (fig. 

2) represents the separation distance between 
AMSAT-Oscar 7 and AMSAT-Oscar 8. This informa- 
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tion is presented as a function of the elapsed time (in cending node 2 to 4 minutes later. How is this infor- 
minutes) since the last Oscar 7 ascending node. Eight mation used to select specific orbits? 
curves are shown in fig. 2. Each one is labeled by a 
parameter T, which indicates the difference (in min- 
~ l tes)  between the Oscar 7 and Oscar 8 asceding 
nodes. Our convention is to use positive values for T 
when Oscar 8 crosses the equator after Oscar 7. For 
example, if an Oscar 7 ascending node occurs at 
01412, and an Oscar 8 ascending node occurs at 
01442, the curve labeled T = 3 applies; if both 
ascending nodes occur at the same time, the curve 
labeled T = 0 is used. Fractions of a minute should 
be rounded off. The following series of questions and 
answers best illustrate how the curves are inter- 
preted. 

Q. Under what conditions will Oscar 7 and Oscar 8 
pass closest to one another? 

A. Fig. 2 shows that the intersatellite distance ap- 
proaches a minimum value on orbits when the Oscar 
8 ascending node occurs about four minutes after 
the Oscar 7 ascending node. The point of closest ap- 
proach will occur about 27 minutes after the Oscar 7 
ascending node. You can also see that the separation 
distance is never less than 550 km, the difference in 
altitudes of the two spacecraft. 

0. How can a ground station at 40 degrees north lat- 
itude pick the optimum orbits for intersatellite com- 
munications? 

A. A station at 40 degrees north latitude has access 
to Oscar 7 only until 23 minutes after the ascending 
node (on an overhead pass). The station cannot ac- 
cess the satellite at the point of intersatellite closest 
approach. Looking at fig. 2 you can see that, begin- 
ning at 15 minutes after the Oscar 7 ascending node, 
the intersatellite distance becomes less than 1700 km 
when T = 2, 3, o r  4 minutes (Oscar 8 ascending 
nodes occurring 2, 3, or 4 minutes after the Oscar 7 
node). The time slot between 15 and 23 minutes after 
the Oscar 7 node is the best window. We've arbitrari- 
ly chosen 1700 km as our cutoff point because sig- 
nals will be down 10 dB relative to 550 km (absolute 
closest approach) due to 1 /r2 path losses. 

Each ground station using close-encounter curves 
will find it convenient to shade in the area during 
which access to Oscar 7 is not possible. For example, 
a station at 40 degrees north latitude would shade in 
the region between 23 minutes and 35 minutes on 
fig. 2. 

Q. For my ground station at 40 degrees north lati- 
tude, I see that the time period between 15 and 23 
minutes after an Oscar 7 ascending node is optimal 
for intersatellite communications if Oscar 8 has an as- 

A. Just read down the Oscar 7 and Oscar 8 time col- 
umns in the W6PAJ orbit calendar until you locate an 
Oscar 8 node occurring 2 to 4 minutes after an Oscar 
7 node. When you find one, use your usual tracking 
aid (Satellabe, Oscarlocator, etc.) to  determine if 
both satellites are within range during anv portion of 
the time slot (15 to  23 minutes after the Oscar 7 
node). 

Q. Should a station at 40 degrees north latitude con- 
centrate on morning descending orbits or evening 
ascending orbits for intersatellite communications 
experiments? 

A. It's hard to say. Fig. 2 shows that, during 1979, 
the evening orbits provide shorter intersatellite dis- 
tances. Other factors, however, such as the normally 
lower transponder loading early in the day, might 
lead to better results on morning orbits. For morning 
passes, a station at 40 degrees north latitude would 
select orbits with T = 4, 5, or 6 and concentrate on 
times between about 35 and 40 minutes past the 
Oscar 7 ascending node. 

Q. Over what period of time can fig. 2 be used? 

A. If the relative orientation of the Oscar 7 and Oscar 
8 orbital planes remained constant, fig. 2 could be 
used indefinitely. Because there is a slight drift in the 
relative orientation of these planes, a graph like the 
one shown in fig. 2 must be drawn for a specific 
date. In this case, the predicted positions of the or- 
bital planes for July 1, 1979, were used. The drift, 
however, is so slow that fig. 2 will provide reason- 
ably good results (within one minute or 200 km) for 
all of 1979. 

Q. How often can one expect to find Oscar 7 and 
Oscar 8 in a position suitable for interlinking tests? 

A. A close approach, while both satellites are in 
range of your ground station, will occur about once 
every seventeen days for evening (local time) orbits. 
For morning orbits, the figure is also about once in 
seventeen days. On the average then, if morning and 
evening passes are considered, any ground station 
will have a good shot at interlinking about once every 
eight or nine days. 

These answers were derived as follows. The prob- 
ability of a close encounter occurring on a given 
south-north satellite pass is equal to the probability 
of T being 2, 3, or 4 minutes. With three suitable one 
minute time slots out of a 103-minute period, the 
probability of a close encounter occurring on a spe- 
cific orbit is 31103. On the average, there are two 
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T I M E  AFTER AMSAT -OSCAR 7 ASCENDING NODE (MINUTES1 

fig. 2. Close-encounter curves for Oscar 7 and Oscar 8, useful for 1979. 

close in Oscar 8 south-north passes each day, so the 
probability of a close encounter is 2(3/103) per day, 
which translates into once every seventeen days. 
The analysis for north-south orbits is similar, except 
for the fact that the three desirable time slots for ra re  
4, 5, and 6 minutes. 

Keep in mind that Oscar 7 must be in mode B if 
communications are to be possible during a close en- 
counter. Concern for Oscar 7's health and longevity 
has forced AMSAT to begin selecting modes on a 
day-by-day basis, so you just have to take a chance 
that it will be in mode B. 

Q. Is Doppler shift a serious problem? 

A. Doppler shifts are not a serious obstacle. The real 
problems are spurious responses (birdies) and desen- 
sitization in the receiving system, Finding your own 
downlink signal will always involve some searching, 
and you'll quickly realize the value of good filtering 
on the transmitter and receiver (to prevent birdies 
and desensitization) and thorough testing of your 

2500 

2000 

15W 

IWO 

5 W  

ground station when the satellites are not in range ( to 
learn the location and characteristics of any remain- 
ing birdies). 

The following considerations should help you re- 
duce the amount of searching you must do for your 
downlink. The total Doppler shift consists of contri- 
butions from each of the three links involved. The 70- 
cm link(s) produce the largest effect. For a mode- 
Blmode-A linkup, the total Doppler should be less 
than -C 6 kHz. A rough, but close, guess of the value 
can be obtained by just considering the position of 
Oscar 7 (mode-B transponder) and using the fre- 
quency offset regularly seen for a mode-B QSO. 
With a mode-Blmode-J linkup, the Doppler can be 
up to -t 12 kHz. Once again, the value can be 
estimated by concentrating on the 70-cm links. If 
both satellites are moving either toward you or away 
from you, the Doppler shifts will tend to cancel. Dur- 
ing optimal-access periods, one of these two cases 
usually exists, so searching for your downlink can be 
confined to a k 6 kHz window. 
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f ig.  3. The  posi t ion vectors f o r  t w o  satellites. This diagram 
represents Oscar 7 as satell i te 1 and Oscar 8 as satell i te 2. 

Q. I've been using the close-encounter curves to lis- 
ten to the Oscar 7 mode-B beacon through Oscar 8 
mode A, and signal strength correlates reasonably 
well with the curves but not completely. Why? 

A. Distance is only one aspect of Oscar 710scar 8 
radio-link performance. Another important factor is 
relative orientation of the spacecraft antennas. This 
can be accurately modeled if a computer is available. 
The close-encounter curves would enable us to save 
a great deal of computer time by restricting path-loss 
studies involving antenna patterns to a small portion 
of a limited number of orbits. Ground stations must 
also take into account transponder loading and the 
performance of the satellite-ground communications 
link if they hope to explain all observations of the 
Oscar 7 mode-B beacon through Oscar 8. 

tab le  1. N o t a t i o n  f o r  i n te rsa te l l i t e  d i s tance  p r o b l e m .  
SSP = subsatell i te point. Numerical  values fo r  Oscar 7 a n d  
Oscar 8 are  s h o w n  i n  brackets. 

parameter 

radial distance 
(geocenter to  satellite) 

position vector 
(geocenter to  satellite) 

period (note: P1 2 P2) 
(minutes) 

orbital inclination 

elapsed time since 
ascending node of satel- 
lite (minutes) 

latitude of SSP at 
time indicated 

longitude of SSP at 
time indicated 

longitude of SSP at 
ascending node 

satell i te 1 satell i te 2 
[Oscar 71 [Oscar 81 

- - 
1 r2 

P11114.945 P2[103.231 
minutes] minutes] 

ilI1O1 .7 degreesl i2[99.0 degreesl 

t t -r  

appendix 

The mathematical derivation of the close-encounter curves is 
outlined in this appendix. Note that it is not necessary to read this 
section to use the close-encounter curves. To understand the fol- 
lowing mater~ai, you need some background in spherical coordi- 
nates and three-dimensional vectors. Our analysis focuses on two 
satellites in circular orbits, as shown in f ig .  3. The notation used is 
summarized in table 1. Note that the subscript 1 is used to refer to 
the satellite with the longer period (higher altitude! The intersatel- 
lite distance, ijfj,  is given by the magnitude of the vector ( r j  - el 

To evaluate 7;*Fj, express the Cartesian components of each 
position vector in terms of the spherical coordinates of the given 
satellite (8 = colatitude, X = longitude). Both coordinate systems 
have their origins at the geocenter and rotate with the earth. The 
orthogonal unit vectors i, j, and k are defined as follows: i is along 
the line joining the geocenter to the intersection of the equator and 
the prime meridian,] is along the line joining the geocenter to inter- 
section of the equator and the 90 degree east meridian, k is along 
the line joining the geocenter and North Pole. The position of satel- 
lite 1 is given by 

7; = T I  szn 81 cos X I  i+ rl sin 8I sin X I  j t- rl cos O1 k (2A) 

The position of satellite 2 is given by 

.ri = r2 szn O2 cos X z  i + r2 sin O2 sin A23 + r2 cos 62 k (28 

Transforming from colatitude, 8, to  latitude, 0, (0 = 9 0 °  6) 

FI = T I  cos 01 cos X I  i+ T I  cos 01 sin X l  j+ T J  sin 31 k (3A) 

The inner product, G.G, of eq. 1 can now be evaluated 
-- - 

~ ( t )  = v'rl2+ ~ 2 ~ -  2 ~ ~ r ~  [COS 01 cos 02 cos(h2- h 3 +  Tzn 01 szn 021 14) 

The coordinates 0 and A, for each satellite, appearing in the 
brackets on the right hand side of eq. 4, are the same as those of 
the respective subsatellite points (SSPs): 

t 
QI(t)  = arcszn lszn 11 sin (360° )I ; (5A) 

PI 

where 

Northern 
f l j  = 

Here are the sign conventions: North latitudes are positive, south 
latitudes are negative, all longitudes are in degrees west, and longi- 
tude displacements toward the west are positive. 
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The sign convention for longitudes adopted in eqs. 6A and 6B is 
the same as that used in the Satellabe, Oscarlocator, W6PAJ Orbit 
Calendar, and most other U.S. and Canadian Amateur literature. 
It's a very convenient convention for stations located between 0 
and 180 degrees west longitude. Most non-Amateur literature, 
recognizing the computationai advantages of a right-hand coordi- 
nate system, is based on a different sign convention - east longi- 
tudes and displacements towards the east are regarded as positive. 
This approach was used in the best treatment of orbits available in 
the Amateur literature - Peter D. Thompson, Jr., "A General 
Technique for Satellite Tracking," QST, November, 1975, page 29. 

Although the situation may sound confusing at first, it's really 
just a rninor problem once you're aware of its existence. Since both 
conventions have merit and are well established, the best course of 
action for radio Amateurs working on basic computations appears 
to be to use a right-hand coordinate system for computations and 
then, as a final step, transform to  the U.S./Canadian convention. 

To compute the intersatellite distance, s, as a function of time for 
a specific set of two orbits, eqs. 5A, 58 ,  6A, and 6B are substi- 
tuted in eq. 4. The result is indicated symbolically by: 

You can see that s depends on a set of constants (11, i2, P I ,  P2, 
~t), the parameter AX+(AZo- Xlo), which is a measure of the dif- 
ference in longitudes at the ascending node, the parameter T ,  

which expresses the difference in time of the two ascending nodes, 
and the time t measured from the ascending node of satellite 1. 
Once the two satellites are chosen, the six constants are known 
and eq. 7 expresses the fact that the intersatellite distance is a 
function of three variables. 

If you have a TI-59, HP-67, or similar programmable hand calcu- 
lator, you can use eq. 7 in conjunction with equatorial crossing 
data to first compute AX, and T for a specific set of two orbits, and 
then calculate the distance, s, every 2 minutes over the course of 
the orbits. Although this method works, it is very time consuming if 
you're trying to  evaluate a large number of orbits for their suitability 
for interlinking experiments. This leads to the problem of finding 
some simple way of expressing eq. 7 in graphical form. 

The AX, term in eq. 7 can be written: 

where AX* is a slowly varying function describing the relative orien- 
tation of the orbital planes of the two satellites. 

The 1979 W6PAJ orbit calendar, using data by Dr. Tom Clark 
(W31WI), predicts that AX* will be 18.6 degrees on January 1. 
1979, 39.0 degrees on July 1, 1979, and 19.4 degrees on December 
31, 1979. If AX* can be treated as a constant, then eq. 7 will 
depend on only two variables, and a function of two variables can 
often be illustrated on a single graph as a set of curves. To test this 
approach, three graphs (each graph consisting of a set of close- 
encounter curves) were drawn for AX* = 18.6 degrees, 19.0 
degrees, and 19.4 degrees. (All computations were performed on 
an HP-97 programmable calculator.) From these graphs, it was evi- 
dent that a 0.4-degree change in Ah* had a negligible effect on the 
close-encounter curves. A single graph (f ig. 2) can therefore be 
used for all of 1979. 
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a very simple synthesizer system 
Some time ago my wife, Barbara, 

and I built a general-coverage receiv- 
er with a digital frequency readout. 
The local oscillator is a free-running 
MC164.8, tuned by a variable capaci- 
tor with a small varactor for band- 
spread. Since the i-f is 10.7 MHz, the 
local oscillator tunes 13.7-40.7 MHz 
for the 3-30 MHz receiver range. The 
stability of this oscillator was ade- 
quate for normal operation, but when 
the receiver was left tuned to 30.0000 
MHz for 24 hours the thermal varia- 
tions in a normal room caused a slow 
frequency drift of about f 1.5 kHz. 
This was most annoying. We dreamed 
of a synthesized local oscillator to al- 
leviate this problem. Unfortunately all 
the synthesizers looked complicated 
and our small chassis was already 
pretty crowded, so for a long time we 
did without. 

Recently, MacKeandl published a 
simple frequency-lock-loop circuit 
that reminded me of an earlier, more 
complex, circuit by Ryder*. Study of 
the short article by DeLaGrange3 
gave us a good insight into the theory 
of frequency-locked loops but no 
practical circuit for this application. 

LSB DIGITAL / B I T  
ZERO V-EVEN 

5 V- ODD 

7 

OSCILLATOR 

fig. 1. Basic frequency-locked-loop system. 

book 

I 

- 

Finally, I realized that a very simple 
approach could be taken, which I il- 
lustrate by the following example. 

If I tune my receiver to 30.0000 
MHz and it begins to drift up in fre- 
quency to 30.0001 MHz, all I have to 
do is sense this small change and 
apply it through the varactor to drive 

4 

FREQUENCY 

COUNTER 

> 

k~,~.,"*,*~~ SPREAD 

GENERATOR 
1/4 LM334  

scheme would drive it further down 
until the even count 29.9998 MHz 
came up. The 1 bit would change and 
the circuit would hover between 
29.9998 and 29.9999 MHz. We could 
therefore lock onto any frequency in 
200-Hz increments. If we invert the 1 
bit before applying it to the lowpass 
filter, we can lock onto all the in- 
between 100-Hz points by taking the 
even-odd transition for lock instead 
of the odd-even. A block diagram of 
the scheme is shown in fig. 1. A 
slightly more elaborate diagram of the 
scheme used in our receiver is shown 
in fig. 2, and a complete schematic, 
except for the frequency counter, is 
shown in fig. 3. 

Actually, the most important part is 
the use of the op amp U4B to perform 
the frequency lock. Although I show 
a free-run position, I never really use 
it anymore. The receiver just smooth- 

BUFFER FREOUENCY 
r AMPLIFIER - 

MCIOIIG COUNTER 

0-1 OUTPUT 

VOLTAGE 

AMPLIFIER 

fig. 2. Frequency-locked I 

the frequency down. When it's driven 
down until the frequency counter 
reads 30.0000 MHz again, I can start 
forcing it back up again, hovering 
about the transition between 30.0000 
and 30.0001 MHz. This could be ac- 
complished simply by sensing the 1 
bit of the latch on the least-significant 
bit of the frequency counter and ap- 
plying it to the varactor through a 
lowpass filter. Then any odd LSB sig- 
nal will drive the frequency slowly 
down, and an even count will drive it 
slowly back up. 

What if the frequency were initially 
drifting down? When the counter 
reached 29.9999 MHz, the feedback 

INVERTER 9 
LOWPASS 1-1 zL 1 2 . 5 .  

F ILTER 

OOD/EVEN/FREERUN 

ocal oscillator block diagram. 

ly steadies itself on the nearest stable 
transition and otherwise behaves ex- 
actly as it did before we added the U4 
circuit. 

I 'd like to  emphasize that this 
scheme can be applied to any receiv- 
er with a digital frequency counter so 
long as it has a latched output, which 
I think all of them do. No special indi- 
cators of lock are needed, because 
proper operation is indicated by the 
receiver's slowly changing between 
30.0001 and 30.0000 MHz - or what- 
ever other frequency is selected. The 
actual frequency drift is only on the 
order of + 10 Hz, and it is so slow 
that I can't detect it by ear. All the ICs 



fig. 3. Frequency-locked-loop schematic. 

in the loop are available from Motor- replacement for the present control. 
ola Semiconductor, Phoenix, Arizona. (Don't forget the switch.) 

references I decided to control the sidetone by 
replacing R318 (100 kilohms) in the 
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ham radio, August, 1978, page 17. audio amplifier circuit with the front 
2. W. Ryder, WGURH, "High Performance General control in the dual assembly. Then, 
Coverage Communications Receiver," ham radio, 
November, 1977, page 10. 
3. Dr. Arthur D. DeLaGrange, "Lock onto Frequen- 
cy," Electronic Design, June21, 1977. 

Pat O'Neil, AA7M, and 
Barbara O'Neil 

Motorola Semiconductor, Inc. 

Heath HW-101 sidetone 
control 

I'm basically a night owl. If you're 
like me, you find many a late-night 
CW ragchew interrupted by friend 
wife complaining of "that loud beep- 
ing." I finally decided to correct the 
situation on my HW-101 by adding a 
sidetone volume control. Extra front- 
panel controls on radios tend to look 
somewhat tacky, so I decided that 
the addition must not be con- 
spicuous. 

After some pondering, I decided on 
a concentric af gain control as the so- 
lution. Heathkit provided the lever 
knob and knob insert. All that was 
needed was a switched dual control. 

A call to the local parts distributor 
proved informative. They carried 
Clarostat controls in modular form; 
custom dual controls were no prob- 
lem. The inside shaft would hold the 
original af gain-control knob; the rear 
pot, therefore, must be a I-megohm 

by connecting C311 to the wiper of 
the sidetone control, the amount of 
sidetone injected into the af cir- 
cuit could be controlled. Hookup is 
straight-forward; I suggest, however, 
you use shielded cable for the inter- 
connections. 

The modification looked good, pro- 
vided no surprises, and best of all - 
works great! 

J. K. Davis, AD9M 

XR-205 waveform 
generator as a 
capacitance meter 

A 205 chip, a counter, and a calcu- 
lator provide a means of measuring 
capacitance to within 1 or 2 per cent. 
The frequency is determined by a ca- 
pacitance connected across pins 14 
and 15 of the chip. C times F is a con- 
stant, k ,  with C in microfarads and F 
in Hz. This constant is truly constant 
over a very wide frequency range. 
The specification sheet gives this 
constant as 400, but I find it to be 260 
with my generator, so this is appar- 
ently a nominal value. 

I use a compression trimmer of 
about 200-1500 pF, permanently 
wired across pins 14 and 15, with par- 

allel binding posts and short clip leads 
for connecting additional capaci- 
tance. The trimmer tunes across the 
i-f range. 

I was fortunate in having several 1 
per cent capacitors as standards, but 
only one is required. The first step is 
to determine the capacitance of the 
trimmer plus strays, C,,, at a known 
frequency, after which the constant, 
k ,  may be determined from 

k = FC,, (1) 

The procedure for determining C,,, 
the trimmer capacitance, isasfoilows: 

Set the trimmer to  about mid range 
and note the frequency, F1. Connect 
a known capacitor and note the new 
frequency, F2. Divide F2 by Fl and 
call this quotient f. Now calculate C,, 
from the following formula: 

where C,, = trimmer plus stray 
capacitance (cLF) 

C, = standard or known 
capacitance (pF) 

f = F2F1 (Hz) 
Now calculate k from k = FIG,,. 
Save F1 for measuring unknown ca- 
pacitors. 

The measurement procedure, after 
k and C,, have been determined, is to 
first set the frequency to Fl with the 
trimmer capacitor. Connect the un- 
known capacitor and measure F2. 
Div ide  k b y  F 2  and  s u b t r a c t  

Ctr = CunknozLm (Cu): 

As before, C is in CLF, F i n  Hz. These 
calculations would be difficult with- 
out a pocket calculator but are easy 
with one. Assilming the trimmer, C,,, 
is 300 pF, with 75 pF in parallel, k / F 2  
would come out 0.000375 . . . on the 
calculator. 

A half-dozen 1 per cent capacitors, 
from a few pF t o  0.1 PF, were 
measured within 1 per cent of the 
nominal value. Indications are that 
the accuracy holds up to several hun- 
dred CLF. EXAR-205 chips available 
from JAMECO. 

W. S. Skeen, W6WR 



magazine 

contents 
12 antenna gain and directivity 

James L. Lawson. W2PV 

16 microprocessor based 
c w  keyerltrainer 
John R. Beaston, NGTY 

26 VLF dip meter converter 
E. G. Von Wald, W4YOT 

31 ground systems for vertical antennas 
Alan M. Christman, WD8CBJ 

34 traps and trap antennas 
Karl T. Thurber, W8FX 

42 curing frequency drif t  i n  the 
Swan 350 transceiver 
Harold Klimpel, WAGIPH 

46 amateur f m  - another look 
Carleton F. Maylott, W2YE 

50 high-current dc power supply 
Glen J. Thome, N8AKS 

58 linear amplifier design considerations 
William I. Orr, WGSAI 

66 digital techniques: 
counters and weights 
Leonard H. Anderson 

72 broadband vswr bridge 
Henry J. Perras, K lZDl  

4 a second look 6 letters 
110 advertisers index 82 new products 
66 digital techniques 8 presstop 
93 flea market 110 reader service 

104 ham mart 90 short circuits 
78 ham notebook 72 weekender 

august 1979 3 



Many of the problems that Amateur Radio has had to face over the past few years - and will con- 
tinue to face in the future - can be traced directly to one cause: the demands of an increasing num- 
ber of Radio Amateurs for finite space in the radio spectrum. More and more stations have been 
squeezed into the same bands, creating a congested mess for the Amateur operator, particularly dur- 
ing peak occupancy periods on weekends and holidays. In many cases the effects of crowded band 
conditions are aggravated by poorly designed ham equipment: transmitters which contribute broad- 
band noise and splatter, and receivers which cannot cope with nearby strong signals. The technol- 
ogy to solve these problems is available, but very seldom is it put to work; and until Radio"Amateurs 
demand improved equipment performance it probably won't be. 

Herein lies the problem. How do you press for cleaner emissions from transmitters or push for 
receivers that will handle strong signals without overloading when there are no performance stan- 
dards? And not only are there no performance standards, in general the published equipment specifi- 
cations have not kept pace with technology. Gone are the days when receiver sensitivity and selec- 
tivity were the only things you looked for in a communications receiver; although today's receivers 
must contend with an abundance of closely-spaced strong signals, receiver "specmanship" has 
changed little since the days of vacuum tubes. 

A few of the manufacturers have begun to provide data on dynamic range, intercept point, and 
blocking, but you cannot compare equipment from different manufacturers because they don't use 
the same standards or test procedures. And since there are no standards, receivers with identical 
operating specifications often have vastly different on-the-air performance. Intercept point is cur- 
rently in vogue, and as one of my correspondents recently pointed out, "everyone suddenly has a 
'+ 20 dBm' receiver - whether it costs $250 or $5000!" This points up the need for standardized test 
procedures. Specifications for intercept point and dynamic range are meaningless unless the input 
signal separation is specified, and that crucial information is usually not available to the consumer. If 
it's not, caveat emptor! 

The preponderance of " + 20 dBm" receivers reminds me of the time a few years ago when every 
ssb transmitter on the market was advertised with third-order IMD down "more than 30 dB." It didn't 
matter whether the final was built with rf power tubes, TV sweep tubes, or transistors - the magic 
number for third-order IMD was always -30 dB. Then W6SAI and a few others pointed out that 
most of the TV sweep tubes couldn't do better than - 22 dB in rf linear service, and some were as 
bad as - 18 dB! That spelled the beginning of the end for TV sweep tubes in amateur transmitters; as 
new ssb transmitters were introduced, more and more were designed around tubes and transistors 
which were intended for linear rf service. 

Receiver intercept point and transmitter IMD are only two of the problem areas. How about those 
built-in speech "processors" that often add so much distortion they make large sections of the band 
virtually useless? (And as an aside, what are we to do about the operators who refuse to turn them 
off even when they're told how bad they sound?) Established performance standards won't improve 
operating habits, but they would make it a lot easier to purchase equipment that meets your needs. 
And in the long run, a realistic set of standards will inevitably result in better Amateur equipment for 
all of us. 

Jim Fisk, WIHR 
editor-in-chief 
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noise-figure 
measurements 

1, Albert Van der Ziel, Noise: 
Sources, Characterization, 
Measurement, pages 154-1 56. 

2. George E. Valley, Jr.  and 
Henry Wallman, Vacuum Tube 
Amplifiers, page 720. 

3. Merrill I. Skolnik, lntroduc- 
tion to Radar Systems, page 
365. 

Dear HR:  
Bob Stein's article on noise-figure 4. W.W. Mumford and Elmer H. 

measurement in the August 1978, Scheibe, Noise Performance 

issue was very good but I disagree Factors i n  Communica tions 

with his statement that, for equal sig- Systems, pages 45 and 61. 

nal and image channel gains, the 
error will be 3 dB. The correct expres- 
sion is: 

Fdouble = 1/2 (Fsingle + 1) 

and can be found in Radio Astron- 
omy by John Kraus. In decibels the 
proper difference is: 

Stein's comment about putting a 
filter at the input of a preamp and not 
putting one after the preamp is very 
important. If one were to  build a 
receiver with no filter after the pre- 
amp, the noise-figure meter would be 
correct for the entire receiver and 
best performance wou ld  no t  be 
achieved. 

Charles H. Solie, WBSLHV 
Houston, Texas 

WB5LHV's letter referenced a book 
with which I was not familiar, and 
would have been welcome if for no 
other reason than bringing i t  to my 
attention. As i t  is, he certainly posed 
an argument which caused me a con- 
siderable amount of thought and 
research. To start with, the authori- 
ties for my discussion of image- 
response error in my article on auto- 
matic noise-figure measurements are 
as follows: 

Eq. 73 in my article appears in slightly 
different, but equivalent, form in ref- 
erence 2, above. To clarify the situa- 
tion brought up by WBSLHV, i t  is 
necessary to start with the Friis/lEEE 
expression of noise factor. By defini- 
tion, it includes only that noise from 
the input termina tion which appears 
at the output via the principle-fre- 
quenc y trans forma tion of a hetero- 
dyne system, and does not include 
spurious contributions f rom an 
image-frequency transformation. The 
single-sideband (channel) noise fac- 
tor, F, is defined by the formula 

where Nto is the total noise power 
output from the receiver 

G is the gain of the receiver 
k is Boltzmann's constant, 

1.38 x lO-23joule/OK 
To is the standard reference 

temperature, 290 K 
B is the receiver bandwidth 

in Hz 

Since the noise output of the receiver 
is the sum of (a) the internally gener- 
ated noise plus 16) the termination 
noise times the receiver gain, 

where T,  is the receiver noise temper- 

ature (often shown as GT,  where T,  
is the effective noise input temper- 
ature). 

Consider now a single-channel 
receiving s ystem in which the receiv- 
er has no image rejection (equal gains 
in the signal and image channels). lf a 
narrow-band nose source were con- 
nected to the receiver input, the pre- 
ceding expressions of noise factors 
would apply. However, if a broad- 
band noise source is used, there will 
be noise applied to both channels, so 
that the double-sideband noise fac- 
tor, F, will be given by the relation 

On the other hand, if a double-chan- 
nel radio astronomy receiver is under 
consideration, there is signal informa- 
tion in both channels and the receiver 
noise contribution is divided equally 
between channels. Therefore, the 
noise factor of a double-channel 
receiver in this application is expressed 
as 

Then from eq. 2, 

Thus, both relationships for F' are 
true, but  are defined differently, 
depending on the application. Eq. 3 is 
applicable to a single-channel receiv- 
er which has no image rejection, 
because the receiver noise contribu- 
tion will degrade only the signal chan- 
nel, there being no signal information 
in the image channel. In the double- 
channel radio astronomy receiver, 
there is signal information in both 
channels, so that eq. 8 defines the 
relationship between the single- and 
double-sideband noise factors. 

Since in radio communications we 
are concerned only with single-chan- 
nel receivers, the discussion in m y ar- 
ticle is correct. 

Robert S. Stein, W6NBI 
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antenna gain and directivity 
over ground 

A discussion of Yagi 
gain and directivity, 
reference antennas, 

and the effects 
of planet Earth 

The concept of antenna directivity and antenna 
gain is now several decades old; in fact, the terms are 
now quite familiar and are used by both technical and 
nontechnical people alike, apparently without much 
thought to what they mean - and also what they do 
not mean! 

Directivity is commonly defined as the ratio of the 
maximum radiated energy flux density (at some 
"best" azimuth and elevation angle) to the average 
radiated energy flux density, averaged over the entire 

It is conceptually possible to approximate an isotropic source by the super- 
position of a very large number of independent and incoherent dipole 
sources whose orientations are uniformly distributed over the entire solid 
angle or sphere. I t  certainly would not be simple to make such a system, at 
least in the high-frequency region, nor to prove the accuracy of this ap- 
proach to the isotropic assumption. 

tNearly all "normal" high frequency antennas have radiation efficiencies 
which closely approximate unity. This is not true for very short radiators, 
nor for antenna systems with significant ground losses. 

solid angle or sphere. Note that this property is deter- 
mined solely by the complete three-dimensional spa- 
tial pattern of radiated energy. Directivity has a nice 
conceptual ring; it should, and presumably does, 
measure quantitatively the ability of the antenna to 
focus, concentrate, or direct its radiated output in a 
specific direction - compared with a reference an- 
tenna which has zero directivity ( i e . ,  equal output in 
all directions). This referenceantenna is often referred 
to as an "isotropic radiator." However, this reference 
antenna is totally fictitious - nobody knows even in 
principle how to make such an antenna." But it is a 
useful concept. 

The gain of an antenna at any azimuth and eleva- 
tion angle is normally defined as the ratio of actual 
maximum radiated energy flux density to that which 
would be produced by an isotropic radiator whose 
total radiated output power is the same as the anten- 
na's input power. The gain of the antenna is then 
exactly the same as the antenna directivity multiplied 
by the radiation efficiency of the antenna. The radia- 
tion efficiency of an antenna is less than unity due 
only to conductor losses (and sometimes dielectric 
losses) and earth (ground) losses. In the remainder of 
this article I will assume these losses to be negligible 
and therefore will equate gain to directivity numeri- 
cally, even though their definitions are different. t 

It has been customary to object to the use of an 
isotropic radiator as the reference antenna because it 
is fictitious and physically unobtainable. Two sug- 
gestions have been made for alternative references: 

By James L. Lawson, W2PV, 2532 Troy Road, 
Schenectady, New York 12309 

t: 
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(1) the infinitesimal dipole, whose pattern can be 
closely approximated by a very short linear radiator; 
and (2) the half-wave dipole. The infinitesimal dipole 
has a theoretical directivity or gain (over isotropic) of 
1.5 (1.76 dB), and the half-wave dipole an isotropic 
gain of 1.64 (2.15 dB). Note, however, that these 
directivities or gains have been stated only for free- 

Antennas - a favorite topic of many, providing unlimited, and 
often heated discussions. Whether on the air or at any reasonable 
size gathering of amateurs, antenna facts and fallacies abound - 
quads vs Yagi, short verticals, EM€ arrays, the interests are endless. 

Undoubtedly, one of the most popular subjects is the Yagi anten 
na. Everyone, the contester, the DXer, and even the person with 
just a casual interest, wants the maximum performance from their 
antenna, and as often is the case, maximum performance for the 
money spent. In many cases, however, the two do not equate; for 
its performance, that new five-element, 20-meter monobander on 
the 30-foot boom might as well be a dipole strung between a couple 
of trees. Is the manufacturer to blame? Not really, he's just building 
a marketable product. The fault lies with us, the user. Fact - for 
the most part, gain of a Yagi antenna is dependent upon boom 
length, with the number of directors being a significantly less 
critical factor. However, amateur fallacy would have everyone 
believe that the greater the number of directors, the better the 
antenna, regardless of boom length. 

In a similar vein, consider the performance of a receiver in the 
Amateur Radio service. A few years ago performance, or actually 
lack of, was an often overlooked and misunderstood factor. Today, 
as a result of numerous articles in the Amateur Radio magazines, 
most amateurs are acutely aware of performance. This has resulted 
in a new generation of receivers from the manufacturers; receivers 
which now exceed previously unheard of performance standards. 

Unfortunately, the Yagi antenna is far from being an easy sub- 
ject. The antenna may appear to be very simple, but its per- 
formance depends upon a large number of interrelated variables, 
each factor affecting the others. As it turns out, the advent of the 
modern-day, high-speed digital computer has reduced the months 
of tedious calculations and emperical designs to a few minutes in 
front of a CRT terminal. This is not as simple as it may seem, for as 
we all should know, the computer is just a tool. Solving the problem 
still requires research and most importantly understanding. 

As anyone who has heard the antenna talks by W2PV knows, 
Jim Lawson understands Yagi antennas. A look at Jim's station 
and its performance should be ample proof. On the personal side, 
Jim Lawson, W2PV, received his PhD in Physics from Michigan in 
1939 and has worked for General Electric since 1945, the last fifteen 
years with Corporate Research and Development in Schenectady, 
New York. Jim's amateur career started in 1934 when he was first 
licensed as W9SSO. His other calls were W801U and the more well 
known WA2SFP from the 1960s. 

As a preview of what's to come, over the next seven to eight 
months, ham radio will be printing a series of articles written by 
W2PV dealing with the design of Yagi antennas. Topics will in- 
clude: computational methodology, simple Yagis, Yagi variations, 
ground effects, perferred designs, scaling and element tapering, 
and stacking. However, to start the whole series off in the correct 
perspective, this article will deal with the antenna in the real world 
and our perceptions of antenna gain. 

Having known Jim for several years and having benefited many 
times from this material and his knowledge, I can say, for anyone 
with an interest in Yagi antennas, read the articles; they will be well 
worth waiting for. K l X X  

space conditions. Moreover, these free-space dipole 
reference alternatives are still fictitious and physically 
unobtainable in the real world, where real antennas 
interact with the real earth. 

Conceptually, one can still use the free-space (fic- 
titious) reference antennas, even though the real 
antenna is used over earth or ground. This has the 
difficulty, however, that one cannot experimentally 
make or use any of the reference antennas. Further- 
more, the gain of an antenna referred to a free-space 
standard, even though quite correct, gives a value 
which is unnaturally high for most technical users. 
Nevertheless, it is a value which can in principle be 
derived, for example, from a complete measurement 
of the space energy flux density pattern of an anten- 
na. The (isotropic) reference radiation is simply the 
average flux density over the complete 4w solid angle 
(complete sphere), which is clearly just one-half of 
the average flux density over the 2 w  solid angle of the 

table 1. Yagi gain(s) in free space (dB). 

lower upper stacked 
reference Yagi Yagi Yagis 

isotropic 10.28 10.28 13.37 
infinitesimal dipole 8.52 8.52 11.61 
half-wave dipole 8.13 8.13 11.22 

irradiated hemisphere. The half space below the con- 
ducting ground plane is, of course, not irradiated. 

Another possibility is to use a reference antenna, 
preferably one that can be easily constructed, and 
place it at the same height as the antenna, or perhaps 
substitute it for the antenna in its actual position. 
This concept is appealing and is popular* because it 
suggests a relatively simple measurement technique. 
Unfortunately, the measurement technique is not 
simple, either in practice or in concept; moreover, 
gain ratios of different antennas measured in this 
way are generally not the same as if referred to the 
free-space reference, and also not the same as the 
actual ratios of peak energy flux densities. There is 
also the nagging question of what the "position" of 
an antenna system is (where one should substitute a 
reference dipole). For example, is the "position" of a 
stacked array over ground its mathematical center? 
The basic reason for this confusing state of affairs is 
that a dipole reference antenna itself exhibits a gain 
(referenced to free space) which depends upon 

"See, for example: The ARRL Antenna Book, 73th edition, American Radio 
Relay League, Inc., Newington, Connecticut, 1974, page43. 
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height over ground. Most importantly, the gain 
occurs at an elevation angle different from that of the 
test antenna, even though the antenna is located in 
the same position! 

An  example will illustrate the nature of this confus- 
ing conceptual problem. This example will approxi- 
mate the situation for a large stacked Yagi system 
now in fairly wide use on the 14-MHz band. The 
Yagis are each constructed with six evenly-spaced 

table2. Reference half-wave dipole gain over earth (dB). 

reference (free space) height 0.6A height l.6A height l.1A 

isotropic 9.18 (25') 8.52 (9'1 8.69(13') 
infinitesimal dipole 7.42 (25') 6.76 (9') 6.93 (13') 
half-wave dipole 7.03 (25') 6.37 19') 6.54 (13') 

elements on a boom 0.66 wavelength long. The low- 
er Yagi is at a height over ground of 0.6 wavelength 
and the upper Yagi is at a height over ground of 1.6 
wavelengths. I have calculated the pattern(s1 and 
maximum gain(s) of these Yagis (individually and 
stacked) by methods which I shall not attempt to jus- 
tify in this article,* but which I believe are essentially 
correct. 

These gain figures, together with the elevation 
angles at which maximum gain occurs, are shown in 
tables 1, 2, and 3. Table 1 shows the (hypothetical) 
free-space gain of the Yagi system (in decibels) refer- 
enced to three different free-space standards. Table 
2 shows the (hypothetical) gain(s1 of reference half- 
wave dipole(s) over ground at the same height(s1 as 
the Yagi system (the "height" of the stacked array is 
taken as its mathematical center). I've also included 
the elevation angle at which maximum energy flux 
density occurs. Table 3 shows the gain(s) of the Yagi 
system referred to various standards, including half- 
wave dipoles at the same "height" over ground. 

Constructing table 3 presents a fundamental con- 
ceptual difficulty which needs resolution. In compar- 
ing the ratio of energy flux densities of the Yagi with 
the (substituted) reference dipole, what should be 
the elevation angle or angles at which this ratio is 
taken? The energy flux densities of the Yagi system 
and the reference dipole both vary with vertical 
angle, but vary differently. One can now define gain 
in any of several ways: 

A. The maximum ratio of Yagi flux density, Fy, to 
reference dipole flux density, FD (occurring at angle 
al l ;  

B. The ratio of maximum Fy (occurring at a2) to FD at 
that same angle; 

"Computation methodology will be described in a forthcoming article 

C. The ratio of Fy to the maximum FD (occurring at 
a?); 
D. The ratio of maximum Fy (at a2) to the maximum 
FD (at a3L 

It is interesting that perhaps the most logical defini- 
tion is the first: unfortunately, a1 will generally be a 
vanishingly small angle where the performance of 
both Yagi and dipole becomes vanishingly low, and 
where minute ground resistance and height effects 
make an actual experimental comparison highly inac- 
curate. Moreover, we are not really interested in 
using the Yagi at this angle. The most relevant meas- 
urement is probably 2, where the Yagi is used at its 
"best" elevation angle, a*. 

To show how confusing these quantities become, 
table 3 shows "gain" at a very low angle - say 1 
degree - approximating case A.  Also included are 
the angle for maximum Fy (case B), the angle for 
maximumFD (case C), the "gain" as the ratio of max- 
imum Fy to maximum FD (case D), and finally, in 
case E, the stacked-Yagi system at an angle which 
obviously produces a remarkable "gain" figure. This 
pathological behavior is due to the choice of an ele- 
vation angle at a fairly deep null in the reference 
dipole's pattern. 

The tables show a perplexing array of gain figures. 
Which of them is correct? Actually, they are all cor- 
rect; al/ of the differences are caused by the behavior 
of the reference antennas. The strange behavior of a 
reference dipole over ground, as shown in table 2, is 
due to its change in radiation resistance caused by 
mutual coupling with the ground image. This is a 
well-known effect." The elevation angle at which the 
reference antenna's gain is maximum is generally 
larger than that for a Yagi (higher-gain) antenna at 
the same height due to  the way in  which the 
"natural" gain of the Yagi falls off at higher angles. 

These tables also illustrate that the gain of a real 
antenna over real earth can not be stated unless its 
height is specified. Moreover, the concept of "stack- 
ing gain," i e . ,  increase in gain due to stacking, is 
determinable only in free space. Over earth, stacking 
does produce an increase in gain - but increase over 
what? I t  is probably best to avoid the temptation to 
use any "stacking-gain" figure, but simply to refer 
directly to the gain of the antenna system, which 
should now be understood to depend not only on the 
antenna components (Yagis), but also on their physi- 
cal locations above ground! The tables also show 

"See, for example: John D. Kraus (W8JK). Antennas, McGraw-Hill Book 
Co., Inc., New York, 1950, page 305; The ARRL Antenna Book, 13th edi- 
tion, American Radio Relay League, Inc., Newington, Connecticut, 1974, 
page 54. 
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that big Yagis generally perform well over earth, but 
not quite by the same ratio as free-space gain. 

What then should one use as a reference stan- 
dard? It seems at the outset that the preferred defini- 
tion should allow natural comparison of two different 
antennas (say the lower vs the upper Yagi in the pre- 
vious example). That is, we require that the ratio of 
the maximum gains of the upper to lower Yagis is 
simply the ratio of maximum energy flux densities of 

table 3. Yagi gain(s1 over earth (dB) and elevation angle of maximum 
energy f!ux. 

reference Yagi at 0.6X Yagi at l.6X stacked Yagis 

isotropic (free space) 15.00 (21') 16.12 (9') 17.06 (10') 

infinitesimal dipole (free space) 13.04 (21') 14.36 (9') 15.30 (10') 

half-wave dipole (free space) 12.65 (21 ') 13.97 (9') 14.91 (10') 

half-wave dipole at Yagi height 

A angle = 1 (see text) 7.05 7.80 10.60 

B see text 5.82 (21') 7.59 (9') 8.97 (10') 

C see text 5.27 (25') 7.59 (9') 7.75 (13') 

D see text 5.61 7.59 8.36 

E angle = 27'isee text) 21.65 

upper to lower Yagis. This is true in principle, if we 
use one of the free-space references, but not true for 
the half-wave, "substituted" reference dipole! In 
other words, if one used what has become a popular 
idea - gain "measurements" through a substituted 
half-wave dipole - the results are guaranteed to be 
confusing and guaranteed not to represent, even 
conceptually, a true measure of peak energy flux. 

If the substituted half-wave dipole is not to be used 
in gain measurements, how then can one go about 
experimentally measuring the gain of an antenna that 
is interacting with earth or ground? It is easy to see 
that this is a formidable problem. The maximum in- 
tensity angle must be determined by a test signal gen- 
erator or test detector; this must be done at the cor- 
rect elevation angle and at a range well beyond the 
near field of the antenna and well beyond the Fresnel 
zones. The test detector must be calibrated in abso- 
lute terms of energy flux per unit area, or, if absolute 
calibration is not possible, one must accurately 
measure the entire radiated pattern over the hemi- 

"One can probably approximate the gain of an actual antenna by making 
measurements on a good model. While measurements are usually much 
easier to make on a (small) model, it is sometimes quite difficult to prove 
that the model is a faithful representation of the real thing and that all scal- 
ing laws are understood and properly applied. 

tSee, for example: John D. Kraus lW8JK). Antennas, McGraw-Hill Book 
Co., Inc., New York, 1950, page 17; "Reference Data for Radio Engineers," 
4th edition, International Telephone and Telegraph Corp., page703. 

sphere, with sufficient accuracy to determine gain 
with the required precision. That this is a difficult 
undertaking is obvious; there appears, however, to 
be no other way of experimentally determining gain." 

In view of these considerations, I would like to 
suggest that, conceptually, antenna gain be defined 
simply as the ratio of maximum radiated energy flux 
intensity at the best azimuth and elevation to the 
average radiated energy flux intensity over all angles, 
i e . ,  the full 4~ solid angle or full sphere. I suggest 
that this definition, in fact, is quite common; t it is 
consistent with using a free-space, isotropic refer- 
ence standard, and it gives the right ratios of energy 
fluxes for different antennas and antenna combina- 
tions whether in free space or over earth. I t  can, and I 
believe should, be used uniformly in all situations (in- 
cluding over the conducting earth). I t  can, in prin- 
ciple, be measured by integrating the complete spa- 
tial energy flux pattern. 

Please note that, in contrast, "gain" measure- 
ments through dipole substitution, in principle, will 
give wrong ratios of energy fluxes for different anten- 
na combinations. 

This isotropic gain definition (referred to free- 
space isotropy) will give much higher figures for gain 
than those to which we have become accustomed. 
But we can get used to that; after all, we are already 
used to the outrageous claims for gain made by com- 
mercial antenna manufacturers! 

To summerize, note the following points: 

1. Antenna gain or directivity should be referenced 
to a free-space standard in order to be useful in 
making meaningful comparisons. 

2. Experimental "gain" measurements over the 
earth by (dipole or other) reference substitutions 
will give confusing results and incorrect com- 
parison ratios. 

3. Experimental measurement of gain over earth is 
exceedingly difficult and basically impractical. 

4. Directivity or gain can be calculated! The ac- 
curacy depends upon the proper mathematical 
characterization of the physical antenna (Yagi) 
and the use of sufficiently accurate computational 
methods. I t  is likely that the overall accuracy of 
gain calculation using modern methods 
significantly exceeds the practical accuracy of ex- 
perimental measurement. 

5. Large (Yagi) antennas perform well over earth, 
but not by the same ratio as in free space. 

ham radio 
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using a single-chip 
microcomputer 

Theory and 
construction details 

for a keyer that 
serves as a training device 

and an iambic keyer 
with dot and dash memories 

Have you ever wanted some code practice to help 
increase your speed to pass that elusive 13- or 20- 
wpm barrier, but found W I A W  being clobbered by 
interference and you have all the code tapes memo- 
rized? This combination CW trainerlkeyer could be 
just what you need. 

As a trainer, the trainerlkeyer sends random five- 
character code groups with selectable speed, spac- 
ing, and character set. There's no guessing at what 
speed the trainerlkeyer is sending because the speed 
and spacing are digitally selected by front-panel 
thumbwheel switches. Any speed or spacing from 1 
to 99 wpm can be selected in 1-wpm steps. With sep- 

arate speed and spacing switches, the character 
speed can be, say, 22 wpm while the character spac- 
ing is only 9 wpm; any combination is possible as 
long as the speed is greater than, or equal to, the 
spacing. Thus, for practice to get past that 13-wpm 
barrier, set the character speed at 15 wpm and grad- 
ually increase the spacing until 15-wpm spacing is 
reached. This technique, pioneered by Russ Farns- 
worth (W9SUV) in his "Easy Method" records and 
tapes, is known f rom numerous code-learning 
studies to be the best for rapidly building up code 
speed. In addition to the selectable speed and spac- 
ing, the trainer's character repertory is selectable. 
The five-character code groups can be constructed 
from either the alphabet or from the alphabet plus 
the numbers and punctuation. 

In the keyer mode, the trainerlkeyer performs 
as an iambic keyer with both dot and dash memories. 
As in the trainer mode, sending speed is digitally 
selectable in  the same 1-wpm steps from 1 to  
99 wpm. No more guessing at what speed you're 
sending! 

microcomputer control 
The trainerlkeyer uses a new type of integrated 

circuit which will revolutionize Amateur Radio: a 
single-chip microcomputer. Notice that it's called a 
microcomputer rather than a microprocessor, which 
you've probably read about in equipment reviews or 
ads. There are several distinct differences. 

By John Beaston, N G N ,  4415 Tilbury Drive, 
San Jose, California 95130 
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First, a microprocessor requires additional ICs to 
make a computer: RAM (random-access memory), 
EPROM/ROM (erasable-programmable or noneras- 
able read-only memory), and I10 (inputloutput). 
Ads for microprocessor systems (computers) usually 
show circuit boards crammed with these extra com- 
ponents. Microcomputers, on the other hand, have 
all the electronics from these additional components 
packed into a single piece of silicon - hence the 
name "single-chip" microcomputers. 

Aside from the obvious difference of size, micro- 
computers are generally easier to use than micro- 
processors. A large part of microprocessor system 
design involves simply getting all the various compo- 
nents playing together. In a microcomputer, this task 
has already been accomplished by the microcomput- 
er manufacturer. All you must do is tell the micro- 
computer what's to be done and supply the interface 
to the high frequency rig, RTTY gear, or whatever. 

Now, microcomputers aren't going to make micro- 
processors obsolete. They are intended for slightly 
different applications. While microprocessors are 
perfect for applications such as small-business com- 
puters and high-speed communications, microcom- 
puters are designed to bring the power of a computer 
to control-type applications. Microcomputer applica- 
tions around the home might include a microwave- 
oven controller, an energy-management center, a 
repertory phone dialer, or a burglarlfire alarm sys- 
tem. In Amateur Radio, microcomputers are already 
appearing in applications such as scanning and 
remote-controlled high frequency and vhf rigs. Other 
applications that come to mind are self-tuning trans- 
matches; automated tracking Oscar antennas; digi- 
tal-station consoles; sophisticated accessories for 
RTTY, SSTV, and CW; and, of course, the CW train- 
erlkeyer. Only imagination limits the applications. 

Before going into the details of the trainerlkeyer 
let's discuss microcomputers in general, since they 
are so new. 

microcomputer basics 
All microcomputers are similar internally. Fig. 1 

shows a structure that applies almost universally. For 
the sake of illustration, let's assume that this micro- 
computer is being used as a traffic-light controller. 

Central processing unit. Looking at the function of 
the first block in the block diagram, the CPU (central 
processing unit) can be thought of as the master 
control sequencer - the brains of the microcompu- 
ter. It performs the actual counting of cars and 
changing of lights at the appropriate times. These 
actions result from following a list of instructions (the 
program) stored in the program memory. A typical 
program might be this: Leave the light green for 
street A until no cars have passed for 15 seconds, 

1/0 P O R T S  czl 
fig. 1. Typical microcomputer structure showing major 
fur-*.- t c ~ i ~ n a l  blocks. 

then give street B the green until either five cars are 
waiting on street A or until 30 seconds have elapsed, 
whichever occurs first. 

I 1 0  section. If our microcomputer is to execute this 
particular program it needs some way of detecting 
the presence of cars traveling on street A. Sensors 
imbedded in the roadway sense the presence of a 
vehicle. To feed the sensor information into the 
microcomputer, simply connect the sensor to one of 
the input ports in the 110 section (assuming voltage 
compatibility, of course). The CPU then reads infor- 
mation on an input port whenever told to do so by an 
instruction from the program memory. 

Memory sections. Since the CPU must control 
each light in a traffic situation, it must remember 
which light is on in addition to other variables. Other 
such items might be the length of time a light has 
been lit, how long it needs to remain lit, and how 
many cars are waiting at street A while street B has 
the green. Each of these little pieces of information is 
stored in the microcomputer's data memory. 

Let's compare the program memory and data 
memory, since they sound similar but have distinctly 
different functions, The program memory is simply a 
list of instructions in a format the CPU understands 
(machine language). The CPU reads and executes 
the instructions in sequence, one by one. For any 
given traffic intersection the list never changes. The 
CPU executes the same list of instructions over and 
over. 

The data memory, on the other hand, holds data 
such as time or the number of cars waiting. Each 
location in the memory stores a particular piece of 
information. For example, assume location 3 in the 
data memory stores the number of cars waiting at 
street A, while street B is green. As soon as the light 
at B turns green, the CPU makes the contents of 
location 3 zero. Periodically the program memory 
instructs the CPU to check the car sensor, through 
the input port, to determine if another car has tripped 
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INTERRUPT BUS CONTROL PORT I PORT 2 7 0  T I  

fig. 2. Block diagram of the Intel 8748 showing key elements 

the sensor. If such is the case the program instructs 
the CPU to increment the number in memory location 
3, then to test it to  determine if the number is equal 
to 5. If so, the CPU should change the light at B to 
red and the light at A to green. If the number is not 
yet 5, there's no need to change any light, so the pro- 

gram just continues executing without changing any- 
thing. The data memory, unlike the program memo- 
ry, never tells the CPU what operations to perform; 
the data memory just stores information. 

When the CPU determines it's time to change a 
light, it does so through an output port in the I10 
section. Normally, each light is connected to a sepa- 
rate line on the output port. A t  the appropriate time, 
the CPU turns a light on or off by switching the port 
pin associated with a particular light. Since an output 
port's output level is TTL compatible (either 0 or 5 
volts), an external switch between the output port 
and the light is needed for the actual switching. 

Clock. The last block in the diagram is the clock gen- 
erator. This block determines at what times the CPU 
reads and executes new instructions from the pro- 
gram memory. All operations within the microcom- 
puter are synchronized to this master clock. The fre- 
quency of this master clock is set by an external 
crystal. Typical frequencies are in the range of 
1-12 MHz. 

Program memories. There are two different types 
of program memories, either ROM or EPROM. As the 
name implies, the ROM-based program memory can- 

3 5 8  
MHz 

fig. 3. Schematic diagram of the CW trainerlkeyer. All resistors are '/4 watt, 10 per cent tolerance. S3 and 54 and 
the contacts of an iambic paddle. 
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not be changed. The actual user program is placed 
into the memory by the microcomputer manufactur- 
er at the time the device is fabricated. Since this 
involves special tooling, the user is generally required 
to pay a fee - plus submit an order for a large num- 
ber of devices. If only one microcomputer is needed 
for a special project, a ROM-based microcomputer 
isn't the way to go. 

Some microcomputers use EPROM for their pro- 
gram memory. EPROM technology allows the user to 
erase and reprogram the microcomputer at any time. 
These devices were originaily developed to help the 
user debug his program before committing it to ROM. 
However, EPROM-based microcomputers are perfect 
for one-of-a-kind projects such as we hams usually 
undertake. They can be changed at any time with no 
worry about big orders or tooling costs. So if there's 
a need for a particular gizmo, just use the EPROM ver- 
sion. It's like having your own custom IC! 

lntel 8748 
The EPROM microcomputer used for the trainer1 

keyer is the lntel 8748. Its block diagram is shown in 
fig. 2. Notice the similarities to fig. I .  The 8748 has 
1024 bytes of program memory and 64 bytes of data 
memory. (Each byte holds one instruction, or piece 
of data.) This may sound awfully small if you're 
familiar with microprocessors; however, remember 
that microcomputers are used mostly for control 
applications. Very few of these applications require 
more than 1000 bytes of program. But if your particu- 
lar application requires more, the 8748 is easily 
expanded to 4000 bytes of program memory and 320 
bytes of data memory using external components. 

The 8748 also contains a total of twenty-six I10 
lines. There are two 8-bit I10 ports (PORT1 and 
PORT21 that can be mixed as any combination of 
input or output lines. Another &bit port (BUS) either 
expands memory or is a simple input or output port. 
The remaining two lines are the test inputs, TO and 
T I .  The CPU can test these inputs under program 
control. They also have special functions depending 
on the mode of the internal timerlcounter. 

The programmable timer on the 8748 is an &bit up 

E L E M E N T  CHARACTER WORD 
SPACE SPACE SPACE 

4I- 
DOT T I M E  

fig. 4. Morse code timing definition example for the Morse 
characters CQ DE. 

S T A R T  0- 1 

READ SPEED - 
I 

READ S P A C I N G  
I 

i 
I 

Z E R O  

fig. 5. Flow chart for the START routine in the CW trainer1 
keyer software. 

counter. This timer either measures time intervals or 
counts external events. The specific mode is selected 
by the program. In addition, the CPU can read, load, 
start, or stop the timer. 

Rather than go into greater detail on the 8748, I'd 
suggest that any interested reader obtain The 
MCS-48 User's Manual from Intel's literature depart- 
ment. This manual provides all the hardware and 
software details for the 8748 as well as for several 
other single-chip microcomputers. 

trainer1 keyer circuitry 
Fig. 3 shows the schematic of the 8748-based 

trainerlkeyer. The circuitry is straightforward. I t  
requires only three ICs, a crystal, an LED, and a hand- 
ful of switches, resistors, and capacitors. The 
thumbwheel switches determining the character 
speed (SPEED) and spacing (SPACING) connect to 
the BUS (DB7 = DBO) and PORT2 (P27 = P20) 
lines respectively. The trainerlkeyer assumes BCD 
(binary-coded-decimal) coding for the speed and 
spacing input. The use of BCD thumbwheel switches 
is the easiest way to get the inputs into this format. 
Simple spst toggle or DIP switches could also be 
used; however, the BCD coding must then be done 
manually. Notice that no pull-up resistors are 
required on PORT2, although they are needed on the 
BUS inputs. PORT2 has the pull ups internally. 
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fig. 6. The PADDLE routine implements the iambic keyer 
section of the trainerlkeyer. 

PORT1 (PI7 = P10) is the remaining 8-bit I10 
port. Unlike the BUS and PORT2 ports which are only 
inputs in this application, both inputs and outputs are 
mixed on the various lines of PORTI. The inputs on 
PORT1 are the MODE, FORMAT, and DOTIDASH 
switches. MODE selects between the trainer and 
keyer modes. When MODE selects the trainer, the 
FORMAT switch determines the trainer's character 
set. With the FORMAT switch open, the trainer sends 
code groups containing only the alphabet. When 
FORMAT is closed, the alphabet along with numbers 
and punctuation form the code groups. If the keyer 
mode is selected through the MODE switch, a paddle 
supplies the inputs through the DOT and DASH lines. 
These inputs are independent, so either iambic or 
noniambic paddles may be used. The FORMAT and 
SPACING inputs have no effect when the keyer mode 
is used. 

There are two outputs on PORTI. P10 is the actual 
CW output and PI3 is a status indication output. The 

two-input NAND gate, U2A, buffers the CW output. 
The other input is a TUNE switch, which clamps the 
NAND output high when depressed. This NAND out- 
put keys the sidetone generator, U3A, and/or the 
transmitter. Switch S5 disconnects the transmitter 
while in the trainer mode if desired. The sidetone 
generator uses one-half of the 556 as a bistable multi- 
vibrator triggered by the CW output. The transmitter 
keying circuit shown is for grid-block-keyed transmit- 
ters. For other keying techniques, a 5-volt relay could 
replace this circuit. 

The status indicator output, P13, notifies the user 
if an invalid combination of speed or spacing is 
selected. In normal operation the STATUS LED is lit 
continuously as a power-on indicator. If 0 wpm is 
selected, or if the spacing is greater than the speed, 
the LED flashes on and off until the condition is cor- 
rected. 

The trainer uses the internal timerlcounter in the 
event-counter mode to generate random numbers. 
These random numbers are eventually used to select 
the CW characters within the code groups. U3B sup- 
plies the events to be counted. As with U3A, this half 
of the 556 is wired as a bistable multivibrator. This 
oscillator output is tied to the 8748 T1 input. T1 is a 
dedicated input to the event counter when using the 
event-counter mode. Since U3B is free running, the 
event counter simply increments through its entire 8- 
bit range. As we'll see shortly, the program periodi- 
cally reads the contents of the counter. This number 
then selects the next CW character to be transmit- 
ted. Random character generation is guaranteed 
because there's no synchronization between the pro- 
gram and the free-running oscillator. 

The last piece of hardware is the crystal. The crys- 
tal supplies the basic time interval in which the CPU 
steps through the program in the program memory. 
Keeping cost in mind, a standard TV color-burst 
crystal, 3.58 MHz, was chosen. 

the code 

Before describing the software, let's review just 
how a Morse code character is developed. Every 
character is made up of elements: dots and dashes. 
One basic time unit relates all the elements and the 
spacing between them. Dots are one dot-time long, 
while dashes are three dot times in duration. Within a 
character, elements are separated by an inter-ele- 
ment space equivalent to one dot time. The space 
between characters within a word is defined as three 
dot times. Spaces between words are seven dot 
times. The basic time interval is a dot time. Fig. 4 
illustrates this timing for "CQ DEW. 

For any given speed, the trainerlkeyer uses the 
time for one dot element as the basic time unit. To 
convert from words per minute to this basic time 
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unit, we use the equation found in the ARRL Hand- Program start. When power is turned on, the 8748 
book: begins executing the program corresponding to  the 

START flow chart, fig. 5. This routine first starts the 
u~pm = 2.4 (dots/second) event counter, then reads the speed selected 

Since in this formula a dot is made up of both the through the SPEED thumbwheel switches. If the 

dot itself and the space between it and the next dot, selected speed is 0 wpm, the program branches to a 

the equation for the basic time unit becomes: routine that flashes the STATUS LED once and 
returns to START. If the selected speed is something 

dot t ime  (second/dot  element) = 1 . 2 / w p m  other than 0 wpm, the routine converts the BCD 

We'll call this basic time unit a "dot time," with the 
understanding that it is the time equivalent to a dot 
element itself, not the dot element and the following 
space. For example, at 20 wpm, the dot time is 
? .2/20, or 6O rr?s. 

The trainerlkeyer has a short delay program that 
takes 0.1 ms to execute. This program does nothing 
except wait for 0.1 ms. To get the time interval need- 
ed, say, for 20 wpm, we simply make this program 
execute 60 ms1O.l ms, or 600 times. A t  one wpm, 
we need 1.2sl0.1 ms, or 12,000 times; while at 100 
wpm the count is only 120. The trainerlkeyer uses 
this software technique to  generate the time for each 
code element. 

The program is the heart of the trainerlkeyer. It 
has three basic sections: start, keyer, and trainer. 
The flow charts for each of these sections are shown 
in figs. 5 through 7. 

number into binary and uses this binary number to 
calculate how many 0.1-ms steps are needed to give 
the desired speed. This number of steps is called the 
SPEED loop constant. Once the SPEED loop constant 
is found, the same procedure is used for reading the 
SPACING thumbwheei switches and computing the 
SPACING loop constant. 

Once both loop constants are known, the MODE 
switch is tested. If the trainer is selected, the pro- 
gram branches to the routine called TRAIN, fig. 7. If 
the keyer is selected, the PADDLE routine is execut- 
ed, fig. 6. 

Keyer routine. Looking at the latter first, PADDLE 
simply tests the DOT and DASH inputs. If the dot side 
of the paddle is pressed (the P I 4  input is 01, the rou- 
tine sends a dot element by turning on the CW out- 
put, waiting in the delay loop for one SPEED dot 
time, turning off the CW output, and waiting out the 

Internal view of the CW trainerlkeyer. As can be seen, this version was constructed on perf board rather than using a printed cir- 
cuit board. Interconnections between the digit switches and the circuit board are made by using component carriers, which also 
hold the pull-up resistors (photo courtesy WBGSFC). 
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fig. 7 .  The trainer section of the trainerlkeyer uses the 
TRAIN routine. 

inter-element space for one more dot time. Then, to 
give the iambic nature to the keyer, the DASH input is 
examined t o  determine if the dash paddle is pressed. 
If so, a dash is sent by turning on the CW output for 
three SPEED dot times and waiting the one-dot-time 
inter-element space. Then the DOT input is tested 
again and the process repeats. 

If neither side of the paddle happens to  be pressed, 
the routine checks if either the SPEED, SPACING, or 
MODE inputs have changed. If one or more has 
changed the routine branches back to START to 

recalculate the loop constants, change modes, or 
both. If not, the DOT and DASH are tested again. 

The one area not shown in the flow chart is how 
the dot and dash memories are incorporated. During 
the delay time of sending an element or an inter-ele- 
ment space, the input for the other side of the paddle 
is tested occasionally. If it's pressed, a software flag 
(special bit) is set to indicate that memory is needed. 
When the current element is complete, this flag is 
tested. If it's set, the opposite element is sent before 
continuing. No action is taken if it's not set. 

Trainer routine. The trainer routine is similar to that 
of the keyer except that the inputs come from inter- 
nally selected characters. These characters are locat- 
ed in a special section of the program memory called 
the character table. The total number of characters in 
the table is 128. The frequency of occurrence of each 
character in the table roughly reflects its occurence 
in everyday text. In other words, the table contains 
seven A characters, six Es, six Ns, etc., while con- 
taining only two Js, two Zs, and so on. Each number 
and punctuation character has two entries. 

When the trainer needs a new character, it reads 
the internal event counter, which is driven from the 
free-running oscillator. This number is used as an off- 
set into the character table to select the next charac- 
ter. If the event counter happened to be 27 when it 
was read, the twenty-seventh character in the table 
(in this case it is a G )  is the next character trans- 
mitted. 

Since the character set is variable, some testing is 
needed of the number read from the event counter. 
These tests ensure that the offset is within the table 
limits as well as within the selected character set. If 
the FORMAT selects all characters the entire table is 
used. If only alphabet characters are selected the off- 
set range is restricted to  only that particular portion 
of the table. 

Characters in the table are stored in a binary form 
equivalent to Morse code. This form specifies that a 
dot is represented as a binary 1 while a dash is a 0. 

T H I S  ELEMENT 
SENT  F I R S T  

4 . . . -  

DASH 

DOT 

I TRAIL ING I 

fig. 8. Binary format in the character table for the character 
B. All characters are read right to left and contain one extra 
trailing one. All remaining positions out of eight total are 
filled with zero. 
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I I 

fig. 9. PC-board layout for the CW trainerlkeyer above and component layout diagram below. 
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Each of the 128 entries requires one byte (eight bits). 
The characters are right-justified and contain a trail- 
ing 1. Fig. 8 illustrates the format for the letter B. To 
reproduce the Morse code equivalent, the trainer 
simply shifts the whole character one position to the 
right and tests the bit that falls off the right-hand 
end. If the bit is a 1, it sends a dot; if it's a 0 a dash is 
sent. This process repeats, bit-bv-bit, until all the 
positions contain zeroes except the right.most. 
When this occurs, the character is complete, and a 
new character is fetched from the table. 

Now that we understand the basic operation of the 
trainer, let's look at its flow chart again (fig. 7 ) .  Since 
the trainer uses both speed and spacing, the first 
operation checks for the validity of the selected com- 
bination. Speed greater than the spacing is invalid, 
and the STATUS LED blinks accordingly. If the com- 
bination is okay, the character counter is set to 5. 
This software counter keeps track of the number of 
characters remaining to be sent in a five-character 
code group. Next, the event counter is read, and a 
character is selected from the character table. 

Character shifting is begun at this point. Let's 
assume the first element is a dash. The CW output is 
turned on and the delay routine waits three dot times 
as specified by the SPEED loop constant. The CW 
output is then turned off. Since the length of time 
until the next element depends on whether this ele- 
ment is the last in a character or is simply an interme- 
diate, intercharacter element, the routine checks for 
the character-done condition of all bits zero except 
the rightmost. If not the last element, an inter-ele- 
ment space is needed, and the delay routine waits 
one SPEED dot time before the character is shifted 
for the next element. If the dash happened to be the 
last element, the delay routine then waits the inter- 
character space of three dot units, using the dot time 
specified by the SPACING loop constant. Since a 
character has just been completed, the character 
counter is tested to  see if the character was the fifth 
character in a character group. If not, the character 
counter is decremented by one, and the routine 
reads the event counter and gets the next character. 

If the just-completed character was the last of a 
group, an additional four SPACING dot times are 
awaited, t o  give a total of seven SPACING dot times 
between groups, which corresponds to a word 
space. The routine then returns to reset the character 
counter to 5 and begin the next group. 

construction 
Construction of the trainerlkeyer is straightfor- 

ward. PC and perforated board techniques work 
equally well. The printed circuit layout is shown in 
f ig. 9 for those who would rather "roll their own." 

The only constraint in the construction is that the 
crystal and its companion 20-pF capacitors be locat- 
ed as close as possible to the 8748 IC. Be sure to by- 
pass all inputs and outputs from the enclosure to  
minimize rf entering the enclosure. 4 s  for the power 
supply, the trainerlkeyer requires only a 5-volt sup- 
ply. Any 5-volt supply capable of supplying 150-200 
mA is sufficient. The PC board layout contains provi- 
suns for a diode bridge rectifier and three-term~nal 
voltage regulator. 

parts 
Many of the larger mail-order IC houses stock 

8748s. Otherwise, they can be purchased at any Intel 
distributor listed in the MCS-48 User's Manual. 
Demand for the 8748 is quite high, so availability may 
be limited; be sure to call around. Several versions of 
the 8748 are available. These different versions are 
denoted by another digit after the 8748; e.g., 8748-4. 
Any version will work in the trainerlkeyer. The 
8748-8 is the lowest-cost version, so ask for it if 
there's a choice. The only difference between differ- 
ent dash-numbered parts is the maximum crystal fre- 
quency. The maximum for the -8 is 3.6 MHz, while a 
"no dash" device works up to  6 MHz. 

One caution. These devices are unprogrammed 
and must be programmed with the trainerlkeyer 
software for use in this application. Intel distributors 
usually have a programming service available for a 
small charge, or an 8748 programmer can be con- 
structed based on the timing shown in the user's 
manual. Programming requires a knowledge of the 
machine language program. Listings of this program 
are available from the author. 

afterthoughts 
The 8748 is an extremely flexible device. The num- 

ber of applications for it within Amateur Radio are 
almost limitless. Other applications that have been 
built are a single-chip Morse code encoderldecoder 
and a WWVB digital clock that never needs to be set. 
As an example, the encoderldecoder allows you to 
receive and transmit CW directly on any Baudot or 
ASCII teleprinter, plus any terminal unit having 
RS-232 switching levels (ST-5 or ST-6). For transmit, 
the encoder accepts either Baudot or ASCll serial 
characters from the keyboard. Up to thirty-two char- 
acters are buffered and transmitted in CW at any 
speed from 1 to 99 wpm. On receive, the decoder 
adapts to any CW input speed all the way from 1 to 
over 100 wpm. Received characters are formatted in 
either Baudot or ASCll and sent serially to the printer. 
Why not pick up an MCS-48 User's Manual and get 
into computer-controlled ham radio the easy way? 

ham radio 
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dip meter converter 
for very low 
frequencies 

Using an ordinary dip meter 
at frequencies below I00 kHz 

can be a problem - 
this converter allows 

your meter to work 
accurately to 1 kHz 

You're just starting to build some equipment for 
vlf. There's a tuned circuit that you think you've cut 
to about 100 kHz, but something seems to be wrong. 
You reach for your trusty dip meter and you find . . . . 

If your dip meter resembles my ancient Millen, you 
find that it cuts off at 1.7 MHz, It doesn't come any- 
where near vlf. 

When faced with this disagreeable situation, I first 
devoted some thought to winding a few appropriate 
coils for the Millen. Then I toyed with the idea of 
starting from scratch with a VCO chip. Finally 1 tried a 
simple and rather obvious approach that worked 
beautifully. 

By using a ripple counter (fig. 1) you can divide 
what you need by what you don't have. Starting with 
a dip oscillator that's well calibrated, you can go to a 
frequency as low as you like. No improvising of coil 
forms, no hunting around for calibration points, and 
no worries about the mechanical stability of a new 
tuning mechanism. 

The 4040 counter chip divides by 21 through 212. 

This fits the approximately 2:l tuning range of the 
typical dip oscillator and leaves no gaps in the spec- 
trum. Some conditioning of the input is required, but 

the 4001 is inexpensive and readily available, and it 
can be used for this purpose. 

All that's necessary to  measure a resonant fre- 
quency is to feed an rf probe from the divider output. 
Connect the probe directly to the tuned circuit. The 
rf voltmeter measures the voltage drop across the cir- 
cuit. When off resonance, the probe is essentially 
short circuited. At  resonance, the test circuit looks 
like a large resistance, and the voltage rises accord- 
ingly. Since the probe is directly connected to the 
test circuit, it's possible to measure not only the reso- 
nant frequency but the resonant impedance and Qas 
well. Seems like a nice bonus to get all this with such 
a simple apparatus. 

the circuit 
The first section of the 4001 is biased into its active 

region for use as an amplifier. This unloads the dip 
oscillator and helps keep its original calibration in- 
tact. There are different ways of handling the bias 
problem, but the one shown in fig. 1 proved to be 
thoroughly stable, and both the A- and B-series chips 
worked well. R1 provides a certain measure of input 
protection. 

A characteristic of CMOS is that steady-state off- 
sets propagate poorly through a series of gates. Ty- 
ing together both inputs to the second gate assists 
the process under certain circumstances. In this 
case, I found that the third gate could be switched by 
manipulating the bias on the first gate. The steady- 
state output, however, could not be set anywhere 
except at a supply rail. The fourth gate wasn't need- 
ed, so it was tied off. Supply voltages can vary from 
about 7 to 15 volts. For a variety of reasons, 12 volts 
seemed to be a good compromise. 

From the divider chip, a 12-position rotary switch 
selects the desired subharmonic and routes it to the 
four output terminals. Terminal A is for using the 
gadget as a utility squarewave generator. Terminal B 
is normally connected to terminal C either directly or 
through R4. This resistor is located outside the case, 
because it must be changed under certain circum- 

- 
By E. G. Von Wald, W4YOT, 932 North Federal 
Highway, Lake Worth, Florida 33460 
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stances, as discussed later. Terminals C and D form 
the probe. C2 and CRI, with filter R5C3, form the 
business end of the rf voltmeter. A sensitive, high- 
resistance indicator - such as an electronic volt- 
meter - should be used to read the voltage. 

As mentioned, the 4040 divides by a factor as high 
as 212. When you apply this divisor to the lowest fre- 
quency on the Millen, you get an output of a little 
under one-half kHz. This seemed pretty far below 
that required for my purposes, so the 12th output on 
the chip was left unconnected. The open position on 
the switch allows the instrument to be used as an rf 
probe with external excitation. It has a resistance (at 
these frequencies) in excess of a megohm, shunted 
by several picofarads. 

construction 
Construction is simple and, allowing for the diffi- 

culties of working with quasi microcircuitry, reason- 
ably fast. Since CMOS lends itself to point-to-point 
wiring, the additional problems of working up an 
etched circuit board are avoided. Fiberglass perf- 
board with 2.6-mm (0.1-inch) hole spacing was used 
with no. 24 AWG (0.5-mm) solid wire. Stripped of its 
insulation, this wire laces nicely through two or three 
adjacent holes. When pulled up tight, it holds its po- 
sition well, forming a stable anchor to the perfboard. 
Trim the wire about 5-mm (0.2 inch) above the adja- 
cent socket terminal. Then use a soldering tool to 

Inside the vlf dip meter converter. The case is plastic with 
an aluminum top panel lnot shown). Plastic is inexpensive 
and easy to work but mars easily. Static electricity is no 
problem. 

et. A spacer and bolt were inserted close to the 
switch to provide extra rigidity when switching. 

A word about using resistors at radio frequencies. 
The resistance values tend to fall off as frequency is 
raised. Henneyl gives some data for %-watt film- 
and slug-type resistors. Fig. 2 summarizes this infor- 
mation for the frequency-resistance range likely to be 
encountered here. 

bend the trimmed stub over against the terminal. 
Twist the wire so that it stays against the terminal by adjustment 
itself. Soldering becomes very easy this way. When the circuit has been wired and checked for 

The photograph of the instrument interior shows accuracy, insert the chips and power up. Use a VOM 

the mechanical layout. Metal shielding should be set to about 10 mA in series with one of the supply 
used to keep stray fields from the 4040 out of the rec- leads. Set the selector switch about mid range. 
tifier circuit. Shielding was made from scrap flashing Screw R2 all the way to one limit, then slowly 
copper. The shield also serves as a mounting brack- bring it back past its midpoint. Supply current should 
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fig. 1. Vlf converter schematic. R4 will vary, as described in text. 
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be negligible until you get near the active region, than at resonance) at regular odd submultiples of the 
when it will jump rather suddenly to several milli- resonant frequency. This is why it's easiest to start 
amperes. Even with a 20-turn pot, this adjustment hunting for resonance from the high end. It also pro- 
range is narrow - % turn should carry you all the vides a graphic illustration of just what the corners of 
way through. square waves are made of. 

Leaving the pot set at the middle of the active re- You can use inductive coupling for resonance 
gion, short circuit terminal B to terminal C. Couple checking (but not for Q or impedance). Simply con- 

FREQUENCY X RESISTANCE 

fig. 2. The product of frequency times resistance is shown on the horizontal axis. Frequency should be in  MHz;  resistance in 
megohms. The thin film resistors are clearly superior a t  radio frequencies. 

the dip oscillator to the input through a 3-turn link at 
the end of a short length of RG-58/U cable. 

Set the dip oscillator to 4 MHz. When the oscillator 
is switched on, there should be another jump in cur- 
rent to perhaps 7 or 8 mA with a 12-volt supply. No 
further adjustment is necessary unless the supply 
voltage is changed by an appreciable amount. 
Should the output voltage vary appreciably across 
any single output range, either R2 is not set right or 
else more coupling to the oscillator is needed. Keep 
in mind, though, that there are about 4 or 5 pF of 
shunt capacitance at the rectifier and it's not always 
negligible (compared, in this case, with the resis- 
tance of R3). At 2-MHz output, for instance, the 
open-circuit voltage will be quite low. However, 
when a tuned circuit is connected, this shunt capaci- 
tance is simply absorbed into the tuning capacitance. 
At these frequencies, the error should not be serious. 

Once the device is functioning properly, connect 
the probe across a marked i-f transformer. Output 
voltage should fall toward zero. To find the resonant 
frequency, start from above the expected frequency 
and tune down. When you get close to the target, 
the output should peak up nicely. After locating the 
proper resonance point, keep tuning down the spec- 
trum. You'll find peaks (considerably lower in voltage 

nect a multiturn link directly across the probe ter- 
minals. Couple this link to the circuit in question. 
Output will still be a peak at resonance. Expect to use 
a lot of turns at these low frequencies. 

operation 
You can use the 20 kilohms of R3 by itself for rou- 

tine frequency checking, with a short in the R4 posi- 
tion. Measuring circuit Q and resonant impedance is 
slightly more complicated. You have to make one or 
two voltage readings and do a little arithmetic. 

The divider chip itself can be viewed as a generator 
with a low internal resistance. Shunting such a low 
resistance across a parallel-tuned circuit would great- 
ly lower the apparent Q. The simplest way of avoid- 
ing this is to use a couple of megohms for R4 and 
make your measurements with a millivoltmeter. 

If yours is a standard analog electronic voltmeter 
with a lowest range of 1 % volts, you can't do this. 
The rectifier response would be somewhere between 
linear and square law, but you wouldn't know where. 
The voltage readings would be completely unreliable. 
It's better in this case to keep the voltage to the rec- 
tifier high, assume that it's more or less linear, and 
make a correction for the shunting resistance. Here's 
how to do it. 
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Short the square-wave output terminal directly to 
the probe terminal. With no loads connected, switch 
the output to its lowest frequency range. Observe 
the voltage reading (use the dc scale). This should be 
around 4% volts with a 12-volt supply. Call this volt- 
age E. 

Remove the short. Connect a suitable resistor in 
the R4 position. 50 kilohms would be a good value to 
start with. Now connect the probe to the tuned cir- 
cuit and measure the voltage reading at resonance. 
Call this Vo. For best accuracy, Vo should be some- 
where around half to three-fourths of E. You may 
have tc hunt a bit to get a resister that brings V8 
within these limits. The amount of resistance 
required varies according to the resonant impedance 
of the circuit. If it's very low, you may have to use 
the minimum (R3 alone). 

Once you get Vo within the proper limits, measure 
the Q in the usual manner by detuning the oscillator 
until you get 0.707 Vo either side of resonance. 

& is the apparent Qnot the true Q. To find true Q: 

The factor 1.27 comes about because the E you 
measure is a square wave and includes harmonics. 
Some of them tend to cancel the peak of the funda- 
mental waveform. When the tuned circuit is con- 
nected, it bypasses these harmonics and they no 
longer affect things. (To be precise, 1.27 happens to 
be the coefficient of the first ac term in the Fourier 
series expansion of the squarewave after being nor- 
malized to the dc term.) 

To find the tuned-circuit resonant impedance, you 
can use the formula 

These results should be accurate to within about 10 
per cent or so, assuming you're using 5 per cent re- 
sistors properly derated. Frequency readings will be a 
few per cent on the low side because of the parasitic 
shunt capacitances. Decouplng the test circuit by 
feeding it through a large resistor will greatly reduce 
this error, but the peaks are harder to locate. 

By the way, if you're accustomed to using a dip 
meter, you'll notice something rather odd when 
measuring with this device. The precise peak at reso- 

nance seems somehow more elusive than the dip 
used to be. This is not just imagination. With the dip 
meter, the oscillator frequency tends to  lock in with 
the test-circuit resonant frequency. This produces a 
sort of "slot" that holds the dip down over a certain 
tuning range and makes it more easy to observe. The 
effect is quite pronounced with very tight coupling to 
a very high-Q circuit. Such grabbing of control by 
what you're trying to measure is entirely absent with 
this gadget. The result is a somewhat different 
"feel. " 

conclusion 
Despite its simplicity, this little indicator should be 

a big help in getting started at vlf. Now you can reach 
for your trusty dip meter - with the attachment - 
when working at 100 kHz. Or even 1 kHz! 

reference 
1. Keith Henney, Radio Engineering Handbook, McGraw-Hill, New York, 
1959. 

appendix 
An approximate equivalent circuit, neglecting the internal resis- 

tance of the chip and the parasitic capacitances, looks something 
like this 

At resonance Eo/ VO = (R, + Zo)/Zo 

Hence Zo = R,/(Eo/ Vo- I )  

As measured, E and V are real. Z is, in general, complex, which 
leads to complex equations. However, for Qs greater than about 
10, the following reasoning is far simpler and leads to the same 
practical results. 

First, define the true Q. 

When R, is in parallel with Zo (through the generator), the effective 
parallel resistance is 

= rRS/(RS + ZO)I Q 
Hence Q = &[(R, + z~)/R J 

After substituting for Zo and some fiddling, you get the formula 
given. This notation is for sine-wave voltages. If E is a square wave 
some adjustment must be made, as indicated in the text. 
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ground systems 
for vertical antennas 

Data to help you select 
the most efficient 

ground system 
for your vertical antenna 

Over the past few years I've read and enjoyed the 
many articles about vertical antennas that have 
appeared in the Amateur magazines. Several of 
these articles refer to a very old research paper con- 
sidered to be a classic in the field of ground system 
design.' I finally located this paper, which was writ- 
ten in 1937 by three engineers who worked for RCA 
in New Jersey. Several of their main points are sum- 
marized in this article, and the important results pre- 
sented given in graphical form. 

Using several different antenna heights, the RCA 
engineers measured the transmitted field strength at 
ground level, while varying the number and length of 
the radial ground wires. The radials were buried at 
about 15 cm (6 inches), with a test frequency of 3.0 
MHz. One test, using radials laid on the surface of 
the earth, gave essentially the same field strength 
readings as when the radials were buried. 

interpreting the graphs 
First let's look at fig. 1. The actual measured field 

strength is plotted as a percentage of the maximum 
theoretical field strength for antenna heights from 10 
to 90 degrees. Remember that one wavelength con- 
sists of 360 electrical degrees, so that 90 degrees 
equals 1 14 wavelength, while 45 degrees is 1 I 8  
wavelength. Antennas taller than 114 wavelength 
were not used because of excessive height require- 
ments. In fig. 1A each radial is 41 meters 1135 feet) 
long, which amounts to 0.412 wavelength at 3 MHz. 
In fig. 1B each radial is 27 meters (90 feet) long 
(0.274 wavelength), while fig. 1C was plotted for 
13.7-meter (45-foot or 0.137-wavelength) radials. 
Figs. 2A through 2D show field strength as a func- 
tion of antenna height for three radial lengths with 
the number of radials held constant. 

What do these graphs mean? First, for any number 
of radials of any length, making the antenna higher 

will make it radiate more efficiently, although the 
graphs tend to flatten out in most cases once the 
antenna height reaches 118 wavelength or so. Fig. 
1C shows that, even if many radials are used, the 
field strength doesn't exceed 80 per cent of the 
theoretical maximum value because the radials (just 
over 118 wavelength) are simply too short. Using 

1 only 15 radials in this case gives results almost as 
good as using 113 radials. This holds true even if the 
antenna itseif is very short. 

If you use radials of about 114 wavelength (as in 
fig. IB ) ,  the measured field strength increases to 
about 92 per cent of the theoretical maximum if 113 
radials are installed. Increasing the length of the radi- 
als still further, to about 0.4 wavelength, as in fig. 
I A ,  brings the measured field strength to 98 per cent 
of the theoretical maximum, if you again use 113 
radials. 

Looking at figs. I A ,  1B, and lC ,  you can see that 
if you use only two radials for your ground system, 
the field strength will be virtually identical no matter 
how long the radials. Even if you use a full-size, 114- 
wavelength vertical, the field strength will be less 
than 65 per cent of the theoretical value. As the num- 
ber of radials increases, the improvement in field 
strength is progressively greater (the curves become 
further apart) as the length of the radials is increased. 
As you've already discovered from fig. IC ,  putting 
down more radials may not yield much improvement 
~f the radials are too short. Similarly, using very long 
radials is a waste of time if they are too few in num- I ber, as shown in fig. 2A. Fig. 2D iltustrates the bene- 
fits that can be gained by using long radials if you can 

1 install a lot of them. 

examples 

1. Suppose you have a 15-meter (50-foot) tower sec- 
tion that's base loaded with a low-loss inductor, and 
the system is resonant in the 160-meter "DX win- 
dow" at 1825 kHz. The antenna height works out to 
be slightly less than 1/10 wavelength, or about 35 
electrical degrees. Thinking that you'll probably need 
lots of radials to get good efficiency with such a short 
antenna, take a look at fig. 2D, which is for a 
ground system of 113 radials. Using 0.137-wave- 
length radials (about 22.5 meters or 74 feet) the effi- 
ciency is about 68 per cent; it is 87 per cent for 0.274- 

- 
By Alan M. Christman, WD8CBJ, Box 44, 
Granville, West Virginia 26534 
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wavelength radials (45 meters, or 148 feet), and 96 
per cent for 0.412-wavelength radials (68 meters, or 
222 feet). By interpolation, 90 per cent efficiency 
would require 113 radials with lengths of about 0.32 
wavelength (53 meters, or 173 feet). 

Another approach is to use fig. 1A. About 96 per 
cent efficiency can be achieved by using 113 radials 
0.412 wavelength long, as mentioned above. Using 
60 of these radials yields 86 per cent efficiency; and, 
bv interpolation, 90 per cent efficiency is attained by 
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using 81 of these long radials. The first scheme 
requires 5948 meters (19,500 feet) of wire, while the 
second approach uses almost 5490 meters (18,000 
feet). 

2. Suppose you have a phased array of 114-wave- 
length verticals on 40 meters, and want 90 per cent 
efficiency. From fig. 1B, it seems that 60 radials, 
each 0.274 wavelength (12 meters, or 38 feet) will 
give the desired result. Or you can use fig. 1A to 
determine that 38 radials, each 0.412 wavelength (17 
meters, or 57 feet), will also do the trick. Total wire 
length is 695 meters versus 662 meters (2280 versus 
2170 feet) 

3. Suppose you have a four-band trap vertical (40 to 
10 meters) and your yard is such that the radials can't 
be any longer than 5.8 meters (19 feet). This 
amounts to about 0.137 wavelength at 7150 kHz, so 
fig. 1C applies. 

Now it looks like it would be a waste of time to put 
in more than fifteen radials, because very little field 
strength is gained by adding extra ones. But this is a 
multi-band antenna, and those 5.8-meter (19-foot) 
radials are 0.274 wavelength at 14.2 MHz and 0.412 

NUMBER OF 
RADIALS 

113 

4 0  

3 0  
RADIAL LENGTH 

fig. 1. Design data for ground radial systems. Graphs 
A, 0 ,  and C show actual measured field strength as a 
percentage of maximum theoretical field strength for 
various numbers of radials 0.412. 0.274, and 0.137 
wavelength long. 

wavelength at 21.34 MHz, so fig. 1B applies for 20 
meters, and fig. 1A applies for 15 meters. If you use 
sixty radials, each 5.8 meters (19 feet) long, you 
won't get much improvement on 40 meters, but the 
increase from 15 to 60 radials yields a gain in efficien- 
cy from 79 per cent to 91 per cent on 20 meters and 
from 77 per cent to 94 per cent on 15 meters. The 
results on 10 meters are better yet. Radials that are 
"short" on one band may be quite "long" on another 
higher band. 

A tall antenna will have a broader bandwidth than 
a shorter antenna of the same diameter, so if a short 
antenna must be used, make it "fat." Instead of alu- 
minum tubing or pipe, make the vertical radiator 
from tower sections. Alternatively, a wooden tele- 
phone pole can be used to support a wire cage built 
around it. A short, fat antenna may have a band- 
width as great as, or greater than, that of a tall, thin 
one. A top hat can be used to capacitively load a ver- 
tical and make it seem taller. Experiments by W2FMI 
show that a top hat of diameter D will increase the 
effective height of the antenna by 2 0 . 2  A taller 
antenna will also have a higher radiation resistance. 
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There's nothing sacred about a 114-wavelength verti- 
cal, but an antenna of this height will have zero reac- 
tance, and therefore may be easier to match to the 
transmission line because its base impedance will be 
purely resistive. As the antenna is made taller, up to a 
maximum of about 518 wavelength, the elevation 
angle of the major lobe of radiation becomes lower, 
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a point at which it's useless to install any more of 
them. 

If the radials are short compared with the operat- 
ing wavelength, radiation efficiency will be low and 
relatively few radials will be needed to reach this 
point. If the radials are quite long, then many can be 
installed before reaching the point of diminishing 
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fig. 2. Performance comparison of fixed numbers of ground radials of various lengths. These graphs show measured field 
strength as a percentage of maximum theoretical field strength for 15.30.60. and 113 radials. 

which should improve the DX capabilities of the 
antenna. If a very tall antenna is erected, vertical 
stacking through the use of a coaxial sleeve or other 
means may be used to achieve extremely low radia- 
tion angles.3 

conclusion 
Remember that these graphs were drawn from 

data taken at a specific location in New Jersey, and 
results may vary somewhat depending on local soil 
conductivity. However, the general results are still 
useful and may be used as a guide. It's important to 
note that for any given length of radials there comes 

returns. The "classic" ground system used by a-m 
broadcast stations consists of 120 radials, each 112- 
wavelength long, which gives a radiation efficiency 
on the order of 95-98 per cent.4 

references 
7 .  Brown, Lewis, and Epstein, "Ground Systems as a Factor in Antenna 
Efficiency," Proceedings o f  the Institute of Radio Engineers, June, 1937, 
page 753. 
2. Jerry Sevick, "Short Ground-Radial Systems for Short Verticals," QST, 
April, 1978, page 30.. 
3. Paul Lee, "Theoretical Aspects of Vertical Stacking," The Amateur 
Radio VerticalAntenna Handbook, Cowan, 1974, page 43. 
4. Keith Henney, Radio Engineering Handbook, McGraw-Hill, New York, 
5th edition, page 20. 
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all about 
traps and 

trap antennas 
These days, almost everyone who enters the 
Amateur Radio hobby purchases or builds a band- 
switching transmitter or transceiver covering 80 to 10 
meters, allowing a degree of operating flexibility 
unknown in the days of single-band finals and plug-in 
coils. A logical extension of the bandswitching trans- 
mitter is an equally flexible antenna, capable of 
"instant" operation over the same bands the trans- 
mitter covers. Hence the trend to efficient, auto- 
matic, multiband antennas. One of the most popular, 
and technically sound, multiband antenna systems is 
the trapped antenna, both in its vertical and horizon- 
tal forms. Unfortunately, if ever there was confusion 
surrounding antennas, there's confusion about trap 
antennas; a great deal of mumbo-jumbo has been 
written about them. 

In this article, I will attempt to set things straight 
with a discussion of some of the basic antenna con- 
cepts necessary to put traps in perspective, then I'II 
proceed to talk about both the trap dipole and the 
trap vertical. I'II also make some suggestions on how 
to feed, match, and tune the trap antenna, and dis- 
cuss some possible problems you may encounter 
with harmonic radiation and television interference 
(TVI). 

basic concepts 
Many beginners do not realize the importance of 

using a good antenna, and, as a result, waste much 
of their transmitter power and spend much of their 
time unsuccessfully trying to make contacts. While 
virtually any piece of wire can be "loaded up" using a 
wide-range antenna coupler on any band, the per- 
formance of such a makeshift antenna will not likely 
set any DX records. Far better for single-band opera- 
tion is the dipole, or "doublet," antenna, which is 
usually the simplest and most trouble-free kind you 
can use. The dipole is normally cut for the center of 
the desired band and fed with 50- or 75-ohm coaxial 
cable. A coax-fed dipole that is high and in the clear 
will usually work well over a range of f 2 per cent of 
the center frequency before the mismatch even goes 
above 2: 1. 

A simple half-wave dipole is cut to frequency using 
the formula F (in feet) = 468/frequency (in MHz). 

Whereas the impedance at the ends of the antenna 
is quite high, approaching 3000 ohms or more, the 
center impedance of a high-frequency dipole at mod- 
erate heights runs about 50-75 ohms. This presents a 
good match for easy-to-handle coaxial cable. The 
other end of the transmission line (which may be of 
any reasonable length) is connected to the output 
connector of the transmitter or transceiver. Thus, a 
good match is also effected between the transmis- 
sion line and the transmitter, which normally has a pi 
network output circuit designed to handle line impe- 
dances under about 100 ohms. 

Problems arise when you try to use a dipole far 
from its design frequency: For example, using one 
cut for the center of the relatively wide 80-meter 
band (3750 kHz) at the high end, 4000 kHz. The 
impedance will then be reactive, since the antenna is 
no longer perfectly resonant, and it may result in a 
moderately high SWR and loading problems at the 
transmitter. Also, if you try to use a dipole that's cut 
for one band on another band, you may develop a 
severe transmission line mismatch (SWR) of up to 20 
to 1 or higher. If you were to load up an 80-meter 
dipole with 40-meter rf from your transmitter, for 
example, you would find that the antenna no longer 
acts like an ordinary dipole, but rather like two half- 
wave antennas fed at their endpoints. The impe- 
dance might be around 3000 ohms, resulting in a mis- 
match to 75-ohm coax of about 40 to I !  

Thus, the dipole is essentially a single-band anten- 
na, although there is an exception. At odd harmonics 
of its fundamental frequency the antenna's center 
impedance is low, so that it can be fed with low- 
impedance coax and work on certain higher-frequen- 
cy bands. A 40-meter dipole, for example, can be 
used on 15 meters (21 MHz being an odd harmonic of 
7 MHz); this fact is also made use of by trap manu- 

- 
By Karl T. Thurber, W8FX, 631 North Over- 
brook Drive, Fort Walton Beach, Florida 32548 
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facturers to  make possible operation on several 
bands using a minimum number of separate traps. In 
fact, the horizontal trap dipole is really an ingenious 
and versatile adaptation of the basic dipole or 
doublet. 

What about verticals? I'll cover trap verticals later, 
but first I want to discuss basic vertical antenna con- 
cepts. The vertical is popular on all the high-frequen- 
cy bands, and especially on the three highest bands 
(20, 15, and 10) for DX work. The simplest vertical is 
a quarter-wavelength long, fed "against ground" or 
connected to "artificial" groundplane radials tied to 
the base of the antenna. The groundplane, or earth, 
acts as a sort of mirror image for the antenna, allow- 
ing i~ to be a quarter-wavelength long rather than a 
full half-wavelength. The vertical's feed point impe- 
dance is usually between 25 and 40 ohms, so it offers 
a fair match to 50-ohm coax. 

The vertical's popularity stems from two factors. 
The first is that it is a space saver; all one needs is 
vertical space, rather than a long horizontal antenna 
"run." If buried ground radials rather than above- 
ground radials are used, no horizontal space at all is 
required. (Of course, to be effective, the vertical 
should be installed as far as possible from other 
objects, such as house and utility wiring, and the 
ground system should be as extensive as possible.) 

The second factor promoting the popularity of the 
vertical antenna for high-frequency work is that it 
produces a low angle of radiation, which places max- 
imum signal near the horizon for good effect when 
working DX. When compared with a horizontal 
antenna mounted 10 to 15 meters (30 to 50 feet) 
high, the vertical will usually perform better over 
longer hauls, roughly 950 to 1300 km (600 to 800 

Traps and completed trap antennas may be fine tuned to 
resonance using an rf noise bridge such as the one shown 
here. The traps may also be adjusted using a grid-dip oscilla- 
tor, and overall antenna performance may be checked with 
the aid of an SWR (standing wave ratio) bridge (photo cour- 
tesy Palomar Engineers). 

miles) and beyond. On the other hand, the horizontal 
will usually give a better account of itself over shorter 
distances. The choice of vertical versus horizontal 
antennas for the high frequencies depends a great 
deal on what you want to use them for -- and also on 
individual preference. Overall, I prefer the horizontal 
on 80 and 40 meters (for short- and medium-haul 
work), and the vertical on 20, 15, and 10 for longer- 
path DX. 

variations on a dipole 
Lack of space has prevented many an Amateur 

from putting up any satisfactory antenna for the 
high-frequency bands, let alone install multiple 
antennas for each band on .which he might want to 
operate. In many cases, an antenna length of about 
30 meters (100 feet) is all that can be managed on a 
small city or suburban lot, not quite enough for oper- 
ation on 75 and 80 meters. The trap antenna offers 
promise in this case, since its traps act as loading 
coils to "shorten" the required length to  between 30 
and 35 meters (100 and 110 feet) for 80-meter opera- 
tion, and the electrical characteristics allow the 
antenna to be fed easily on the higher bands by an 
untuned (coax) feedline. 

Trap operation is actually quite simple. Each is a 
parallel-tuned LC coil and capacitor circuit which is 
installed in the antenna to "divorce" the remainder of 
the antenna from the section on the "inside" of the 
traps. The principle involved is that an inductor and 
capacitor in parallel, when tuned to  a given frequen- 
cy and installed in a line, present a near-infinite impe- 
dance to rf current at that frequency. In effect, the 
parallel circuit acts to "trap" that particular frequen- 
cy, acting as though it were the end of the antenna 
for that frequency. A t  all other frequencies (both 
above and below the trap's resonant frequency), the 
trap is a short circuit so that rf passes through i t  as 
though is were not there. 

Several trap dipole configurations are popular. In a 
simple trap scheme, only one pair of traps is required 
for operation from 80 through 10 meters. In this case, 
a basic flat-top length of about 32.4 meters (108 feet) 
is used for 80-meter operation, the shortening being 
due to the electrical loading caused by the traps. On 
40 meters, the traps insulate, or "divorce," the out- 
side wire sections so that the antenna looks electri- 
cally like a 40-meter dipole. On the higher bands - 
20, 15, and 10 meters - the trap dipole works out to 
electrical lengths that are roughly odd multiples of 
half-wavelengths (such as three half-waves on 20, 
five half-waves on 15, and seven half-waves on 10). 
Thus, use is made of the same principle that allows a 
simple 40-meter dipole to work on 15 meters. 

In a more complex trap arrangement, a pair of 
traps (one on each side of antenna center) is required 
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selected trap and trap antenna suppliers 

Antenna Supermarket, Post Office Box 1682, Largo, Florida 
335450 

Butternut Electronics Co., Route 1, Lake Crystal, Minnesota 56005 

Cushcraft Corp., Box 4680, Manchester, New Hampshire03108 

Electrospace Systems, Inc., Post Office Box 1359, Richardson, 
Texas 75080 

Hy-Gain Electronics Corp., 8601 Northeast Hwy. 6, Lincoln, 
Nebraska 68505 

Mosley Electronics, Inc., 4610 Lindbergh Blvd., Bridgeton, 
Missouri 63044 

New-Tronics Corp., 15800 Commerce Park Drive, Brookpark, 
Ohio 44142 

Pace-Traps, Box 234, Middlebury, Connecticut 06762 

Unadilla-Reyco Div., 6743 Kinne Street, East Syracuse, New York 
13057 

Western Radio, Box 400, Kearney, Nebraska 68847 

Wilson Electronics, 4288 S. Polaris Avenue, Las Vegas, Nevada 
891 19 

fig. 1. Typical 80-10 meter multiple trap antenna using four 
pairs of traps. Section A-A forms the 10-meter antenna; the 
traps at  the end of this section consist of resonant induc- 
tor/capacitor circuits which isolate the rest of the antenna 
when operating on  10. Sections B-B, C-C, and D-D work  
similarly on 15.20. and 40 meters. The ful l  antenna resonates 
on the 80-meter band, but  is slightly shorter than a full-size 
dipole due t o  the loading effect of the coils. Antennas can 
also be constructed using fewer traps, as explained i n  the 
text. The antenna should be installed at  least 10 meters (30 
feet) above ground; plastic clothesline or rope can be used 
as halyards. The trap antenna can be fed w i t h  either coaxial 
cable or w i t h  72-ohm twinlead, which should be run f rom 
the antenna at  right angles as far as possible; slight tension 
on  the feedline w i l l  minimize swing. 

for each band (except the lowest). For example, to 
cover 80, 40, and 20 meters, you would need two 
pairs of traps - one for 40 and another for 20. A pair 
is not required for 80, since the antenna itself reso- 
nates on that band. For five-band coverage from 80 
through 10 meters, you would use four pairs of traps. 
In this scheme, the antenna is resonated by the 
single-band traps as a "true" half-wavelength dipole 
on each band, rather than as some multiple of a half- 
wavelength as in the simpler arrangement. Any com- 
bination of traps can be selected to make a "custom" 
multiple-band trap antenna, such as one covering 

160 and 20 meters, or 80, 20, and 15 meters, to cite 
but two of many possible examples. Fig. 1 shows 
trap arrangement in a multiple-trap antenna. 

Either trap scheme is capable of delivering good 
results. In the single-trap version, you can adjust the 
antenna length for the two lowest bands, but exact 
resonance on the higher bands (such as 20, 15, and 
10) may not fall where you want it to fall and a high 
SWR may result. On the other hand, single trap 
antennas are I~ghtwerght; tf matching becomes awk 
ward, the feedline length can be adjusted to allow 
the antenna to take power, or an antenna coupler to 
be used. The multiple trap kind has the advantage 
that it can be adjusted for a low SWR on each band, 
but interaction between the traps can make adjust- 
ment tricky. Also, the many traps involved can intro- 
duce some system loss, and the antenna is heavy. In 
either case, trap antennas are not broad-band anten- 
nas, and they will show an increasing SWR as they 
are operated farther away from the center frequen- 
cies. Usable bandwidth is typically several hundred 
kHz, depending on the band, the design of the traps, 
and the physical antenna length involved. Although 
the ARRL Radio Amateur's Handbook and Antenna 
Book, as well as numerous Amateur magazine arti- 
cles, describe trap construction, in some respects it's 
a good idea to purchase commercial traps, because 
the required low-loss construction and weather- 
proofing can be tricky. 

Antenna installation is more critical wi th trap 
antennas than single-banders, especially since trap 
resonances are set assuming a high and clear anten- 
na and they can easily be upset if these conditions 
aren't met. It's worthwhile to mount the trap dipole 
as high as possible, at least 10 meters (30 feet), If 
possible, the antenna should be a wavelength or 
more away from buildings and other obstructions, 
especially metallic towers and utility lines. It should 
also be well clear of tree limbs. Plastic clothesline 
(the kind without a metallic core) or rope can be used 
to support the antenna ends; the transmission line 
should be run away from the antenna at right angles 
for as far as practical and can be stapled directly to 
the house siding or run through TV-type standoff 
insulators in the shack. Do not try to use a trap dipole 
in a very limited space by bending down the ends at 
right angles; this will usually upset trap operation and 
detune the antenna, as well as unpredictably distort- 
ing the radiation pattern. 

If space is a problem, however, you can run the 
flat-top in a horizontal-\/ or inverted-\/ shape with 
good results; many Amateurs actually prefer the V, 
believing that there is some apparent gain on the 
higher bands, directivity is enhanced, and the angle 
of radiation (for DX) is lowered. Inverted-\/ configu- 
rations have the advantage that the antenna requires 
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only one high center mast, as the ends are sloped 
downward and can be suspended from convenient 
lower supports. There is no hard and fast rule about 
the angle of the V, but 90-120 degrees is normally 
used; it should not be less than about 75 degrees. 
Such arrangements are perhaps the best way to get 
on the air on several bands from a small city lot, yet 
allow for some directivity and gain which can be 
helpful in competing on the higher bands. Fig. 2 
shows some popular V configurations. 

What about antenna placement and directivity? 
Generally speaking, since the trap dipole is, essential- 
ly, a dipole, the signal pattern will be bi-directional 
and roughly doughnut shaped, with maximum signal 
perpendicular to the wire direction (90 degrees). 
Maximum radiation angle will be about 30 degrees 
from the horizontal. These figures assume an anten- 
na height of about a half-wavelength, although fairly 
similar patterns will result if the antenna is at least an 
eighth to a quarter wavelength high. As a practical 
matter, directivity will not be pronounced on 80 
meters and will be only slightly noticeable on 40. On 
the higher bands (20, 15, and 101, however, the 
antenna becomes much more directional, and opti- 
mum radiation departs from the doughnut-shaped 
pattern to become more of a cloverleaf, with maxi- 
mum radiation lying about 30 degrees off the ends. 
This is especially true of single trap dipoles where the 
antenna operates at some multiple of a half-wave- 
length. 

Thus, if you were to run your antenna east and 
west, maximum signal would be radiated southwest, 
northwest, northeast, and southeast. If possible, 
orient the antenna so that the four main lobes of the 

TRAF 

SUPPORTS 

FEEDLINE 
TO 

TRANSMITTER 

fig. 2. Diagram at (A) shows a V trap dipole, which can allow 
relatively long antennas to f i t  on small city and suburban 
lots. Three supports are required; the antenna is more direc- 
tional than a straight dipole and may exhibit a few dB gain, 
particularly on the higher frequency bands. Diagram (B) 
shows an inverted-V trap dipole. which can be hung from a 
high center mast and the ends run to lower supports to  form 
an approximate 90-degree angle at the apex. This arrange- 
ment is a favorite wi th DXers for improved low-angle radia- 
tion characteristic. Thetwoconfigurations may be combined 
to form a so-called sloping-inverted V but the radiation pat- 
tern may become rather unpredictable. 

3 BAN0 TRAPANTENNA RADIATION ZIITTERN 
2 0 - 1 5 - 1 0  METERS 

. .  -. 
A ~ 

5 BAND TRAP ANTENNA RADIATION PATTERN 

fig. 3. Typical trap dipole radiation patterns. The familiar 
doughnut-shaped patterns tend t o  become cloverleaf- 
shaped on the higher bands, where directivity is much more 
pronounced. The radiation pattern wil l  vary from the pat- 
terns shown for V and inverted-V configurations. Vertical 
radiation patterns depend largely on the antenna's height 
above the ground or the structure on which the antenna is 
mounted. For best results, the antenna should be installed 
at a height of about 10 meters (30 feet) or more. 

cloverleaf lie in the most favorable directions from 
your particular location for working OX on these 
bands. If you use the V or inverted-V configuration, 
the antenna becomes more sharply directional, with 
some gain apparent on the higher frequencies. Some 
typical radiation patterns are shown in fig. 3. 

A logical extension of the trap antenna is the multi- 
band rotatable beam, usually in the form of a triband- 
er covering 20, 15, and 10 meters. The tribander uses 
the same trap principles in resonating the director 
and reflector elements of the beam to give the anten- 
na its directionality, front-to-back ratio, and gain 
figure. Few commercial trap beam antennas are 
available for 80 and 40 meter operation due to their 
unwieldy size, but for the high-frequency DXer, the 
three-band trap beam is probably a "best bet" if sep- 
arate, full-size beams can't be installed. 

trap verticals 
The trap vertical's operation is very similar to that 

of the trap dipole; it works on the same principle. 
As I've indicated, the quarter-wave vertical is a sin- 

gle-band antenna. But, like the dipole, it can be put 
to use on odd harmonics of its resonant frequency, 
so you can use the same antenna on, say 40 and 15 
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fig. 4. Typical trap vertical antenna configuration. The 
example shown operates on four bands, 80 through 15 
meters, and uses three traps; many other variations are pos- 
sible. Each trap isolates the higher sections as required to 
simulate a resonant quarter-wavelength at the operating 
frequency. A good radial ground system or groundplane is 
essential for good efficiency in the vertical antenna. 

meters because of this special relationship. Besides 
the fact that the vertical is essentially a one-band 
antenna, its length for the lower bands, such as 160 
and 80 meters, is much too long for most tastes. 
Many hams feel comfortable working with a length 
up to about 15 meters (50 feet), but not the 19.5 
meters (65 feet) of an 80-meter vertical or the 39 
meters (130 feet) of a full-sized 160-meter "skypole." 
As in the case of the dipole, the addition of the traps 
has a shortening effect on the antenna, so that the 
typical 40-10 meter trap vertical is somewhat shorter 
than 10 meters (33 feet). Verticals that are to be used 
on  80 or 160 also are longer for good efficiency on 
these bands, but shorter sticks can be used by instal- 
ling add-on base loading coils at the expense of radi- 
ation efficiency. One trap per band (for all bands 
except the lowest) is usually installed to cause each 
section of the antenna to act as a quarter-wave verti- 
cal (although fewer traps may be used in certain 
designs). Thus, an 80 through 15 meter antenna is 
about 15 meters (50 feet) high and uses three traps in 
order to get four-band performance, as shown in fig. 
4; sometimes 160 meters is added by means of a base 
loading coil or "resonator." The ground radials effec- 
tively provide the "missing half" of the antenna. 

Like the standard single-band vertical, the trap 
radiates most of its power omnidirectionally at low 
angles above the horizon, and thus is a good choice 
for DX work. Unfortunately, many beginners have 

had poor results using trap verticals, but this is usual- 
ly the result of mounting the antenna too close to sig- 
nal-robbing obstructions, or not using a good ground 
system, or trying to work with a "too-compact," 
highly shortened vertical (especially on the lower 
bands, such as 80 and 160). 

The trap vertical is a bit more sensitive to mounting 
position and grounding than single-band types; trap 
operation is easily upset by proximity effects. The 
antenna should be installed well clear of bu~ldings, 
rain gutters, trees, and utility wires for good opera- 
tion and low SWR. A good ground is extremely 
important for efficient performance. This means 
using six to twelve radials buried at least 15 cm (6 
inches) in the ground, one or two ground rods at the 
base of the antenna, and possibly a direct connection 
to the house's cold-water piping. Without a good 
ground, much of the transmitter's power will be dis- 
sipated as heat, and the ground will not provide the 
proper mirror effect necessary for good results. If it is 
impossible to get a good ground connection, or if 
there are too many power-absorbing objects near the 
antenna when mounted at ground level, you can 
construct an artificial ground system, known as a 
groundplane, using at least four wires, or radials, 
connected together at the base of the antenna and 
running away from it like the spokes of a wheel. Usu- 
ally, four quarter-wavelength wires are used, but, in 
the case of the multiband trap vertical, these would 
only be a quarter-wavelength for one band. In this 
case, you could run several quarter-wavelength wires 
for the lowest band to be used, and add several 
shorter "random" lengths which would take care of 
the higher bands. Using an artificial groundplane 
with a trap vertical is necessary in some congested 
locations and when the antenna must be installed 
atop a high building. In any case, be sure to carefully 
follow the antenna manufacturer's suggestions for 
mounting and grounding whenever installing a trap 
vertical, since the ground system is an integral part of 
the antenna. 

You should also be aware that there is another 
type of multiband vertical that is technically related 
to the trap but is a good deal less expensive due to its 
much simpler mechanical construction. This is the 
base-loaded vertical, which uses a section of alumi- 
num tubing usually between 4.8 and 10 meters (16 
and 33 feet) in length; it has a tapped loading coil 
connected to it at the ground end. By making adjust- 
ments to the coil, the antenna can be resonated and 
matched closely on each band. However, since there 
are no traps, the antenna does not automatically 
switch bands, but requires that the operator change 
tap settings outdoors at the antenna when switching 
bands. (Remote switching arrangements are possible 
using relays controlled from the radio shack; these 
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can become quite complex, however, for five-band 
operation. ) 

feeding, matching, tuning, 
and harmonics 

The trap dipole can be fed with 50- to 75-ohm 
coaxial cable (using either RG-58lU or RG-59lU for 
moderate power levels - RG-8/U or RG-11/U if 
you're running a full kilowatt); the antenna impe- 
dance at resonance will usually fall in this range. The 
larger coax will also have the lowest loss, and, if you 
use a cable having a polyfoam center insulating 
material, it will have about 30 per cent greater power- 
handling capacity and a similar reduction in signal 
loss. If you must use a long feedline, use the larger- 
size cable with foam insulation. 

Since the dipole antenna is a balanced, or symmet- 
rical, type, if you are using coax feed you may want 
to use a 1: 1 balun transformer as the center insulator; 
this is not absolutely necessary, but using a balun 
can help equalize rf flow and prevent antenna current 
from flowing down the outside of the coaxial cable, 
causing distortion of the radiation pattern and possi- 
bly TVI.  Commercial baluns are small devices 
resembling center insulators; most of them also have 
a convenient hang-up hook for V configurations and 
a coaxial connector. 

You can also use 72-ohm twinline as the lead-in; it 
is less expensive than coax, and, since it is balanced, 
it does not require the use of a balun at the antenna 
- although you may still want to use one at the 
transmitter t o  mate with the coax output of most 
transmitters and transceivers. This type of line is fre- 
quently "lossier" than coax, however, and it should 
not be used on long runs, say over 45 meters (150 
feet), unless special low-loss, transmitting-type twin- 
line is used. 

The vertical trap antenna should be fed with 50- 
ohm coax, and, if the cable is to be buried, the heav- 
ier RG-8/U type is preferred. A balun is not used with 
the vertical since it is an "unbalanced" type of anten- 
na and works quite well when fed directly by coax. 

I should point out that any multiband antenna, trap 
types included, involves compromises to allow it to 
cover several bands. I t  is not possible to get a perfect 
match on each and every band, or from band edge to 
band edge. Some advertising literature leads one to 
believe that the trap "match" is perfect over all 
bands, but this is not so. In most cases, it is neces- 
sary to adjust the traps, shorten or lengthen sections 
of the antenna flat-top, or even change transmission 
line length to get uniform transmitter loading on all 
bands. 

What is important is to get a reasonable match 
across all the bands that you want to use; if the feed- 

Representative trap multiband antenna coils. The coils elec- 
trically isolate portions of the antenna flat-top depending on 
their resonant frequency. Electrically similar but mechani- 
cally different coils can also be used in connection with ver- 
tical antennas for multiband operation (photo courtesy 
Unadilla/Reyco). 

line isn't too long, losses will not be excessive and 
the antenna will work well even on the higher bands 
with SWRs of 4: l  or 5:1, although you may want t o  
use an antenna tuner to facilitate loading. 

When using traps, you may find that one or more 
bands show a higher SWR than desired. Since most 
commercial traps are pre-tuned and sealed, this 
means that you must adjust antenna section lengths 
to "tweak" the SWR into shape. Reyco, in its prod- 
uct literature, gives a simple procedure for adjusting 
the traps in a d'ipole: After constructing the antenna 
according to the recommended dimensions, each 
band is checked for SWR (starting with highest band) 
and the point of lowest SWR is noted. If the resonant 
frequency is too high, the center sections are 
increased slightly in length until the SWR is lowest at 
the desired operating frequency; if too low, the 
lengths are decreased. The same procedure is fol- 
lowed on each band, working from the high to  low, 
adjusting the wire sections between traps. Using the 
one-pair type system, you can use this procedure for 
the two lowest bands, but adjusting the lengths for 
best operation on, say 80 and 40 meters may "throw 
out" the SWR on one of the higher bands. These 
effects can't be overcome, but they can be mini- 
mized by cutting the feedline to  certain lengths. 
Doing this will not affect the true SWR, but can help 
the transmitter to "see" a good match. You should 
find that starting with coax lengths of about 13.5, 
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25.5, 33, and 40.5 meters (45, 85, 110, and 135 feet), 
or twinlead lengths of 22.5, 30, 33, and 39 meters 
(75, 100, 110, or 130 feet) should reduce loading 
problems on the higher bands; the feedline can be 
lengthened or shortened as necessary to get a good 
compromise match on all bands. I t  may not be possi- 

SEALED 
PLASTIC 

CAPSULE 4-=== 

fig. 5. Representative exterior sealed trap construction is 
shown a t  ( A ) .  In  this case, the trap itself is encapsulated in 
high-impact plastic which offers protection against the ele- 
ments. The antenna wires are attached to the trap by means 
of t w o  metal  U-clamps. An  interior view of the same trap is 
shown a t  (B) .  Traps designed for multiband beams and ver- 
ticals are electrically similar, but are usually encased in or 
wound over fiberglass forms for added strength. For lowest 
loss, there should be no metal inside the rf field of the trap 
coil. 

ble to get a perfect match on all bands, however, and 
trying to get the match down from, say, 2: 1 to 1 : 1 on 
each and every band can be extremely frustrating 
and is probably just not worth the effort in terms of 
improved ability to get out. 

Trap verticals are tuned in similar fashion, but 
instead involve either sliding the aluminum element 
lengths, tuning the traps themselves, or adjusting a 
special top-hat section. In most cases, you can get 
good results using nothing more than your SWR 
bridge in adjusting commercial trap antennas, but if 
you build your own traps (whether for dipole or verti- 
cal use) you will have to first adjust them for reso- 
nance using a grid-dip oscillator or rf noise bridge, 
then seal them against weather before installation. 
Fig. 5 shows typical trap construction. 

There is a potential problem in using multiband 
trap antennas that should be carefully considered, 
and that is the problem of harmonics. While a single- 
band antenna will reject even harmonics of the oper- 

ating frequency, that rejection just isn't there in the 
trap antenna, and, in fact, any harmonics present are 
efficiently radiated. This is an especially critical prob- 
lem when using a five-band antenna system, since 
harmonics of even 80-meter signals will be radiated 
nicely through at least ten meters; this problem has 
caused many unsuspect;ng Pdovices operatiny or1 80 
and 40 to receive FCC citations for radiatinq out-of- 
band signals. While most pi network output circuits 
have good harmonic siippression, if they are loaded 
too heav~ly (such as when trying to get a high-SWR 
antenna to take power), their harmonic rejection can 
be destroyed and second-, third-, or higher-order 
harmonics are passed on  to  the antenna and 
radiated. 
You can make a rough check on your own harmonics 
by having a friend listen to your signal on harmonical- 
ly related frequencies; if he is located a short distance 
from your home, your signal should be received very 
weakly, if at all, on harmonics. This is not an infallible 
test, however, and a more certain approach to har- 
monic suppression is to use an antenna coupler or 
tuner in the transmission line between your transmit- 
ter and the antenna. The tuner will add a great deal 
of selectivity to the antenna system, causing har- 
monics to be reduced to an acceptable level. In addi- 
tion, the tuner also helps the transmitter to "see" a 
near-perfect 50- to 75-ohm match and thereby load 
more consistently from band to band. This is a real 
plus when operating with a moderately high SWR on 
the transmission line, frequently the case when using 
multiband antennas. In addition if the coupler is in- 
stalled so as to be in the circuit on receive (automati- 
cally the case when using a transceiver), i t  will add a 
good deal of front-end receiving selectivity as well, 
helping to prevent i-f image signals and very strong 
local stations on other bands from coming through 
and cross-modulating the receiver's front end. 

Not to be overlooked is the increased potential for 
TVI  (television interference) when using multiband 
antennas. Certain conditions may cause the antenna 
to radiate vhf harmonics of your high-frequency sig- 
nal, particularly on the lower TV channels (2 through 
6) .  The short, well-matched transmission line 
between the transmitter and antenna coupler or tun- 
er makes an ideal spot to install a lowpass filter, as 
shown in fig. 6; placing it there prevents any possible 
danger to the filter from high SWRs or upsetting its 
operation by SWR mismatches. The use of a good 
lowpass filter (which in itself can provide 60 dB or 
more harmonic attenuation) in connection with an 
antenna tuner should keep you out of trouble with 
both the FCC and your neighbors. 

summary 
Trap antennas, both horizontals and verticals, 

offer much to the ham who has space limitations and 
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cannot erect separate antennas for each band. Traps 
are capable of excellent performance if installed and 
adjusted properly, but one should keep in mind that 
certain trade-offs are involved in their design; this 
fact must be recognized when interpreting their per- 
formance. 

TRAP ANTENNA 

RECEIVER I i -  u 
* ' F  SEPARA7E FROM 

TRANSMITTER 

fig. 6. Suggested multiband trap antenna system feeding 
arrangement. Due to  the inherent nature of trap and other 
multiband antennas, harmonics are easily radiated. For this 
reason, you should use a lowpass filter and antenna coupler 
t o  suppress these harmonics. The antenna relay shown is 
required only i f  a transmitter is used, that is, i f  you are no t  
using a transceiver. I f  you use a separate receiver, by plat- 
ing the antenna relay as shown the antenna coupler is used 
t o  good advantage on receiving as well. While either 72-ohm 
twinlead or coax may be used to  feed the trap antenna, coax 
is usually the best choice. I n  adjusting the antenna length, 
move the SWR bridge to  the antenna side of the coupler; 
once the adjustments are made, place the bridge as shown 
for routine tuneup. 

Trap antennas can take the place of five or more 
individual antennas. Remember that your trap is 
doing a big job for you, so install and treat it right. 
If you do, you can expect excellent performance 
from it. 
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curing frequency drift 
in the Swan 350 

transceiver 

A frequency counter, 
some deliberation, 

and a handful of capacitors 
will help tame 

frequency drift in 
this popular rig 

I recently undertook the task of reducing the more 
than 1-kHz frequency drift in K6OWA's Swan 350C 
transceiver. Since then I've had several queries from 
others who own these reliable rigs. The availability of 
a frequency counter made this project easy to imple- 
ment. This article summarizes the techniques I used 
so that other Swan 350 owners can reduce frequency 
drift to a tolerable level. The final drift (or lack of it) 
achieved by this electronic surgery depends on your 
determination and patience. 

analysis 
Most VFOs drift to a lower frequency. However, 

K6OWA's Swan 350 had a positive frequency drift. 

Most drift occurs in the VFO coil, caused by changes 
in coil dimensions with temperature. Drift in the 
Swan 350 is likely aggravated by the seven tubes 
clustered around the VFO box. Lack of ventilation 
traps the heat inside, thus extending the time before 
drift levels off. On-off cycling over a period of years 
will gradually stretch the coil wire to the point where 
it will not return to normal - something like the 
"set" of a fishing pole. Compensation originally 
found adequate will no longer keep the drift within 
reason. 

It's interesting to compare specifications of maxi- 
mum frequency drift in present-day rigs. Several 
well-known units list 1 kHz, some less than 300 Hz, 
and a very few 100 Hz. My TS-520, rated at 2-kHz, 
came out with 75 Hz. Both the Alda 103 and the 
Swan 100MX are rated at less than 100 Hz. The 

I ARRL's Amateur Radio Handbook ( 19761, on pages 
166 and 169, shows homebrew VFOs. One stabilizes 

1 in 1 W minutes at 15 Hz, while the other levels off in 
only 30 seconds with a 25-Hz drift. Truly amazing. 

mechanical considerations 
Since mechanical ruggedness is synonymous with 

low frequency drift, begin by tightening all nuts and 
bolts around and in the VFO compartment, including 
the five screws holding the band coils to the chassis. 
In some cases the VFO circuit board is underneath 
the chassis and not in the can. Then apply Lubriplate 
to the bandswitch bearings to reduce torsion on 

- 
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these parts. Thoroughly clean all eight wafers with 
contact cleaner and remove lint and dirt from the var- 
iable cap plates with a pipe cleaner. 

compensation 
The next step, compensation, will be facilitated by 

the use of a 7- or 8-digit frequency counter. Absolute 
accuracy isn't imperative because the counter 
records approximate drift only. Begin with the chas- 
sis lying on its final-amplifier side, and connect a 
short piece of wire to pin 1 of the VFO amplifier, V1, 
(see your schematic). This will permit attachment of 
a counter probe with less chance of short circuits to 
other leads. 

Set the bandswitch to 20M and the dial to 14,200 
kHz. When the set is turned on, the counter will read 
roughly 8700 kHz, as noted on page 14 of the Swan 
manual. During the first run, connect a voltmeter to 
read the - 10 volt bus from zener diode 1 N2974. If 
this voltage is steady during a 45-minute test the 
zener need not be replaced. (A faulty diode will cause 
shift, however.) Leave the cover on the VFO box to 
simulate normal conditions. Have a sheet of paper 
ready to log data each five minutes from the moment 
the set is turned on. At least 30 minutes should 
elapse - certainly long enough to see a leveling off 
or maximum drift. 

Turn off the Swan 350 and let it cool for the next 
run. Meanwhile make a graph of the first run as in 
fig. 2, curve A. K6OWA's Swan 350 was still increas- 
ing in frequency after 45 minutes (past 1200 Hz). If 
experience convinces you that drift occurs on only 
one band, refer to your schematic and fig. 1, noting 
capacitors 171 1, 1713, 1718, 1720, and 1723. These 
negative temperature coefficient caps compensate 
each band, the idea being that each coil needs indi- 
vidual compensation, and C1709 in series with the 
variable cap takes care of things in general. Most likely 
this won't be the case - cap C1709 will be removed 
and replaced, thereby compensating all bands. 

You're now ready to make a substitution for 
C1709. Remove the VFO cover plate, probe, and volt- 
meter leads. Unsolder the rf and dc leads from 
beneath the chassis. (Two nuts and washers under 
the chassis and two nuts, washers, and two spacers 
hold the PC board to the chassis.) With the Swan 
350 lying on its side, remove the PC board. This will 
position the PC board horizontally and will make 
board removal and replacement easier because the 
hardware won't get lost in the equipment innards. 
The spacers especially have a nasty habit of getting 
lost if removed with the board in a vertical position. 
Unsolder C1709 at the variable cap (C1706) and care- 
fully pull the PC board from the compartment. 

fig. 1. Partial schematic of the Swan 350 transceiver show- 
ing the VFO section. Capacitor C1709 is the subject of the 
modifications in this article. 

compensating capacitors 
Capacitor C1709 is really an unknown and is sus- 

pect. Discard it since it's incapable of compensating 
for the inherent frequency drift. The Swan manual 
specifies C1709 as a 22-pF capacitor with an N220 
temperature coefficient, meaning 220 parts per mil- 
lion. (Capacitor C1709 in K60WAfs rig was an N150, 
obviously tailored to compensate that unit.) 

A second trial run must now be made. I chose a 
parallel combination of 10-pFlN150 and 12-pFINPO. 

The Nvalue of this new combination is 

Put everything back, tighten the board securely, 
reconnect the counter, and begin anew with another 
run. 

Fig. 2, curve C, shows a negative drift (more than 
300 Hz). The next, and you hope final, attempt must 
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fig. 2. Test data showing frequency drift as a function of 
t ime for several test runs on the Swan 350 transceiver. 
Capacitor C1709 must be tailored for individual cases. 
Naturally, any long-term drift will approach zero. (A): Fre- 
quency drift of the as-built Swan 350 transceiver extrapolat- 
ed to 1500 Hz after a warm-up period of one hour. C1709 was 
a 22-pFIN150 compensating capacitor. (B): The third test 
run, using an N120 capacitor for C1709. The measured fre- 
quency drift is 105 Hz after 35 minutes from a cold start. (C): 
A trial run using substitute N68 capacitor for C1709. The 
measured frequency drift is 335 Hz after 30 minutes from a 
cold start. 

have C1709 with an N between 68 and 150. 1 tried a 
12-pFIN220 and a 10-pF/NPO resulting in N120. 

Out comes the oscillator board; again watch out 
you don't lose hardware. Replace the VFO top cover 
and connect the counter after soldering the N120 
combination in place. The set will have cooled off 
sufficiently during this process for the next run to be 
from a cold start. Somewhere in this operation you'll 
take out time for lunch, so let the Swan 350 cool off 
- too much time and effort will have been expended 
to  take chances on a set that hasn't reached room 
temperature. 

The last run will perhaps be what you'll settle for in 
performance. Ralph, KGOWA, and I were quite 
elated when we finished the third run and plotted 
curve B (fig. 21, ending up with frequency drift close 
to 100 Hz. Any set that stabilizes in 30 minutes or so 
with that amount of drift is a pleasure to operate. 
This Swan 350 certainly takes no back seat to many 
new sets off the assembly line. Perhaps at some con- 
venient time, another trial could be made using a 12- 
pF/NPO and 10-pFIN220 combination: 

10 
Neq = - x 220 = NlOO 22 

tages gained with close-to-zero drift and the effort 
expended. 

When you've made mods to satisfy your stan- 
dards, you must refer to the Swan manual, page 14. 
With the counter reading the VFO frequency, adjust 
the trimmers for each band to correspond with the 
dial-frequency/oscillator-frequency table. Follow 
manual instructions. 

obtaining parts 
If you live near an electronics emporium procure- 

ment of capacitors to conduct the tests will be sim- 
ple; if you're on a Pacific atoll, you must provide 
yourself with enough NEG caps to experiment with. 
In our case, it seemed logical t o  use half of the 22-pF 
total value in an NPO (thus the 10- or 12-pF values), 
while the other half can be used with negative N 
values to suit. One of each of N220, N150, and N l l 0  
would be a starter and would probably bring the fre- 
quency drift within reason. This evaluation must be 
made on the second trial with a new cap value. 

The direction of drift would dictate whether higher 
or lower N values will work. Two or three attempts 
should give a good idea of the necessary value. If a 
supplier has a poor selection, combinations other 
than 10 pF and 12 pF could be tried. Eight pF and 14 
pF could be combined in a ratio that might do the 
job. 

closing remarks 
The technique outlined applies to any VFO, tube or 

transistor, in which an increase in temperature 
causes a frequency change. Getting rid of the heat in  
a Swan 350 is impossible; the set is already quite well 
ventilated, so an extra muffin-pan blower won't suf- 
fice! Thermal insulation of the outside VFO walls 
from the heat of adjacent tubes might help. How- 
ever, I feel that the lack of circulation in the VFO itself 
is the cause of excessive frequency drift. A perfor- 
ated chassis and sidewalls would allow heat to 
escape, whereas the Swan 350s, as designed, trap 
heat inside the box. 

Further suggestions on drift problems are covered 
in many articles in the Amateur Radio literature: The 
ARRL handbooks and the new Solid State Basics 
from ARRL also elaborate on design of VFOs to mini- 
mize frequency drift. 

(2) 
acknowledgment 

Neither K6OWA nor I have a frequency counter, 
Mathematically, any VFO can be compensated to so credit must be given to Reed Craven, WBGBFK, 
achieve no drift. This particular Swan 350 might need for the use of his counter, thus making this interest- 
an N105 or perhaps an N95; this must be determined ing project possible. 
experimentally. Generally you must weigh the advan- ham radio 
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close look at 
amateur fm 

Should the FCC regulations 
that combine 

f 3  and A3 emissions 
be changed? 

Here's one 
Amateur's viewpoint 

Casual observers of Amateur Radio practice 
have found that operators seldom use more than 
three types of emission and frequency bands, even 
though Amateurs are allowed as many as thirteen 
emission types on seven bands, twelve types on six 
bands, eleven types on two bands, six types on four 
bands, five types on one band, and two types on one 
band (160 meters). Most Amateurs use two types of 
emission: CW (type A l )  and a-m or SSB phone (type 
A3), on several of the bands listed and largely ignore 
frequency and phase modulation (type F3). Mobile 
operators, however, make good use of fm on the vhf 
and uhf Amateur bands. Fixed-station operators 
have little use for fm on the high-frequency (3-30 
MHz) bands, even though A3 and F3 emissions are 
listed together on virtually all subbands except 160 
meters. 1 

amateur fm 
The disuse of fm on the 15, 20-, 40-, and 80-meter 

bands is because of deterrents such as lack of suit- 
able transmitters and receivers and the FCC's band- 
width limitation. Paragraph 97.65c, under the head- 
ing of Emission Limitations, reads: "On frequencies 
below 29.0 MHz and between 50.1 and 52.5 MHz, 
the bandwidth of an F3 emission (frequency or phase 
modulation) shall not exceed that of an A3 emission 

having the same audio characteristics; and the purity 
and stability of emissions shall comply with the re- 
quirements of 97.731." This paragraph deserves spe- 
cial attention. 

Amplitude modulation contains only one pair of 
sidebands. The audio-frequency limit for voice com- 
munications is nominally 3 kHz; therefore, the a-m 
bandwidth can't exceed 6 kHz. However, fm con- 
tains one or more pairs of sidebands, equally spaced 
from the carrier frequency or adjacent sidebands. 
Therefore the fm bandwidth can't be less than, and 
may greatly exceed, the a-m bandwidth. 

We note that FCC specifies fm bandwidth, not fre- 
quency deviation, which is not proportional, al- 
though some Amateur publicationsl give a simple 
rule of thumb that fm bandwidth equals twice the 
maximum frequency deviation plus the maximum 
audio frequency. One book1 states that this rule of 
thumb doesn't hold for narrowband fm, and defines 
sliver-band, narrowband, and wideband deviations 
as 2.5, 5, and 15 kHz, for which bandwidths are 6, 
13, and 33 kHz approximately. The last two of these 
bandwidths are far below accurate values of 16, 22, 
and 48 kHz, respectively, which further analysis has 
proved. 

bandwidth 
Bandwidth is a complex function of deviation and 

audio frequency, not of deviation alone. I t  depends 
on a factor known as modulation index or deviation 
ratio - the ratio of maximum deviation to maximum 
audio frequency, which is a pure number. There's no 
simple relationship, such as a direct proportion be- 
tween bandwidth and deviation, although bandwidth 
generally increases with deviation in a nonlinear man- 
ner for a fixed audio frequency. An increase in audio 
amplitude at any audio frequency increases the devi- 
ation, the number of sideband pairs, and the band- 
width. Also, an increase in audio frequency at any 
given deviation increases the spacing between the 

- 
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sidebands, which increases the bandwidth. The 
overall effect of changes in audio amplitude and fre- 
quency on bandwidth is often hard to evaluate, as, 
for example, the case of complex speech waves 
where the amplitude of the various frequency com- 
ponents varies somewhat inversely with the fre- 
quency.2 

deviation 
The fact that bandwidth is not a function of devia- 

tion alone is shown by the following example. As- 
sume two cases with the same deviation of 10 kHz 
but different audio frequencies of 5 and 10 kHz re- 
spectiveiij. In the fiist ease, fa i r  pairs G? si~nificant 
sidebands (at least 1 per cent of carrier amplitude) 
are 5 kHz apart, so the bandwidth is 4 x 2 x 5 kHz, 
or 40 kHz. In the second case, only three pairs of sig- 
nificant sidebands occur but are twice as far apart, so 
the bandwidth is greater (3 x 2 x 10 kHz). Since 
60/40 = 1.5, it appears that bandwidth is not in 
direct proportion to audio frequency for a fixed devi- 
ation.3 

In fm broadcasting, the maximum permissible de- 
viation is 75 kHz and the maximum audio frequency 
(for high-fidelity music) is 15 kHz, so the modulation 
index might approach 5 (75115) if both values occur 
simultaneously. Similarly, in Amateur wideband fm, 
the deviation may be 15 kHz and the audio frequency 
may be limited to 3 kHz (for speech only); so the 
same modulation index would occur. A ratio of five 
signifies eight sideband pairs; hence bandwidths of 
240 (8 x 2 x 15) and 48 kHz respectively are indi- 
cated. These values are extremes, which are not real- 
ized in practice because complex music and speech 
waves have smaller amplitudes at the higher frequen- 
cies. So less deviation and fewer sideband pairs 
occur than the indicated values. 

narrow-bandwidth case 
If we consider a narrow bandwidth of 6 kHz with a 

3-kHz audio-frequency limit, as in Amateur a-m, 
there can be only one pair of significant fm side- 
bands. This corresponds to a modulation index of no 
more than 0.4 and a deviation of no more than 1.2 
kHz (1.2/3.O = 0.4). Under these conditions, the fm 
carrier retains 96 per cent of its unmodulated ampli- 
tude, and the sidebands have only 4 per cent of the 
amplitude they would have at a modulation index of 
2.4 (or 5.5) - the ideal condition wherein all carrier 
power is converted to sideband power. 

If the FCC had specified a 3-kHz deviation limit in- 
stead of an a-m bandwidth limit, a better condition 
would prevail. A modulation index of unity (313) 
would yield three pairs of sidebands, 18 kHz band- 
width (3 x 2 x 3 kHz), 76.5 per cent carrier ampli- 
tude, and 23.5 per cent sideband amplitude.4 

Even the latter imaginary case wouldn't offer much 
of an advantage over the former real case, because 
power is proportional to the square of the amplitude 
(voltage or current), hence the sideband power is 
only 5.5 per cent (100 x 0.2352) of the ideal power. 

From this discussion it follows that Amateurs cen't 
make much use of narrowband fm wherein the band- 
width may not exceed 6 kHz. Accordingly, the FCC 
listing of type F3 along with type A3 emissions on 
bands below 29.0 MHz is misleading and serves no 
useful purpose, so it should be dropped. On the 
other hand, if a deviation of 5 kHz or 22 kHz band- 
width were permitted on certain Amateur bands, as 
or! certsir! cornrnercial frequencies, fm operation 
would be quite feasible, because the carrier ampli- 
tude would be only 41 per cent, and the total side- 
band amplitude would be 59 per cent. 

table 1. Amateur fm characteristics. 

Notes: 
f = 3 kHz, fixed P = pairs of sidebands 

of 1% minimum 
M = modulation index 

= AF/f  = AF/3, 
amplitude (refer- 

so AF = 3M ence 2) 
AF = deviation ( *  = 

%F = carrier amplitude in f M  = 3 M  
per cent from ref- BW = bandwidth - 2fP 
erence 2 = 6P 

(BW ranges from 1.4 to 2.0 times rule-of-thumb bandwidth, 2 AF 
+ 3 and 1.5 to 4.0 times 2 AF.) 

These points may be emphasized by reference to 
table 1, which may be converted to a series of 
curves if desired. 
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high-current 
regulated 
dc power supply 

A high-current, 
regulated power supply 

incorporating rf protection, 
current limiting, and 

over-voltage protection 

The present popularity of the two-meter f m  band 
has attracted many Amateurs to that portion of the 
spectrum. Many hams use two-meter rigs in double- 
duty service, both in mobile and fixed-station appli- 
cations. In either case, 12 Vdc is required for input 
power. For mobile use, the automotive electrical sys- 
tem provides input power; however, in fixed station 
use the rig requires a power supply which converts 
ac power to nominal 12 Vdc with current capacities 
ranging from about 3 to 10 amperes. Such a power 
supply should contain the following features: 

1. Voltage Regulation - For steady-state regulation, 
the output voltage should remain within 1 per cent of 
the desired value over the full range of output current 
capability. Instantaneous load changes, or dynamic 
regulation, commonly encountered when keying or 
unkeying the transmitter, should not produce exces- 
sive voltage overshoot or undershoot. Additionally, 
the settling time required for return to steady-state 
regulation conditions should be minimal, on the 
order of milliseconds. 

2. Current Limiting - The power supply should be 
protected against excessive output current. The cur- 

rent should be automatically limited to a preselected 
safe value. 

3. High-voltage shutdown - In case of a power sup- 
ply fault, which would apply unregulated dc to the 
rig, a protection circuit is required to disable the 
power supply output within milliseconds after fault 
condition detection. The radio being powered is thus 
protected against excessively high voltages which 
could permanently damage semiconductors or other 
components. 

4. Rf protection - The voltage regulation and other 
control circuits should be rf bypassed to eliminate the 
possibility of voltage instability or other adverse ef- 
fects caused by strong rf fields. 

The power supply described in this article incor- 
porates the outlined features. By using the specified 
components you can construct a power supply 
which is totally adequate for 30- or 40-watt trans- 
mitters. 

circuit description 
This power supply uses a standard series-pass cir- 

cuit controlled by a 723 monolithic IC regulator. The 
high-voltage shutdown circuit is controlled by a 
pA741 operational amplifier. All regulation and con- 
trol circuits are contained on one circuit card, com- 
patible with a 15-contact edge connector. 

The power circuit consists of a transformer, bridge 
rectifier, pi-section filter, and series-pass transistors. 
This is a standard circuit commonly used in many 
regulated power supplies. 

Operator controls consist of an ON/OFF toggle 
switch, a pushbutton switch to reset the high-volt- 
age shutdown circuit, and appropriate indicators. 

By Glen Thome, N8AKS, 917 Delaware 
Avenue, Elyria, Ohio 44035 
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fig. 1. Schematic diagram of the chassis-mounted components. CR1 is a 15-amp, 50-PRV bridge rectifier; CR2 a 1.5-amp, 200- 
PRV diode (1N4818); and CR3 a 1.5-amp. 600-PRV silicon diode (lN48221. K1. a 4pdt. 24-VDC relay, is available f rom Potter and 
Brumfield as type KHP17D11 or Allied Control type T163X-147. The choke, L1, is a Stancor C-2688 w i th  a 10-mH, 12.5-amp rating. 
The r f  choke. L2. is wound w i th  fifteen turns of number 14 AWG (1.6-mm) stranded insulated wire on a Genelex G49Sl191 toroid. 
The power transformer. manufactured by Triad (F-79U). supplies 24 Vac at  10 amps. The bridge rectifier, CRl, and the pass tran- 
sistors, 01 through 03, are mounted on finned heatsinks on the rear of the enclosure. For CRI, use Termalloy part 6169, and for 
the pass transistors part 6423. 

The panel-mounted meters allow the operator to 
monitor output voltage and current. Voltage and 
shutdown level adjustment potentiometers on the 
circuit card are accessible through the front panel. 

Power Circuit. The power circuit handles ac input, 
rectification, filtering, and dc-output functions (see 
fig. 1). The ac-input circuit contains ONIOFF switch 
S1, input fuse, and power transformer T I  as major 
functional components. The indicator assembly, 
connected across the primary of T I ,  illuminates 
when input power is applied. CIA and C1B provide 
noise and rf suppression at the primary of T I .  The 
relay contacts of K1 are normally closed to allow cur- 
rent flow through the primary of T I .  If the high volt- 
age shutdown circuit activates at any time, the con- 
tacts of K l  open to interrupt power to TI ,  thereby 
protecting the dc load from high output voltage. 

CR1 rectifies the low-voltage ac supplied by the 
secondary winding of T I .  The resultant pulsating dc 
is filtered by C2, C3, and L1. The filtered, unregu- 
lated dc supplies power to components on the circuit 
card and is applied to the collectors of series-pass 
transistors Q1 -Q3. 

The series-pass transistors perform the regulation 
function in the power circuit, under control of the 
regulator circuit. Under changing line and load condi- 
tions, the drive signal applied to the base-emitter cir- 
cuit of transistors Q1-03 varies automatically. The 
changing drive signal serves to increase or decrease 
the collector-emitter voltage on 01-03 as output 
voltage, output load, and ac input voltage levels dic- 
tate. The result of automatically varying the collec- 
tor-emitter voltage on Q1-03 is to hold the emitter 
output voltage at a nearly constant level. This emitter 
output voltage is used as the regulated dc output. 

august 1979 51 



The dc output circuits comprise metering, fusing, 
and suppression functions. A dc ammeter and volt- 
meter provide output current and voltage level moni- 
toring capability. L2, wound on a toroid core, serves 
as an rf choke to  decouple the power supply from 
any stray rf which may appear on the dc leads. C5A 
and C5B provide further rf suppression at the power 
supply output terminals. CR3 a ~ d  C4 suppress volt- 
age spikes generated by instantaneous load changes 
that could falsely trigger the high-voltage shutdown 
circuit. 

Control Circuits. The control circuits, located on 
the circuit card (see fig. 21, comprise voltage regula- 
tion, current limiting, and high-voltage shutdown cir- 
cuits. Various functions of the control circuits are de- 
scribed as follows. 

Voltage regulation and current limiting functions 
are performed by U1, a monolithic IC voltage regula- 
tor. A voltage divider, R2, R3, and R4, is essentially 
connected across the power supply output. The set- 
ting of R3 primarily determines supply output volt- 
age. R5 and R6 provide temperature compensation 
for U1, with C2 and C4 providing rf bypassing. Oper- 
ating power for U1 is derived from the unregulated 
dc through isolation diode CRI, while C3 provides in- 
put power filtering. The output of U1 is applied to  
driver transistor 0 1  through the normally closed con- 
tacts of K1. 0 1  essentially increases the current-han- 
dling capability of U1. The output of 01, as derived 
from the emitter circuit, drives the series-pass tran- 
sistors in the power circuit. 

The current limiting point is determined by the 

value of R6. When a voltage drop of 0.6 volt appears 
across R6, U1 begins current-limiting action. 

The high-voltage shutdown circuit is composed of 
the comparator and relay-driver circuits. U2 is used 
as a comparator. The reference input of approxi- 
mately 7.3 volts is derived through R12, CR2, and 
CR3. CR2 provides a stable, regulated voltage for the 
reference input applied to the inverting input of U2. 
CR3, in series with CR2, provides temperature com- 
pensation for the comparator circuit. The output 
voltage of the power supply is sampled in a voltage 
divider composed of R9, R l O ,  and Rl1. A portion of 
the sampled output voltage is applied to the nonin- 
verting input of U2 through the wiper contact of R10. 
During normal operation, the reference voltage at the 
inverting input of U2 is higher than the sampled volt- 
age at the noninverting input; therefore, the output 
of U2 is low and Q2 is biased into cutoff. In  the event 
power suppiy output voltage rises to a sufficiently 
high level, the sampled voltage becomes higher than 
the reference voltage. The output of U2 changes to a 
high level, which biases 02 into conduction. The re- 
sulting voltage developed across R17 triggers CR6 
through steering diode CR7. When CR6 is triggered 
into conduction, K1 in  the power circuit and K1 on 
the circuit card are energized and the following 
actions occur: 

1. The output of U1 is disconnected from 01, and the 
base of 01  is grounded to drive it and the series-pass 
transistors into cutoff. 

2. Power is applied to  an LED, giving visual indication 
of a high-voltage shutdown condition. 

fig. 2. Schematic diagram of the voltage regulator and high-voltage shutdown circuits. CR2 is a 6.8-volt, 1-watt zener diode; CR3 
is a IN4003 (1 amp, 400 PRV); CR4 is another zener (15 volts, 1 watt); and CR6, the SCR, is rated at 4 amps, 200 PRV (C106B). The 
relay, K1, is the same type of relay used in the chassis-mounted components. The circuit card accepts a Potter and Brumfield 
relay socket. type 9KH2, for a KHP17D11 relay. Except as marked, all resistors are 10 per cent tolerance. '/2 watt.  
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View of the author's power supply. The capped access holes, in the lower righthand corner of the front panel, allow access to 
the high voltage shutdown level and voltage adjustment controls mounted on the circuit board. 

3. The primary circuit of the power transformer is 
opened to remove input power from the supply. 

The approximate time from detection of a high 
voltage condition to supply shutdown is 3 milli- 
seconds. 

construction 

Parts placement and general layout of the power 
supply are not critical; however, standard construc- 
tion techniques and practices should be used when 
building the supply. Particular care should be taken 
in one area - lead lengths of rf bypass and decoup- 
ling components on the output terminals should be 
as short as possible. Additionally, meters should not 
be located near the power transformer or filter 
choke. 

The particular construction technique chosen is at 
the discretion of the builder, but the power supply 
should be totally enclosed and shielded when assem- 

bly is complete. The supply shown in the accom- 
panying photographs was built in a homemade cabi- 
net to reduce construction cost. 

Adequate ventilation must be provided for the 
power semiconductors, especially the series-pass 
transistors. The heatsinks specified in the parts list 
are adequate to handle device dissipation, but heat- 
sinks of smaller size are not recommended. The 
series-pass transistor heatsink should be mounted 
outside of the power supply cabinet, on the rear 
panel, to ensure adequate ventilation. A thin coating 
of silicone grease, or other suitable thermal joint 
compound, must be applied to the mounting sur- 
faces of all power semiconductors and insulating 
washers. 

A circuit card pattern for the control circuits is 
shown in fig. 3. Pads are provided to make the cir- 
cuit card compatible with a standard 15-contact edge 
connector; however, the circuit card can be perma- 
nently mounted and hardwired into the complete cir- 
cuit. 
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fig. 3. The circuit-board layout for the voltage regulator is shown above, with the parts placement diagram shown below. The 
edge pins will mate with a 15-contact circuit card connector, Amphenol225-21531-101. 

initial startup and adjustment 
1. Before initial power supply startup, verify that all 
wiring is correct. If a tapped power transformer is 
used, ensure that the secondary voltage is no higher 
than 24 Vac. 

2. On the regulator circuit card, adjust R3 and R10 
fully clockwise. 

3. Close S1 to start the power supply. Output voltage 
should be 10 Vdc or slightly less. 

4. Adjust R3 on the regulator circuit card to 15 Vdc 
with no load at the output terminals. Turning the ad- 
justment screw counterclockwise increases output 

6. Adjust R3 one turn clockwise, then press S2 to re- 
set the shutdown circuits. Output voltage should 
now be present at the output terminals. 

7. Slowly adjust R3 counterclockwise while noting 
the voltage at which the shutdown relays close. This 
voltage should be approximately 15 Vdc; if not, ad- 
just R10 as necessary. The shutdown level can gen- 
erally be adjusted to any desired level within the 
range of 13-16 Vdc, Individual operating require- 
ments will determine the exact level. 

8. Repeat Steps 6 and 7 if necessary to obtain the de- 
sired high voltage shutdown level. 

voltage. 9. Adjust R3 one or two turns clockwise, then reset 

5. Slowly turn the adjustment screw of potentiome- the shutdown circuits by pressing S2. 

ter R10 counterclockwise until the high voltage shut- 10. Adjust R3 for the desired power supply output 
down relays close. The LED should illuminate at this voltage. Adjustment is now complete. 
time, and supply output voltage should drop to zero. ham radio 
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design considerations 
for 

linear amplifiers 
Building a high-power, high-frequency linear 
amplifier and companion power supply is an interest- 
ing, challenging, and constructive project. And don't 
let anybody tell you that you can't do it! Many new 
hams approach equipment construction with great 
timidity. Be assured it isn't all that difficult. The 
toughest part of the work, in fact, is finding the nec- 
essary components. This is where flea markets, clas- 
sified advertisements, surplus stores, and the junk 
box of neighboring Amateurs play an important part. 
You can find all the stuff you need, it just takes a little 
perseverance. 

Before you begin bending metal, punching holes, 
and wiring, you should have the amplifier completely 
designed on paper, as outlined in the previous arti- 
cles of this series. Once this task is done, you can 
make a parts list and start rounding up the compo- 
nents. You should also start thinking about the phys- 
ical layout and assembly of the amplifier. 

amplifier layout and assembly 
Modern design indicates that the linear amplifier 

be enclosed in a metal cabinet, or box, that is shock- 
proof, rf radiation-proof, compact, and easy to build. 
Many people build their linear amplifiers on a readily 
available aluminum chassis and then box up the 
chassis with aluminum sides and top to form a com- 
plete enclosure. This is not a bad idea. The cost is 
low and the chassis forms a platform and underchas- 
sis area that is hard to duplicate with simple tools. 
Once the enclosure is built, holes are drilled in it for 
leads and cables, control shafts, and for cooling air 
to enter and escape. Components within the box are 
positioned so that rf leads are short and direct and 
power wires are not coupled to the strong rf field 
within the box (see fig. 1). By paying attention to 

mechanical detail and armed with a knowledge of cir- 
cuit design and a dose of common sense, the aver- 
age Amateur can build a linear amplifier that looks 
good and works as well as the book says it should. 

The object of using an all-metal amplifier enclosure 
is to keep the strong rf currents and subsequent har- 
monics within the box. Since these currents travel 
only on the surface of metal, the box can be made 
"electrically tight." Whenever a hole is made in the 
box, or a conductor brought into it, a leakage point is 
established through which rf energy can escape. It is 
important that these "rf holes" be reduced to a mini- 
mum in number and size, and that their effect upon 
circuit operation be controlled. 

openings into the enclosure 
Holes, leads, and shafts break the rf-tight amplifier 

box. Large holes for ventilation can be used without 
harm, provided they are screened so that air can 
enter and leave but rf energy cannot escape. Perfor- 
ated metal sheet, having many closely spaced holes, 
is the best screening material to place over the open- 
ings. Copper wire window screen is not as effective 
because of wire corrosion which produces a film of 
insulating oxidation between the individual wires at 
the crossover points. 

If a perforated sheet is to be used, it may be made 
by drilling lots of holes in the enclosure wall. Or the 
hole pattern can be drilled in an auxiliary plate placed 
over the ventilation hole. If such a plate is used, it 
should be bolted or riveted to the enclosure with a 
bolt-to-bolt spacing of about 2.5 cm (1 inch) so that 
rf energy cannot leak out through the crack between 
the surfaces. Mating surfaces between the metals 
should be clean and free of paint (fig. 2). A screened 
ventilation opening should be about three times the 
size of an equivalent unscreened opening, since the 
screening material reduces the area of air passage. 

y William I. Orr, WGSAI, 48 Campbell Lane, 
lenlo Park, California 94025 
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fig. 1. A representative amplifier enclosure. Basic unit 
is an aluminum chassis wi th bottom plate. The plate 
circuit enclosure is made of aluminum stock. For ease 
in assembly, aluminum channel angle stock is pop- 
riveted around outer edge of chassis to mate with the 

PLATE CIRCUIT ENCLOSURE 

(FRONT) 

bottom of plate circuit enclosure. Angle stock is run 1 
up each corner and riveted to  the four plates. Addi- 

i - -L  

tional angle stock runs around the inside edge of the &,"A?: , 
top of the enclosure and is tapped for 6-32 (M3.5) 
screws, which hold the lid on. Lid may be made of I / I 
perforated metal for ventilation or may be modified 
from a solid aluminum sheet as discussed in the text. 
Additional angle stock may be required to hold bot- 
tom date in dace and to make the under-chassis area 
relatively air:tight. Blower to cool the tubes is mount- 

LI 

BOTTOM PLATE ed on the rear apron of the chassis. The completed 
10 * 

enclosure is mounted behind a relay rack panel for 
appearance. 

Control shafts passing into an rf-tight box should Meters mounted in a wall of the shielded box pose 
be made either of phenolic-insulating rod or of metal, a problem, as they are a source of prolific rf leakage. 
grounded at the point of entry by means of a spring Unless the body of the meter is shielded and the 
contact (fig. 3). leads well bypassed, it is more prudent and less time 

Long, narrow slots in the enclosure should be consuming to mount the meters outside the enclo- 
avoided, or else shunted with a ground strap every sure and to filter the meter leads running into the 
few inches; otherwise the opening tends to act as a box. 
"slot antenna" through which harmonic energy can 
readily pass - more easily than through a much pass-through leads 

- 

larger circular hole, in fact. Careful attention must be paid to  power and meter 

DRILL TO CLEAR 
POP-RIVETS (TYP) 

0 0 0 0 0 0 0 0  

fig. 2. Ventilation holes are cut 
in sheet aluminum by means of 
a nibbling tool. Cover plate is 
cut slightly larger and drilled 

/--VENTILATION HOLES 

for ventilation holes. Plate and COVER PLATE 
sheet aluminum are then drilled 
together for holes to place pop- 
rivets. I f  i t  is necessary to  DRILL m CLEAR 

POP-RIMTS (TYP) 

remove the cover plate for o o o o o o o o  

insertion of tubes, the plate 
may be held in position with 
sheet metal screws or by 6-32 
(M3.5) nuts and bolts (provided 
assembly is such that you can 

VENTILATION OPENING P 0 0 0 0 0 0 0  

get your hand inside the enclo- 
sure to  hold the nut in place). 
Most side ventilation plates are 
f ixed in  position; top cover 
plates are removable. 
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leads entering and leaving the rf-tight box. Harmonic 
currents inside the box can easily flow out of the 
enclosure on these leads or even on the outer shield 
of a coaxial line if the shield is not properly grounded 
at the point of entry (fig. 4). Unshielded leads enter- 
ing the box must be carefully bypassed and filtered at 
the point of entry to prevent rf energy from escaping 
from the box and flowing down the leads. A combi- 

ENCLOSURE ilWL 
LWIER 

CCUTACT 
/ I  RETAINING WASHER 

AND NUT 

fig. 3. A single-circuit phone jack makes a good grounding 
device for a 6.5-mm (%-inch) diameter shaft. The jack is 
mounted in the shaft hole, which is drilled out to accept the 
jack. The wiper contact of the jack rides on the shaft as it is 
rotated. The contact arm of the jack is grounded to the 
enclosure wall. Jack is positioned so that wiper arm is 
inside amplifier box. 

nation of bypass capacitors and small filter inductors 
will close off this escape route. The inductor must 
have ample capacity to carry the current flowing in 
the lead. Feedthrough-style capacitors are often 
used in low-voltage power and metering leads. 

amplifier wiring 
within the enclosure 

Wiring within the rf-tight box can couple to rf ener- 
gy because of the storing field within the box. Any 
lead in the box can pick up fundamental and harmon- 
ic energy and feed it outside the enclosure (fig. 5). 
On the other hand, the lead can pick up rf energy 
from an outside source (your exciter, for example) 
and leak it into the box causing amplifier instability. 
The solution for this problem is to bypass or filter all 
internal power and control leads at each end, dress 
them close to the chassis, and keep them physically 
remote from areas of high r f  energy. 

All these precautions may seem more complicated 
and time-consuming than they really are. Unfortu- 
nately, most circuit diagrams leave off much of the 
important rf bypassing circuitry since it tends to clut- 
ter up the diagram; its existence may be only briefly 
mentioned in the text. And the filter circuitry is often 
left o,ut of commercially produced units as a cost-cut- 
ting measure. 

When you build your own amplifier, you can afford 
to take the time and do things the right way. Always 

remember that holes, shafts, and leads are sources 
of rf leakage from an rf-tight enclosure and, unless 
protected, are a direct invitation to TVI, harmonic 
radiation, and amplifier instability. Sadly enough, 
many modern amplifiers on the market look like 
they're in an rf-tight enclosure, but, in reality, they 
are only sitting in an attractive dust cover. 

practical amplifier layout 
A simple to understand and practical parts layout 

for a representative high-frequency linear amplifier 
using two 3-5002 tubes is shown in fig. 6. The layout 
can be adapted to other tubes. The assembly con- 
sists of an aluminum box made up from a standard 
chassis. A bottom plate pressurizes the underside of 
the chassis and a blower is mounted on the rear 
apron of the chassis. Air is introduced under the 
chassis and is expelled through the tube sockets and 
air chimneys. The heated air from the tubes escapes 
through the perforated top and side areas of the plate 
circuit compartment. 

The meter and control circuits are placed outside 
the shielded enclosure. Wiring for these circuits is 
not critical, and is done with 600-volt insulation 
hookup wire. High voltage wiring is done with test- 

-OUTSIDE OF C M X  NOT 
WELL GROUNDED 

INTERNAL AND EXTERNAL CURRENTS 
INTERMIXED 

1 1 - M S ! D E  GF COAX 
WELL GROUNDED I I 

INTERNAL AND EXTERNAL CURRENTS 
ISOLATED 

fig. 4. Improper termination of coaxial line can destroy 
effectiveness of the shield (A). Rf currents within the enclo- 
sure can escape via the outside shield of the line as it passes 
through the hole. Properly grounding the shield of the coax- 
ial line to the box (B) ensures isolation of currents within the 
box. Rf currents outside the box are also prevented from 
entering the box. 
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prod wire of the type used for instrument test leads 
(10-kV insulating rating) or equivalent high-voltage 
cable. TV-type capacitors are used for lead filtering 
(fig. 7 ) .  

Low voltage leads enter the amplifier enclosure via 
I-kV feedthrough capacitors, which are also shunted 
at the point of entry with a larger value of capaci- 
tance to suppress low-frequency rf energy and tran- 

2 / / A 1 0 0 0 0  

3 

DISC 

4 -. .- - -- 
0 0 5  

RFC /f7 

' T ' D I S C  

d. RFC 

8 
T 5  

[FEED-THRU 

_L RFC 
9 

%5 
IFEED-THRU 

10 

I I 

12 - ' T R A C E  
.01 
"HYFL\SSa 

SHIELDED OSCILLATOR COMPARTMENT 

through the amplifier for various wires is formed by 
the conduit. Coaxial fittings are used for the input 
and output rf connections and are mounted to the 
wall of the box. 

The mouth of the blower is covered with a small 
piece of copper window screen. While not the best 
material, this screen doesn't reduce the air flow as 
much as a perforated metal sheet would do. 

,--SHIELDED COMPARTMENTS 7 

fig. 5. Tests of lead-filtering techniques (A). A signal generator having an output of 
12,000 pV was placed in a metal box and rf leakage via various paths was meas- 
ured. Very complex shielding was required to remove the last vestige of signal 
from the power lead. A combination of rf choke and capacitors, such as tests 8 or 
9, does the job in adequate fashion. A very effective filter (not shown here), con- 
sists of a O.OO1-pF feedthrough capacitor with a series rf choke. Both ends of the 
choke are additionally bypassed with a 0.01-pF disc capacitor. Energy can be con- 
ducted from one area to another as this test shows. Lead-through hole in partition 
(Bl conducts energy from one compartment to the other. Proper bypassing (C) 
attenuates leakage. (Courtesy Radio Publications, Inc.) 

While all this hum-drum filtering and bypassing 
might seem like overkill, it is the only way to achieve 
an amplifier that is rf radiation proof and one that 
keeps rf energy where it belongs, The rF energy 
leaves the box only via the output circuit where har- 
monics can be suppressed by means of a suitable 
lowpass filter before they reach the antenna. With- 
out the filtering and bypassing, the harmonics sup- 
pressed in the antenna circuit would pass down the 

sients which can pass through most feedthrough power leads or be radiated directly from the amplifier 
capacitors with little attenuation. A simple home- circuitry. 
made rf choke and bypass capacitor are placed on 
each lead inside the enclosure. Note that all capaci- B-plus safety switch 
tors used on the 120-volt ac power line shoulh be 
rated at 1.6 kV in accordance with the Electrical 
Underwriter's Code. Don't use run-of-the-mill disc 
bypass capacitors on the power line, as it is a source 
of random voltage transients which can easily punc- 
ture the standard 600-volt-working capacitor. 

Power leads from the panel controls to the termi- 
nal strip on the rear of the amplifier must either pass 
through the box or go around it. It is easy to pass 
through the enclosure without breaking the rf seal 
with a short section of 1.3-cm (0.5-inch) diameter 
thin-wall electrical conduit with wall fittings on each 
end of the section (fig. 8). An rf tight passageway 

A quick way to kill yourself is to remove the ampli- 
fier cover and fiddle around inside the box when the 
high voltage is turned on. Even the best of us might 
forget to turn things off and disconnect the amplifier 
from the supply before work is performed. A B-plus 
shorting switch will pay big dividends in operator lon- 
gevity. It is simple to make (fig. 9). The shorting ring 
is made of spring brass and is depressed when the 
amplifier lid is in place. When the lid is removed, 
pressure is taken off the shorting ring and it makes a 
direct contact between the high voltage circuit and 
the chassis. This short circuit results in a blown line 
fuse if the amplifier is inadvertently turned on when 
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fig. 6. A practical layout for a linear amplifier using two 3- 
5002 tubes. This is representative of a layout using any 
popular tube or tubes available for the Amateur service. A 
43-cm (17-inch) chassis is used, wi th depth chosen to 
allow proper placement of components. Tuning and load- 
ing capacitors are mounted symmetrically on the main 
panel wi th the plate bandswitch between them. Panel 
meters are placed across lower portion of the panel. An 
area for the plate coils lies between the two capacitors, 
immediately behind the bandswitch. The 3-5002 tubes, air 
system sockets, and chimneys are near one rear corner of 
the chassis wi th the air blower placed on the rear apron 
between the sockets. To the side of the tubes is the fila- 
ment transformer. To reduce transformer heating caused 
by infra-red radiation from the tubes, the transformer 
(which is normally black in color) is given a coat of white 
stove enamel. This reflects the heat from the tubes and 
reduces transformer operating temperature. The fixed- 
tuned cathode input circuit and bandswitch are located 
beneath the chassis, and the switch control shaft is 
brought out to the panel. Some Amateurs gang the input 
and output circuit band-change switches, but this is not 
necessary. The bottom of the amplifier is sealed wi th a 
metal plate, and the top area is made up of perforated alu- 
minum sheets to permit ample tube ventilation. 

the lid is removed. I t  also makes sure the filter capaci- 
tors are discharged before hands can be poked inside 
the amplifier. 

metering circuits 
When you have power tubes in your linear ampli- 

fier that may cost upwards of $100, it is a smart and 
thrifty idea to take good care of them. As far as 
metering goes, it is wise to monitor both grid and 
plate current (and screen current if a tetrode tube is 
used) plus filament voltage. And a plate voltmeter is 
a handy thing and necessary if you run close to the 
maximum power level. 

The meters are mounted outside the rf-tight box to 
remove them from the strong rf field of the amplifier. 
A single meter may be used as a matter of thrift to 

CHASSIS 
WALL 

LEAD INSIDE 
CHASSIS 

DIAL - B4NDSWITCH - DIAL - 
I I I , I  I J , ,  I 
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METER 1 / A F T  1 SWAFT  SHAFT^ 11""" 

FRONT - 

1 TUNE 1 rl 1 LOAD 1 
1 2 - 1 3  

I 
I I / I I 

L----i 

r TERMINAL 
STRIP 

AIH- 

BLOWER 

measure either grid or plate current if an appropriate 
switching circuit is employed, such as shown in fig. 
10, where one meter does the work of two. 

For economy and simplicity, a 0-1 mA dc meter is 
used. The scale will read 0 to 100 mA for grid current 
and 0 to 1000 mA for plate current. The scale need 
not be re-inked, since the user merely adds zeros to 
the reading to get the exact current value. 

The meter is converted into a simple voltmeter cir- 
cuit by a series-connected resistor. This voltmeter 
then reads the voltage drop across a shunt resistor 
placed in the circuit to  be monitored. The whole cir- 
cuit is inexpensive, accurate, and easy to make up. I t  
does not require precision resistors - inexpensive 
one-percent metal film resistors will do (or carbon 
resistors in pinch). 

As an example, suppose a 3.9-kilohm series resis- 
tor (a standard value) is used. The 0-1 mA meter is 
now turned into a voltmeter which reads 3.9 volts full 

LEAD INSIDE 
CHASSIS 

fig. 7. A simple filter circuit (A) for low voltage leads is made up of a 1000-volt feedthrough capacitor (Nytronics CP09A3 style, 
O.Ol-pF, wi th case grounded and mounting stud). These, or similar capacitors can often be found in surplus stores. The disc 
capacitors are 1 kV (SpragueSGA-D10, or equivalent). The filter coil is ten turns of no. 16 AWG (1.3 mm), 1.3-cm (X-inch) diam- 
eter spaced to 3.2 cm (1% inches) long. The coil and capacitors are placed inside the chassis. High-voltage filter circuit (B).  A 
high-voltage chassis connector (Millen or equivalent) is used. The capacitors are 500-pF. 10-kV TV-type, wi th stud mounts. Some 
Amateurs use a high-voltage coaxial connector for the B-plus lead and run the high voltage in RG-8/U coaxial cable wi th the 
outer sheath grounded as a safety factor. 
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FRONT OF CHASSIS 

WALL FITTING 
iTYP1 

COVER PRESSES 
ON SPRING BRASS scale. All that is necessary now is to design a shunt 

which will produce a 3.9 volt drop across it at the 
desired full scale reading of the meter. Let's say we 
want 100 mA (0.1 amp) full-scale deflection for grid- 

INSULATOR 

current measurement. The shunt resistor (by Ohm's 
law) is: kBrnSS LOO. @ 9 SHORTS TO GROUND B+ 

ENCLOSURE 

Shunt resistor fohnzs) = 
WALL 

- -  - 3'9 = 39ohms 

n; 1 
REAR OF CHASSIS 

1 

li 
I i 

. . 
WIRES 

f ig. 8. Wires can be passed through an underchassis area by 
using a short length of thin wal l  electrical conduit as a pas- 
sageway. Conduit is attached to  the chassis walls by means 
of metal wal l  f itt ings. Conduit and fitt ings can be purchased 
at electrical contractor or large home improvement store. 

I 0.1 : I  f WIRE 

This, also, is a standard resistance value. If you want 
I 1 I/+ 

U 

U ii 
WIRES 

COVER IN PLACE COVER REMOVED 

UNDERCHASSIS 
AREA 

to  read plate current at 1000 mA (1 amp) full-scale, 
the appropriate shunt resistor is: 

T H I N  WALL 
CONDUIT 

3.9 Shunt resistor (ohms) = -- I 

I \ 

= 3.9 ohms (a standard resistance value) 

Simple, isn't it? No expensive precision resistors 
are needed and everything is figured out by simple 
mathematics. Other full-scale meter readings can be 
worked out by changing the value of the shunt 
resistor. 

inexpensive perforated 
metal sheet 

A good way to make a ventilated rf-tight metal box 
is to use perforated aluminum sheet stock found in 
many hardware stores and home improvement cen- 
ters. Ideally, the holes should be small and closely 
spaced so that it seems as if there is more open space 
than solid metal. As an alternative, you can make 
your own perforated sheet from solid aluminum 

fig. 9. Inexpensive high-voltage shorting switch. The B-plus 
lead is connected t o  a ceramic standoff insulator. A short 
length of brass rod projects out  f rom the insulator. A short- 
ing ring made of spring brass loop encircles the rod as 
shown in  the left illustration. When the lid is i n  place, the 
loop is centered around the rod. When the cover is removed 
the spring brass straightens ou t  and the loop is offset, 
shorting the B-plus wire t o  ground. 

sheet and an electric drill. The trick is to make up a 
drilling jig out of a small steel plate (fig. 11). This 
sounds like doing it the hard way, but once the jig is 
made, it can be used rapidly and can be reused time 
and time again. I t  is a worthwhile addition to  the 
home workshop. The jig is held in position on the 
sheet with a pair of C-clamps and the holes easily and 
quickly drilled with an electric drill to  the pattern you 
wish. 

amplifier layout 
If you look through the various Amateur maga- 

zines and handbooks (particularly those of the pre- 
1970 era) you'll see plenty of homebrew linear ampli- 
fiers. They bear a remarkable similarity as far as lay- 
out goes. Indeed, so do most of the linear amplifi- 
ers currently on the market. Time spent in seeing 
how others solved their problems is a big asset when 

GRID RETURN @-PLUS 

CIRCUIT 
RETURN 
CIRCUIT 

I 

fig. 10. Meter-switching circuit (A), using an inexpensive 0-1 
m A  dc meter t o  measure either grid or plate current. I n  the 
grid position, the full-scale reading of the meter is 100 mA. 
In  the plate position, the full-scale reading is 1000 mA.  A 
simplified amplifier circuit (B) showing the dc current paths 
of the meter circuit. Note that the B-plus supply is "above 
ground" by virtue of the meter shunts. 
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fig. 11. A drilling jig made of sheet metal 3.2-mm (118-inch1 
thick is handy for making your own perforated stock for 
areas requiring ventilation. Jig is about 20 cm (8 inches1 long 
and 7.5 cm (3 inchesl wide. Holes should be about 6.5 mm 
(114 inch) in diameter. 

it comes to laying out the components for your own 
linear amplifier. 

You should lay the parts out on the chassis before 
you start drilling holes and bending metal. Some 
Amateurs make a cardboard mock-up of their ampli- 
fier and slide the components around in a three 
dimensional layout to make sure that one part does 
not mechanically interfere with another and that the 
dials fall on the panel in a symmetrical pattern. 

Once general parts placement has been ascertained, 
the sides, back, bottom, and top of the enclosure 
can be laid out and cut from sheet aluminum. The 
finished parts can be held together by means of bent- 
over edges on the sheets or by means of aluminum 
angle stock cut to fit. Some people use nuts and 
bolts to hold everything together, while others use 
sheet metal screws or pop-rivets. The top of the 
enclosure is held in position with removable screws 
so that it can be taken off for tube installation. 

The amplifier box is supported from the panel by 
spacer rods cut long enough to leave space for the 
meters between panel and amplifier. Shaft exten- 
sions can be used to couple the panel controls to the 
control shafts extending from the amplifier wall. 

If your assembly is completely knock-down and 
the chassis plate is replaceable, the amplifier circuitry 
and tube complement can be changed at will while 
still retaining the panel, circuitry, and main body of 
the amplifier. But you'll never need this, since hams 
rarely rebuild their equipment! 

recommended reading 
The new 21st edition of the Radio Handbook is now available and has a 

greatly expanded section on design and construction of linear amplifiers, 
Photographs show many different designs using popular power tubes. The 
new Radio Handbook is available from Ham Radio's Bookstore. Also read 
"A Beginner's 50 Watt Rig" by Bill Wildenhein. W8YFB, in the July and 
August, 1978, issues of Ham Radio Horizons, This is a goldmine of design, 
construction, and layout information. You should also read "Custom 
Design and Construction Techniques for Linear Amplifiers Using the 8877," 
by Merle Parten, KGDC, in the September, 1971, issue of OST. A reprint of 
this article can be obtained at no cost from the Amateur Service Dept., 
EIMAC, Varian Division, 301 Industrial Way, San Carlos, California 94070. 
Ask for bulletin AS-45. 

ham radio 
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counters and weights 
Counting in the digital sense is really a sequence 
of flip-flop state changes. The sequence repeats and 
the number of state changes required for one 
sequence is termed the division ratio. Thinking in 
terms of state changes is a clue in understanding 
counter operation. To make sense of certain flip-flop 
counters, the bit weight system is used. 

states and weights 
Each flip-flop in an array represents a bit of data. A 

counter always has the same number of bits, but 
each bit may be 1 or 0 depending on the sequence. A 
chain, or cascade, of flip-flops will have an orderly 
sequence of bit state changes, but it is still difficult to  
interpret the changes into decimal notation. 

Assume four flip-flops in cascade. The maximum 
number of states is sixteen. Weights are assigned to 
each bit. The least-significant bit, or LSB, will have a 
weight of one; it represents the input flip-flop, which 
changes the fastest. The next bit has a weight of 
two; the next four. The most-significant bit, or MSB, 
has a weight of eight. Mathematically, the bit weight 
is 2'7, where n is the bit significance. 

Converting binary states to  decimal notation 
involves adding up the weights of any bit that is a 1. 
Forget any 0 bits. Table 1 has four-bit binary states 
with equivalent decimal weights. Note that the maxi- 
mum decimal number is fifteen. What happened to 
sixteen? Simple. An  all-zero binary state is decimal 
zero, so all sixteen are accounted for. A decimal six- 

By Leonard Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 

teen would require five binary bits with the MSB at 1, 
the remainder at 0. 

Table 1 also gives hexadecimal notation. This is 
common in microprocessor state designation, and 
some four-stage counter packages are called hexa- 
decimal counters. 

simple counter chain 
Fig. 1 has three negative-edge, clocked, JK flip- 

flops in cascade. J and K inputs of all are tied high, 
so each stage divides by two. With three in cascade 
the total division, or count, is eight. 

This simple cascade is a ripple-through counter 
since each successive stage state change is depen- 
dent on the previous stage propagation delay. A rip- 
ple-through counter should not be used at high 
speed for selecting a particular state. 

Suppose you wanted to select a decimal 2 state. - - 
The flip-flop states would be ABC ( A  and C low, B 
high). For a short period of time this same state 
would occur after the fourth negative clock edge 
after A had toggled low but B was still high. It is a 
very short time, but the select gate might pass this 
"glitch." 

A solution is to make the counter synchronous 
using anticipated carry. Carry in counters is the state 
change output, that can cause the next stage to tog- 
gle. You can see that carry anticipation is possible by 
examining all previous flip-flop states and the clock 
before a toggle occurs; they are all high. 

table 1. Four-bit binary states with decimal weights. 

/--------binary states -,hexadecimal 
decimal MSB LS B notation 

0 0 0 0 0 0 
1 0 0 0 1 1 
2 0 0 1 0 2 
3 0 0 1 1 3 
4 0 1 0 0 4 
5 0 1 0 1 5 
6 0 1 1 0 6 
7 0 1 1 1 7 
8 1 0 0 0 8 
9 1 0 0 1 9 

10 1 0 1 0 A 
11 1 0 1 1 B 
12 1 1 0 0 C 
13 1 1 0 1 D 
14 1 1 1 0 E 
15 1 1 1 1 F 
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Synchronous counter modification is shown in fig. 
2. Additional AND gates set up the next flip-flop 
stage so that all change state at the same time. Carry 
out will have the same width as the high clock state 
but occurs only every eight clock periods. 

Difference in state change time is caused only by 
differential flip-flop propagation delay (quite small) or 
the AND gate delay. The latter may be canpensated 
for by adding inverters to the first stage outputs for 
any state select gating. 

ALL FLIP-FLOPS ARE J K  TYPES 
WITH J.K INPUTS T IED  HIGH 

Qc 

t CARRY 
OUT 

fig. 1. Cascade of three JK flip-flops with waveforms. 

INPUT 

CLOCK 9- CARRY 
OUT 

fig. 2. Synchronous three-stage binary counter using antici- 
patory carry. 

decade counting 
A minimum of four stages are necessary for divi- 

sion by ten. JK flip-flops can be used, and the con- 
trol inputs will enable a binary state sequence from 
decimal 0 through decimal 9. This type of counter is 
called a binary-coded-decimal, or BCD, and is shown 
in fig. 3. 

This is a cascade of divide-by-two (stage A)  and a 
divide-by-five (last three stages). Ten is divisible by 
two, so state feedback isn't required for the first 
stage. Note that OD is made to both J and K inputs of 
stage B; as long as it is high (OD low), B will toggle 
on every negative edge of QA. Stage D will not tog- 
gle since G I  holds its J input low until a decimal 7 is 
reached. 

A t  the decimal 7 state, both J and K of stage D are 

fig. 3. Binary-coded-decimal decade counter 
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I I 

INPUT IS MADE TO ALL ? 
F )  I-=-F, OP r(orw )NPL~TS 

INPUT 

0 
I 
2 
3 

TRUTH 4 
TABLE 5 

6 
7 
a 
9 

I 0  

0 OUTPUTS 

A d c o r  
0 0 0 0 0  
l o o 0 0  
I 1 0 0 0  
1 1 1 0 0  
I 1 1 1 0  
l l l l l  

O I l l I  
0 0 1 1 1  
O O O l l  
0 0 0 0 1  
0 0 0 0 0  

fig. 4. Five-stage, self-correcting decade ring counter. 

high; D is set up to toggle. It did not toggle when GI  
went high, since the control input must be present 
before a clock arrival. The eighth clock will make A, 
B, and C all low. D goes high from QA, since GI has 
set up the toggle condition. Stage B is now inhibited 
from its J and K inputs made low from QD. 

The tenth clock will toggle stage D again, making 
QD low. This action removes B's inhibit, but B does 
not toggle, since the inhibit was still there when QA 

went low. If this is confusing it won't hurt to review 
the JK rules given in reference 1. 

a bit easier to decode into specific states. Fig. 4 will 
decode all ten states into decimal using only two- 
input gates for each state. A disadvantage is the 
number of flip-flops, which must be one-half of the 
count. 

odd-modulo ring counters 
Modulus is another name for division ratio. Odd- 

modulo ring counters may have advantages over cas- 
cades with different state feedback. Divisions of 
three, five, seven, and nine don't require extra gating 
for correction. Fig. 5 shows two counters with state 
tables. 

A modulo-7 counter is created by adding a flip-flop 
before stage A. A modulo-9 adds two flip-flops. In 
both cases the Q output is connected to the next J, 
a to K. The last three stages in divisions of five, 
seven, and nine will go through the modulo-5 pat- 
tern, skipping the 001 state between 01 1 and 000. All 
are self-correcting. 

ssb quadrature counter 
Fig. 6 is a variation of a ring counter and has been 

used in several phasing-type, single-sideband 
designs. It's made from one high-speed, dual-D 
package and uses all four binary states. Quadrature 
(90-degree) phase is maintained over a wide frequen- 
cy range. 

A disadvantage is that the VFO (clock input) must 
be four times the output frequency, and differential 

ring counters 
These are shift registers modified by output-to- 

input state feedback. A shift register is a cascade of 
JK or D flip-flops with the Q and 6 of one stage feed- 
ing the J and K inputs of the next (Q to D only for D 
flip-flops). The clock is common to all stages, and 
any input to the first stage will shift through all stages 
at each clock edge. 

A divide-by-ten ring counter is shown in fig. 4 with 
the state truth table. It's common in CMOS and is 
sometimes called a "Johnson," or "switched-tail," 
counter. The latter name is from inverted output 
state feedback. This one is called self-correcting 
from the AND gate connection. 

At  power-on you cannot be sure that all flip-flops 
reach one of the desired ten states. With five stages, 
the maximum number of states is 32 (251, so the 
counter must be able to shift out of an undesired 
state. One such pattern is 01101, and you can try it 
out on scratchpaper with and without and AND 
gate.* 

Ring counters are inherently synchronous and are 

INPUT IS MADE TO A L L  ? 
FLIP- FLOP CLOCK INPUTS 

INPUT 4 

0 0 
I I 
2 I 
3 I 

TRUTH 4 1 
TABLE 5 1 

6 0 
7 0 
8 0 
9 0 

10 0 

D IV IDE  BY 
THREE 

1 1 0 0 DIVIDE 

; : B y  
4 o I I FIVE 

0 OUTPUTS 

8 c o  
0 0 0  
0 0 0  
1 0 0  
1 1 0  
I l l  
1 1 1  
I l l  

0 1 1  
0 0 1  
0 0 0  
0 0 0  

"See appendix fig. 5. Self-correcting odd-modulo ring counters. 
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90' LAGGING 

PHASE 

INPUT* - 

L-- - 
- D  0 

A B 
- 

C 0 C 0- 

fig. 6. Two-stage SSB quadrature counter. 

0 0' PHASE 

delay may limit the 90-degree difference. Differential 
delay in one package is never specified. It must be 
low since one degree of phase error in only 0.397 
nanoseconds at 7 MHz. Output loading should be 
equal to minimize differential delay, and mixer output 
filtering must be used to eliminate harmonics. 

direct set and clear 
Both CMOS and TTL packages have a variety of 

different flip-flop and counter arrangements. Direct 
set (or preset) and clear (or reset) may be separate or 
common or in a combination. Specification sheet 
data should be studied carefully for each package to 
make certain all functions and pinouts are under- 
stood. 

appendix 
Starting the decade ring counter w ~ t h o u t  the gate iQE directly to  

Ka)  at a state of 01101 will produce t h ~ s  sequence: 00110, 10011, 
01001, 00100, 10010, 11001, 01100, 10110, 11011, and back t o  
01101. I t  never arrlves at  a desired state. A d d ~ n g  the gate breaks 
the sequence at 11001. Both J and K inputs of the first stage are 
now 0 and i t  holds at  a 1 state; the rema~ning stages shift through 
for  the next state of 11 100, a desired state. Remaining states are ~n 
the desired sequence. The worst  glitch state is 01 100 wi th  the gate. 
I t  w ~ l l  g o  through 10110, 11011, then 01101 for the pattern given 
above. 

reference 
1. Leonard Anderson, "Digital Circuits - Propagat~on Delay and Flip- 
Flops," ham r a d l o ,  March, 1979, page 82. 
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the weekender 

broadband power-tracking v s w ~  bridge 
One o f  t he  problems that most hams have experi- 
enced with commercial power and VSWR meters has 
been the maker's inability to provide adequate isola- 
tion between the forward and reflected power samp- 
ling ports over a wide bandwidth. There is also the 
problem of having to recalibrate the VSWR meter 
when the output power is varied. The power/VSWR 
meter described in this article has been designed to 
be truly independent of these problems. My goal was 
to  design a dual-directional coupler w i th  a flat 
response to at least 55 MHz, and a directivity greater 
than 30 dB. Three couplers were designed to meet 
these requirements, with coupling factors of 30, 24, 
and 20 dB. The 30-dB coupler can be used with 
transmitting systems having outputs up to  1000 
watts. The 24-dB coupler can be used with systems 
below 200 watts, and the 20-dB coupler can be used 
with a 100-watt limitation. The 24-dB coupler turns 
out to be the most practical for average ham use. 

circuit description 
r f  sect ion. The rf sampling and detection circuit 
shown in fig. 1 was perfected with the use of a net- 
work analyzer having the capability of resolving 
amplitude variations of less than 0.1 dB over a 1 to 
500 MHz frequency range. 

In order to obtain the isolation between the for- 
ward and reflected power sampling detectors, two 
properly phased transformers are required. The tor- 
oid for the transformers is of "H" type magnetic 
material with a diameter of 9.5 mm (0.375 inch) and a 
thickness of 3 mm (0.125 inch), large enough to safe- 
ly pass 200 watts without saturating the core. The 
primary of each coupler consists of a 2.5-cm (I-inch) 
piece of 0.141 -inch OD semi-rigid coax with the solid 
copper outer jacket used as an electrostatic shield. I t  
should be noted that the jacket is soldered to the 
groundplane of the printed circuit board on only one 

side of the toroid. Soldering on both sides would 
result in a shorted turn and actually degrade the per- 
formance of the coupler. The secondary of each 
transformer consists of fifteen turns of no. 31 AWG 
(0.2-mm) enamelled wire evenly spaced around the 
core. This provides 24 dB of coupling. 

It is very important in winding the secondary of the 
transformers that the wire be spaced as evenly as 
possible. I found that having the turns spaced too 
closely caused the high-end performance to roll off at 
a much lower frequency than desired. The final 
design has a coupling response of 23.92 0.1 dB from 
1 to 200 MHz, and a roll-off of 0.15 dB at 50 MHz. 
The insertion loss is negligible. The directivity (isola- 
tion between the forward and reflected power ports) 
is greater than 35 dB from 1 to 30 MHz rolling off to  
25 dB at 200 MHz. 

The rf detector uses a pair of germanium diodes as 
a positive halfwave rectifier. The output is then fil- 
tered and passed to the analog tracking circuit. In  
order to avoid large offsets in the rectified voltage, 
the diodes are matched as closely as possible in the 
center of the high-frequency band. The setup shown 
in fig. 2 allows matching to within 10 mV. 

table 1. Values of return loss for different VSWR 

values. 

return 
loss 

VSWR (dB) 

1.05: 1 32.2 

1.1:l 26.4 

1.2: 1 20.8 

1.5:l 14.0 

2.0:l 9.5 

3.0:l 6.0 

4.0:l 4.4 

infinite 0.0 

Po,,, = 1 k W  P = 100 watts 
P,,, (mW)  

0.6 0.06 

2.3 0.23 

8.3 0.83 

39.8 3.98 

112.0 11.20 

251 .O 25.10 

363.0 36.30 

1000.0 100.00 

By Hank Perras, KIZDI,  Aglipay Drive, Return loss ( d ~ )  = - 10 loglo 
RFD 1, Amherst, New Hampshire 03031 
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T I  I E L E C T R O S T A T I C  S H I E L D  
---O R F  OlJT 

I 
1 0 O p H  I N 3 6 6 6  ..... I N 3 6 6 6  IO0,uH 

FORWARD 0 * - - -  R E F L E C T E D  

200 
1/4 WATT 
18 TOTAL1 

-.. .-- 

V S  WR 
RANGE 

! / 8 W  

CERMET 

IrnA 
5  h" 1 

CERMET 

fig. 1. Schematic diagram of the broadband VSWR bridge and power supply. As specified in the text, T1 and T2 are wound to pro- 
vide a coupling factor of either 24 or 30 dB. 

30-dB coupler 

This coupler is useful for high-power operation, 
that is, up to 1000 watts. With this looser coupling, 
adequate VSWR tracking for very low values of 
reflected power will be limited to approximately 100 
watts of transmitter output. In other words, the 
VSWR will indicate properly as the power is varied 
from 100 to 1000 watts. Tracking very low values of 
VSWR becomes a problem as the output is reduced. 
The value of power in the reflected wave (see table 
1 ) is determined by: 

PSec = Pout (dBm) - return loss (dB) - coupling (dB) 

I t  will be necessary to construct the bridge in two 
sections separated by a shielded compartment. The 
printed circuit board can be cut in half, separating 
the couplerfrom the tracker. The board was designed 
with this purpose in mind, to obtain greater isolation, 
if needed, and to operate the coupler at some remote 
location in the coax. 

A word of caution in winding the transformers - 
be very careful to avoid nicking the enamelled wire. 
This could result in a short to the outer shell of the 
semi-rigid coax used as the primary. I would suggest 
the use of clear epoxy on the entire transformer after 
assembly. 
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The only differences in the construction of this DIODE 
UNDER T E S T  

coupler are the meter faceplates and the coupling 
transformers. The transformers consist of the same 
one-turn primary as the 24-dB coupler, but the set- 

# 
ondaries have thirty-one turns of no. 30 AWG (0.25- 

\ S E T  TO 1 1 5 M H z  

mm) enamelled wire even spaced around a type-H, o DBM OUTPUT 

magnetic-material toroid 12.5-mm (0.5-inch) diam- fig. 2. Setup for determining diode characteristics to select 

eter by 5-mm (0.188-inch) thick. closely matched diodes as the detectors. 

GENERATOR SIGNAL D V M  



View of the circuit board used in the broadband VSWR 

bridge. The board can be cut between the rf and current 
tracking portions for remote operation. 

Current tracker. This portion of the bridge makes 
the overall performance of the unit truly automatic. I t  
is based upon the RC4200, a four-quadrant multiplier 
that is used as a current-ratio comparator. A refer- 
ence current, established at pin 8, is used in the inter- 
nal bridge portion of the IC. Forward and reflected 
currents from the diodes are fed to pins 1 and 5 and 

not the 4200. Thus, VSWR readings remain constant 
when transmitter power is varied from 200 watts 
down to 10 watts over the frequency range of 1.8 to 
148 MHz. 

The forward power is monitored by the use of a 
voltage follower fed from a 3-to-1 resistive divider. 
This divider network is necessary to keep the recti- 
fied voltage below the + 5 volt supply. 

I declded to have an expanded range for VSWR 
with 4:l full scale being a reasonable choice. This is 
accomplished by shunting the 39-kilohm resistor with 
an additional 60 kilohms. The circuit of fig. 1 can be 
modified to include a peak rms capability for monitor- 
ing the output power. Fig. 3 shows the modification. 

alignment and testing 
The VSWR is aligned using the setup in fig. 4. The 

transmitter is first tuned up into a single dummy load. 
Then, with four loads in parallel, the antenna tuner is 
adjusted to reestablish a 50-ohm load to the transmit- 
ter. With the range switch in the 4:l position, R2 is 
adjusted for a full-scale meter reading. Power is then 
noted on the series power meter, and R1 adjusted for 
the same reading on the power meter of the bridge. 

OUT 

FORWARD REFLECTED 

2 6 . 1 k  
?!% 

13.011 ALL CAPACITORS ARE CERAMIC. 
f!% 

0 
V S W R  

RANGE 

i RMS I m 
, 0 ,  

L - - - - - - - - - - - -  - - - - - -  J *CAPACITANCE SELECTED FOR DESIRED TIME CONSTANT 

fig. 3. Schematic diagram of a similar VSWR bridge which incorporates a peak-rms power readout. 

used internally to track the current ratio by the for- Next, one of the four loads is removed and VSWR 
mula Iq  = (1812)/15. I t  becomes evident that using readings are taken using both positions of the 
this configuration will allow a constant VSWR to be switch. The readings should exhibit a ratio of 3 : l .  
displayed over a fairly wide dynamic power range, This completes the testing and the bridge is now 
the limitation actually being the diode detectors and ready to be installed in the line permanently. 
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construction 
This VSWR bridge is constructed on a single 10 x 

5 cm (4  x 2 inch) printed circuit board, which is 
mounted on stand-offs inside an aluminum box. The 
rf is brought into and out of the box with short pieces 
of RG-58, stripped on one end for soldering to the 
terminal and groundplane of the printed circuit 

fig. 4. Test set up to calibrate the VSWR bridge. 

board. The other end uses a male BNC connector 
connected to a bulkhead feedthrough connector. 
Two feedthroughs are mounted on the back of the 
main cabinet, one being used for rf in, and the other 
for rf out. 

The meters are l - m A  full-scale movements with 
custom-designed scales. The face plates were 
removed and soaked in a solvent to remove the 
paint. They were then repainted with white spray. 
The next step was to tape the base plate to a pad of 
paper, and with the aid of a little geometry and a 
compass, a new arc was drawn on the white paint. 
The scale divisions were computed by changing 
power into a current ratio and finding the antilog. 

R F  K i Z D I  

WATTMETER BRIDGE 

I 

TRANSMITTER 
160 -10 M E T E R S  r -  

broadband transformer design 

ANTENNA 
TUNER 

I t  is very important in broadband torodial transfor- 
mer desig:: to select a material that has a high perrxe- 
ability. This results in a transformer that, when meas- 
ured on a vector impedance meter, will display a high 
real part of the impedance and a small reactive part, 
as indicated by a small phase angle reading. The low 
frequency roll-off is determined by the permeability 
of the material and the number of turns used, with a 
minimum number being determined by the impe- 
dance levels that the transformer will be working 
into. The high frequency roll-off is determined, for 
the most part, by the interwinding capacitance of the 
wires. 
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the addition of two readily available 

tebook 

Heathkit Micoder 

components, off-the-air monitoring 
can be more pleasant. 

Refer t o  fig. 1. With S1 in the NOR- 
MAL position receiver operation is 
normal. In the MONITOR position, R1 
(Radio Shack 271-21 5) is added to the 
receiver's rf  gain circuit, Dbring re- 
ceive, R1 is shorted by the contacts 
on the 32s-( ) VOX relay, K1. When 
the transmitter is keyed, normally 
closed K1 contacts open, inserting 
R1. Rl 's  resistance is adjusted only 
once to  provide a comfortable moni- 
toring level in the speaker or head- 

ohms) to an inside cover so that it 

Touch- Tone pad could be easily retrieved for restora- 
TO 32s-/ i 

tion to the original low-impedance RECEIVER MUTE 

adapted to low- microphone input. 7 5 5 - 1  1 

E. L. Linde, WB2GXF impedance input Y PHONO CONNECTOR 

A quick and easy method of adapt- 
ing the Micoder to transmitters such 
as the ICOM 22A, 22S, and 230 is to 
simply replace the audio-input pot 
(500 ohms) with a 10-kilohm pot. In 
the ICOM 22A this pot is R62, which 
is located behind the microphone 
connector. In the ICOM 230 it's R34, 
which is located on module AF. 

The Micoder is designed for a 10- 
kilohm output load. For the ICOM 
22A/22S, a Radio Shack 10-kilohm 
pot (part number 271-218) will work if 
bent slightly to allow the case to  
close. I used the 10-ki lohm po t  
(Heath part number 10-1039, R1221, 
which was left over when I converted 
my HD-1982 to an HD-1984. This 
conversion, which is available from 
Heath stores for about $9.00, pro- 
vides a crystal-controlled oscillator 
that is quite stable and requires no 
adjustment or alignment. 

Incidentally, there are two levels of 
Heath conversion kits. One has a 
zener for regulation and one does 
not. If yours has the zener, load resis- 
tor R105 should be changed from 820 
to 470 ohms for the Micoder and to 
1200 ohms if used with the Heath HT. 

I set the Micoder level control, 
R103, at 50 per cent range. The new 
10-kilohm pot should be set by trial 
and error with another station while 

off-the-air 
S-line monitoring 

While modifying the S-line for full 
break in (QSK) may not be desired by 
many, there are those who wish to  
monitor the off-the-air CW signal of 
the 32s-( ) rather than listen to a side- 
tone. This modification may be made 
by placing the 75s-( ) FUNCTION 
switch to OPR. However, this results 
in a very strong signal. You're then 
required to constantly adjust the RF 
GAIN to compensate for this strong 
signal, as well as the weaker received 
signal from the desired station. With 

:Fp 
ISEE FIGURE I1 

fig. 2. A "no-holes chicken-connection" 
may be made at the 75s-( ) MUTE jack for 
those not wanting to make any mods to 
their S-line gear. 

phones; CW SIDETONE is disabled by 
S lb .  If you have difficulty obtaining a 
pot with a dpdt switch or if only an 
spst switch is available, S l b  may be 
eliminated and the CW SIDETONE 
cable can be disconnected. 

The small size of the Radio Shack 

, 

NORMAL 

, I 
I 

\ I  , I 

' \I 

*MAY BE DELETED 
[SEE TEXT1 

J16 
RECEIVE MUTE 

32s-/ I 

on the air. fig. 1. Radio Shack 271-215 pot for off-the-air monitoring level (R1) is added to the 75s-( ) rf 
I also taped the removed pot (580 gain-control circuit. 
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fig. 3. Rf input protection diodes added 
to the 75S4 I antenna jack. 

pot permits mounting it on the front 
panel between the MODE switch and 
the RFIAF GAIN control. The mount- 
ing hole should be centered laterally 
and located 79 mm (3-3/32 inches) 
from the top of the front panel. If a 
larger pot is used, it may not fit in that 
location but may be mounted on a 
small aluminum bracket and secured 
behind the PTO control by one of the 
PTO mounting screws. With front- 
panel mounting the adjacent chassis 
hole may be used for  the leads. 
Shielded wire should be used for the 
CW SIDETONE lead to prevent hum 
pickup. 

For those who may be hesitant to 
apply any modification to their S-line 
(or who may want to check the effec- 
tiveness of the addition), the added 
pot may be "chicken connected" by 
using a Y-type phone connector at 
the 75s-( MUTE jack, J-11 (f ig. 2). 

I recommend the addition of two 
germanium diodes across the receiver 
antenna jack, J5, as rf protection de- 
vices (f ig. 31. 

Paul K. Pagel, NlFB 

improved memory for 
the Yaesu FT-227R 
Memorizer 

I like the FT-227R. I t  has all the fea- 
tures I enjoy in a 2-meter rig: It's fully 
synthesized over 4 MHz; it has 5-kHz 
offset tuning; it operates either up or 
down 600 kHz (or on so-called odd- 
ball splits); and, of course, it has sim- 
plex capability. Its power is also right: 
10 watts for repeater operation or you 
can run 1 watt for local contacts. In- 
cluded are tone-burst circuitry and 
provisions for CTSS and full-tone 
access. 

After six months of operation I 
found that the rig will also work in 
Teletype service. We have a net that 
runs AFSK at 170 Hz in the New York 
City area. (Nothing gives as good an 
indication of how well a rig works as 
20 minutes of key-down operation.) 

Everything seemed to be what I 
wanted. But - when I closed down 
for the night I found that the Memo- 
rizer forgets! Whenever I took the rig 
into the house, or just out of the car, I 
found this to be true. I looked into the 
instruction manual one evening, and 
out came the answer. 

P8-1773.1 
I 5  VOLT I 5  VOLT ' 

N l C l D  NICAD /j7 
FRONT OF RADIO 

fig. 4. Mods to the Yaesu FT-227R Memo- 
rizer 2-meter rig to store a frequency 
after the radio is disconnected from its 
power source. 

Remembering that my LED watch 
could remember time with just a low- 
power battery, I thought perhaps the 
same idea would work in the FT- 
227R. A check of the schematic 
shows that when the rig is connected 
to a battery, as in an automobile, and 
the memory switch is pressed, 5 Vdc 
is constantly applied to the phase- 
locked-loop (PLL) unit. This is the PB- 
1773A mi: in the book. The 5:'dc was 
derived from the 13.5-volt line from 
the auto battery. A further check 
showed that the ICs in the PLL were 
of the CMOS type and would prob- 
ably work on very little voltage if 
pushed. The solution to the problem 
was simply adding 3 Vdc and a 
IN4002 diode (f ig. 4). These mods 
allow a small voltage on the PLL cir- 
cuit through a diode to prevent higher 
voltage from ruining the two  AA 
cells. It's that simple. 

construction 
The first step in making the addi- 

tion is to remove the five screws and 
put aside the bottom cover (this is the 
one with the speaker). Looking into 
the unit you'll see the PLL circuit in 

back of the front panel. In  my unit the 
PLL circuit was covered by a fiber in- 
sulating cover. 

Remove the three screws that hold 
the PLL circuit cover. Remove the 
cover. With the rig facing to the right, 
look at the upper left-hand corner of 
the board. You should see three 
traces running toward the "bottom," 
or down the long length of the board. 
Follow the third trace i l l  from the end. 
I t  should go to pin 16 of all the ICs. 
This is the power trace and the one 
that we want 

Solder a 100-150 mm (4-6 inch) 
wire to it. Then find a ground point 
on the board. Anywhere will do. Sol- 
der another wire of the same length 
to it. Replace the cover and the three 
screws on the PLL board. Observe 
good construction practice and use a 
very small (25-watt or so) soldering 
iron. 

This should leave you wi th two  
wires sticking out of the PLL board 
with the cover on. Next solder two 
AA batteries in series. Solder the 
anode of the diode (unhanded end) to 
the positive side of the "top" battery, 
and the cathode (banded) side to the 
wire coming from the PLL board con- 
nected to ground. This will put a posi- 
tive voltage on the PLL at all times. 

Now solder the ground wire from 
the PLL board to the negative end of 
the batteries. That's all there is to the 
eiecrricai mods. 

I wrapped the batteries and diode 
with PVC electrical tape and located 
them in an empty area of the board. 

Total drain on the system is only 3 
mA, so the batteries should last for 
quite a while. I've had the system in 
operation for  some months and 
haven't yet replaced the batteries. 

With this system you can have 
memory for the low, low price of 
under $0.65. This may be one of the 
best modifications available for the 
money. Now, if you have one fre- 
quency in memory and another on 
the dial, the radio will remember both 
frequencies, even if the power is off 
and the rig is removed from the auto- 
mobile. 

Stephen Mendelsohn, WA2DHF 
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I f  you're active on the high-frequency amateur bands, you have probably formed your own idea of 
what it would be like to operate from a foreign country. You don't need many DX entries in your log- 
book before you begin to see some trends: power input, types of equipment that are preferred in 
various places, and the antennas that are the most popular. Have you ever wondered how those 
same DX operators visualize American radio amateurs? 

Writing in a recent issue of Break-In, the official journal of the New Zealand Association of Radio 
Transmitters, Harry Bourne, ZL101, provided some of the answers. While making contacts with 
more than 2500 amateurs in all callsign districts of the United States and Canada on 15 and 20 
meters, Harry collected a good deal of interesting data on transmitter input power and antennas. He 
found, for example, that 13 per cent of the stations used less than 100 watts, 59 per cent used be- 
tween 100 and 500 watts, and 28 per cent of the operators used more than 500 watts; he also found 
that the average power input on the 14-MHz band is higher than on 21 MHz. 

In the antenna department, ZLlOl's survey showed that 48 per cent of the American amateurs use 
Yagi beams at heights of 30 to 80 feet (10-25 meters), 21 per cent use verticals (either ground 
mounted or as elevated ground planes), 13 per cent run quads, often at rather low heights above 
ground, and 13 per cent depend on half-wave dipoles. The remaining 5 per cent use a variety of 
antenna types including Zepps, delta loops, vee beams, rhombics and indoor antennas. 

ZLlOl's logbook reveals further interesting results; signal reports, for example, confirm that anten- 
nas have a far greater effect on signal strength than transmitter input power - and it is much more 
effective to improve the antenna than it is to increase power. This will come as no surprise to serious 
DXers, but it's reassuring to have it confirmed by a DX station. And the excellent propagation condi- 
tions we've been experiencing for the past few months have made it possible for amateurs to achieve 
good DX results with low input powers, especially if they have a good antenna system. One after- 
noon not too long ago I hooked up with a G3 who was running 150 milliwatts input on CW; he re- 
duced power to 35 mW and we easily exchanged signal reports on ssb. That's roughly 100,000 miles 
per watt! And just recently I worked 7X2BK on 28 MHz using 200 mW and a 3-element beam. 

When propagation conditions are good and the high-frequency bands are as hot as they have been 
so far this year, directional antennas are not so important for increasing signal strength as they are 
for reducing interference from directions other than that of the desired station. With a power input of 
200 watts, excellent DX results can be obtained with simple vertical or dipole antennas, or single 
quad or delta loops. If you're unable or unwilling to install a larger or more sophisticated antenna 
system, you may not be able to crack that big DX pileup on your first call, but with good operating 
techniques and patience you'll be able to work any station in the world on CW. On phone it's more 
difficult, but only because the competition is tougher and the interference is horrendous! 

If you want to improve your station performance, the message is clear: spend your budget on your 
antenna system, not a linear amplifier, and remember that includes not only the antenna, but the 
ground system and the transmission line. If you're using inexpensive coaxial line, or cable that's 
several years old, you may be surprised to find that you can greatly increase your effective radiated 
power by simply installing RG-213lU or other high-quality coax. 

If your budget won't allow a new antenna, try to increase the height of the one you already have; 
you may be able to double your signal strength by raising your antenna above nearby objects. And if 
your antenna is ground mounted, increase the number of radials; aluminum electric-fence wire is 
ideal and costs about a penny a foot. Unless you're already using a Yagi on a 100-foot (30-meter) 
tower, dollars invested in your antenna system will give you more bang for the buck than dollars 
spent in any other part of your ham station. Keep that in mind as you get your station ready for the 
coming DX season. Nearly all the propagation forecasters agree that band conditions this fall and 
winter will be better than they have been in twenty years - and conditions may not be as good for 
another twenty! 

Jim Fisk, WIHR 
editor-in-chief 
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ments 

propagation predictions 
Dear HR: 

I have been advised that orders for 
the government publications on lono- 
spheric Predictions cited on page 30 
of my  article in the April issue of ham 
radio are no longer available from the 
Superintendent of Documents. I 
scouted around and, courtesy 
WSOWZ, discovered that photo- 
copies can be obtained from National 
Technical Information Service, Post 
Office Box 1553, Springfield, Virginia 
22151. Here are ordering information 
and prices: 

Volume 1 COM-73-50654 
"General Instructions" $ 3.00 

Volume ll COM-73-50655 
"Sunspot Number = 12" $1 1.75 

Volume Ill COM-74-50041 
"Sunspot Number = 110" $1 1.75 

Volume IV COM-74-50042 
"Sunspot Number = 160" $1 1.75 

Henry G. Elwell, Jr., N4UH 
Cleveland, North Carolina 

voltage-regulator noise 
Dear HR: 

I very much enjoyed W1HR's arti-' 
cle on Gunnplexers in the January 
Issue. 

However, I would like t o  bring 
something to your readers' attention 
in  reference to  the suggested 723 
voltage regulator. This regulator 
employs internal zener regulation, 
and zeners being inherently noisy, 
can contribute to system signal-to- 
noise ratio (SNR) degradation. I have 

been able to increase the signal-to- 
noise of a studio-transmitter link 
(STL) receiver by just short of 3 dB 
and unmask a VCXO's actual distor- 
tion of less than 0.2 per cent by simply 
by-passing pin 5 of the 723 with a 10 
pF capacitor and placing a 47-kilohm 
resistor between pins 5 and 6. Motor- 
ola indicates this addition in one of 
their application notes; however, its 
importance is not stressed, nor fol- 
lowed on in other application notes. 

I have experienced no such prob- 
lems with WlHR's suggested Fair- 
child device, the 78MG. I understand 
the 78MG regulators are not internally 
zener regulated. This should be con- 
sidered by those who are looking 
toward the ultimate in noise figures, 
distortion, and SNR. 

Dave Clingerman, W6OAL 
RF Project Engineer 

Moseley Associates, Inc. 

Dear HR: 
Over the past few years, I have 

monitored the 160-190 kHz band lis- 
tening for the large number of sta- 
tions that are supposed to be running 
beacons and scheduled transmis- 
sions. Since I have never positively 
identified any of these signals, it 
appears that either the wrong fre- 
quency was being monitored or the 
signal was too far down into the 
noise. 

A discussion with N6GN concern- 
ing this problem resulted in the idea 
of using the sixth subharmonic of a 
one megahertz crystal as a standard 
operating frequency. The resulting 
166.666 ... kHz signal would be very 
exact since the 5th, loth, or 15th har- 
monic of the 1 MHz crystal could be 
set to be "zero beat" with one of the 
WWV signals. 

! wou!d he very happy to schedu!e 
anyone in the San Francisco area on 
166.666 kHz. 

Dick Bingham, N6HZ 
4880 Burnside Rd. 

Sebastopsl, California 95472 

anodize dyes 
Dear HR: 

The article on anodizing in the Jan- 
uary, 1979, issue of ham radio men- 
tions several sources of dyes which 
can be used, including "drugstore" 
fabric dyes. The trade name dyes, 
RIT are typical of this group, are low 
cost, and have the reputation of 
being repeatable. These dyes are 
used warm, 50-60°C; the dyed sur- 
face is then sealed by boiling. 

Bob Haviland, W4MB 
Daytona Beach, Florida 

note of 
acknowledgment 

The April, 1979, issue contained an 
article entitled "The Jammer Prob- 
lem: Some Interesting Solutions," 
page 56. This article was adapted 
from "A Contribution to the Mathe- 
matical Theory of Big Game Hunt- 
ing," by H. Petard, Princeton, New 
Jersey, which originally appeared in 
American Mathematical Monthly 
(1938). The article has since been re- 
printed in A Random Walk in Science 
(1973), compiled by R. L. Weber and 
edited by E. Mendoza. 

We thought that Petard's article on 
big game hunting would make an in- 
teresting basis fo r  an adaptat ion 
geared to the very real problem of in- 
tentional interference in the Amateur 
bands. Thanks to Jim Kirkpatrick, 
WB7BUP, for the background infor- 
mation on the original piece. Editor 
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spli t-band 
speech processor 

Design and construction 
details of a split-band 

audio speech processor 
that features up to 

15 dB of clipping 
and low distortion 

Speech processing, especially for SSB, can be a 
relatively inexpensive means of improving the effec- 
tive "talk power" of a voice modulated transmitter. 
Much has been written about various devices and 
methods that can be used to gain this increase in 
effective talk power. The devices used have ranged 
from simple audio compressors to rf envelope clip- 
per-filters. All of these devices attempt to reduce the 
peak-to-average ratio of the speech or rf waveforms, 
thereby overcoming the peak power limitations of 
the transmitter. Generally, the degree of improve- 
ment is proportional to the complexity of the proc- 
essing method; the simpler circuits offer minimal 
improvement while the more complex effect sub- 
stantial improvement. 

This article will not attempt to present all the 
theory involved in speech processing; however, the 
interested reader is referred to excellent articles by 
Fisk,lr2 Kirkwood,3 Moxon,4 and Schreuers for more 
detailed overviews of the subject. 

Until recently, rf envelope clipping has generally 
been accepted as the most effective SSB processing 
method. Distortion products are small, generally 
consisting only of intermodulation products. The pri- 
mary disadvantage of r f  processing is the circuit 
complexity involved, and the necessity of modifying 
the associated transmitter. When modifying the 
transmitter is out of the question, a processor using 
the audio-SSB-audio (Comdel) approach can be 
used. In this method, an SSB signal is generated, 
peak limited (clipped), filtered, and then demodu- 
lated back to an audio signal which then modulates 
the transmitter. 

My initial efforts were directed toward designing 
and building a unit of this type. A breadboard model 
was constructed and evaluated under laboratory 
conditions. Performance was very good, and distor- 
tion was held to under 10 per cent at 20 dB of clip- 
ping. The circuit was, however, excessively com- 
plex. It required an audio preamplifier, two balanced 
modulators, an oscillator, a clipper, an rf amplifier, 
and an expensive mechanical or crystal filter. 

By Wes Stewart, N7WS, 1801 East Canada 
Street, Tucson, Arizona 85706 
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At this point, Jim Metzger, W7TKR, suggested 
that I try the split-band approach. He had done some 
work with the process with considerable success and 
Fisk2 had written in glowing terms about a similar 
unit available commercially from Maximilian Associ- 
ates. This was inducement enough to build a bread- 
board model for evaluation. 

basic circuit 
Fig. 1 is a simplified block diagram of the split 

band clipper. The input signal is applied to an agc- 
controlled preamplifier which then drives the first set 
of bandpass filters (BPFs). The filters split the audio 
spectrim into foiir narrow bands which are tnen 
clipped and directed into the second set of BPFs, 
where the harmonics generated by the clipping proc- 
ess are filtered off. These filtered signals then go to 
the combiner stage where they are reassembled into 
the desired output. 

Input amplifier. The design of the input amplifier is 
not particularly critical. The gain required will depend 
on the output amplitude of the source, the gain (if 
any) of the BPFs, and the limiting threshold of the 
clipper stages. If a very low output microphone is 
used, low noise may be of some importance. If, as in 
my case, active bandpass filters are used, the amplifi- 
er will also have to exhibit low output impedance. 
Automatic gain control is also desirable, as it helps 
maintain a high average clipping level, which in turn 
insures maximum talk power improvement. 

Bandpass filters. As pointed out by Fisk, the opti- 
mum design for BPFs is a compromise between sev- 
eral conflicting requirements. Overshoot or ringing 
due to the near squarewave input from the clipper 
must be minimized, skirt selectivity should be good, 
and phase shift through the passband must be 
smooth and predictable. The latter point becomes 
important when the design of the combiner is consid- 
ered, as will be seen later. Other very important fac- 
tors to be considered are circuit complexity and 
reproducibility. 

After pondering all of the above points, I decided 
on a two-pole Butterworth active filter. The Butter- 

LIMIT 

BPF LIMIT BPF 

BPF BPF 

fig. 1. Block diagram of a split-band audio speech processor. 

RELATIVE INPUT :dB> 

fig. 2. Comparison of "hard" vs "soft" limiting. Soft limiting 
is undesirable because of the uncertainty of the thresho!d 
point, making it hard to maintain constant output from the 
processor. 

worth is not optimum when considering only impulse 
response and phase shift; however, when used in a 
low-Q configuration, i t  is a good compromise 
between filters with these attributes and those pos- 
sessing superior skirt selectivity. 

The final circuit is configured as a multiple-feed- 
back type.6 These filters are relatively insensitive to 
component variations, allowing the use of 5 per cent 
tolerance components and inexpensive operational 
amplifiers. Detailed design data for the selection of 
center frequency, gain, and Qwill be given later. 

Peak clipper. The clipper may seem to be one of 
the least critical parts of the circuit, but, in fact, its 
requirements are quite stringent. One of the most 
important factors in the performance of the clipper is 
that of clipping symmetry. Perfect symmetry insures 
that only odd harmonics are generated; second-order 
products would be too much for the two-pole filters 
to handle. An important point is that the only p!ace 
clipping should occur is ir: the clipper. Clipping or 
limiting elsewhere in the circuit cannot be easily con- 
trolled and must be avoided. This may seem easy to 
do, but if the clipping threshold is too high, limiting 
may occur in a preceding stage when large amounts 
of clipping are in use. For example, if a clipping 
threshold of one volt is used and 20 dB of peak clip- 
ping is desired, the preceding stage must be able to 
have an output voltage swing of 20 volts peak-to- 
peak. If this stage is running off a single 12-volt pow- 
er supply, this will of course be impossible. 

Another important aspect is that of how "hard" 
the limiting is. Many of the circuits initially examined, 
which included limiting differential amplifiers, shunt- 
diode clippers, and operational amplifiers with shunt 
diode feedback, had rather "soft" limiting character- 
istics. That is, the threshold was ill-defined and the 
slope of the transfer function continued to change 
over a wide range of input levels. Fig. 2 graphically 
shows the difference between hard and soft limiting. 
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fig. 3. Circuit diagram of the amplitude iimiter iciipperi used 
in the final design. With the resistor values shown, the out- 
put will be limited to approximately 300 mV p-p. 

Soft limiting is undesirable because it makes it diffi- 
cult to  maintain a constant peak output level. 

The circuit finally selected for this application, as 
best satisfying the above requirements as well as 
using a minimum of parts, is shown in f ig. 3. This will 
be recognized as a variation of the old series auto- 
matic noise limiter used in receivers. By suitable 
selection of resistor values and bias voltage, the clip- 
ping threshold may be adjusted over a wide range. 

The performance of this circuit is demonstrated in 
f ig .  4. This is a multiple-exposure oscilloscope pho- 
tograph taken of the output of the clipper. The inner, 
near sinusoidal, trace was obtained by increasing the 
input signal until a 3-dB increase caused only a 2-dB 
change in output. This point was defined as the clip- 
ping threshold. The middle trace represents a further 
input increase of 4 dB, and the outermost trace was 
obtained with a total input overdrive of 15 dB. The 
photograph shows the nearly flat peak output and 
the exceptional symmetry. A further test of sym- 
metry was made by examining the frequency spec- 
trum of the clipper output with a Hewlett-Packard 
302A wave analyzer. With 15 dB of clipping, the sec- 
ond harmonic remained more than 40 dB below the 
fundamental output. 

Combiner. The combiner has the job of taking the 
four BPF outputs and putting them back together 
again while maintaining their original phase relation- 
ships. Improper phasing will result in excessive pass- 
band ripple being generated. As described by Fisk, 
the Maximilian unit incorporates phase shift net- 
works before the combiner to compensate for the 
phase shifts through the BPFs. As will be shown 
later, these networks can be eliminated by the judi- 
cious selection of filter characteristics and the use of 
a simple summing and differencing amplifier. 

circuit description 

The SL1626 is used as recommended by the data 
sheet, except for the addition of R6 and C10, which 
are necessary to suppress a high-frequency oscilla- 
tion. R4 lowers the sensitivity about 20 dB and may 
be unnecessary in some applications. Front panel 
adjustment of the clipping level is possible via R7. 

Amplifier U2A, one section of an LM324, develops 
a small amount of additional gain and serves as a 
low-impedance source to the following BPFs. The 
resistors used on the outputs of all the LM324s are 
necessary to eliminate cross-over distortion.: 

All of the bandpass filters are operated at the same 
gain and Q, only the center frequency (f,) differs 
from channel to channel. For simplicity, all capaci- 
tors are of the same value; the center frequency is 
adjusted by choice of resistor values. Using tne given 
values, the overall frequency response wil! be approx- 
imately 350 to 3000 Hz at - 6  dB, with no greater 
than 3 dB of passband ripple. If other cutoff frequen- 
cies are desired, appendix 1 gives the equations 
necessary to calculate new values of f, and Q. 
Appendix 2 gives the equations for calculating the 
parts values for the individual filters. 

The clipping stages, as described earlier, use a pair 
of forward-biased diodes. With the bias resistor 
values shown, the clipped output will limit at about 
300 mV p-p. The shunt-bias resistor values are kept 
low enough to insure that the input impedances of 
the second BPFs remain fairly constant even when 
the clipping diodes turn off. 

The second set of BPFs are identical to the first. 
Their outputs are combined in another section of an 
LM324, which delivers the system output through a 
resistive divider. By adjusting the resistor values, the 
output amplitude can be set approximately the same 
as that of the microphone, allowing the clipper to be 

fig. 4. Performance of the clipper stage shown in fig. 3. The 
sinusoidal trace was made at the threshold point (1-dB clip- 
ping). The middle trace shows 5 dB of clipping, and the 
outer trace was made with 15 dB of clipping. The vertical 
sensitivity is 50 mvldiv. 

Fig. 5 is the complete schematic of the system. 
The input is applied to 01, an FET source follower, 
used to  match high impedance microphones. The 
follower output drives U1, a Plessey SL1626 gain- 
controlled amplifier. This IC maintains a nearly con- 
stant output of slightly less than 100 mV RMS over an 
input range of 1 to 100 mV. 
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fig. 6. Full-size printed-circuit layout for the audio clipper board. 

switched in and out without a gain change in the frequency. Eq. 1 demonstrates how an input signal 
transmitter. Note that the BPF outputs are alternately at this frequency is shifted + 45 degrees in one chan- 
connected to the plus and minus inputs of the com- nel and - 45 degrees in the other: 
biner. The next section will demonstrate why this is 
done. 8 = 90 - arctan (y + ~4-) 

Assuming the equations shown in the appendix 
were used to determine the f, and Qof the individual - arctan (y  - J-) 
filters, adjacent filters will share a common - 3  dB (1) 

fig. 7. Component location on the audio clipper board. 
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fig. 8. Full-size circuit board layout for the compressor 
board of the split-band processor. 

where 8 is the phase shift in degrees 
f, is the filter center frequency 
f is the frequency of interest 

After cascading the two filters in each channel, 
this shift will be doubled to f 90 degrees. Clearly, if 
these two signals are vectorially added, their sum will 
be zero because they are of equal amplitude but 180 
degrees out of phase. A simple solution to this prob- 
lem is to invert the phase of one signal. This is effec- 
tively what is done by the combiner. 

Solving eq. 1 for other frequencies will yield a 
phase error that increases with distance from the - 3 
dB point. This error is less important, however, 
because the amplitude difference also increases, so 
the larger signal dominates when the summation is 
made. 

construction 
For added versatility, the circuit is constructed on 

two etched circuit boards; the input compressor on 
one, the clipper-filter on another. This allows either 
one to be used alone in other applications. Figs. 6 
and 8 are full-sire layouts of the foil sides of the two 

fig. 10. View of the prototype split-band speech processor. 
The circuit boards are mounted using metal spacers and 
machine screws. Room is available for mounting an ac 
power supply; an external supply was used for this model. 

fig. 9. Parts placement diagram for the compressor 
circuit board. 

boards, while figs. 7 and 9 show the ccmponent 
placement. These boards have been laid out with 
considerable attention to preventing ground loops. A 
hand-wired board should be built with the same 
attention. 

The prototype shown in fig. 10 was constructed in 
a Radio Shack enclosure (270-253). Sufficient space 
remains for the inclusion of an ac-operated power 
supply. Fig. 11 is a schematic diagram of a suitable 
supply. Liberal use of ferrite beads and bypass capac- 
itors on all leads entering the enclosure eliminates 
any chance of problems with rf interference. 

performance 
As fig. 12 shows, the frequency response is very 

close to what was calculated, despite the use of 5 per 
cent components. By adjusting R7, the clipping level 
can be varied from 0 to 15 dB. Greater amounts of 
clipping can be had by increasing the gain of either 
U2 or the BPFs, or reducing the clipping stage bias to  
lower the clipping threshold. 

Caution should be exercised before deciding on 
greater amounts of clipping, however. This could 
turn out to be too much of a good thing. Increased 
clipping does continue to reduce the peak-to-average 
ratio, but at the same time distortion increases rapid- 
ly. This is shown graphically in fig. 13. As pointed 
out by Moxon,4 most of the improvement is obtained 
by the first 6 dB, with little to be gained by increased 
amounts. My on-the-air tests seem to indicate that 
10 to 12 dB is about optimum with this system. All of 
this is rather subjective, but the whole topic of 
speech intelligibility and recognition is pretty subjec- 
tive, so take it for whatever it's worth. 

Total harmonic distortion was measured with an 
HP 331A distortion analyzer at various frequencies 
and clipping levels. The results of these measure- 
ments are shown graphically in fig. 13. As the figure 
indicates, distortion begins to rise rapidly as the clip- 
ping level approaches 15 dB. 

These measurements were of necessity made with 
single frequency inputs which represent worst-case 
conditions. Because clipping is occurring on every 
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fig. 11. Schematic diagram of an ac power supply suitable 
for use with the processor. The transformer can be a Radio 
Shack 273-1385, the diode bridge a 276-1151, and C1 either 
272-1019 or 272-1032. 

half cycle, harmonic generation is maximum. With 
speech, clipping occu:s much more randomly, with 
proportionally less total distortion. 

On-the-air tests have been extremely gratifying. 
Reports have indicated substantial increases in ap- 
parent signal strength without noticeable distor- 
tion or loss of naturalness as long as the clipping level 
was held around the 10- to 12-dB point. Some loss of 
naturalness seems to occur above this point, but up 
to 15 dB, the sound is still not too objectionable. No 
tests have been run at levels in excess of 15 dB. 

operation 
Operation is very simple. The agc amplifier holds 

the clipping level constant, relaxing the operator re- 
quirements considerably. Some adjustment of the in- 
put sensitivity may be necessary if the microphone 
used has either a very high or very low output. While 
the dynamic range of the compressor will handle a 
higher input, the rise in background noise between 
speech pauses will be annoying to the listener. In this 
case, a series resistor may be added to the input 
which, in combination with R1, forms an attenuator. 
In the case of a very low-output mircophone, in- 
creasing the value of R4 will increase the sensi- 
tivity. Highest gain occurs with R 4  omitted entirely. 

On the output side, changing the value of R54 will 
control the maximum output level. This interacts 
with the audio gain control on the transmitter, so 

corrections can be made either place. I tried to pick a 
value that allowed the clipper to be switched in and 
out without having to readjust the microphone gain 
each time. 

Finding the best setting for the microphone gain is 
best done with the aid of an oscilloscope on the 
transmitter output. With the clipping level set to max- 
imum, adjust the transmitter gain so the peak ourput 
just approaches the level achieved with full carrier or 
excitation. If no oscilloscope is available, I find that 
just whistling i ~ t o  the rnicrcphone and setting the 
gain to the point that just activates the transmitter 
ALC works out very well. If you are not going to use 
the maximum amount of clipping available, then do 
the adjusting at the clipping level you intend to use. 
Even the best of clippers will nor maintain a corn 
pletely flat output vs input characteristic. Therefore, 
if you adjust your gain at 15 dB of clipping, then 
reduce it to 10 dB, your peak output will drop a little. 

FREOUENCY - Hz 

fig. 13. Total harmonic distortion vs clipping level. These 
curves were made with single tone inputs. Average distor- 
tion with speech input should be lower. 

This effect can be explained as follows: As shown 
in fig. 4, sine waves subjected to 15 dB or so of clip- 
ping take on the appearance of pretty good square 
waves. As mathematical analysis can show, a square 
wave is composed of a fundamental frequency and 
all of its odd harmonics. We try to filter out these har- 
monics and retain only the fundamental. Unfortu- 
nately, the peak amplitude of this fundamental com- 

o ponent is larger than the peak amplitude of the 
3 

6 square wave by a factor of ji-, 4 or 2.1 dB.8 It is this 
lZ factor that causes a continuing increase in output 

$ 20 
despite the use of a "perfect" limiter. 

a I want to express my thanks to Jim Metzger, - 30 WTKR, for his technical advice, to Frank Baker for 

40 
his circuit-board layout genius, and to Don Scheick 
and Norm Keopfer for their assistance in the prepara- 

50 tion of the circuit boards. Additional thanks go to the 
I I I I I !  1 1 1 1  I I 1 1 1 1 1 1  many others who offered advice and encourage- 

I 
{OO Hz I hHr 10 *Hz ment, to Norma Putney for the typing of the manu- 

F R E O ~ E ~ C ~  - HZ script, and to my wife, Terry, for the many hours 
fig. 12. Measured audio response of the speech processor. Spent away from family affairs during this project. 
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appendix 1 
For new passband limits, the values for Qand f, can be  found  as 

in  the fo l lowing example: 

1. Define the low frequency - 6 dB point, JL (350 Hz) 

2. Define the upper frequency - 6 dB point, JL (3000 Hz) 

3. Find the multiplying coefficient, L 

L4 = .!k = = 8,571 f~ 350 

L = 'J8571 = 1.711 

4. Find the individual filter cutoff frequencies 

JL = 35OHz 

LJL = 599Hz 

LZfL = 1025 Hz 

L3,fL - 1753 Hz 

L4fL = 3000 Hz 

5. Find the individual center frequencies 

Jol = J(jr50)(599) = 458Hz 

J02 = ~ ( 5 9 9 )  (1025) = 784 Hz 

f03 = ~ ' ( 1 0 2 5 )  (1753) = 1340Hz 

for = J(1753) (3000) = 2293 Hz 

6.  Determine required Q 

Q = &  

2293 44 = 1247 = 1.839 

Use Q = 1.84 

appendix 2 
The mult iple feedback bandpass filter shown below may be  

designed b y  the fol lowing method (example in brackets): 

Choose: C = CI = C2 

[C = 1000pF = 10-9Fl 

where A, = desired gain 

Q = Q f r o m a p p e n d i x  1 

Calculate: K = 2 6 C  

[2a*458*10-  - 2 878.10-61 

This completes the calculations; the final step is t o  select the 
nearest 5 per cent standard resistor values. If, as i n  the  above ex- 
ample, A, equals Q2, R1 wil l  equal R2, which minimizes errors due  
t o  tolerance variations. 

The fol lowing program, wr i t ten for an HP 25 calculator, wi l l  
speed the design of the BPF: 

HP-25 Program Form 
T , t , e L l t i p l e  Feedback Bandpass  F i l t e r  

Switch to PRGM mode, press i , t h e n  key In the program 

R I O I I T I I S  

- 

x.-~ . - ~ -  - - 

4. 
~- 

- . . - - - . . - - - -- .- -- - - 
.5 . - - - . 
.6 

... 
.a - - 1 
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antenna design 
for omnidirectional 

repeater coverage 

The problem 
of good coverage 
with vhf antennas 

on towers with large 
cross-sectional areas 

is resolved 
in this article 

This is the story of how one club obtained uniform 
coverage in all directions with a repeater antenna 
mounted on the side of a very wide tower. Perhaps 
the solution will help others with the typical problems 
of side-mounted antennas. 

the problem 
The difficulty that the Western Illinois Amateur 

Radio Club (WRQAEA) faced was not an unusual 
one on side-mounted repeater antennas. Coverage 
was not uniform in all directions; there were many 
peaks and many nulls. In some directions range was 
disappointingly short. Unless the repeater antenna is 
mounted on top of a structure this situation is typi- 
cal, because a side-mounted antenna pattern usually 
has peaks and nulls resulting from the interference, 
reflections, and absorption of the structure. The local 
TV station, unfortunately, wouldn't let us put our 
array on the top of their tower above the TV antenna. 

An interesting aspect of the WRSAEA problem 
was the large cross-sectional area of the TV broad- 
cast tower we're using. The triangular shape is 4.8 
meters (15 feet, 10 inches) on each side. Although 
this tower is very wide for a 244-meter (800-foot) 

structure, the problem and solution are relevant to 
both smaller and larger structures. 

solution 
The solution needed was some type of antenna 

array all the way around the supporting structure. 
Minimum coupling to the tower and uniform illumi- 
nation of the horizon with good input vswr were re- 
quired. A search of Amateur Radio reference ma- 
terials yielded no answers. At  this point the club 

NOTES 
1. a . 5  mrn ( 2 - I / Z  IN.] 00 TUBING AT ALL TRIANGLE CORNERS. 

2. ANTENNA HEIGHT' 2 2 3  METERS (731 FTJ ABOVE GROUND. 
3. OPERATING PAFAMETERS. 

FREWENCY (MHz) WAVELENGTH. CM 1IN.I 
TRANSMIT' 14703 2 0 4  (80 .3 )  
RECEIVE: 14763 2 0 3  (79 .9 )  

4.  RMS GAIN: 
2 LAYER 5 0.8 dB 
3 LAYER 5 3 . 8  dB 

fig. 1. Tangential-fire antenna array using Yagis attached to 
a tower of large cross section. Note that the main lobe of 
each radiator is perpendicular to the tower and that free 
space exists in front of, and to the rear of, each pattern. The 
resultant radiation pattern of each antenna is summed so 
that the overall pattern is essentially omnidirectional. 

By James R. Ruxlow, NSSN, 8 Elmwood 
Drive, Quincy, Illinois 62301 
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president, Tom, WSNJV, approached a local pro- 
fessional antenna engineer, Ron, W9N00. Ron is 
very well respected for his many years of designing 
vhf and uhf broadcast antennas. 

As usual, Ron knew what to do. He suggested a 
"tangential fire arrangement" for mounting anten- 
nas on the very large triangular tower. Of course, we 
didn't know what he was talking about; but as if 
often the case with someone who really knows his 
subject, Ron was able to make it simple for us. 

description 
By "tangential" Ron meant that the radiators 

would have their maximum radiation on a tangent, or 
at right angles, to the tower. This seems a little un- 
usual at first, because we normally think in terms of 
an antenna radiating straight out from a tower. But 
here, if you're standing at the center of the tower, 
the maximum energy is pointed off to one side rather 
than straight out. To obtain constant signal ampli- 
tude in all directions, one radiator is placed on each 
leg of the tower. Notice from fig. 1 that the main 
lobe of each radiator is prependicular to the tower 
and there is free space in front of, and to the rear of, 
each radiation pattern. The tower structure is off to 
one side of the radiator, so there's a minimum of 
coupling and distortion. 

pattern sum 
To obtain omnidirectional coverage it's necessary 

for the pattern from one radiator to add to the next, 
so that the resulting sum is as close as possible to a 
circle. Fig. 2 illustrates this concept of the addition of 
the patterns. (In this figure the patterns are drawn to 
a very large scale, and the tower triangle to a very 
small scale, to represent the addition that takes 
place in the far field.) 

The ideal individual radiation patterns would have 
a 6 dB beamwidth of 120 degrees. The half voltage 
( - 6 dB) intensity of one radiator would then coin- 
cide with the half voltage radiation of the next. If 
the components from adjacent radiators are in 
phase, they will then sum to equal the full intensity. 
Figs. 3 and 4 illustrate the development of this con- 
cept. Since the cosine function has a value of one- 
half f 60 degrees, the desired pattern shape is re- 
ferred to as a cosine pattern." The repeater antenna 
is vertically polarized, so our concern is the pattern 

"Another variation of this concept is the cos2 pattern, which was developed 
for vhf antennas on ballistic missiles. The same problem existed: the re- 
quirement for omnidirectional coverage with minimum attenuation from 
antennas mounted on the side of a huge mass of metal (the missile). Much 
time and effort went into the development of the cos2 antenna, which is 
now standard for range safety and telemetry electronics on large rocket 
launch vehicles. Some of the early work on these antennas was done by 
the engineering department of the Convair division of General Dynamics 
for the Atlas missile in the late 1950s. Editor. 

fig. 2. Development of the cosine radiation pattern resulting 
from three antennas fed with the proper phasing system. 
The sum of the patterns approaches a circle. 

in the plane perpendicular to the radiating elements 
1H plane). Other patterns lend themselves to four or 
more radiators around a tower.Ir2 

radiators 
Ron told us that the desired cosine-shaped pat- 

tern is approximated by the typical short Yagi an- 
tenna. We decided to use on each leg of the tower a 
five-element Yagi manufactured locally. This beam 

fig. 3. Ideal cosine pattern of three antennas fed in phase. 
The cosine of the angle, 0, lies between - 90 and +90 
degrees. 
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has standard dimensions with about 9 dB gain. It is 
very well constructed to take the rigors of being 
mounted 163 meters (535 feet) in the air. This was an 
important consideration, because nobody was in- 
terested in climbing up there - or paying a profes- 
sional to go up there - in windy, cold weather to 
tighten a bunch of flapping aluminum. 

spacing between radiators 
For the amplitudes of the patterns of tne radiators 

to add, it's necessary for the phasing and spacing to 
be correct. In our case, each Yagi was fed in phase 

Antenna-mounting hardware consists of stainless steel and 
heavy-gauge aluminum. 

some of us to get this through our thick heads, but 
the single stack or "bay" of three radiators around 
the tower yields to gain equal to that of a reference 
dipole. 

Ron pointed out that the addition of a second 
level, or bay, of three more Yagis, stacked one wave- 
length above, would double the gain and give 3 dB 
over a reference dipole. So we decided to build a 
two-bay system with three Yagis per bay. 

fig. 4. The development of the cosine pattern of n antennas 
fed in phase. This data is from a pattern recorder used dur- 
ing tests of the WRSAEA two-meter system. 

through an equal length of feedline. The center of 
radiation (driven element) of each beam must be an 
integral number of free-space wavelengths apart. 
This requirement assures that the energy of each 
element will add correctly with energy from the next 
element. This is represented by the dimension n*X (n 
times lambda), fig. 5. To suspend the Yagis at least 
one-half wavelength from the tower legs, the spac- 
ing worked out in our case to three wavelengths 
(see fig. 1). Ron pointed out that there are tech- 
niques for spacing the radiators at any multiple of 
one-third wavelength.3 

gain of the array 
At  this point some of us got enthusiastic about the 

gain of this concept. After all, with three 9 dB Yagis 
the gain should be high, right? Wrong. When the 
patterns add up to a circle, the average gain drops to 

scale-model tests 
To make sure the thing would work, Ron and his 

collaborator, Joe Donovan, tested a scale model of 

that of a half-wavelength dipole. It was hard for Scale model of one of the antennas used for tests. 
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ment. Note the nulls down to 20 dB below maximum 
and broad areas of poor gain. This type of poor cir- 
cularity is typical of many side-mounted vhf anten- 
nas. Fig. 7 shows the pattern of the tangential-fire 
configuration used for our new array. The circularity 
is k3 dB or better. In other words, the gain in any 
direction is no more than 3 dB from the average. 

power divider 
A power divider to feed the six Yagis in phase 

from a single feedline was the next design task. A 
quarter-wavelength transmission-line transformer is 

fig. 5. The center of radiation from each beam must be an in- 
tegral number of free-space wavelengths apart so that the 
energy of each element (antenna) wil l  add with energy from 
the next. This is represented by the dimension nX, where X is 
the spacing in  wavelengths. 

the tower cross section and Yagi elements. A con- 
venient test frequency for their scale-model antenna 
was 955 MHz. At  this frequency the models are small 
enough to be easily rotated by a powered turntable. 
A continuous plotter automatically recorded the 
pattern shape. Fig. 6 shows the pattern with three 
Yagis pointed straight out, or a radial-fire arrange- 

fig. 7. Radiation pattern of the tangential-firs arrangement 
used at WRSAEA. Circularity is k3 dB or better, which 
means that the gain in  any direction is no  more than 3 dB 
from the average. 

RADIAL- FIRE 

fig. 6. Radial-fire pattern in  which three Yagis are pointed 
straight out from the tower. Note nulls and broad areas of 
low gain. The poor circularity is typical of many side- 
mounted vhf antennas. 

perhaps the most simple technique. If all six Yagis 
are matched to 50 ohms and fed through convenient, 
equal lengths of feedline, the feedlines can be paral- 
leled at a single point. Six %-ohm loads in parallel 
result in an impedance of 8.3 ohms. In other words, 
we need an impedance transformation of six to one. 

The design curves in Chapter 22 of reference 4 
shows about a + 5 per cent bandwidth at a vswr of 
1.2 for a six-to-one transformation with a single 114- 
wavelength transformer. The usual equation, Z = 
d m o r  Z = d m ,  tells us that 114 wave- 
length of transmission line, with a characteristic im- 
pedance of 20.4 ohms, would match 8.3 to 50 ohms. 
However, the design curves also show that, by 
making the transformation in two steps, the band- 
width at a vswr of 1.2 can be increased to $- 20 per 
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TOP 
m m s  DISC FOR CAP 

TEFON PLUG SUFVWRT 
2 5  mm ( I  IN.) - 6  TYPE 'N' CONNECTORS 

EOU4Ll.Y S-D AKUJNO 
41 mm (1.6251 W T E R  
DM(ENSI0N. 

2.1 mm (NO. 12 AWG) 
WIRE JUMPERS. 
SOLDER CONNECTORS -3 8 mm ll.25 1N.I OD 
NEAR END. 508 ,, (2.7 iti I i.?ih: 

I lt- - 15 mm 10.588 ffl.) I0  
17 mm (0.664 IN.) OD 
dl  rnm (1.625 IN.) LINE 

DRAIN W L E S  3 irm 

41 mm (1.625 IN.)- 
(0.125 IN.) TYP 

F L A M E  4ND 
REDUCER 

NOTES: I 
1. 41 mm (1.625 m.1 RIGID LINE W T E R  DIMENSION. 

38.8 mm (1,527 IN.) 10. 
2 .  OVERALL LENGTH 1.2 Nhn ( 4  F T )  

fig. 8. Construction details of the power divider used with 
the WRSAEA antenna. 

cent. This configuration is less sensitive to inaccura- 
cies and changes in the load impedance. Two 114- 
wavelength sections in series match the 8.3-ohm 
load to an intermediate value to 20.4 ohms, which is 
in turn matched to 50 ohms. One 11Cwavelength 

section has an impedance of 4 (50) (20.4) = 32 ohms 
and the other t/ (20.4) (8.3) = 13 ohms. 

divider construction 
Fig. 8 shows the construction of the power di- 

vider. The 114-wavelength sections are coaxial. 
Therefore the usual formula Z= 138 log (db) was 
used to calculate the ratio of the diameter of the 
outer to inner conductors. it was convenient to con- 
struct the outer shell from a piece of 41-mm (1.625- 
inch) rigid coax line. The 50-ohm type N input was 
constructed from a 41-mm (1.625-inch) flange, a 
41-mm (1.625-inch) reducer and a short section of 
41-mm (1.625-inch) inner conductor. The six outputs 
are type N connectors spaced equally around the cir- 
cumference at the opposite end. The center conduc- 
tors of the six type N outputs are connected in 
parallel with short lengths of 2.1-mm (no. 12 AWG) 
solid copper wire to the end of the last 114- 
wavelength inner conductor. Some routine lathe 
work was necessary to construct the inner conduc- 
tors, brushings, Teflon supports, and end cap. 

Rex, KSZJV, put his workshop facilities to the task 
of constructing the divider. Initial testing showed a 
very flat vswr of about 1.22 over the whole 2-meter 
band. To bring the device up to professional stan- 

The WRSAEA array on an fm broadcast antenna tower. Array is at the 20-meter (65-foot) level for testing. The heroes doing their 
thing for the cause are NSSN, left, and WSNWN. 
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dards, a stub was added to the input transmission 
line to reduce the vswr to less than 1.1 from about 
142 to 151 MHz. See fig. 9. 

full-scale tests 
The Yagis, mounting hardware, feedlines, and 

power divider were then mounted on the TV tower at 
the 20-meter (65-foot) level. Jim, NSSN, and Dave, 
WSNWN, performed these tasks of installing and 
adjusting the antennas. This work provided a very 
important check of all parts of the system before the 
critical full-height installation. A check of the pattern 
was made by comparing the signal ieceived from ?he 
array with that from a reference Yagi, hand-held out 
from the tower in the direction of the field-strength 
meter. Although this method of checking a pattern 
isn't accurate, seventeen measurements in all direc- 
tions showed no major peaks or holes. Once all the fig. 9. Response of the power divider with and without a 
minor mechanical bugs were corrected, a profession- stub on the transmission line. 

al climber was hired to  install the array several wave- 
lengths below an fm broadcast transmitting antenna, 
approximately 163 meters (535 feet) high. acknowledgments 

The Western Illinois Amateur Radio Club wishes 
predicted coverage to thank Ron Fisk, W9N00, for his professional 

Ed, W4HTP, calculated the predicted coverage guidance. We also thank the club president, Tom, 
using broadcast techniques. FCC 50150 curves cal- WSNJV, for his help during this project. Tom de- 

table 1. Predicted coverage of the 
WR9AEA two-meter repeater an- 
tenna array for various receiving 
antennas. Predictions are based 
on 50 per cent of the potential 
receiving locations for 50 per cent 
of the time. Distances are for 
receiving the repeater. 

required field strength Distance 
Example receiving equipment at 9 meters (30 ft) k m  (miles) 

1 114-wavelength rooftop mobile + 21 dBpV1m 77 (48) 
2 5/8-wavelength rooftop mobile + 18 dBpVlm 85 (53) 
3 Ringo at 9 meters (30 ft) + 1 dBpVlm 144 (90) 
4 1 1-element beam at 12 meters (40 ft) - 12 dBpVlm 216 (135) 
5 2 stacked 1 1-element beams at - 21 dBpV/m 280 (175) 

24 meters (80 ft) 

culate coverage exceeding 50 per cent of the time in 
50 per cent of the potential receiving locations. The 
calculations consist of two steps: prediction of field 
strength from the repeater transmitter and deter- 
mination of field strength required by various con- 
figurations of fixed and mobile stations. The results 
are shown in table 1. (Reference 5 and 6.) 

results 
Results have been excellent. Coverage in all direc- 

tions seems to bear out the predictions. Mobile cov- 
erage is 72-88 km (45-55 miles); fixed stations at 160 
km (100 miles) check in regularly. There appear to 
be no holes in the pattern. All bad spots seem to be 
explained by local terrain. We hope our experience 
and the references will help other groups to obtain 
omnidirectional repeater service. 

serves public recognition for his constant, active 
leadership in getting everybody to work together. 
Photo credits to to Roger Humke, WASKRG. 
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exposure to 

radio-f requency 

generating equipment: 
is it safe? 

Review of the literature 
has produced some 

interesting observations 
on the hazards of EMR - 

here's a report 
of the latest information 

on this controversial subject 

Those of us involved w i t h  electromagnetic radia- 
tion (EMR) for business or pleasure have, in the last 
few years, become disturbed by certain questions, 
which grow louder and more insistent as time 
passes. These questions address the safety, or lack 
of safety, associated with exposure to EMR. The prin- 
cipal target of these inquiries has been in the area of 
microwave radiation, but there has been increased 
interest in the matter of safety within the more usual 
communication frequencies: uhf, vhf, and high fre- 
quency. These questions have been amplified, per- 
haps more than they deserve, by the press; and it is 
becoming harder and harder to ignore them.' You 
find yourself wondering whether the push-to-talk 
button and antenna on a handheld vhf transceiver 
might better be replaced by a trigger and gun barrel 
respectively. 

While under most conditions we can't "feel" EMR, 
we're becoming more aware of its presence. This is 
an unwelcome occurrence, since most of us have 
always thought of shortwave radiation as being noth- 
ing if not safe. We all live most of our lives within a 
constant "fog" of EMR of many frequencies. In fact, 
we're constantly affected by the information trans- 
mitted by radio waves. The suspected damage that 
may be caused by rf energy varies from the "blahs" 
to cataracts, heart disease, cancer, impotence, and 
birth defects. What's worse, while most of this is 
unproven, it hits the lay press with the impact of fact. 

- 
By Steve Kraman, MD, WA2UMY, 2901-B 
Candlelight Way, Lexington, Kentucky 40502 



Even the more responsible reviews of the subject this knowledge didn't stop progress in the field of 
offer no assurance that we may continue our use of radar and communications. The existence of high- 
radio with impunity.2.3 power rf-generating equipment began raising safety 

Distrust of the establishment also has had a hand questions, principally within the military community. 
in promoting doubt among the rf-irradiated public. 
We mistrust our government when we hear that the 
Russians have a standard for safe rf fields that is one 
thousand times smaller than ours, and that they 
believe that many adverse mental health and physical 
effects can be produced in man by low-dose rf expo- 
sure. We read that the Russians have been beaming 
microwave radiation (for questionable reasons) at the 
U.S. embassy in Moscow for years; then we hear 
that more cases of cancer may occur among the 
embassy workers than can be explained by chance. 
When the United States government chalks this up 
to chance, we wonder.4 

The purpose of this article is not to reassure you 
that there's nothing to worry about; not quite 
enough information is available for that yet. Nor is 
the article intended to alarm, since I don't believe 
that the known facts justify that either. The following 
text reviews what is known to date about EMU and its 
effects on biological systems. It separates fact from 

The Tri-Service study. In 1956 the Tri-Service pro- 
gram was established, coordinated by the Air Force. 
Its purpose was to conduct research to determine the 
biological effects of nonionizing radiation. This 
research effort lasted four years and four annual con- 
ferences were held. The outcome of the Tri-Service 
program was to suggest that there was no evidence 
implicatiiig levels of electromagnetic radiation beiow 
100 mWIcm2 in damage to living tissues. 

The implication that EMU could cause damage only 
in its capacity to heat was clear. It's of importance, 
however, that very little, if any, of this research was 
done at levels below 100 mWIcm2 and, indeed, most 
of it was between the power levels of 300-400 
mWlcm2. The Tri-Service study, then, addressed 
only the problem of thermal effects and assumed this 
to be the only danger. The government accepted this 
opinion, and, partly as a result, little further research 
was done in this country from 1960 to 1970. 

fiction and suggests a reasonable response by those Federal EM During the present 
who must swim in the sea of EMR that surrounds us. decade, interest in the biological effects of EMR has 

history 
Interest in the biological effects of EMU has waxed 

and waned considerably since the first true electro- 
magnetic field was generated by Hertz in 1888. Some 
research was done in 1891 by D'Arsonval and Tesla, 
but this was essentially the only work done in this 
area until the 1930s. Before this, in 1891, when elec- 
tric lights were installed ir! the White House for the 
first time, they were not placed in the rooms that the 
President used frequently, because they were con- 
sidered potentially dangerous. During the 1930s 
interest in rf radiation began to grow, spurred by the 
development of high-power transmitting techniques. 

But World War II caused this research to grind to a 
halt in the favor of work of a more certain and con- 
ventionally destructive nature. At the end of World 
War II we had a new toy to learn about and with 
which to experiment - nuclear energy. However, 

Much has been published on the hazards of exposure to electro- 
magnetic radiation, from low-power, low-frequency equipment to 
high-power microwave devices. The author of this article is a medi- 
cal doctor and a Radio Amateur interested in this controversial sub- 
ject. He has researched the available literature (domestic and 
foreign) on the subject. This article sums up the results of that 
research. The conclusions imply that Amateur Radio transmitting 
equipment probably does not impose health hazards on humans 
provided certain safety considerations are observed. Editor. 

escalated steadily, primarily because of technological 
advancements that have resulted in increased expo- 
sure to EMR by the general population. The skyrock- 
eting popularity of CB radio and microwave cooking 
account for much of this increased exposure. The 
use of high-power communications and radar equip- 
ment has also heightened concern for personnel in 
the military. Additionally, several pieces of federal 
legislation have stimulated research in the field by 
calling for protection of the public from all sources of 
radiation, including ionizing, nonionizing, sonic, and 
ultrasonic devices. These federal acts are the Radia- 
tion Control for Health and Safety Act of 1968, the 
National Environmental Policy Act of 1969, and the 
Occupational Safety and Health Act of 1970. They 
require that users of EMR-generating equipment 
demonstrate the safety and effects on the environ- 
ment of their equipment. Yet another factor that 
helped spur American researchers was the presence 
of a large body of Soviet-bloc literature that points to 
conclusions much different from those of the Tri- 
Service program and imply that very low levels of 
EMR (by our standards) could be dangerous. These 
studies, while for the most part poorly controlled, 
carried out, and reported, could not be totally 
ignored, since many of our own studies suffer from 
the same shortcomings.5 The Russian studies are 
covered in more detail later. 
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physical characteristics of E M R  the EMR frequency, since the depth of penetration 
decreases as the frequency is increased. 

EMR must be distinguished from ionizing radiation An animal may handle a heat load more easily if 
(x-ray, nuclear), since its effect on molecular struc- the heat load is applied to its skin, where air cooling 
ture is much different. Nuclear radiation causes no occurs, than if the heat load is developed internally 
significant heating of the irradiated object. Instead, within vital organs that are cooled only by blood clr- 

table 1. Properties of electromagnetic waves in biological media* 

muscle, skin, and tissues with high water content 
wavelength dielectric conductivity wavelength depth of reflection coefficient 

frequency in air constant UH XH penetration air-muscle interface muscle-fat interface 
(MHz)  (cm) EH (mholm) (cm) (cm) T 4 T 4 

1 30000 2000 0.400 436 91.3 0.982 + 179 
d P. :u 3000 1% 0.625 118 21.6 0.956 + 178 
27.12 1106 113 0.612 68.1 14.3 0.925 +I77 0.651 -11.13 
40.68 738 97,3 0.693 57.3 11.2 0.9i3 + 176 0.552 - 10.2: 

100 300 71.7 0.889 27 6.66 0.881 +I75 0.650 - 7.96 
200 150 56.5 1.28 16.6 4.79 0.844 + 175 0.612 - 8.06 
300 100 54 1.37 11.9 3.89 0.825 + 175 0.592 -8.14 
433 69.3 53 1.43 8.76 3.57 0.803 +I75 0.562 - 7.06 
750 40 52 1.54 5.34 3.18 0.779 +I76 0.532 - 5.69 
915 32.8 51 1.60 4.46 3.04 0.772 + 177 0.519 - 4.32 

1500 20 49 1.77 2.81 2.42 0.761 +I77 0.506 - 3.66 
2450 12.2 47 2.21 1.76 1.70 0.754 +I77 0.500 - 3.88 
3000 10 46 2.26 1.45 1.61 0.751 +I78 0.495 - 3.20 
5000 6 44 3.92 0.89 0.788 0.749 + 177 0.502 - 4.95 
5800 5.17 43.3 4.73 0.775 0.720 0.746 + 177 0.502 - 4.29 
8000 3.75 40 7.65 0.578 0.413 0.744 +I76 0.513 - 6.65 

10000 3 39.9 10.3 0.464 0.343 0.743 +I76 0.518 - 5.95 

its photon energy is sufficient to disrupt the atomic 
bonds, thereby causing ionization and damage to the 
molecular structure. If this molecule is part of a living 
cell, it may become damaged, die, or its genetic 
material may be changed. EMR doesn't cause these 
effects, because the photon energy of even micro- 
waves is so small that it causes no ionization. The 
energy absorbed, however, can increase the speed 
of molecular vibration, thereby causing an increase in 
temperature. The more energy absorbed, the more 
heat produced. To date, all known damage by EMR 
seems to be the result of this heating. This effect is 
clearly seen through the window of a microwave 
oven. 

Importance of EMR absorption. Depending on the 
EMR frequency, the size and character of the target, 
and the presence of other objects, a certain amount 
of energy will be absorbed and the rest will be reflect- 
ed or refracted. Only the energy absorbed by the ob- 
ject affects it, and this has been one of the problems 
in microwave research. Most studies conducted to 
assess the effects of microwave radiation on biologi- 
cal subjects measure the field strength of the electro- 
magnetic field, even though the actual amount of 
energy absorbed is unknown. Not only is the absorbed 
dose important, but so is the size of the subject and 

culation. In this way EMR research is years behind 
nuclear research, which has long recognized and 
used the rad, a unit of absorbed energy, when refer- 
ring to exposure to radioactive materials. The roent- 
gen, a unit of emitted energy, is fine for describing 
the generating equipment but says little about its 
effect on the person receiving the radiation. Recent 
studies in the field of EMR have used methods to cal- 
culate or measure the actual absorbed dose of radi- 
ation. 

Near- and far-field considerations. Another factor 
affecting the field density is whether the object is in 
the near or far field. The far field is that distance 
(generally more than one wavelength) beyond which 
the electric and magnetic fields are coherent and in 
phase. The field impedance is constant in the far 
field, so that measurement of either the electric or 
magnetic component will be proportional to and will 
determine the power density. In the near field, how- 
ever, the electric and magnetic fields are out of 
phase, and it becomes more difficult to measure 
power density. In this situation it's more convenient 

"Tables reprinted from "Non-Ionizing Electromagnetic Wave Effects In Bio- 
logical Materials And Systems" by C. C. Johnson and A. W. Guy, Proceed- 
ings of the IEEE, Vol. 60, No. 6, June, 1972. 
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to measure volts per meter (V/m).6 This is of little 
consequence with microwaves, because the far-field 
situation exists at distances of only a few meters or 
so from the antenna. However, at most communica- 
tions frequencies, the object in question is often in 
the near field. At  a wavelength of 80 meters for 
instance, the entire dwelling and many of the neigh- 
bors may be in the near field, and this makes 
research into near-field phenomena quite important. 

The so-called nonthermal effects of EMR are the 
more controversial aspects of the subject. The pres- 
ent research push is to discover if these effects exist 
arid, if SG, whether they offer significant healrn naz- 
ards. This research is necessary because most, if not 
all, past studies reporting to show nonthermal effects 
ignored regional temperature changes caused by 
concentration within objects. The studies were poor- 
ly or not controlled, entirely anecdotal in nature (and 
therefore impossible to evaluate), or were so incom- 
pletely described that they can't be duplicated.7 

The scientific method demands that, as much as 
possible, all factors other than that being evaluated 
be accounted for and set aside to attribute a possible 
effect to a certain cause. This is impossible to do 
with certainty, so the importance of statistical analy- 
sis (to determine the possibility that chance alone 
caused a certain effect), and repetition by other 

table 2. Properties of electromagnetic waves in biological media* 

wavelength 
frequency in air 

(MHz) (cm) 

1 30000 
10 3000 
77 17 -. . .- 1106 
40.68 738 

100 300 
200 150 
300 100 
433 69.3 
750 40 
91 5 32.8 

1500 20 
2450 12.2 
3000 10 
5000 6 
5800 5.17 
8000 3.75 

10000 3 

dielectric 
constant 

tL 

The Soviets recognized the effects of EMR on 
human nervous tissue as far back as 1937, when 
Turlygin found that excitability of the central nervous 
system was increased when a spark oscillator was 
switched on near the subject's head (not a totally 
unexpected effect). Since then, with the exception 
of the war years, Soviet-bloc literature in this area 
has poured out in increasing quantities. 

While many effects have been reported, those 
most frequently noted involve the central nervous 
system. These reports include frequencies from 30 to 
30,000 MHz and power ranges of microvolts to tens 
of miiiiwattsicmz. Unfortunately, and as previously 
mentioned, most of these reports lack data without 
which intelligent evaluation is impossible; i. e., fre- 
quency, power, waveform, orientation of the body 
with respect to the beam, and type of experimental 
animal used. Many of the reports involving people 
exposed to EMR quote a wide range of subjective 
complaints such as headache, weakness, depres- 
sion, trembling, chest pains, inhibition of sex drive, 
inability to make decisions, general tension, and 
sense of anxiety. Other more objective findings 
reported are asthma, fast or slow pulse rate, high or 
low blood pressure, and EKG changes. 

The belief that these ailments are being caused by 
EMR exposure is so strong in the Soviet Union that 

fat, bone, and tissues with low water content 
conductivity wavelength depth of reflection coefficient 

UL XL penetration air-muscle interface muscle-fat interface 
(mholrn) (cm) (cm) 7 4 7 4 

experimenters, is of extreme importance if you don't exposed workers can get the day off with pay if they 
want to be led astray. This is the essence of the complain of them. There is, however, a question 
scientific method, and while well understood for regarding the willingness of Soviet plant managers to 
decades, it's often overlooked by scientists who may admit they've been exposing workers to higher-than- 
be in a hurry and feel secure that they can be permitted levels of electromagnetic radiation for fear 
objective. of losing their jobs. In the realm of parapsychology, 
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cataracts 

FULL LINE- SIMPLE FORMULA 1 DOT- L C -  GENERAL FORMULA 

RADIUS 0 I I 
I 1 I I I 

5 10  PO 5 0  

FREQUENCY MHz 

fig. 1. Variation with frequency of electric-field strength to 
produce rate of rise of temperature at I0C/hr, in: (A) The 
skin depth of semi-infinite layer of lossy dielectric in plane- 
wave field, (BI Sphere of lossy dielectric in plane-wave field. 
(C )  Slab of lossy dielectric in capacitor field. 

many Russian experimenters believe not only in esp, 
but also that it is effected through microwave trans- 
mission and reception from brain to brain! 

The Eastern European literature describes micro- 
wave effects on many constituents of the blood, on 
gland functions, eyes (cataracts), and reproduction 
(sterility, altered development of the fetus, altered 
sex ratio of births [with girls predominatingl).7 These 
results over many years have led the Soviet-bloc 
countries to adopt a maximum permissible dose 
(MPD) of EMR of 0.01 mWIcm2 (one one-thous- 
andth of the U.S. MPD). While this is looked upon 
with considerable disdain by Western scientists, the 
remarkable consistency of the many reports can't be 
discarded out of hand. This has led many U.S. inves- 
tigators to run better controlled studies to try to 
prove or disprove these reports. 

Recent studies, mostly from the West but also 
notably from Poland, have shown higher degrees of 
control and sophistication and are probably more reli- 
able than older reports. More accurate generating 
and measuring devices are being developed and 
used, and we are becoming more aware of the 
physics of EMR and how the conditions of the experi- 
ments affect the rf fields produced and power 
absorbed. Grants from the National Institute of 
Health and Public Health Service, among other agen- 
cies, have spurred research in this field. Most of the 
work has been with microwaves, and I will outline 
some of it here. 

It's generally accepted that microwave radiation 
can cause cataract formation (opacities in the lens of 
the eve), Reports of this affliction occurring in rela- 
tion to radar work or exposure to microwave ovens 
have been fairly well documented. Also, many ani- 
mal studies have been made to determine the basis 
of this effect. While all is not known with respect to 
this matter, it seems quite certain that the formation 
of cataracts results from the heating of the lens in a 
strong microwave field (that is, a field not associated 
with correct use of properly operating equipment). 

A fairly well documented case was that of a 
woman whose microwave oven leaked considerable 
radiation while the door was being opened. The leve! 
of radiation was 4-60 mWlcm2 while opening and 
1-2 mWlcm2 while closed. She used it for years that 
way and developed cataracts in both eyes described 
as "typical microwave cataracts." 

It must be mentioned that not all ophthalmologists 
agree that such cataracts are typical, and many 
people develop cataracts with age. Other reports of 
documented cataract formation are those of radar 
workers when abnormally over exposed (looking into 
the waveguide). 

The optic lens is susceptible to selective heating 
because circulation is practically nonexistent. There- 
fore, it has limited capacity to dispose of heat loads. 
There is no evidence that nonheating levels of micro- 
wave radiation can cause damage, and the levels 
generated by a properly operating microwave oven 
are far below this point (1 mWlcm2 when new; 5 
mW/cmz when used - measured at 5 cm (2 inches) 
from the door1.8 

effect on the nervous system 

Studies of the effects of microwave radiation on 
the brain have been spurred by the large number of 
reports in the Soviet literature of emotional and per- 
formance changes and the frequent reports of people 
who can "hear" microwaves - specifically radar. 
These studies conclude that many persons indeed 
can hear pulsed microwave energy. But they hear it 
at the frequency of modulation and cannot detect 
CW radiation. The actual cause of this is still not 
clear, but it may be due to selective heating and cool- 
ing of certain nerve cells in the ear or brain causing 
vibration that is detected as sound.9 Actual brain 
damage has been demonstrated only with levels of 
radiation far in excess of the present U.S. safety 
limit. 

Studies on the activity of mice subjected to low- 
power microwave radiation have been contradictory 
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(some show no effect, some show decreased activi- 
ty). These have been carried out at different frequen- 
cies and power densities so that further research is 
certainly needed to clear the air. 

blood-forming system 
Several studies have been done to assess the 

effects of microwaves on the blood and especially on 
the white blood cells, which are responsible for pro- 
tection against infection. Most of these studies show 
little or no effect and the importance of this is ques- 
tionable so far. More research is also needed in this 
area. 10 

reproduction 
Reproduction research is of obvious importance 

because of the known sensitivity of the fetus to 
subtle changes in its environment. Caution in this 
matter is extreme. Witness the fact that there is not 
even one drug that is known to be safe for use during 
pregnancy. A potential risk is always assumed. 
Radio-frequency energy in the microwave range, 
however, is probably not a danger to pregnant 
women, because the energy is absorbed by more 
superficial tissues (penetration of EMR decreases as 
frequency increases). The effect on male fertility is 
real, however, since the testes are heat sensitive and 
must exist in an environment cooler even than body 
temperature to produce sperm. This is the reason for 
their location. Heating of the testes by microwaves 
or anything else will cause sterility, but this is tempo- 
rary unless extreme heating occurs or exposure lasts 
over many months to years. So, while all the infor- 
mation is not in, there seems to be little or no danger 
to reproduction from Ci; i iSf i t  micro~vave ejiposiire 
levels. 

uhf, vhf, hf studies 
Much less work has been done at these frequen- 

cies than at the microwave level. However, it's 
important to explore this area, since we're exposed 
more to EMR in this part of the spectrum and such 
energy can penetrate deeper into the body than 
microwaves do. As previously mentioned, the near 
field is more significant at lower frequencies because 
it occupies more space. 

behaviorial effects 
Little has been done in this area. One study of 

interest exposed rats to low intensity (0.5 mWIcm2) 
300-920 MHz radiation for 40 days. While the rats 
were probably in the near field (and this was really 
not accounted for), certain effects were noted: 

1. Lower levels of activity 

j RELATJVE ABSORPnON CROSS-SECTION 
! O - l r l  7 

FREQUENCY MHz 

fig. 2. Variation with frequency of the radiation absorption 
cross section of a sphere of lossy dielectric.* 

2. Greater emotionality 

3. Longer period of time needed to recover from an 
electrically induced convulsion 

4. Longer time to learn to swim in a water maze 

5. Difference in weight of the adrenal gland11 

This study raises more questions than it answers. 

Another study measured egg production of hens 
exposed to various frequencies of emf from 260 MHz 
- 2.435 GHz at levels of power not thought to pro- 
duce heating effects. All hens except those exposed 
to 915-MHz radiation layed fewer eggs during the 
experiment.12 What this means in practical terms is 
far from clear. 

The next study is perhaps more helpful to us. It 
was carried out by S.T. Rogers in England in an 
attempt to estimate the danger (if any) to shipboard 
personnel exposed for long periods of time to emis- 
sions of the shipboard radio. Since exposure under 
these conditions is mainly under the near field, it had 
to be determined how this exposure would compare 
to far-field exposure where the power density may be 
easily measured. 

The present radiation power limit of 10 mWlcm2 is 
based on the increase of body temperature of a per- 
son by I-degree centigrade, while one-half the body 
surface area is exposed to the source of electromag- 

- -  

"Graphs reprrnted from "Rad~o Frequency Radlatlon Hazards To Personnel 
At  Frequencies Below 30 MHz" by S J Rogers, B~olog~cal Effects And 
Health lmpl~cat~ons Of Microwave Radlatlon (Syrnp Proc Med College 
of VA, Richmond, VA, Rep RRHIDBE 70-21 pages 222 232. September, 
1969 
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netic radiation. This is considered to be the highest 
safe exposure. When exposed to near-field radiation 
from a whip antenna, power density measurements 
become very complex and are difficult to relate to 
far-field density. 

Rogers contends that "the electrical properties of 
human tissues show that they resemble lossy dielec- 
trics and that any heating due to rf radiation would 
be a function of the electric component of the field." 
His theoretical and experimentai approach to this 
subject is complex and elegant, and I refer those with 
more curiosity and a mathematical inclination to the 
original article. 

Rogers concludes that, to cause a temperature 
increase of 1 degree centigrade per hour in a test 
liquid in a near field, a field strength of about 2840 
V l m  would be necessary. He further states that, to 
allow for a margin of error, a field strength of 1000 
V l m  would be a convenient and reasonable limit. To 
convert this to practical terms, the electric field was 
measured at various distances from a whip antenna 
radiating at an output power of 1000 watts at fre- 
quencies from 2.1225-21.480 MHz. At  all frequencies 
above 4.455 MHz, the field strength at 1.5 meters (5 
feet) from the antenna was less than 100 Vlm, but 
this rose sharply as distance decreased. At 4.455 
MHz the field strength at 1.5 meters (5 feet) was 
exactly 100 Vlm, and at 2.1225 MHz it was about 
500 Vlm.13 

On the basis of Rogers' findings, there would be 
relative safety in most situations an Amateur Radio 
operator may find himself in - the most caution to 
be observed at the lowest frequencies. It cannot be 
concluded, however, that distortion of the field by 
other objects would not focus rf energy to higher 
intensities than expected. 

conclusion 
Obviously, much work remains to be done in the 

field of EMR, its effects on biological systems, and on 
the safety of those exposed to it. I believe that it will 
be many years before anyone can say with adequate 
experimental support that our use of EMR is safe to 
us and future generations. 

I think it safe to say that the lack of clear, nonther- 
ma1 effects of EMR, despite many studies searching 
for it, supports the conclusion of the Tri Service pro- 
gram, which in 1960 said that "no data" was obtained 
to invalidate the safety level of 10 mWIcm2." 

We should remember, however, that distorted rf 
fields may focus power within objects, and that cer- 
tain organs, and the fetus, are more susceptible to 
thermal damage. 

I feel fairly secure in the use of Amateur Radio 
equipment in the way it's commonly employed, i.e., 
high-power equipment radiating through antennas 

outside of the shack and some distance in the air, 
and low-power vhf and uhf transceivers used close to 
the body. 

I urge avoidance of the following situations, due to 
knowledge of danger or insufficient studies: 

1. Avoid high-frequetscy, high-power equipment 
with antennas in the shack within 3 meters (10 feet) 
of living areas. 

2. Avoid d~rect radiation to the eye by a transmitter in 
the microwave region ("looking down the horn"). 

3. Avoid prolonged close contact with any antenna 
radiating more than minimal amounts of energy. 

4. Women in the early months of pregnancy, or 
those who may become pregnant, should avoid con- 
tact with strong hf, vhf, and uhf fields. 

I believe these are reasonable precautions that 
should cause no one much hardship, while allowing 
continued enjoyment of Amateur Radio equipment. 
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uhf and microwave 
frequency counters 

A discussion of 
frequency counters 

and counting techniques 
for use above 500 MHz 

Today's frequency counters have upper frequency 
limits ranging from 1 MHz to 24 GHz. Much has been 
written in the various Amateur Radio journals describ- 
ing counters that perform up to 500 or 600 MHz, but 
relatively little has appeared heretofore explaining the 
techniques by which higher frequencies are meas- 
ured. This article is intended to supplement one pre- 
viously published' and to explain the methods used 
today, and in the past, that permit uhf and micro- 
wave frequency measurements to be accomplished. 

Although most lower-priced counters that can 
measure frequencies in the 500-MHz region use pre- 
scaling, state-of-the-art digital components in use 
today permit direct counting to well over 500 MHz. 
Frequency counters with ranges greater than this 
arbitrary, if not completely accurate, 500-MHz limit 
employ one of the following frequency-extension 
techniques: 

1. Prescaling, which can extend the frequency 
range to about 1.5 GHz (although indications are 
that frequencies over 2 GHz will be practical with- 
in a year) 

2. Transfer-oscillator down-conversion, which can 
extend the frequency range to over 40 GHz 

3. Heterodyne down-conversion, which can 
extend the frequency range to about 18 GHz. 

Prescaling is the simplest and most familiar tech- 
nique used to extend the range of a direct counter. It 

entails scaling, or dividing, the input frequency down 
to one which is within the frequency range of the 
direct-counting logic in the counter. The dividing fac- 1 tor may be any integral number. If the prescaler is 
external to the counter, it will usually divide by ten or 
one hundred, so that the frequency can be read 
directly from the counter after you have mentally 
multiplied the counter reading by ten or one hun- 
dred, as applicable. 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- 
playing the divided input frequency. Second, one 
digit of resolution is lost for every decade of scaling. 
For example, a 900,000.208-kHz signal measured 
with a scale-by-ten prescaler will read 90,000.021 on 
a counter having a I-second gate time (1-Hz resolu- 
tion). Multiplying by ten yields a frequency of ' 900,000.21 kHz; the I-Hz resolution is lost by scaling. 

I It can be re-established only by increasing the gate ' time by a factor of ten, provided the counter has that 
capability. 1 If the prescaler is an integral part of the counter, 
mentally scaling the frequency and moving the deci- 
mal point is eliminated, since this will be accom- 
plished in the counter when the mode is changed 
from direct count to prescaled count. Nevertheless, 
the loss of resolution remains. It can be reduced 
however, by scaling by a factor of less than ten and 
simultaneously increasing the gate time by the same 
factor, as shown in fig. 1. 

Suppose that the internal prescaler divides the 

By Robert S. Stein, WGNBI, 1849 Middleton 
Avenue, Los Altos, California 94022 
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input frequency by four. If the time-base frequency is INPu7 

also divided by four, the gate time is increased by the 
9 

same factor and there will be no change in the num- 
ber of signal pilises gated through to the decade 
counters. Thus, prescaling is accomplished with only 
a focrrfold increase in gate time and no loss in reso- 
lution. 

Switching from direct t o  scaled operation may be 
carried out in one of three ways. If a single input con- 
nector is used, the counter mode is generally manu- 
ally switched. If two separate input connectors are 
employed, one for low-frequency signals and the 
other for high-frequency inputs, the counter mode 
n a y  be switched either manually or automatically 
when the input signal is present at the high-frequen- 
cy port. 

Fig. 2 shows the block diagram of a counter which 
employs automatic switching between separate 
direct and prescaled input connectors. The switches 
at the time-base output are actually logic circuits, but 
are shown as conventional switches to simplify the 
diagram. If there is no signal applied to the high-fre- 
quency input, or if the signal amplitude is below a 
pre-established level, the switching logic will connect 
the time-base oscillator directly to the frequency 
dividers. In that state, the counter will function in its 
direct-count mode. 

When a signal of sufficient amplitude is applied to 
the high-frequency input, the threshold detector 
actuates the switching logic to cbnnect the time- 
base output through the divide-by-N circuit before it 
reaches the frequency dividers. The prescaler output 
is fed to an appropriate point in the low-frequency 
signal conditioner. Thus, the counter is switched to 

CLOCK 1 i L 

DISPLAY r"l 
TIhlE BASE GA r F  TIME 

fig. 1. Block diagram of a frequency counter with an 
internal prescaler. 

using available devices. The count limit is actually 
over 1450 MHz. 

The prescaler input impedance is nominally 50 
ohms. The use of a 3-dB pad between the input and 
the Amperex ATF417 amplifier keeps the input 
VSWR at less than 2.1:l over its entire frequency 
range. The sensitivity of the prescaler is between 10 
and 25 millivolts rms (depending on frequency) 
between 100 and 1000 MHz, rising to 100 millivolts at 
1300 MHz. The decrease in sensitivity is attributable 
to two factors. First, the ATF417 is designed to  cover 
the 40- to 860-MHz range, so that its gain drops off 
from 25 dB at 860 MHz to approximately 15 dB at 
1300 MHz. Second, the Motorola MC1697 is guaran- 
teed only to 1000 MHz, although it typically clocks to 
over 1500 MHz. However, as might be expected, the 
threshold level increases above 1000 MHz. 

As is apparent from the schematic, the amplified 
signal from the ATF417 is divided by four in  the 

THRESHOLD DETECTOR FREOUENCY 
INPUT 

SWITCHING LOGIC 

TIME CLOCK 

fig. 2. Block diagram of a fre- BASE 
- 

quency counter which employs 
Dl VIDERS CONTROL 

automatic switching from 
direct to scaled count. The 
switches shown schematically 
are actually logic circuits rather 
than mechanical switches. 

DISPLAY El 

its scaled mode automatically whenever a usable sig- MC1697 and then divided by two  in a Fairchild 
nal is connected to the high-frequency input. 11 C06. The scaled output is coupled through a small 

A circuit of this type, which I have incorporated in capacitor to a suitable point in the low-frequen- 
my homebuilt nine-digit counter, is shown in fig. 3. cy signal conditioner. Because I did not want t o  add 
Since the direct-count limitation of the counter is a negative supply for the ECL integrated circuits in 
about 200 MHz, it was necessary to scale by eight in the prescaler, I chose to power the devices from the 
order to achieve the design objective of 1300 MHz + 5 volt and + 24 volt supplies already in the counter. 
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This necessitated capacitive coupling between the 
MC1697 and the 11C06, since the former requires a 
supply of 6 to 7 volts. Bias at the clock input of the 
11C06 is optimized by means of the 2.5-kilohm pot. 

Automatic gate-time switching is accomplished by 
dividing the clock frequency by eight when an input 
signal of sufficient amplitude is applied to the pre- 
scaler input. An LM311 comparator is configured so 
that when there is no prescaler input, the positive dc 
at the comparator's noninverting input exceeds that 
at the inverting input and keeps the output high, This 
inhibits both the 11C06 (via pin 9) and the 7493 (via 
pin 3), and also enables a path from the clock input 
terminal to the clock output terminal through two 
gate sections of a 7402, which has no effect on the 
clock frequency. 

When an input signal is present at the prescaler 
input, a portion of the amplified signal from the out- 
put of the ATF417 is sampled and applied to a 
Hewlett-Packard 5082-2835 hot-carrier diode for rec- 
tification. The resultant negative dc, applied to the 
noninverting input of the comparator, causes the 
comparator output to go low. This enables the 11 C06 
and the 7493, and inhibits the direct path between 
the clock input and clock output terminals. The clock 
frequency is scaled in the divide-by-eight section of 
the 7493 and applied to the counter logic from the 
clock output terminal. 

The MC1697 is prone to false counting below 100 
MHz and when the input signal amplitude is too low. 
To prevent false readings, the comparator voltage 
reference is set by a I-kilohm pot at the inverting 
input to establish a threshold level below which the 
prescaler is inhibited and above which erroneous 
readings will not occur. 

transfer-oscillator 
down-conversion 

lmT-+E+q~-l AMPLIFIER &+, 
CIRCUIT 

fig. 4. Simplified block diagram of a manual transfer oscilla- 
tor. The frequency range of the VFO must be within the 
frequency-measuring range of the counter used in conjunc- 
tion with the transfer oscillator. 

cies in the uhf and microwave regions was by means 
of the manual transfer oscillator. The transfer oscilla- 
tor was completely separate from the counter. It con- 
sisted of a stable VFO (typically 100 to 200 MHz), a 
harmonic mixer, and a zero-beat indicator, usually a 
cathode-ray tube. 

A simplified block diagram of a transfer oscillator is 
shown in fig. 4. The input signal is connected to one 
input of a harmonic mixer, and one output of the VFO 
is routed to the other input of the mixer. A second 
VFO output is connected to the counter, which obvi- 
ously must be capable of measuring the VFO fre- 
quency. The harmonic mixer serves both as a mixer 
and a harmonic generator, mixing the input signal 
with the fundamental VFO frequency and with har- 
monics of the VFO generated within the mixer. The 
VFO is tuned to the lowest frequency to produce an 
output from the mixer that is within the passband of 
the video amplifier. This produces a display on the 
cathode-ray tube, whose horizontal sweep is usually 
derived from the ac line frequency. The VFO is then 
carefully tuned for a zero-beat indication on the CRT, 
and the fundamental VFO frequency is read on the 
counter. 

One of the earliest methods of measuring frequen- If the approximate frequency of the input signal is 

m m  I 
OUTPUT 

fig. 3. Schematic diagram of a 1300-MHz prescaler which incorporates circuits for automatically switching 
the gate time when an input signal is applied. 
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ber of fL, and NH is the harmonic number of fH HARMONIC 
NUMBER 

fig. 5. Nomograph for determining the harmonic number of 
an unknown frequency between 400 MHz and 2 GHz when 
measured using a manual transfer oscillator whose vFO 
tunes from 90 to 220 MHz (courtesy Hewlett-Packard Corn- 
~ a n y l .  

known, and it is a relatively low multiple of the VFO 
frequency so that there is no ambiguity in determin- 
ing the harmonic number, the input frequency is cal- 
culated by multiplying the counter frequency reading 
by the harmonic number. However, if the unknown 
frequency is much higher than the VFO frequency, it 
becomes necessary to determine the VFO harmonic 
with which the input signal has been mixed. This 
entails an even more time-consuming procedure of 
measuring two adjacent fundamental VFO frequen- 
cies whose harmonics produce a zero beat, and then 
determining the input frequency or harmonic num- 
ber, as follows. 

If fx is the input frequency, fL is the lower of the 
two adjacent VFO frequencies, and fH is the higher 
VFO frequency, then 

The harmonic number may be determined from the 
following equations, where NL is the harmonic num- 

The harmonic number may also be determined 
from the nomographs of figs. 5 and 6 (extracted 
from reference 2) for the two preceding equations. 

The modern transfer-oscillator frequency counter 
performs essentially the same procedures, but does 
so automatically. Fig. 7 is a much simplified block 
diagram of such a counter. The automatic transfer 
oscillator consists of two channels, a lock channel 
and an N-computing channel. The input signal is split 
in a power divider and applied to one input of the 
lock harmonic mixer and to one input of the N har- 
monic mixer. A low-frequency, voltage-controlled 
oscillator (VCO 1) is swept from its minimum to maxi- 
mum frequency, typically 100 to  200 MHz, until an 
output is obtained from the lock harmonic mixer 
which will pass through the lock video amplifier. The 

fig. 6. Nomograph for determining the harmonic number of 
an unknown frequency between 2 and 5 GHz when meas- 
ured using a manual transfer oscillator whose VFO tunes 
from 170 to 220 MHz (courtesy Hewlett-Packard Company). 
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signal from the video amplifier is applied to one input 
of a phase detector, and a reference signal derived 
from the time base is fed to the other input of the 
phase detector. Since the output of the phase detec- 
tor controls the VCO sweep generator, VCO 1 will be 
phase-locked to the input signal. The output of VCO 
1, when so ioeked, viili be ? i N  times the input fre- 
quency. 

A second voltage-controlled oscillator (VCO 2) also 
provides a signal, via the N harmonic mixer and the N 

erodyne converter, which may be either a separate 
instrument or a plug-in unit, is shown in fig. 8. It will 
accept any frequency between 1.1 and 10.1 GHz and 
down-convert it to one within the 100-MHz range of 
the counter connected to its output. Down-conver- 
sion is realized by applying the unknown frequency 
tc. nne input of a microwave mixer, with a known fre- 
quency fed to the other input of the mixer. 

The known frequency is derived from the time- 
base oscillator in the counter through frequency mul- 

p4JTOM1T,C TQAWFEQ OSC:LLI TOR 

- -1 
I 
I 

LOCK L OCX 
HARMONIC VIDEO 

MIXER AMPLIFIER 
; 

i 

) vco 1 

COUNTERS 

WSPLAY 

I 
I N 

I , ' em TIME BASE 
COUNTER I 

I 

fig. 7. Simplified block diagram of an automatic transfer-oscillator frequency counter. 

video amplifier, which feeds one input of the N mix- 
er. This signal, when mixed with the reference signal 
derived from the time-base oscillator, results in an 
output from the N mixer which is proportional to the 
harmonic number, N. The N counter then increases 
the gate time by a factor equal to N. (Note the simi- 
larity to the prescaling counter in this respect.) Thus, 
the counter will provide a direct readout of the input 
frequency in terms of N times the frequency of VCO 
1, whose output is fed to the direct-counting circuits 
after being converted to the appropriate logic level by 
the Schmitt trigger. 

heterodyne down-conversion 
The concept of heterodyning a high input frequen- 

cy down to one within the range of a low-frequency 
counter is one that should be completely familiar to 
anyone with a basic knowledge of electronics. Imple- 
menting this concept, however, requires that the 
heterodyne oscillator frequency be known to the 
same degree of accuracy as the counter time base if 
accurate frequency measurements are to result. This 
is accomplished both in manual heterodyne down- 
converters and in automatic heterodyne counters by 
generating the heterodyne frequency from the 
counter time base. 

A simplified block diagram of a typical manual het- 

tiplier and harmonic generator circuits. The output of 
the harmonic generator is a comb of frequencies 
which are multiples of 200 MHz and are fed to the 
harmonic selector. This circuit is a tunable cavity 
whose Q is high enough to select only a single fre- 
quency from the comb input and whose dial is cali- 
brated in terms of the 200-MHz harmonics between 1 
and 10 GHz. Obviously, it is possible for the input fre- 
quency to heterodyne with either of two adjacent 
200-MHz harmonics to produce a beat frequency of 
less than 100 MHz. However, the lower of the two 
adjacent harmonics will produce a heterodyne fre- 
quency equal to the input frequency minus the har- 
monic frequency, while the higher harmonic will 
result in a heterodyne frequency equal to the har- 
monic frequency minus the input frequency. Since 
the former will result in a counter reading, which, 
when added to the selected harmonic frequency is 
the input frequency, it is the desirable one to use. 
This is accomplished by always tuning the cavity 
from the low-frequency end until the indicator shows 
the first output. The indicator responds to any output 
from the amplifier which is in the counter's frequency 
range, so that the lowest harmonic can be selected 
and harmonic ambiguities eliminated. 

Because the tunable frequency is a harmonic of 
the counter time base, determining the unknown fre- 
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quency is dependent on only the tuning dial calibra- 
tion for the selected harmonic; this calibration need 
only be sufficiently accurate to discriminate between 
adjacent harmonics. Therefore, as long as you are 
certain that the lowest harmonic has been selected, 
operation and frequency determination using a man- 
ual heterodyne down-converter is somewhat simpler 
than the same process involving a manual transfer 
oscillator. 

To iterate a point made previously, the measure- 
ment accuracy of the heterodyne conversion process 
is essentially the same as that of the basic counter 
because the harmonic frequencies are derived from 
or phase-locked to the time-base oscillator. Because 
of the problem of sweeping and selecting the appro- 
priate harmonic, an automatic heterodyne converter 
became realizable only with the advent of the electri- 
cally tuned YIG (Yttrium-Iron-Garnet) filter. 

The YIG filter consists of a single-crystal sphere of 
yttrium-iron-garnet in a controllable magnetic envi- 
ronment. The ferromagnetic resonance of such a 
sphere in an rf field can be varied by changing the 
magnetic field, and therefore can be controlled elec- 
trically. An rf signal can pass through the filter when 
the signal frequency is the same as the ferromagnetic 
resonant frequency; all other frequencies will be 
greatly attenuated. Thus the YlG filter is actually the 
heart of an automatic heterodyne counter, a block 
diagram of which appears in fig. 9. 

The counter time base is multiplied and drives a 
harmonic generator, much the same as in the manual 
heterodyne converter. The comb output of the har- 
monic generator feeds the input of the YIG filter, with 
the filter output applied to one input of a microwave 
mixer. The unknown input frequency is fed to the 
second input of the mixer The filter C O ~ ~ T O !  circuit 
drives the control magnet coils in the YIG filter so that 

f 10  IOOMhz 
COUNTER 
M 

10 MHz FROM 

HARMONIC HARMONC 
MULTIRIER SELECTOR 

CAVITY 

2 0 0  MHz 

TUNING 
A = m o M H :  

fig. 8. Simplified block diagram of a manual heterodyne 
down-converter used with a 100-MHz counter to measure 
frequencies between 1.1 and 10.1 GHz. 

the resonant frequency of the filter is swept from its 
lowest to its highest frequency. The mixer output, 
generated from the lowest harmonic frequency to 
pass through the filter, is amplified, converted to an 
appropriate logic level by the Schmitt trigger, and 
passed through the gate to the decade counters. 

The output of the video amplifier is also applied to 
an in-band signal detector, whose output inhibits the 
filter control sweep and keeps the YIG filter at the 
acquisition frequency. The signal detector also con- 
trols the signal acquisition logic, which further con- 
trols the filter tuning as required for successive meas- 
urements. The signal acquisition logic also controls 
the gate and other logic circuits (not shown on the 
block diagram) in the counter so that a direct reading 
of the input frequency is displayed on the counter 
readout. 

a look at today's technology 
Although there are a considerable number of uhf 

AUTOMATIC HETERODYNE CONVERTER 

7 
I 

SCHMITT 
TRIGGER 

fig. 9. Simplified block dia- 
I 

gram of an automatic heter- I 
odyne-converter frequency I 
counter. The heart of the 
system is the electrically- 

L 

GENERATOR 

MULTIPLIER 

tunable YIG filter. 1 
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from the block diagram, the VCO output is fed to the 
frequency shifter, as is a 1-kHz signal derived from 
the counter time base. The freauencv shifter is a 
single-sideband generator that produces one side- 
band which is 1 kHz higher than the phase-locked 
VCO frequency. This frequency-shifted signal is 
routed to the N harmonic mixer and heterodyned 

The Systron-Donner model 60548 employs a FLACTOTM (Fre- 
quency Locked Automatic Computing Transfer Oscillatori 
to permit measurements, with 1-Hz resolution, of frequen- 
cies as high as 24 GHz (courtesy Systron-Donner Corpora- 
tion). 

counters available in today's market, the over-1 0- 
GHz microwave counter field is dominated by three 
manufacturers: EIP, Hewlett-Packard, and Systron- 
Donner. Since microwave counters employ the latest 
technology, a brief look at some typical instruments 
should be of interest to  readers who are not 
employed in the microwave electronics industry. 

The Systron-Donner model 60548 covers a fre- 
quency range of 20 Hz to 24 GHz. It is an automatic 
transfer oscillator type of counter which employs a 
circuit designated by Systron-Donner as an ACTOTM 

with the unknown input frequency. The resultant 
mixer output, which wil! pass through the M video 
amplifier, has a frequency of N times 1 kHz; this sig- 
nal is applied to the N computer. The N computer 
digitally compares the video amplifier output fre- 
quency with the 1 -kHz reference and generates a sig- 
nal which corresponds to the harmonic number, N. 
The signal is further processed and applied to the 
gate-control circuit to increase the gate time by a fac- 
tor equal to N. Thus, the counter will provide a direct 
readout of the input frequency, in terms of N times 
the phase-locked VCO frequency, which is fed to the 
direct-counting circuits after being converted to digi- 
tal levels by the Schmitt trigger. 

The counter also employs a Frequency Locked 
Automatic Transfer Oscillator (FLACTOTM), which is 
a modification of the ACTO technique. The frequen- 

AUTOMATIC COMPUTING TRANSFER OSCILLATOR - - - -- - - - - - - - - - - - - - 
I 

SWEEP 
Dl VlDER GENERATOR 

SCHMITT 
TRIGGER 

I 

FREOUENCY 

I 
I 

DECADE 
COUNTERS 

I 

I 
I 

MIXER A MPLINER 
I 
I 

fig. 10. Simplified block diagram of the Systron-Donner ACTOTM (Automatic Computing Transfer Oscillator) down-converter. 
This is an automatic transfer oscillator which requires only one VCO. 

(Automatic Computing Transfer Oscillator). A simpli- cy-lock feature permits the counter to tolerate very 
fied block diagram of the ACT0 circuit is shown in high levels of frequency modulation and makes the 
fig. 10. The similarity to fig. 7 is apparent, with the measurement virtually immune to the rate of modula- 
input signal split and applied to the lock and N chan- tion. Additional details may be found in reference 3. 
nels. However, only a single VCO is used for both fre- The model 60548 has two signal inputs. One is a 
quency and harmonic (N) determination. high-impedance, direct-counting input for 20 Hz to 
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20 MHz; the other is a 50-ohm input for signals 

olution for I-second sampling). In the wide mode, 
the local oscillator will harmonically track the input 
frequency, which enables it to track swept or fre- 
quency-modulated signals. 

A new technique, known as harmonic heterodyne 
conversion, is used in the Hewlett-Packard model 
5342A microwave frequency counter. This conver- 
siori scheme is a hybrid o i  the heterodyne and trans- 
fer-oscillator down-conversion circuits in that the 
counter acquires the input frequency in the manner 
of a transfer oscillator, but measures the frequency 
as does a heterodyne converter. 

A block diagram of the harmonic heterodyne 
down-converter appears in fig. 11. In this arrange- 
ment, the conversion oscillator is a programmable 
frequency synthesizer locked to the counter time 
base. The synthesizer output is applied to a sampler, 
as is the input signal. The microprocessor increments 
the synthesizer until one of the inputs from the sam- 
pler is in the counting range of the direct counter. At 
that time, the signal detector generates a signal that 
causes the microprocessor to cease incrementing the 
synthesizer, and the amplified sampler output fre- 
quency is counted; this frequency is the input fre- 
quency divided by a harmonic number, N. 

To determine N, the microprocessor increments 
the synthesizer to cause a small frequency change. 

Hewlett-Packard's 5342A Microwave Frequency Counter 
uses a microprocessor-controlled harmonic heterodyne 
down-converter. When the counter is equipped with its am- 
plitude-measurement option, both frequency and amplitude 
can be displayed simultaneously. The five left-hand digits 
are used to display frequency with 1-MHz resolution, and 
the four right-hand digits display amplitude with 0.1-dBm 
resolution and a polarity sign (courtesy Hewlett-Packard 
Company). 

Hz to 18 MHz, with a recently announced option 
which extends its upper limit to 24 GHz. Also avail- 
able as an option is amplitude measurement. This 
feature allows simultaneous measurement of both 
the frequency and amplitude of an incoming sine 
wave. Amplitudes are displayed with a resolution of 
0.1 dBm over a dynamic range of - 22 to + 20 dBm. 
The amplitude-measuring scheme employs a diode 
detector circuit in conjunction with an internal refer- 
ence oscillator for level comparison. The amplitude 

HARMONIC HETEROOYNE CONVERTER 

r-------- 1 

fig. 11. Simplified block dia- 
gram of the harmonic hetero- 
dyne converter used in  the 
Hewlett-Packard model 5342A 
Microwave FrequencyCounter. 

Since there are now two outputs of known frequen- measurement circuit is calibrated during production 
cies from the sampler, which result from beating the and, for signals over 500 MHz, error correction 
input signal with N times two known frequencies, the values, as a function of frequency, and input level are 
microprocessor is able to perform the simple alge- stored in an amplitude PROM (programmable read- 
braic computation required to determine N. only memory) for use by the microprocessor. This 

The 5342A counter covers a frequency range of 10 technique ensures an accuracy of + 1.5 dBm for 
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ter. The only requirements for the signal source are 

The keyboard controls the source-locking circuitry in the 
EIP model 371 Source Locking Microwave Counter. A sepa- 
rate LED display, located just to the left of the keyboard, 
disprays the desired frequency entered via the keyboard 
(courtesy NP, Inc. 1. 

sine-wave input signals within the operational 
dynamic range. 

As can be seen from the photograph of the 
Hewlett-Packard model 5342A, operation of the 
counter is controlled by means of a front-panel 
keyboard. The keyboard provides control of resolu- 
tion, self-check, automatic or manual modes, ampli- 
tudeandlorfrequency measurements (with the ampli- 
tude option installed), frequency and amplitude off- 
set, etc. Such is the power of the microprocessor- 
controlled instrument. A detailed discussion of the 
model 5342A appears in reference 4. 

A unique instrument manufactured by EIP is their 
model 371 source-locking microwave counter. This 
counter is an automatic heterodyning type that 
covers a range of 20 Hz to 18 GHz, and, in addition, 
has the ability of locking any signal source between 
10 MHz and 18 GHz to the same long-term accuracy 
and stability as the time-base oscillator in the coun- 

BANDWIDTH PHASE 

POLARITY 
CONTROL 

SIGNAL 
PROGRAM- 

10 MHz-@ GHz 
10 -300  

fig. 12. Block diagram of the source-locking section of the 
EIP model 371 Source Locking Microwave Counter. The fre- 
quency of an external signal source can be locked to a pre- 
set frequency between 10 M H z  and 18 GHz with the same 
long-term stability and accuracy as the time-base oscillator 
in the counter. 

that it have an fm input and that it can be set manual- 
ly to within 20 MHz of the desired output frequency. 
A block diagram of the source-locking circuits is 
shown in fig. 12. 

Source locking is accomplished by converting the 
mpur signal ro one that is in the 10- 309-MHz range, 
using heterodyne down-conversion. The microproc- 
essor control then calculates the proper division ratio 
to produce a %-kHz output from the programmable 
divider when the Input s~grlal IS equal to the aes~red 
frequency, which has been entered via the keyboard. 
(An auxiliary keyboard display on the counter records 
the frequency which has been keyboarded in). The 
dc component of the phase detector output, applied 
to the fm Input of the signal source vla the bandwidth 
and pc!arity control circuit, alters the frequency of 
the signal source until it is equal to the desired fre- 
quency. 

The microprocessor controls the overall loop 
response by systematically varying the bandwidth 
and polarity parameters until a phase lock is achieved 
at a nominal bandwidth of 2 kHz. If the loop cannot 
be locked at this bandwidth, because of inherently 
low bandwidth in the signal source, the microproces- 
sor repeats the process at a nominal bandwidth of 
500 kHz. The automatic bandwidth and polarity con- 
trol permits the use of the source-locking counter 
with signal generators and sweepers of different 
modulation sensitivities and polarities. 

summary 
This has been a necessarily brief overview of uhf 

and microwave counters. I have intentionally omitted 
a comparison of the several down-conversion sys- 
tems being used today, since such comparisons are 
often a matter of specsmanship. Readers who are 
interested in such comparisons, or who want more 
detailed information on the conversion techniques 
used by the manufacturers dominant in the field, 
should consult references 3 through 7. 
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vertical antenna 
for 40 and 75 meters 

Design and construction 
of a two-band 

vertical antenna 
that fits into 

a modest city lot 

Many Amateurs live on small lots in crowded 
neighborhoods and don't have the space for full-size 
horizontal antennas for the low-frequency bands. For 
example, my lot is small and cut into the side of a hill. 
The house and a swimming pool occupy the only flat 
area. A few years ago, during the sunspot doldrums, 
I became interested in working some low-band DX 
with emphasis on 75 meter SSB. The two-band verti- 
cal antenna described here is the result of my exper- 
iments. 

First I tried a two-band inverted V hung from my 
beam antenna tower. I had little success competing 
on 75 SSB, although the antenna worked fairly well 
on 40 meters. It was also a bother whenever I had to 
lower the tower because of weather. The next anten- 
na considered was a ground-mounted vertical cut to 
one-quarter wavelength on 75 meters. This design 
became very unattractive for a number of reasons. 
Very little free ground area was available for a good 
radial system, and the ground is exceedingly hard 
with low-conductivity soil. The only available site 
locations were either difficult for running coax or 
were in locations where a considerable amount of the 
radiation would be into my house and those of neigh- 
bors. About the only place left to consider was the 
top of the house, which is about 9 x 12 meters 
(30 x 40 feet). 

This led to the design of an inexpensive two-band 
groundplane vertical antenna for 40 and 75 meters 

mounted on the tap of the gable roof. The antenna 
was made from a three-sectian push-up TV mast, 
about 8 meters (25 feet) of RG-8/U coax, some gal- 
vanized TV guy wire, a TV-type ceramic pot capaci- 
tor, a short piece of stair railing dowel, a few insula- 
tors, and 61 meters 4200 feet) of almost any kind of 
copper wire for two sets of radials. The antenna is 
shown in fig. 1. A simple fixed-tuned L network was 

GOOD INSULATOR HERE 
,&, (HIGH RF VOLTAGE) 

a A P P R O X I M A T E L Y  90" A P A R T  

/ K E E P  IN C L E A R  , 

fig. 1. Two-band vertical antenna for 40 and 75 meters. 

mounted at the base to obtain a good impedance 
match on both bands. Two sets of two radials were 
used, one straight set for 40 meters and a Z configu- 
ration for 75 meters. 

operating principles 
The TV mast (fig. 1) is one-quarter wavelength 

long on 40 meters. From the top a length of RG-8lU 

By Paul A. Scholz, WGPYK, 12731 Jimeno 
Avenue, Granada Hills, California 91344 
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c L E N G T H ,  M E T E R S  i F E E T )  

fig. 2. Capacitance of wire in space as a function of wire 
length. To find total capacitance, multiply length by capaci- 
tance per meter (foot). Curve assumes length-to-diameter 
ratio greater than 50. Curve was used to determine capaci- 
tance of the antenna top-hat radials. 

coax is dropped, which is shorted at the bottom end. 
The top outer conductor (shield) is connec.ted to the 
top of the TV mast. The top center conductor is con- 
nected to two slanted radials, which act as guy wires 
and the capacitive-loading element, or "top hat." 

The coax on 40 meters appears as a parallel-reso- 
nant circuit and isolates the mast from the top-hat 
radials. On 75 meters the coax is one-eighth wave- 
length long and acts as a series inductance of Zo, or 

RESONANT t 

MATCHINO /j7 
NETWORK 

4 0  +;9 
VSWR = 13 

40 METERS 

Q 

5 0  +jO 
VSWR= I 0  

7 5  METERS 

Q 
fig. 3. Equivalent circuit of the two-band antenna. The 40- 
meter version is shown in (A), 75-meter version in /B). 

50 ohms. The base section has a characteristic impe- 
dance* of about 350 ohms. Accordingly it appears as 
an inductive reactance on the order of 350 ohms. The 
top radials act as capacitance loading and have an 
effective capacitance of about 100 pF with a reac- 
tance of about 400 ohms (fig. 2). The mast, coax, 
and capacitive top hat form a series-resonant circuit 
on 75 meters, allowing the mast to be an effective 
one-eighth-wavelength radiator with a fairly flat cur- 
rent distribution. Note from fig. 3 that the current 

TOP-LOADED 
MONOPOLE 

flg. 4. Rsdlatloa resistance of short moiiopoie antennas, 
which was used to derive base resistance of the antenna L 
matching network. 

distribution along the mast on 75 meters is fairly 
uniform. 

Fig. 4 is used to derive the base resistance for the 
design of the L matching network. On 40 meters the 
antenna is one-quarter wavelength long and has an 
input impedance in the order of 40 ohms. On 75 
meters, because of top loading, the base impedance 
is about 18 ohms. If base loading were used, one- 
eighth wavelength on 75 meters would have a base 
impedance of only 7 ohms and would be inefficient. 

"Characteristic impedance is 

/ l n d g a n c r p e r  unzt leng41 
./ capacztanre per u z l e n g t h  and 

I; approximately 60(1n $ - I ) ,  where h IS height 

and d is d~ameter 
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R2 (FEED 
LINE) 

R g  > R1 ( R p  IS THE LARGER IMPEDANCE) 

EXAMPLE TO MATCH 2 0  OHM ANTENNA TO 5 0  OHM COAX 
dT 5 B U U I  

1600pF 
P i 2 4  5: 

5 O + i O  R-PO OHMS 

5 0  - =  - = 
R, 2 0  

x l = R I " 6 = 7  = 20- 

= P O X 1 2 2  = 2 4 5 0 H M  : 41 OHMS 

' - 1 2 4  5 fCAPACITIVE1 = i 1 4 1  IINDUCTIVE) 

= I B W p F  01 3 8 MHz = I 7 p H  AT 3 8 MHz 

fig. 5. L network matching circuit development. 

reliable over the past four years. Plastic materials 
such as acrylic are suitable. See fig. 7 for top insula- 
tor assembly. Each end of the coax cable mounted 
inside the mast should be dipped in wax or otherwise 
sealed. 

The two top radials are made from galvanized or 
copperweld guy wire. Soft copper wire was used 
originally but broke at the top end as a result of wind 
stress. The top radials are at high voltage or: 75 
meters but have low current. They are not used on 40 
meters. Accordingly, it's not necessary to use high- 
conductivity wire. The lower end of the radials termi- 
nate in small, corrugated antenna insulators. The 
wire is cut ionger than shown, passed throiigh the 
insulator, and twisted back on itself so that easy 
adjustment may be made. The vertical angle of the 
radials isn't critical. An anticorona noise loop is formed 
at the top of the mast either by extending the coax or 
one of the top radials. 

The base-mounting insulator can also be made 
from wood boiled in wax. This point is at low voltage 
and insulation isn't critical. I used a tilt-over, U-chan- 
nel TV base for convenience in mounting. The mast 
should be supported by one set of four insulated 
guys at the top of the base section of the three-sec- 
tion TV push-up mast. Guy rings are usually supplied 
with the mast. 

The L network design is developed in fig. 5. The 
resultant circuit is derived in fig. 3. The measured 3 0 4  

input matching characteristics are shown in fig. 6. 

adjustment 
Adjustment is straightforward. Little interaction 

occurs between 40- and 75-meter adjustments. First 
adjust the 40-meter radials, the two straight 10-meter 
(33-foot) lengths equally until a minimum VSWR is 
obtained at the desired operating frequency. Next, 
for 75-meter operation, adjust the Z-configuration 
radials equally. If this doesn't quite hit the desired 
frequency a slight adjustment of the top-hat radials 
may be necessary. These radials don't affect 40- 
meter operation to any extent. Recheck 40 meter 
operation. The VSWR on 40 meters will not be unity, 
because the base impedance is on the order of 40 
ohms. The matching network may need a slight 
inductance change for the best match on 75 meters. 
This adjustment will have negligible effect on 40 
meters. 

construction 
Details are shown in figs. 1 and 7. The top of the 

mast on 40 meters is at a very high voltage, so a 
good-quality top insulator is needed. I used low-sap 
wood (maple) boiled in wax. The insulator has been 

SAME WITH AND WITHOUT 
HATCHING SECTION \ 

TO 7 1 7 2 7.3 

FREWENCY, MHz 

TOP WIRES 4DJUSrED FOR ' "1 OPTIMUM, EACH CASE 

3 7 3 8 3 9 4 0 

FREOUENC Y, MHz 

fig. 6. Measured input matching characteristics for the two- 
band antenna, 40 meters (top) and 75 meters (bottom). 
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TAINLESS STEEL 
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WITH HACKSAW FOR 

R G - 8 / U  SHIELD 

fig. 7. Construction details of the top insulator. 

The L matching network is mounted on the base of 
the mast above the mounting insulator. A heavy, 
flexible, stranded wire is run from the bottom side of 
the L network to the center of the groundplane radi- 
als. This makes it convenient to tilt the mast without 
disassembly of the network or feed coax. The 1 .7-pH 
inductor is ten turns of 1.6-mm (no. 14) bare wire, 38 
mm (1 112 inches) diameter and 35 mm (1 318 
inches) long. Spacing is six turns per 150 mm (six 
turns per inch). 

The groundplane radials form resonant elements 
and should be separated from surrounding surfaces 
except at their center. The vertical angle of the radi- 
als is not critical. The ends are supported and termi- 
nated by insulators similar to the top radials for con- 
venience of adjustment. Bend the radials to suit the 
shape of roof. The bend at the 10-meter (33-foot) 
point can vary slightly. The wire type isn't critical. 
Anything larger than 1 mm (no. 18) either enameled 
or covered will suffice. 

performance 
The antenna has been in use since 1974. Operation 

has been satisfactory. The only mode used on 75 
meters was SSB, with some CW on 40 meters. All 
continents except Europe have been worked several 
times on 75 meters, with good reports. If you live in a 
high noise location, this may not be the antenna for 
you. If you live in a place where lightning is active, 
make sure an adequate ground is provided. This 
antenna makes a dandy lightning rod. 

ham radio 
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updating the 

Important modifications 
are described for 

modernizing the KWM-2 
high-f requency transceiver 

Introduced to  the Amateur world in the fall of 
1959, the Collins high-frequency KWM-2 transceiver 
quickly became the classic, with over 40,000 units in 
use worldwide by Amateurs, commercial services, 
and the military of numerous nations. The latest ver- 
sion of this popular rig is the KWM-2A. Time-proven 
by its robust construction and its long life in these 
days when circuit-boarded, solid-state gear quickly 
eliminates obsolete designs, this fine transceiver has 
more than held its own. Over the years revisions have 
been made to the original design. This article covers 
some important modifications to the KWM-2 family 
and describes how you can incorporate them into 
your unit to help bring it up to date. 

the KWM-2 
The Collins KWM-2 high-frequency transceiver is 

widely recognized as a superior piece of Amateur 
gear and is continuing a long and useful life. A 
decade ago a military overview of communications 
equipment in governmental service praised the 
KWM-2 for reliability, ruggedness, and ease of 

'Gus Browning, W4BPD. tells the story of a KWM-2 he took along on a 
DXpedition in the Indian Ocean. It was dropped overboard by a crew mem- 
ber during an attempt to land on an obscure island. Native divers finally 
fished up the KWM-2 and brought it ashore. After flushing with fresh water 
and drying out for a few hours, the rig was hooked up - and it worked1 The 
only casualty was the meter movement, which had opened up. A local arti- 
san repaired the meter winding and Gus was back on the air. 

Collins KWM-2 
repair. Countless thousands of Amateurs agree with 
this conclusion.* 

While the newest KWM-2s retain the original 
classic appearance, numerous revisions and modifi- 
cations have been incorporated over the years which 
make the modern version easier and better to operate 
than the older sets. Some of the important modifica- 
tions that can be made by the advanced Amateur 
with adequate test equipment are described here. 
For those who don't want to dig into their transceiv- 
er, Infc:ma?i~n is furnished or! getting ?he more 
sophisticated and difficult modifications made by a 
professional. In any event, before undertaking any 
revision or modification to your KWM-2, make sure 
the change has not already been incorporated into 
your equipment. Many hams own second-hand 
units, so it's wise to make sure your manual agrees 
with the particular transceiver you own, at least as 
far as the schematic and voltage charts are con- 
cerned. Be suspicious of an older model KWM-2 that 
has a new manual. The two may not be in exact 
agreement. 

All modifications should be made with a @-watt 
(or smaller) soldering iron, so as to protect the insula- 
tion on wires next to the soldering iron. A magnifying 
glass is helpful, as are needle-nose pliers. You'll be 
working in an area with a high parts density and you 
don't want to damage some circuits while you modi- 
fy others! 

the "wing" versus 
the "meatball" 

Around mid 1968, Collins changed their old winged 
emblem and adopted a new, round escutcheon 
known as the "meatball." This cosmetic change 
allows you to  determine the approximate age of your 

By William I. Orr, WGSAI, 48 Campbell Lane, 
Menlo Park, California 94025 
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KWM-2, as the random serial numbers on the 
KWM-2 after 1968 no longer date the equipment for 
the layman. On the used-equipment market, the 
"meatball" KWM-2 commands a somewhat higher 
price than the older "wing" model. It's best to buy 
the KWM-2 on performance and appearance, how- 
ever, and forget about the emblem. Sometimes you 
can realize a tidy savings by buying a "wing" model 
in good condition rather than the newer "meatball" 
model. 

If you do buy a used KWM-2, check it carefully in 
both transmit and receive modes on all bands before 
you part with your money. Look under the chassis to 
mcke sure ths previous owner hasn't made his own 
unique (and often unworkable) modifications. Many 
good KWM-2s for sale are showing up in the classi- 
fied ads, as bedazzled hams trade in their units for 
the latest solid-state transceiver complete with bells, 
whistles, and a six-month wait for replacement parts. 
Good! Their loss is your gain if you want to own a 
rugged and reliable transceiver that you can service 
and repair yourself. 

minor bugs you may not have 
observed the first time around 

Transmitter instability? Signs of  oscillation? 
Before you tear things apart or attempt reneutraliza- 
tion of the amplifier stage, remove the amplifier-com- 
partment lid and make sure the tube shield of the 
6CL6 driver stage (V8), is firmly in place. A loose 
tube shield can play havoc with transmitter 
operation! 

BAND 

A M P L I F I E R  C O M P A R T M E N T  

S C R E E N  

L 
S O C K E T  

T S  I 
. - - - - - - - - - - - 

Q 
fig. 1. Diode CR7 placed in amplifier screen circuit protects 
receiver from blocking caused by screen emission of 6146 
tubes. (A) circuit modification, (B) diode placement. 

Receiver blocking on  switch-over? Sometimes 
you'll notice a delay of up to 30 seconds during 
which time the receiver is blocked and no signals are 
heard after switch-over from the transmit mode. This 
problem is caused by screen emission from the 6146 
amplifier tubes (V9), (VlO), which paralyzes the 
receiver agc (automatic gain control) circuit. New 
6146" tubes will sometimes cure this annoying prob- 
lem, but a permanent fix is easily achieved by placing 
a diode in the amplifier screen power lead, which 
blocks negative current (fig. 1). This mod is easily 
and quickly made in the bottom of the amplifier com- 
partment. The diode is substituted for the wire lead 
beW~eeii the screen feedihrouyh terminai in the com- 
partment wall and nearby socket tie-point strip 
(TS1). The diode anode is connected to the feed- 
through terminal. Put insulated sleeving on the diode 
leads. This mod has no effect on transmitter per- 
formance. 

ALC meter instability? Does the zero reading of the 
alc meter float around during transmit, or does it 
gradually drift up-scale as the KWM-2 warms up? 
This annoying fault can usually be cured by replacing 
capacitor C157 (0.01 pF, 200 volts) with a new low- 
leakage mylar or polypropylene unit. You'll find the 
old unit attached to pins 1 and 3 of socket XV17A 
(6BN8). 

Equipment  runs h o t ?  Sho r t  t u b e  l i f e?  The 
6U816U8A and 6AZ8 tubes in the KWM-2 are said to  
have short lives. The grapevine suggests replacing 
the 6U816U8A with a 6EA8 for longer life. This can 
be done in most sockets, with no change in perform- 
ance, except for the 6U816U8A used as the audio 
tone oscillator (V1). Some 6EA8s will not work in this 
circuit, and others will distort the audio tone signal, 
which then bleeds into the receiver audio system dur- 
ing CW operation. Stick with the 6U816U8A in this 
socket and look for short-l ife tube problems 
elsewhere. 

In some KWM-2s the low-voltage dc supply (sup- 
posed to be a nominal 275 volts) runs from 300 to 
over 340 volts when the standard Collins 516-F2 pow- 
er supply is used.t No wonder some of the small 
tubes are cooked! Measure your low-voltage supply. 
It should not run much over 290 volts on receive and 

*Folklore has it that either 61468 tubes won't perform properly in the 
KWM-2, or that 61460s are the only tubes to use in the KWM-2. Forget 
both of these fairy tales. The differences between the 6146. 6146A. and 
61460 are minimal (mostly being one-upmanship in advertising policy). All 
do the job equally well. It's not necessary to match 6146-type tubes, either, 
although it's suggested that a 6146A not be used with a 61468. 

TOvervoltage is presumed due to various manufacturers having supplied 
the power transformer and filter chokes. Design and windings of these 
components seem to vary, especially in the dc resistance of the transformer 
or choke coils. This could account for the voltage variance. 

september 1979 49 



R I '  L2 L 3  
PART OF 130 BH I H  

been made (40 mA for general use or 50 mA when 
T!  OW = - driving a linear amplifier). - 
I I S  1 - T  - T T O +  

fig. 2. Voltage-dropping resistor R11 added to reduce low 
voltage to  small tubes in KWM-2. A heat-dissipating resistor 
in a finned housing is recommended. This is bolted to the 
chassis sidewall near the 5R4GY socket. A Dale type RH-25 
resistor or equivalent is suggested. 

260 volts on transmit. If the voitage is much higher 
than these values, add a 75-150 ohm, 25-watt wire- 
wound dropping resistor, R11, as shown in fig. 2. 
The small tubes in the KWM-2 will run much cooler if 
you do this. The 5U4GB rectifier in the power supply 
should be replaced with a solid-state plug-in rectifier, 
and the resistance value of R11 should be chosen to 
deliver the correct voltage. Substitution of the recti- 
fier improves regulation and removes 15 watts of fil- 
ament power from the supply transformer. 

You should also replace the 5R4GY high-voltage 
rectifier with a suitable solid-state plug-in device. 
This action will remove an additional 10 watts of fila- 
ment power from the transformer and will increase 
the B-plus voltage by about 40 volts, providing a few 
more watts of power output and a cooler-running 
transformer. This simple substitution also boosts the 
6.3-volt filament supply, which is marginal at best. 
You'll probably have to readjust the amplifier bias 
control, R9, in the supply for the correct resting plate 
current of the amplifier tubes after these mods have 

Old filter caps in the power supply? It's a good 
idea to replace the high-voltage filter capacitors and 
the bias filter capacitor in the power supply if the 
KWM-2 is an older model. The capacitors become 
leaky with age and the capacitance va!ue drops aff a! 
the same time. You can put more microfarads in the 
same space occupied by the old units and this im- 
proves the suppiy's dynamic stability. When you put 
the new capacitors into the circuit be sure to observe 
polarity, for the bias capacitor, which is hnnked up 
"backwards," with the positive terminal grounded. 
Capacitors C2, C3, and C4 can be replaced with 
equivalent 80-pF. 450-volt units, and C5A-B can be 
replaced with a dual 30-pF, 250-volt unit. Capacitors 
C6, C7 can be replaced with 40-pF, 250 volt units. 
Unless the shunt capacitor, C1, is defective (a rare 
occurence), don't bother to replace it. 

Dial chatter or backlash? Underneath the VOX 
plate atop the main tuning dial assembly is a small 
idler pulley mounted to the front panel to the left of 
the dial mechanism (as viewed from the front). This 
pulley holds the two dial plates in alignment as the 
dial is rotated. Unbolt and lift up the VOX plate; this 
requires removal of one screw at the top left of the 
plate and two screws above the panel escutcheon. 
Now you can see the dial pulley. If it's loose it will rat- 
tle, and the dial will show backlash to a greater or les- 
ser degree. The amount of mesh with the dial 
mechanism is determined by the center screw hold- 
ing the gear. For a quick fix, loosen the screw and 
slide the gear into the dial mechanism a very small 
amount and retighten. Caution! The gear-retaining 
screw is very short. Don't loosen it too much or it will 

fig. 3. Grounding clip on amplifier loading shaft reduces harmonics escaping from amplifier compartment. Tube shield on V1 
(6AZ8) decreases tube temperature. Heat sink shield is used. 
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fall out and you'll lose dial alignment. However, if 
you hold the two dial disks together to keep them 
from losing alignment, you can completely remove 
the idler gear and coat the gear shaft with silicone 
grease, which will eliminate dial rattle. Maintain the 
position of the dial plates so that you don't lose 
calibration. 

TVI on 10 meters? Why do some KWM-2s show 
bad TVI on 10 meters while others don't? And why 
does the TVI often worsen when you bring your hand 
near the final amplifier tuning/loading panel con- 
trols? The answer is that these concentric shafts 
come out of the amplifier compartment and are insu- 
lated from the front panel of the KWM-2 by an 
almost invisible panel bushing. In effect, the shafts 
act like a radiating antenna for amplifier harmonics 
that would otherwise remain bottled up in the ampli- 
fier compartment. A shaft grounding clip* bolted to 
the outside of the amplifier enclosure (as shown in 
fig. 3) grounds the outer shaft and reduces the har- 
monic signal at this escape point to near zero. The 
grounding clip is held in position with (4-40) hard- 
ware. 

If your KWM-2 doesn't incorporate a vhf choke 
(L128) in the power amplifier B-plus lead immediately 
following plate choke L17, a 120-pH choke should be 
added to prevent harmonic currents from passing 
into the power supply (fig. 4). 

Receiver i-f tube V1B run hot? Place your hand on 
V1, the 6AZ8 i-f amplifier tube after the KWM-2 has 
been running for a few hours. Wow! Hot! No wonder 
this tube is said to have a very short operating life. 
And no wonder the S-meter zero-signal reading 
shifts about on the scale. The latest versions of the 
KWM-2 have incorporated a protective resistor (R75) 
in series with pin 3 (cathode) of tube V1 to ground to 
limit plate current. If you don't have this resistor in 
the circuit, a 10-ohm, 112-watt resistor placed in 
series with the ungrounded terminal of the receiver 
GAIN ADJUST potentiometer, R132, mounted on the 
VOX plate, will help reduce the tube temperature. In 
addition a heatsink-style tube shieldt is placed 
over V1. 

fig. 4. Vhf choke (L128) in B-plus lead to final amplifier helps 
suppress TVI-causing harmonics. A J.W. Miller 9360-13 
choke rated at 400 mA is suggested. 

fig. 5. Modified VOx relay control circuit. Resistor R202 is 
added to reduce current through the relay coil. It may be 
necessary to reduce the value of the resistor in some cases 
to provide proper pull-in current. In some KWM-2s resistor 
R202 is 330 ohms and is located in the cathode circuit be- 
tween pin 7 of socket XV4 and the circuit to J15 and J16. In  
this case, no plate resistor is required. In some units resistor 
R46 is 3.3k. I t  should be replaced with 2.2k for this rnodifica- 
tion. 

Heat-sink shields are hard to come by, but perhaps 
your friendly electronics store (or the local flea 
market) has some. A retainer mounting shell is also 
required. The shell is mounted to socket XV1 using 
the existing mounting bolts. You'll probably find (as I 
did) that the mounting shell has a negative clearance 
with respect to the socket. The solution is to cut tiny 
slots around the bottom edge of the shell with metal 
snips. Cut to a depth of about 1.5 mm (1/16 inch) 
then bend out the tabs you've made with a pair of 
long-nose pliers. The shell will then fit snugly over 
the socket rim. Snap the heat-sink shield over the 
tube, and longer tube life will be your reward. 

Relay problems? Some KWM-2 owners have found 
to their sorrow that the coil of VOX relay K2 burns out 
after prolonged use. The popular and expensive solu- 
tion is to get a "meatball" KWM-2 with plug-in 
relays. However, a circuit modification somewhere 
aloiig The b i g  produciioii history of the KWM-2 has 
solved this vexing problem, even in some of the older 
models. A 12k, 2-watt safety resistor (R202) is placed 
in series with the plate of the VOX relay amplifier 
tube, V4B, fig. 5. If your KWM-2 doesn't have this 
modification it's a good idea to incorporate it, as it 
might save you a destroyed relay coil. The resistor 
can be mounted between pin 8 of socket XV4 and a 
tie-point epoxied to the chassis near the socket. 

Lack of receiver sensitivity on some bands? 
Even after repeated alignment some KWM-2s show 

"The Collins part number of the grounding clip is 553-2555-002. You may be 
able to obtain a clip from Dennis Brothers, WABCBK, Route 1, Box 1, 
Potter, Nebraska 69156. 

tsuitable heat-dissipating tube shields are manufactured by, and available 
from, International Electronic Research Corporation, 135 West Magnolia 
Boulevard, Burbank, California 91502. The shield cools tube bulb tempera- 
ture to below that of the bare bulb. A type TR6-6020B shield is used for the 
6AZ8 or 6U816U8A. A TR6-60256 is recommended for use with the 6CL6 
driver tube. 
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The following components are now added: AGC T O  
V I E  AND V 3 8  

R 1 3 3  R165 
- 7 0 V  T O  J 2 0  ETC 

AGC T O  
V I E  AND V 3 8  

C 2 6 5  C 3 3  R i 2 6  / O.Oi$F  0 . 4 i ' p F  6 8 0  
a ,  t, T O  J2O ETC 

1% HI-8 
E30 

A- F  AT TOP 
G - L  N E A R  CHASSIS 

fig. 6. KWM-2 mods to improve agc response. Original cir- 
cuit is shown in (A). Circuit in (B) is the modified setup as 
described In the text. Termins! supper? E30 is adjacent to 
the audio output transformer T6. Terminal TS8 is equidis- 
tant from E30 and T6. 

poor sensitivity on some bands, or sensitivity seems 
to change when sidebands are switched. This prob- 
lem can be caused by signal overload from low-fre- 
quency sideband oscillator V1 IA, whose signal is 
coupled into the receiver section wiring harness. 

The culprit is rf choke L22 in the crystal-oscillator 
plate circuit. The choke is part of a tuned circuit and 
can radiate energy furiously. Radiation from this 
inductor can get into circuits where it doesn't belong 
and reduce overall receiver sensitivity. The cure is to 
remove choke L22 and replace it with a shielded rf 
choke. A parasitic suppressor (R195, 47 ohms, 112 
watt) should also be placed in series with the grid, 
pin 2, of socket XV11 A. 

Receiver agc pumping and overshoot on noise 
pulses? Some of the older model KWM-2s use the 
agc time constant circuit shown in fig. 6A. A newer 
circuit is also shown in this illustration. The compo- 
nents to be changed are on terminal support E30, 
shown in the technical manual. These are R82 (4.7k), 
R83 (3.3 meg), C92 (0.01 pF) and C93 (0.05 pF). In 
addition, R180 (150k) from terminal TS8-1 to E302, 
and C265 (0.001 pF) from TS8-1 to the power-con- 
nector grounding ring are removed. (Note that R180 
and C265 are not incorporated in some early models.) 

1. Connect new R83 (1.5 meg) from E30C to E30J. 

2. Connect new C93 (0.47 pF) from E30C to E30J. 

3. Connect new R82 (4.7k) from T-5 terminal 4 to 
TS8-1. Use sleeving on leads and route around 
E30. 

4. Connect new R180 (680k) from TS8-1 to E30C. 

5. Connect new C265 (0.01 yFI from TS8-1 to 
E30C. 

6. Connect new C92 (0.01 pF) from TS8-1 to 
ground ring on power connector J13. Check wir- 
ing against fig. 6B. Mark the modification in your 
manual for reference. 

Agc overload and audio distortion on strong 
SSB signals? It's recommended that this useful 
modification be performed along with the previous 
one in cases where both arrangements are missing 
from the transceiver. This modification adds hang 
agc to the receiver rf amplifier (fig. 7) and greatly 
improves strong-signal reception. Refer to the under- 
chassis layout of fig. 2 for placement of parts: 

1. Remove screw and lockwasher nearest front 
panei used to seciire aiidio t i a i i s fo i~e i  TE. 

2. Install a two-terminal, lug-type strip on T6 using 
screw and lockwasher. 

3. Disconnect the white-green-blue wire at TS8-1, 
pull it back through the cabling and reconnect it to 
terminal 1 of the newly installed lug-type strip. Call 
this new strip TS11. 

4. Connect R213 (2.2 meg) from T S l l - 2  to  
TS 1 1 - I .  Use sleeve resistor leads as necessary. 

5. Connect diode C R l l  (IN4583 from TS l l - 2  
(cathode) to TS11-1 (anode). Use sleeve diode 
leads as necessary. 

6. Connect C276 (0.05 pF) from TS11-1 to E30B. 

7. Of the two white-green-blue wires connected to 
E40-I, disconnect and tape the end of the one 
showing continuity to TS11-1. You'll have to dis- 
connect both wires to make this check, then 
resolder the wanted wire. 

8. Connect an insulated wire from E40-I to  
TS11-2, routing it along the cabling. Check wiring 
against fig. 7. Mark the modification in your 
manual for reference. 

Audio distortion on strong signals? Aside from 
the above modification, another cause exists in some 
KWM-2s for fuzzy audio. Place a 0.01 pF, 600-volt 
capacitor from the screen of audio output tube 
(V16B, pin 8) to ground. Also place a 56-ohm, 1-watt 
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fig. 7. Adding hang agc to your KWM-2. (A). Parts place- 
ment is shown in (B). (See also fig. 2.) Terminal support E40 
is between socket XV16 and inductor L9. New resistors are 
H watt. 

resistor from the yellow (4-ohm) lead of output trans- 
former T6 to ground. These mods will eliminate a 
weak audio parasitic oscillation sometimes encoun- 
tered in some receivers. 

general modification notes 
Modification of the KWM-2 is not recommended 

for those who have no experience working with small 
components in cramped spaces. Many KWM-2s are 
wired with PVC wiring insulation, which melts quickly 
at the inadvertent touch of a soldering iron. Always 
check transceiver operation before and after each 
modification. After your modification, check for wir- 
ing errors or shorts and make sure that small specks 
of solder and wire are blown out of the chassis before 
power is applied. Also be aware that I've not seen all 
existing KWM-2s and that these mods may not work 
as shown with some transceiver variations. If you 
don't understand your present circuit wiring or if it 
doesn't match the schematics, don't attempt the 
modification! 

where to get help 
This material has been prepared with the help of 

Uennis Brothers, WABCBK, formerly an engineering 
technician of KWM-2 production at Collins-Rockwell 
Company. For those not wishing to make these (and 
other more sophisticated modifications) themselves, 
I suggest they contact Dennis at Western Nebraska 
Electronics, Route 1, Box 1, Potter, Nebraska 69156. 
A self-addressed, stamped envelope for rapid reply is 
requested. 
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commutating filters 

Discussion of the 
commutating filter - 

analog and 
digital techniques 

to implement 
a bandpass filter 

The world is becoming increasingly digital. In fact, 
many engineers and electronic technicians are wor- 
ried about their positions in a technical scenario 
wherein the linear art is shrinking as digital tech- 
niques take over. The real truth, as I see it, is that 
digital is not going to take over at all, but will provide 
additional techniques creating circuit solutions where 
the linear techniques they replace are shaky. In fact, 

fig. 1. Diagram of a simplified commutating filter. The 
switch makes one revolution each period of the desired 
signal frequency to be filtered. 

in applying these new digital techniques, the linear 
circuit area will be even further expanded. 

The commutating filter is a good example of how 
digital techniques provide a simple solution to an 
analog problem, but which would not work without 
the addition of some circuitry that is strictly analog. 
The commutating filter: as presented in fig. I ?  is 
designed for 1 kHz; it is a bandpass filter, and its cen- 

SIGNAL 
ourpur 

fig. 2. Simple R C  lowpass filter from which the commu- 
tating filter is derived. 

ter frequency is dependent only on the frequency 
with which it is driven. The bandwidth is dependent 
only on R and C; in fact, this bandwidth is exactly 
twice the cutoff frequency of the single RC lowpass 
filter of fig. 2. If you look at the voltage on any one 
capacitor of the filter of fig. 1, you'll see a near-dc 
signal which is the difference-frequency between the 
drive frequency and the signal frequency. Like the 
simple RC lowpass of fig. 2, it will drop to - 3  dB 
when the signal frequency drops to %rRC above the 
drive frequency. It is easily seen why the bandwidth 
is double the cutoff frequency of a simple RC low- 
pass filter. Since the output is being commutated 
sequentially through the four capacitors, it is modu- 
lated back up in frequency to that of the input, and 
phase is preserved. 

It might sound as if the petfect filter has been 

By Hank Olson, WGGXN, P.O. Box 339, Menlo 
Park, California 94025 
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LOW PASS F I L T E R  

fC=! 5 i H z  

lhH2 SIGNAL ! / Z C D 4 0 5 2  

4- POLE MULTIPLEXER 

I ! : +  
t f - 7 5 V  

1 i 0 
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0  I  

fig. 3. Example of a four-sample-per-cycle commutating filter; circled numbers represent pins of the CD4052 4-pole multiplexer. 

+ 7 5 V O  - 
5 6 10 

il_ 

achieved with no drawbacks. As usual, there's no be alleviated by preceding the commutating filter 
free lunch, and you'll find that the commutating filter with a simple conventional bandpass filter that atten- 
has some inherent problems. One of these problems uates signal frequencies that correspond to  harmon- 
is the phenomenon known as "aliasing." Aliasing is ics of the drive frequency. This "pre-filter" can, of 
the disagreeable habit of filters of this sort to pass course, be much broader than the ultimate system 
not only the same frequency as the drive frequency, bandwidth that our commutating filter provides. 
but also harmonics of the drive frequency. This can Another drawback of the commutating filter is that 

& 8  

A O 

I  ml BANOPASS F I L T E R  
0-10 

M C 0  1/2C D 
4 0 2 7  G~ 4 0 2 7  

d 
4 7 9  

8 
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/ k H z  SIGNAL 0.01 2 3 3 0 h  + 8- P O L E  M U L T I P L E X E R  

LOWPASS F I L T E R  - - - - - - - -  fC = l . 5 k H r  

7 .51 

- 
8  EACH 0  I  

fig. 4. Schematic diagram of an eight-sample-per-cycle commutating filter. In this case, the 4-kHz input has been replaced by a 
crystal oscillator and a CD4024. 
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8 SAMPLE PEP CYCLE F I L T E R  

16 S A M P L E  PER CYCLE C I L T E R  

fig. 5. Examples of the idealized waveforms from the 8 and 
16 samples per cycle filters. These waveforms are before the 
post-filter. 

it has essentially an infinite output impedance (very 
much like any simple RC lowpass filter). Practically, 
however, if the load into which the filter operates is a 
couple of orders of magnitude higher than R, all is 
well. The simple solution is to terminate the filter in a 
high-impedance, noninverting follower. 

The last problem of the commutating filter is that it 
contains harmonics of the drive frequency in its out- 
put. These can generally be removed by a lowpass 
filter, but it is an extra little requirement that must be 
met if you are to take advantage of the performance 
of a commutating filter. 

As disheartening as all the above restrictions may 
seem, modern ICs (both linear and digital) come to 
the rescue to make the commutating filter a fairly 
simple one. In f ig. 3 is shown a complete four- 
sample-per-cycle commutating filter using an opera- 
tional amplifier as a pre-filter bandpass, a CD4052 
(CMOS multiplexer/demultiplexer) as the switching 
(and steering) element, an operational amplifier as a 
noninverting follower, and an operational am~l i f ier  as 
a lowpass post-filter. Since the 204052 ihalf of it) 
has built-in decoding (steering), it requires 2 kHz and 
1 kHz (two-bit) input. These inputs are derived from 
a CD4027 dual flip-flop wired as a ripple counter and 
having a 4-kHz i n ~ u t .  

The filter of f ig. 3 sampies the icput signai four 
times per cycle, and thus the "steps," or discontinui- 
ties, in the output (before post-filtering) are relatively 
large. By going to a filter that takes eight samples per 
cycle, you decrease the "step" size and ease the 
post-filter requirements. In f ig .  4, a CD4051 and 
eight capacitors replace one half of the CD4052 and 
the four capacitors. This multiplexer is another mem- 
ber of the same CMOS family as the CD4052, but it 
requires three-bit drive: 4 kHz, 2 kHz, and 1 kHz. To 
accomplish this drive requirement, another CD4027 
flip-flop could be used with an 8-kHz input. Or you 
could use a single CD4024, which is a seven-stage 
ripple counter (divide-by-128), and use any conven- 
ient three adjacent outputs for the drive. In f ig. 4, the 
last three outputs (pins 5, 4, and 3) of the CD4024 are 
used to drive the CD4051, thus requiring a 128-kHz 
input to pin I. This 128 kHz is provided by a 128-kHz 
crystal oscillator made from two-thirds of a CD4007. 

- 7 5 v  

fig. 6. Schematic diagram of a 16-sample-per-cycle commutating filter. 
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1 kHz  BANDPASS F I L T E R  
0 710 

f ig. 7. In  this case, t w o  stages of four-sample-per-cycle filters have been cascaded. Only one set of pre- and post-fi lters are 
necessary, w i t h  an impedance follower between the sections to  lower the driving impedance t o  the second section. 

Fig. 5 shows the unfiltered outputs of the eight- shown in f ig .  6, using a CD4067 and sixteen 
sample and the sixteen-sample filters. Note how the capacitors. 
eight-sample filter has more (and smaller) "steps" in It is even possible to cascade commutating filters, 
its output, and is thus easier to post-filter. It is even and the pre-filter and post-filter need not be replicat- 
fairly simple to expand the filters of figs. 3 and 4 to ed. A follower between sections is all that is required 
sixteen samples per cycle, which really cuts down for lowering the driving impedance to  the second 
the quantization ripple in the output. Such a circuit is section. An  example of a two-section, four-sample- 

h ADJUST 

fig. 8. Example of a practical commutating filter. This filter has been set up for an operating frequency o f  640 Hz. 
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per-cycle filter is shown in fig. 7. The advantage of 
cascading is the sharpness of rolloff outside the pass- 
band. The rate of rolloff of the equivalent RC low- 
pass is then 12 dBloctave instead of 6 dBloctave. 

Finally, a construction project using a commutat- 
ing filter in a usefu! piece of ham equipment is pre- 
sented in fig. 8. The design process was as follows: 

1. The operator tuned in a CW signal off-the-air 
and adjusiea The BFO until the tone was of an agree- 
able pitch. This pitch was measured using an oscillo- 
scope to find out what frequency the operator likes 
to copy. This subjective determination of the opera- 
tor pitch preference may seem like wasted motion, 
D L ! ~  many peopie have "holes" in their hearing 
response (especially older CW operators). 

2. Once the desired pitch frequency is determined, 
multiply it by 128 and get the oscillator frequency to 
the CD4060. As an example, say that the operator 
preference turned out to be 640 Hz; then, the input 
frequency would be 81.92 kHz. If one has a crystal of 
about that frequency, it can be used directly in fig. 8. 
Otherwise, higher frequency crystals could be used, 
with taps at positions further down the divide-by-two 
chain. For instance, a 328-kHz crystal could be used, 
the outputs taken from pins 6, 14, and 13 (still yield- 
ing 2560, 1280, and 640 Hz respectively). 

3. The pre-filter center frequency is then adjusted 
to the chosen operating frequency, in this case 640 
Hz. The C values scale with frequency so that C is 
0.01 pF for 1 kHz and 0.015 pF for 640 Hz. 

4. The post-filter cutoff frequency is adjusted to be 
1.5 times the bandpass filter center frequency. 
Again, the capacitor values scale with frequency. 
Capacitor values of 0.01 and 0.033 pF give a 1.5-kHz 
cutoff frequency, and 0.015 pF and 0.05 pF give a 
960-Hz cutoff frequency. 

In fig. 8, an input noninverting follower has been 
added so that the unit may be driven from almost any 
impedance. An LM1458 dual op amp is used for both 
the input follower and the pre-filter. Addition of a var- 
iable resistance in place of R allows the passband to 
be varied from 3.0 Hz to 30.0 Hz, continuously. 
Another LM1458 dual op amp is used in the output 
section as the noninverting follower and lowpass fil- 
ter. By using two dual op amps, and using the 
CD4060 (which combines the crystal oscillator and 
divider in one IC package) I've reduced the circuit 
down to four ICs, plus the one IC used as the power 
supply regulator. The 81.92-kHz crystal was actually 
an 81.95-kHz unit that is quite common on the sur- 
plus market, 81.95 kHz being a standard time base 
frequency for a variety of distance-measuring 
devices. 

ham radio 
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accu-keyer speed readout 
Another addition 

to the feature-packed 
WB4VVF Accu-Keyer - 

a readout system 
for code speed 

There are thousands of Accu-Keyersl already in 
use, and the appearance of articles2-8 to add mes- 
sage memories to the basic keyer has undoubtedly 
resulted in another flurry of Accu-Keyer construc- 
tion. It is an excellent and highly versatile keyer, and 
deserves the fine reputation that it has. I t  might seem 
that there is little else that one could want from this, 
or any other, keyer. 

There is one useful addition, however. Most of us 
vaguely know our sending speed. I t  is true that a 
speed scale could be put on the front panel behind 
the control, but the speed vs rotation dependence of 
most controls is highly nonlinear, especially at the 
high-speed end of the range where the scale 
becomes compressed. Any semblance of accuracy is 
lost in the compressed scale. 

A desirable feature, which I have incorporated into 
the Accu-Keyer system, is a direct words-per-minute 
speed readout. This is useful for many purposes, and 
at the least is an interesting conversation piece in the 
hamshack. 

The readout and keyer clock, which I will describe, 
may be easily used in any Accu-Keyer design, and 
possibly in other types of keyers as well. The main 
precaution to be observed with the Accu-Keyer fami- 
ly is to be sure the 5-volt power supply in your keyer 

is capable of handling the extra current drain, about 
370 mA. 

I do not consider it feasible to use my readout with 
a battery-operated keyer,g,lo but it should be possi- 
ble to make relatively simple modifications to the cir- 
cuit and use CMOS integrated circuits. It would be 
necessary to choose some other type of display, and 
I would recommend a liquid-crystal type. 

principles of operation 
A continuous speed readout in wpm requires a 

free-running clock. The Accu-Keyer clock, however, 
is not free running. It starts when either side of the 
paddle is closed, and is stopped by an inhibit signal 
from the logic when all characters have been com- 
pleted. This method has a considerable advantage 
over a free-running clock, since the operator initiates 
a character at the time he chooses rather than at the 
time the clock is finally ready. 

This dilemma is easily overcome, and the unit I 
have developed gives an accurate, continuous read- 
out of the speed without sacrificing the advantages 
of the operator-started clock. A fringe benefit of the 
unit is that it does not have the problem, common to 
some keyer clocks, of a first clock pulse different in 
duration from the rest of the pulses in the sequence. 
Because of these features, it may be worthwhile to 
use the clock portion of this unit, even without the 
readout. 

The speed is variable from five to around fifty 
wpm, an adequate range for almost anyone from 
Novice to Extra. The speed display is updated 
approximately six times each second, whether or not 
any sending is being done. I incorporated it into the 
WASLUD memory version2 of the Accu-Keyer, but 
of course it can be used with any similar keyer 

By Bill Wageman, K5MAT, 35 San Juan, Los 
Alamos, New Mexico 87544 
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design. Different speeds may be selected as you if they are allowed to count for exactly 0.1 second. If 
build. the least-significant digit (2 in this example) is 

Recent editions of the ARRL Radio Amateur's ignored, it is then possible to display 24 in the read- 
Handbook give the relationship between code speed out connected to the digital counters. The reason for 
and keyer clock frequency as: this approach will be discussed more fully later. 

speed (wpm) = 1.2 x f (clock frequency) 

Twenty pulses per second of the clock result in a key- 
ing speed of 24 wpm. A scheme for reading out this 
relationship has been described previously,ll but that 
system has several disadvantages which are over- 
come by my circuit. 

Suppose you have a high-frequency pulse gener- 
ator running a: 2420 pi;lses per second. Three 
decade counters hooked in series would count to 242 

 he high-frequency pulse generator .can also be 
divided down by a decade and a duodecimal (divide 
by twelve) divider, a total division of 120, to give 
twenty pulses per second for the keyer clock. If you 
gate the divide-by-120 divider on and off with the 
original inhibit line in the Accu-Keyer, the resulting 
keyer clock line acts much like the operator-started 
clock, which is the key to the success of the Accu- 
K q e i  desigii. This scheme allo.vt.s US to have a free- 
running clock that can be accessed at the operator's 
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fig. 1. Schematic diagram for the Accu-Keyer speed readout. This circuit incorporates a free-running clock which can be 
accessed at will by the operator. The frequency of the clock is high enough that the delay between accessing and the first clock 
pulse is negligible. US and U10 are HP 5082-7300 displays that have the latches and display drivers incorporated within the dis- 
play. C1 and C2 should be of the type indicated to ensure adequate stability. 
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fig. 2. Blowup of the portion of the keyer board which is 
changed to incorporate the speed readout. CR1 and the 
original speed control wires must be removed. The foil is 
cut and new wires attached at the indicated spots. 

convenience. I have never been able to detect any 
delay because of the free-running pulse generator, 
even at the slowest keying speed. 

circuit description 
The logic diagram for the clock,'readout is given in 

fig. 1. U1 and U2 are 556 dual timers. One half of U1 
generates the high-frequency pulses, available from 
pin 5, that form the basis of the clock/readout. The 
other half of U1 is the time base for the display 
counter, with the output on pin 9. 

R1 is the weed control and is mounted on the 

keyer, with the inhibit signal resetting the divider to 
zero and holding it there when all keyer action is 
complete. Inverter U5B ensures that the clock pulses 
have the right polarity for the Accu-Keyer, and might 
not be necessary in other keyer designs. This combi- 
nation forms a keyer clock which is . i !wys  ivithin 
11120th of a dit of starting, a negligible delay at any 
speed. 

U5A controls the display counting. The pulse gen- 
erator pulses are fed to the counter only when pin 9 
of 111 is high. When it is high for precisely 100 ms, 
exactly one tenth of the pulse generator frequency is 
counted. U6, another 7490 counter, is for the least 
significant digit and, by including it without display, 
the jitter inherent in this digit is eliminated. This 
results in a stable display considerably superi~r to 
using only two decade counters with a 10-ms time 
base. U7 and U8, both 7490 counters, are the actual 
display counters, with U8 serving as the most-signifi- 
cant-digit counter. 

The displays themselves, U9 and U10, are easy to 
use, with an attractive, bright display, although they 
are a bit expensive. Other displays may be substitut- 
ed, but it might be necessary to incorporate data- 
storing latches, which are built into the 5082-7300 
displays. A nonblinking display is a necessity, so be 
sure to add latches if they are not in the displays you 

front panel of the keyer. C1 must be a reasonably choose. 

stable capacitor, not one of the ceramic bypass Connection to the Accu-Keyer is really quite sim- 

types. C1 and R2 determine the maximum keying ple. CR1 in the original Accu-Keyer clock must be 

speed, and the value of R1 determines the range. 
The value of R2 will probably be between 6,000 and 
22,000 ohms for a 50 wpm maximum, and may be 
selected for this purpose. If C1 is changed for any 
reason at some later time, it may be necessary to 
change R2 to bring the maximum speed back to the 
one desired. 

R3 is mounted on the printed circuit board and is 
used to adjust the 100-ms time base for the display 
counter. If it is not possible to adjust the "on" time at 
pin 9 of U1 to 100 ms, it may be necessary to change 
the value of R4 to bring the pot within the proper 
range. C2 is the most critical component in this entire 
circuit. 

U2 is simply a sequential timer. The trailing edge of 
the 100-ms counter gate triggers a pulse of short 
duration at pin 5 of U2. This pulse, after inversion by 
U5C, strobes the count in the decade counters into 
the display. It also triggers another short pulse, at pin 
9 of U2, which is used to reset the counters to zero, 
preparing them for the next update. 

U3, a 7490 decade counter, and U4, a 7492 duo- 
decimal counter, form the divide-by-120 divider that 
generates the clock pulses for the keyer logic. This 
divider is gated on and off by the inhibit line from the 

fig. 3. Full-size printed-circuit 
layout for the Accu-Keyer 
speed readout. Parts layout is 
shown in fig. 4. 
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removed from the circuit. A wire is connected to the 
vacated hole at the anode end for connection to the 
inhibit line in the new clock. The foil should be cut as 
indicated in fig. 2 and the old speed control wires 
should be removed. The clock line may then be con- 
nected to the vacant hole near the cut in the foil. 
Connect Vcc and ground both the readout and the 
clock board, and you're in business. You may wish to 
remove the old clock components from the Accu- 
Keyer board, but that is not really necessary. 

I have not included a power supply, since most will 
be able to use the supply in the Accu-Keyer. It might 
be necessary to increase the size of the input capaci- 
tor ahead of the regulator to keep the voltage high 
enough to maintain regulation. If your supply is 
incapable of providing the necessary current, any 
standard 5-volt power supply design will be satisfac- 
tory. 

Full-size board layouts and the component place- 
ment diagram are shown in figs. 3 and 4. They are 
single-sided boards, and should be easy to duplicate 
by those who wish to roll their own. There is no 
reason why point-to-point wiring cannot be used, 
since the layout is not critical. 

accuracy and calibration 
The key to the accuracy of this unit is how careful- 

ly the 100-ms time base for the display counter is cali- 
brated, and how stable it is. It would have been pos- 
sible, of course, to use a crystal-controlled clock to 

fig. 4. Component placement 
for the Accu-Keyer speed 
readout. 

O SPFFI) CONTROL 0 GROUND 

control this counter, but that seemed quite unneces- 
sary. One half of a 556 timer, wi th a high-quality, 
stable capacitor, results in quite adequate perform- 
ance for this purpose. It saves considerably on circuit 
complication and expense. 

There are three methods of calibration, and they 
will be described in order of increasing accuracy. 

1. Set the keyer t o  match as closely as possible 
WIAW's  18-wpm bulletin broadcasts (or better yet 
their 35-wpm code practice), and adjust R3 until the 
readout indicates I 8  (35). 

2. Use a calibrated scope to set the "on" time (out- 
put high), as seen at pin 9 of U1, while adjusting R3. 

3. Connect a counter with a I-second time base to 
U1, pin 5, t o  measure the pulse generator frequency, 
and adjust the keyer speed control until the counter 
reads about 4000. Adjust R3 until the display reads 
40. This is the method I prefer, and should be used if 
a counter is available. 

M y  own keyer has been in use for almost three 
years and seems to be accurate within one w p m  at all 
speeds throughout its range a t  all temperatures 
encountered so far in my shack. Accuracy is not a 
problem if a sufficiently stable capacitor is used 
for C2. 

I'II be happy to  answer any correspondence 
regarding this readout or any modifications people 
may wish to make. I'II try to furnish circuit board 
availabil ity information, provided tha t  a self- 
addressed, stamped envelope is supplied. 

I t  has been a pleasure to use this keyer wi th its 
readout. Now, when someone says QRQ by 5 wpm, I 
can do it quite accurately, depending on my  skill of 
sending, G? c~c;rsel 
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the weekender 

Duplex Audio-Frequency Generator 
With AFSK Features 
Need a stable audio-frequency generator for 
testing, trouble shooting, and experimenting? Here's 
an instrument that fulfills these requirements and 
also provides some extra features for AFSK work. It's 
a weekend fun project that will reward your efforts 
with a truly versatile piece of test equipment. 

The duplex audio-frequency generator covers the 
audio-frequency spectrum from 20 Hz-20 kHz, fur- 
nishes sine- and square-wave output simultaneously, 
and is battery operated for portability and interface 
safety. The generator has two frequency controls 
that are switch selectable from the front panel, or 
they can be selected through TTL level applied to the 
generator. In this manner an AFSK signal, relative to 
the TTL input, is generated. This electronic switching 
feature should be useful for the experimenter. The 
generator is constructed on a single PC board and 
can be easily completed in a weekend. An etched 
and drilled board is available for the project (fig. I ) ,  

The duplex audio generator is built into a Mod-U-Box avail- 
able from Quement Electronics (see text). Controls are f l  
(upper left), f2 (upper right), and output level (center). 

0------- 
F X T  i l  
!& -, + yfl-+ F 

B 1 battery, 12.6 V, Mallory 304116 Smoke Detector 
Battery 

C l  , C4, C6 1 pf 35 vdc* 
C2 .1 pf 35 vdc* 
C3 .O1 pf 35 vdc* 
C5 2.2 pf 35 vdc* 
C7 10 j ~ f  16 vdc* 
J1, J2, J3 jacks or binding posts of your choice 
Rl ,R2 10K%w"  
R3, R10 4.7K %w*  
R4 220 %w*  
R5, R7 10k trimmer, Radio Shack271-218" 
R6, R8 100k pot, audio taper, Radio Shack271-1722 
R9 50k pot, linear taper, Radio Shack271-1716 
R11, R12 100k % w *  
S1, S2 switch, single-pole, three-position 
S3 switch, mounts on R9, Radio Shack 271-1740 
U1 XR2206, James Electronics XR2206* 

Case Mod-U-Box 3-7-6, Quement Electronics 
PC Board J.  Oswald 1006JX 

PC board and board-mounted components ki t  available from J .  Oswald, 
part 1006K (includes parts marked*) 

J. Oswald, 1436 Gerhartd Avenue, San Jose, California 95125. 
1006J $4.75 PPD. 1006K $17.75 PPD. 

James Electronics. 1021 Howard Street, San Carlos, California 94070. 

California residents add sales tax. 

fig. 1. Schematic of the duplex audio-frequency generator. 
By Ken Powell, WBGAFT, 6949 Lenwood Design is built around the James Electronics XR-2206 func- 
Way, Sari Jose, California 95120 tion-generator IC and includes an AFSK signal. 
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and, because component count is small, cost of the 
project is minimal. 

description 
The generator is built around the XR-2206 mono- 

lithic function generator IC. This little IC can perform 
many functions, and in this particular application 
we're using only a couple of its many features. As 
seen from the schematic, fig. 1, the XR-2206 and a 
handful of passive components form the entire 
genera tor. 

The audio-frequency spectrum is covered in three 
ranges; 20-200 Hz, 200-2000 Hz, and 2 kHz-20 kHz, 
as selected by the range switch, S1. The range 
switch is labeled XI ,  X10, and X100, allowing the use 
of a single scale on the frequency dials. The specific 
frequencies desired within these three ranges are 
selected by the frequency controls, F1, (R6), and F2 
(R8). Switch S2 selects the generator output fre- 
quency as F1, F2, or EXT. In the F1 position R6 de- 
termines the output frequency, while the F2 position 
allows R8  to control the output frequency. With 
switch S2 in the EXT position, the output frequency 
is selected by the signal applied to the external input 
jacks. Frequency F1 is selected by a high level or 

fig. 2. Full-size layout of the PC board (foil side). 

Construction of the duplex audio generator showing the 
two switches and three variable controls on the removable 
front panel (right), and the printed-circuit board in the base 
(left). Power is provided by a 12 6-volt battery designed for 
smoke detectors. 

open contact, and F2 is selected by a low level, or 
closed contact. In this manner an AFSK signal of ad- 
justable frequency, shift, and amplitude is generated. 

The sine-wave output of the generator is variable 
to a maximum of 3 volts peak-to-peak through the 
output level control, R9. The square-wave output is 
fixed at a TTL level; and because both outputs are 
available simultaneously, the square-wave output 
provides a very handy sync point for scope trig- 
gering. 

The generator is powered by a 12.6-volt battery. 
Current consumption is low, so extended battery life 
can be expected. The basic circuit is not overly criti- 
cal to voltage changes, and the first indication of 
battery failure will be flat topping of the sine-wave 
output at high-amplitude levels. Trimmer resistors, 
R5 and R7, are used to calibrate the frequency con- 
trols, and capacitors C1, C2, and C3 determine the 
range-multiplier accuracy. Generator output impe- 
dance is a nominal 600 ohms and provides a good 
match to most standard audio equipment. 

construction 
Virtually any type of construction practice could be 

used for the audio generator, because the circuit isn't 
critical the way rf circuits are. PC board construction 
was chosen for ease of assembly and predictable 
results. A full-size layout of the foil side of the PC 
board is shown in fig. 2. The component layout as 
viewed from the top, or component, side of the 
board is illustrated in fig. 3. 

A practical approach to construction is t o  mount 
and solder all board-mounted components and then 
add the interconnecting wires to the front edge of 
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the board. Leave these wires about 30 cm (12 inches) 
long for connection to the front panel after doing the 
sheet metal work. Drill and deburr all holes for the 
front panel controls and jacks, as well as the PC- 
board mounting holes in the case. Next, mount all 
front-panel components and the PC board, using 
small standoff spacers to elevate the PC board above 
the case. 

Place the front panel next to the case ar;d wire the 
interconnecting leads from the PC board to the panel 
controls, jacks, and switches. As the case goes to- 
gether, the interconnecting wires should fold over 
neatly. After you're sure that the wiring doesn't 
interfere \ ~ i t h  the case assembly, the 'wiies caii be 
spot-tied to form neat groups and retain their posi- 
tions. Assemble the case again to insure that every- 
thing fits well. 

test and calibration 
A very simple test of the generator can be made 

with the aid of a pair of headphones. Set trimmers 
R5 and R7 to midpoint, connect the phones to the 
sine-wave output, set S2 to the F1 position, range 
switch to XI, the frequency controls fully counter- 
clockwise. Advance OUTPUT LEVEL control, R9, 
until an audio tone is heard in the phones. The tone 
should be about 250 Hz. Flip the function switch to 
the F2 position and adjust trimmer R7 until you can 
flip from F1 to F2 without detecting a change in the 
tone. Change the range switch to the XlO position 
and rotate the frequency controls fully clockwise. 
Again this should yield a tone about 200 Hz. 

Flip the range switch to the XI00 position. The 
tone should be approximately 2 kHz. Switch back 
down to the X10 range, listen to the 200-Hz signal for 
a few seconds, then move the phones to the square- 
wave output jack, J3. The signal should be a bit 
raspy because of the square waveform. Now set the 
function switch to the EXT position and the F2 con- 
trol to its midpoint. Short the external input jacks 
with a jumper, and the 200-Hz signal should shift to 
approximately 750 Hz, indicating that the AFSK cir- 
cuitry is functioning. This evaluates all the func- 
tions of the audio generator and should make you 
feel pretty good. 

Calibration of the little generator is subject to the 
equipment you might have available, such as a scope 
or frequency counter, and also to the degree of ac- 
curacy you're trying to attain. The generator is a 
small package, so there really wasn't much room for 
large dials that would provide high resolution. With 
the small dials, accuracy is adequate for general 
audio work, and if you are going to do anything 
critical you'd probably use a counter with the gen- 
erator. 

fig. 3. PC-board component layout viewed from the 
top, or component, side. 

The dual outputs make this a very easy thing to do. 
I used a scope to measure the output pulsewidth and 
put small pencil marks around the dial area of the 
frequency controls. Then I removed the controls, 
switches, and jacks from the front panel and applied 
the lettering using Datak rub-ons, followed by a 
light coat of clear Krylon to protect the lettering. This 
gives the instrument a professional look and provides 
adequate calibration. Use care in putting the front 
panel components back in place so that the lettering 
isn't damaged. 

The duplex audio-frequency generator is a very 
flexible piece of test equipment that can be built at a 
low cost and is worthy of a place in every experi- 
menter's shop. It can be built by a beginner and will 
remain useful to him as his interests change to the 
more complex phases of Amateur Radio. Also, the 
basic circuitry can be lifted for many other applica- 
tions, limited only by the creative ability and interests 
of amateurs and experimenters. 

ham radio 
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down counters 

presets the counters again. Division ratio is the differ- 
ence between preset state and end-of-count state. It 
can be a problem with up counters. 

Suppose you want to divide by 888. An up counter 
must be preset to the nine's complement of each 
decimai digir (nine minus the desired digir), or deci- 
mal 111 in this case. The up counter will then 
increase through 888 states until an all-ones condi- 
tion is reached for end-of-cour?t. Confusion arises 
because the decimal preset is in reverse of the 
desired decimal division. 

A solution is to use a down counter, one whose 
states decrease with the number of input clocks. Pre- 
set and division are now the same number. Motorola 

Most  counters can be considered up counters. makes such a device with the designation MC4016 
Their binary states usually increase in bit weight. This and it is designed for PLL app!ications." 
is sometimes a problem when applying them to a 
phase-locked loop as the programmable divider. In 
such an application, the divider is first preset to a par- 
ticular binary state by the front panel control. Count- 
ing then proceeds to an all-ones or all-zeroes state. 
This state outputs a pulse to the phase detector and 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 

a BCD down counter 
The counter portion of the MC4016 is shown in 

fig. 1 with waveforms. D flip-flops are used in place 
of the usual JKs, and all gates are ANDs. G3 is an 
open-collector AND to sense all-zeroes from the 0 
outputs. 

"The designat~on was formerly changed to MC74416 but IS back to the orig- 
inal number. MC4316 is the m~litary temperature version. 

INPUT COLLECTOR 

fig. 1. Decade down-counter 
BUS 

s e c t i o n  o f  M o t o r o l a  

STATE - ~ 8 - $ - 7 ~ 6 ~ - 5 & 4 ~ 3 ~ 2 - ' ~ 0  
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I N D l V I O W L  S E T  AND 
RESET GATING EACH 
F L I P - F L O P  - 

i 
I 

K X T E R N A L  
P R E S E T  

CONTROL I 
L I N E S  ! 

- 
MR 0 -~ ---O MASTER 

.... - 

PRESET 
INPUT 

R E S E T  

I N T E R N A L  
I = q E S E T  

E N A E L E  

- - - - 
M R  GATE PE BUS S R ------ 
O X O X ! O  
0 O X ! 1 0  - 
I O O X P P  

1 0 1 1 P P  
I I O X P P  

TRUTk T A B L E  

fig. 2. Preset control section of the Motorola MC4316lMC4016. 

Decreasing BCD states can be seen from the wave- 
forms and the effect of gate output states. As in its 
up-count version, it's a divide-by-two in cascade 
with a divide-by-five. Carry out is from OD to the next 
input. A chain of three will go from an initial decimal 
000 to a decimal 999 on the first input. Subsequent 
inputs will change decimal states to 998, 997, 996. 

preset control 

Two internal buses and three gates provide versatility 
in preset control. Fig. 2 shows the preset control sec- 
tion with a truth table for external control inputs. P 
indicates the state of the external preset input for 
each stage. An  X is a don't-care state; i t  may be 1 or 
0 without changing a particular state combination. 

BUS gate 3 was stated as being open-collector. 
AND gates with open collectors may be wired-AND 
just as NAND gates may be wired-OR.' The internal 
connection to the inverter doesn't change the open- 
collector condition. An  internal, separate, pull-up 
resistor is provided on each package. 

Fig. 3 indicates a single package connected for 
division by eight. LVaveforms are expanded to show 
automatic presetting. Preset inputs are wired for 
binary 1000 (decimal 8). Control lines MR and PE are 
tied high. A preset can occur only when GATE is low 
and BUS high - the all-zeroes condition. 

The waveforms assume that six clock inputs have 
occurred. Counter state is then binary 0010. The next 
clock (seventh) will make it binary 0001. The eighth 
clock will cause several actions. 

The counter goes first to binary 0000 and the BUS 
goes high. External control GATE is connected to the 
clock. It isstill high after binary0000 has been reached, 
so a preset doesn't begin until the clock goes low. A t  
that time, the internal D stage active low set changes 
OD from 0 to  1. The other three stages reset; i t  
doesn't change anything since they are already 0. 

The counter is now set to binary 1000 and BUS is 
low, but the next positive clock edge will change the 
counter state to binary 01 11. I t  counts down again 
until ail zeroes are present. The carry out is only the 
width of the clock low state. 

Each stage has direct set and reset inputs active Maximum clock input frequency is limited by three 
low. Counting will be overridden when either is low. propagation delays: clock positive edge to  BUS going 

PARTIAL T I M E  PERIOD O F  WAVEFORMS 

CLOCK- 

INPUT 

I I 

$, I h 
I 

F L I P - F L O P  INTERNAL 

OUTPUTS PULLUP 

fig. 3. Single MC4016 connected as I 
I 

divide-by-eight. Oc I 
I 

! 

BUS 

septernber 1979 73 

I 

I 
I 

I 

j 
I 

I 



INPUT  
0-- 

CARRY OUT - - ? 

N O T E - z ,  TIED HIGH ON 
ALL PACKAGES 

or right-hand, counter will reach all-zeroes first, then 
the middle. The BUS is almost ready to go high, but 
the wired-AND connection makes it dependent on 
the first counter. When the first counter goes zero, 
preset is enabled to all; the BUS goes high, then the 
common GATE goes iow. 

Carry out may be from the third OD, but fast inputs 
should use the BUS line since it's slightly wider. 
Speed is limited, but a few extra devices wil! increase 
this. 

fig. 4. Three MC4016 counters in cascade for variable division. increasing speed 

high (65 ns maximumi, clock negative edge lo any 
flip-flop set (35 ns), and next-positive clock to a flip- 
flop toggle (78 ns). Inverse total is 5.6 MHz, but the 
nominal maximum frequency is 8 MHz. 

cascading 
Fig. 4 shows the circuit for three packages. It can 

divide by any number from 1 to 999 depending on the 
BCD input to each counter. An MC4018 can be sub- 
stituted. It's a hexadecimal (divide-by-sixteen) ver- 
sion, and three packages would yield a maximum 
count of 212, or 4096; four-bit binary preset inputs 
would be required. 

All and control lines are tied high. All GATE 
inputs are connected to the input clock. All BUS pins 
are tied together, but only one R or pullup resistor 
connection is required. 

Preset action is the same as in fig. 3 and depends 
on the first, or left-hand, counter for speed. The last, 

Input frequency can be increased to at least 25 
MHz by adding a D flip-flop, 5-inpii: gate, and three 
inverters as in fig. 5. Schottky TTL devices are rec- 
ommended. Note that this version has the first coun- 
ter's BUS pin grounded and all MR and GATE pins 
tied high. 

Previous connections initiated a preset on the in- 
put clock low state. Fig. 5 allows nearly a full clock 
period for preset. This is possible by arming the pre- 
set when countdown has reached decimal 002 
(binary 0010 in the first counter). Presets have been 
hard wired for 888 division for illustration. 

G7 goes low on the 886th input (representing deci- 
mal 002). The external flip-flop will toggle on the 
887th input. This action initiates a preset by making 
the common i% control line low. Preset completion 
will make G7 high but won't change the external flip- 
flop, because its clock, the 888th, has not yetarrived. 

Once the 888th clock arrives, the external flip-flop 
will toggle, but the counters will not change; PE is 

fig. 5. High-speed divide-by-888 for use with phase-locked loop. 

8 8 5  8 8 6  8 8 7  8 8 8  0 0 1  

I 1  
I  I 
I  I  

8 1 
I  I  

I  I  I  I 
I I I I I  I  

I 1  

Oc 1 1  I I  
I I 

F IRST  I 
COUNTER I 

I  

! I i 1 1 ;  I I I 

A LOW AT ARRIVAL 
Of 8 8 8 T H  INPUT WILL 
INHIBIT TOGGLING 
O F F L I P - F L O P A  

N o r E  ALL GATE AND ~ 7 i  '---FIRST COUNTER BUS 
P INS  T I E D  HIGH PIN MUST BE GROUNDED 
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still held low at clock edge, and all counters remain at 
preset at that time. !See the third state of the truth 
table in fig. 2 . )  The first counter essentially ignores 
the 888th clock. 

The external circuitry permits a substantial 
increase in speed even though the counters are not 
synchronous. The only disadvantage is slight: divi- 
sion by less than three is not possible. 

other packages 
Presettable upidown counters are available. These 

can be connected for down counting only with exter- 
nal circuitry added fa: similar presel-enable control. 
The use of synchronous counters and Schottky TTL 
programmable dividers is possible up to 60 MHz. 
Great attention must be paid to propagation delay at 
high speed. 

The Motorola device was selected for this example 
because it contains the essential ingredients of a 
counter with preset control ability. 

1.  Leonard H. Anderson, "Digital Techniques: Gate Structure and Logic 
Fam~lies," ham radio, February, 1979, page 66. 
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I've been interested in the history of radio nearly as long as I've been a Radio Amateur, and am 
continually on the lookout for old wireless equipment to add to my collection. Local ham flea markets 
and auctions are often the source of unexpected treasures, and I a t t e ~ d  as many as 1 can; not too 
long ago I missed an opportunity of a lifetime when I passed up an auction of surplus electronic 
equipment at an old, respected New England college. Much of the "surplus" gear dated back to the 
1920s and was built into custom-made wooden cases which were then in fashion; most of the 
buyers, unfortunately, were antique dealers who were interested only in the finely crafted cabinets - 
the priceless radio equipment inside was destined for the trash heap. 

In many respects it was a replay of an event in Oklahoma several years ago: The auction of the 
electronics equipment and junk collection of a prominent local amateur. From all reports, it was quite 
a collection, filling four large warehouses. Except for the huge volume (and original cost) the collec- 
tion resembled the typical "hell box" of every amateur who lived through the halcyon days when 
building your own transmitter was conventional practice and everyone eagerly added to his junk col- 
lection at every possible opportunity. 

However, there was one big difference in the Oklahoma collection: Where most Radio Amateurs 
painfully part with dollars, this amateur painlessly parted with thousands of dollars. Think back a few 
years - what was the most delectable piece of radio gear you remember? It was probably in the 
Oklahoma collection. And not just one, but several. Parts, radio sets, test equipment, you name it, it 
was all there in unimaginable profusion. One whole warehouse floor was reportedly crammed full of 
big transmitters, spark coils, and rotary gaps for 1920-style transmitters, spiderweb coils and 
thousands of variable capacitors of every possible make and description. A complete inventory 
would go on for pages. 

Now here's the tragedy: These priceless articles, which belong in a museum, were grouped in 
huge lots with utter junk and sold to junk dealers! The probability that these dealers could differen- 
tiate between valuable antiques and valueless junk is frighteningly small. Antique radio equipment 
that can never be replaced, items not preserved in any museum, were probably bulldozed under at a 
county landfill dump. 

This scene, on a much more modest scale, is probably repeated many times a year all over the 
country. Without getting morbid, each one of us should realize that we are not immortal. Each of us 
has a collection of electronic gear that will, if someone doesn't know any better, be bulldozed under 
with the trash at the city dump when we join the list of Silent Keys. Each item, when you acquired it, 
represented a jewel to be treasured and was carefully put away. If you were ever so careless as to 
toss out one of these treasures, you almost certainly would have an immediate pressing need for an 
identical article. I know, because it happens to me every time I clean house! 

The point is this: Talk to your heirs. Clue them in as to what items, if any, belong in a museum. 
Better yet, make arrangements with the executor of your estate to donate certain prized items to a 
local school or college; antiques should be given to a museum of your choice. The same sort of fore- 
sight applies to your newer equipment as well. Give your executor the names of several trusted 
amateur friends who will help dispose of modern radio gear and test equipment. They will know the 
fair market value - your executor may not. There have been more than a few cases where an 
amateur's survivors have been ripped off to the tune of thousands of dollars; don't let it happen to 
your family. 

Jim Fisk, WIHR 
editor-in-chief 
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rnents 
My second argument is with the (shortening of the pulse) of 30 per 

author's pooi  choice of PLL for hrs cent or? a well-adjustea machinel 
TU. If at any time he had read the Now even with the loop filter C 
data sheets and looked at the graphs compietely removed, the .worst-case 
that go with this PLL tone decoder, lock up time can still be 27 Hz, which 
he definitely would have made is far more than 30 per cent, and is 

R W  demodulator 
Dear HR: 

I would like to make some com- 
ments on the article by KB9AT in the 
October, 1978, issue: "Digiratt  
PLL2." 

In his third sentence the author 
states, "The one common drawback 
to  PLL terminal units is that they 
decode only half the available infor- 
mation present in the RTTY signal." 
In other words, we could eliminate 
one of the two tones and still end up 
wi th the same results. We could go to 
a similar signal like CW but Baudot 
encoded. This would save some 
bandwidth and let our transmitter 
finals live longer because of the 
shorter duty cycle. As far as I know, 
most if not all TUs use some kind of 
discriminator, PLL or otherwise, 
which produces at its output a posi- 
tive voltage corresponding to  one 
tone and a negative voltage corre- 
sponding to the other tone, both with 
respect to a reference voltage, which 
might or might not be at ground po- 
tential. 

These two voltages are then pro- 
cessed through filters and/or a com- 
parator before going to  the keyer 
stage. What if one of these tones is 
missing? One of these two output 
voltages is also missing. And  the 
place where the missing tone should 
be is now filled with noise. When we 
send that noise through a comparator 
to the keyer stage, the keyer stage 
will start switching back and forth on 
noise pulses. So we see that it's ab- 
solutely necessary to have two tones. 

3r;othei choice. First, the data sheet 
gives a simple equation to calculate 
the bandwidth, which is 

and the minimum detectable signal is 
20 mW. Inserting this value into eq. 1 
shows that with the author's choice 
of a filter capacitor, which also deter- 
mines the bandwidth, we have a 
bandwidth of 15 Hz. Going to a more 
normal input voltage of 2 volts we 
find a bandwidth of 48 Hz. Now, 
going with these numbers one step 
further, on the data sheets we find 
the graph Greatest number of cycles 
before output. We find that as much 
as 300 Hz occur before the 567 will 
lock up on that sbort 2125-Hz tone. 

We know that each bit in our Bau- 
dot-encoded machines at 60 wpm is 
only 0.022 second long. This means 
that we have, from those 2125 Hz, 
only available per bit 0.022 x 2125 
= 46.75 Hz, far less than we need in 

the worst-case lockup time. So we 
lose that bit altogether. When we 
have an R or a Y, where we have six 
transitions, we switch back and forth 
between the two PLLs; and every 
time each PLL must search and try to 
lock up. 

Agreed, the data sheet also says 
that "assuming random initial input 
phase, only during 1 I6 of the time will 
there be a lockup time longer than 
half the worst-case lockup time." 
This means that we can transmit all 
bits in a letter such as R or Y. Further- 
more, we shouid take into account 
that most machines will print garble 
when we have a signal distortion 

about 58 per cent. 
So with all of this in mind we can 

see that the 567 is a very poor choice 
for 60 wpm or more on RTTY, and we 
can see why this chip was never in- 
tended to be used for that purpose. 
There are many other choices that 
would have been far better, which 
I've tried in all the years I've been on 
RTTY. Other chips that are intended 
for RTTY have a lockup transient only 
at the very beginning of each trans- 
mission, or when the signal appears 
at the input of the TU. By careful 
choice of loop filter C, these loops 
will almost instantaneously fol low 
each tone deviation that might ap- 
pear within its capture range. 

Joe C. Zegers, WBGPMV 
Sunnyvale, California 

Dear HR: 
Reader Zegers has raised some in- 

teresting questions in his letter. I wish 
to reply to his statements with this 
letter. 

I stand by my statement that phase 
locked loops decode only one fre- 
quency, which in RTTY is one half of 
the information. Actually, a more cor- 
rect statement would be that they de- 
code only a small range of frequen- 
cies within their detection bandwidth. 

I t  is true that PLL circuits (such as 
the popular 565 for instance) are 
often connected to an op-amp, and a 
positive and negative voltage swing 
obtained for use in keying circuits. 
However, both the 565 and the 567 

(Continued on page 80) 
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50-MHz SSB exciter 

Construction details 
of a high-performance, 
50-MHz exciter which 

features CWlSSB operation, 
digital readout, and 

modular-type construction 
for circuit improvement 

and modification 

This article describes an SSBICW exciter with digi- 
tal frequency readout. It covers rfI 100 kHz segments 
centered on 50, 51, 52, and 53 MHz. The power out- 
put has been limited to 50 milliwatts because the pri- 
mary use of the exciter is to drive solid-state trans- 
mitting converters. The wide frequency range allows 
coverage of all present weak-signal band segments 
and satellite passbands. 

A modular approach was used in building the rig. I 
was convinced of the flexibility of this technique by 
Joe, W1 JR. The rig could very easily have been built 
with fewer modules and still retained its testability. 
However, I wanted to be able to change very small 
pieces of the rig without pulling the whole thing off 
the air. I also felt that taking modularity to this some- 
what sublime limit would make the exciter more 
reproducible. There is a disadvantage to  the 
approach though; you do not end up with a small 
box. But if you are a casual builder or apt to change 
designs in midstream, then this is the only way to go. 

The exciter can be broken down into analog and 
digital sections. Fig. 1 shows the block diagram of 
the analog section, which is made up of ten modules. 
Each module contains a "complete" function. If you 
start with the audio preamp, the exciter can be built 
up from it; that is, all existing modules are used in 
testing the next. I kept the port impedances of the rf 
modules at 50 ohms to aid in testing. It also allows 
easy changes to any given module with minimum 
impact on the whole project. 

Most of the analog portion of the rig was stolen in 
bits and pieces from the many designs that have 
appeared in various Amateur Radio journals. Wher- 
ever possible, I picked the "cheapest" way to go, 
consistent with getting the rig to fly with minimum 

- 
By Rick Commo, KILOG, 3 Pryor Road, 
Natick, Massachusetts 01760 

12 october 1979 



problems. I also imposed the constraint that there 
would be no hot switching of any rf, in order to facili- 
tate a neat and functional panel layout. 

The digital section, shown in fig. 2, consists of six 
modules, or in this case, boards. It was also built 
from the bottom up starting with the time base. Ref- 
erences are included at the end of this article. 

The specifications for the exciter, which are tabu- 
lated below, are on a par with the majority of com- 
mercial low-band rigs advertised in the Amateur 
journals: 

maximum power output 50 mW CW 

carrier suppression >45 dB, with respect 
to single tone 

IM products - 32 dB, with respect 
to two tones 

harmonics responses - 50 dB, with respect 
to full carrier 

nonharmonic responses - 45 dB, with respect 
to full carrier 

audio module 
The audio module (see fig. 3) is not complicated. 

Two op-amps provide a voltage gain of about 50 and 
lowpass filtering. An LM308 was used for the first 
stage because it has somewhat lower noise than 
most garden-variety op-amps. Just about any op- 
amp could be used for the second stage, with appro- 
priate changes in (or deletion of) the compensation 
capacitor. 

3 6 - 3 9  MHz 
3 6  3 7  3 9 3 9  

4 9  9 - 5 3 1  MHz 

MIX/BPF/AMP 
+ IZV 

PEAK 
13 9- 14 I MHz DETECTOR 

CONTROL 
FILTER/AMP 

CARRIER LEVEL 

AUDIO MODULE 

t 
BALANCED BFO 
MODULATOR 9 0 0 1 5 / 8 9 9 8 5  MHz 

COUNTER 

fig. 1. Block diagram of the 50-MHz exciter. To facilitate cir- 
cuit changes and improvements, each block is built into an 
individual box, with the input and output impedances set at 
50 ohms. 

I DECODER DlSPLAY I 

'1:- ---.I. F E R R I T E  . . 1 BEAD 

I 
FREQUENCY , 

BASE 

I 
IOOHz, , 

GATE I 
ENABLE 1 

! GATE 2 
C O U N T E R  CONTROL 

I 
GATE 3 

ENABLE I 
1 

fig. 2. Diagram of the frequency display portion of the excit- 
er. Each oscillator is individually gated through to the main 
counter, providing a true readout - rather than what would 
be derived from the less-accurate presetting method. 

In this design the first stage has a gain of five and 
the second a gain of ten. This was more than enough 
for the microphone that I use. Any gain adjustments 
the reader feels are necessary in his own case should 
be done in the first stage. This will preserve the roll- 
off of the lowpass filter. 

Be forewarned: Getting skimpy with audio bypass 
capacitors is not a good idea, especially in the bias 
network for the unused inputs. Any hum that 
appears on these inputs gets amplified right along 
with the main audio. It doesn't take too much noise 
to make a poor sounding signal. 

BFO module 
The BFO module, as shown in fig. 4, contains two 

oscillators and a buffer. The oscillators are pretty 
standard, the only thing done special being to match 
the fets for the approximately equal zero bias drain 
current (Idss). This was done by shorting the gate to 
the source and measuring the current with 12 volts 
applied between the source and drain. The buffer 
amplifier is described in the ARRL Solid-State Design 
manual.' 

The amplifier was driven directly from the oscilla- 
tors. This was done to insure a clean waveform. With 
an input impedance of essentially zero ohms, the 
amplifier keeps the crystals adequately decoupled 
from each other. 

Two outputs are taken from the amplifier. The 
high-level output goes to one input of the frequency 
counter. The low-level output, which is variable (200 
mV max) goes to the modulator. The oscillators are 
adjusted on frequency by C1 and C2. If the counter is 
built first, it can be used to do the netting. I used the 
McCoy crystals that came with the filter, although a 
9.000-MHz KVG crystal was tried and no problems 
were encountered. 
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f i  
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fig. 3. Schematic of the audio module. The filtering in the 
+I2 volt line helps ensure that no hum will be present on 
the signal. 

balanced modulator 
The modulator (fig. 5 )  uses an MC1496. This 

circuit has been around a while,2 but it's easy to get 
going and has excellent carrier balance. It is fed with 
about 60 mV of 9-MHz rf and about 600 mV of audio. 
A balanced circuit was used in the output. This 
gives a 3-dB increase "for free." A single-ended 
design will work as well, and has been used in many 
other designs. The output of the module is about 
- 10 dBm. 

Some thought should be given to the layout -of the 
modulator in order to prevent BFO leak-through and, 
hence, degraded carrier balance. The initial attempt 
at building the modulator had all the components 
stuck in the box. This resulted in some carrier coup- 
ling to the audio inputs. Some 200-pF bypass caps 
cured the problem, but I decided to rebuild the 
module anyway. The second module was built with 
many of the modulator pins going to Teflon feed- 
throughs. In this way, most of the dc and all of the 
audio was wired on the outside of the box. This 
resulted in a much cleaner layout and the module 
worked the first time power was applied. 

Care should also be taken to avoid overdriving the 
modulator with the BFO. Initial efforts with this 
module were very frustrating because of this prob- 
lem. The best way to set the modulator up is to null 
the carrier, then inject an audio tone and reduce the 
BFO drive level until the output of the transmitter 
starts to fall off. Leave the BFO set at that level. 

The filter-amp module provides gain and matching 
for the 9-MHz crystal filter (see fig. 6). 1 used a 
McCoy Golden Guardian, because I got some at a 
flea market cheap. Other filters may be used, howev- 
er, if appropriate changes are made in the matching 
resistors (560 ohms tor the McCoyi. The gain of the 
module is controlled via the unbypassed emitter and 
source resistors. The second gate of Q2 can be used 
as an ALC inpbt if desired. 

Attention should be paid to the supply-line filtering 
to reduce leakage around the f~lter. While this is not 
as important in an exciter as it would be in a receiver, 
it still pays to be careful. 

The variable capacitors oii the inpiit a d  output a? 
the filter are there to resonate out the residual induc- 
tance of the filter's transformers, thus reducing pass- 
band ripple. This is most easily done by padding the 
LSB crystal to exactly 9.0000 MHz, and then tweak- 
ing the two capacitors for maximum output. This will 
get pretty close to optimum passband ripple. 

VFO module 
The 5-MHz VFO (fig. 7 )  is built around an ARC-5 

(transmitter) capacitor. This tends to make the VFO 
quite a bit bigger than it might have been, but it does 
have the advantage (in VFO design) of mass and 
built-in gear reduction. The "back wall" of the capac- 
itor was drilled and tapped so that the VFO circuitry 
could be mounted directly on the capacitor. 

T O  / COUNTER 

TO 
M O D U L A T O R  

fig. 4. Schematic diagram of the BFO module which supplies 
the 9-MHz signals to the crystal filter. The level adjust, R1. 
must be a carbon potentiometer. 
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The oscillator uses a jfet and is buffered with a 
dual-gate mosfet. I found that the loading of a mos- 
fet was significantly less than that of a jfet. The out- 
put of the buffer goes to an amplifier to raise the out- 
put up to a usable level. No compensation has been 
done on the VFO as yet. However, since the ARC-5 
capacitor is made of Invar, the VFO is fairly stable as 
is. At room temperature, the drift over a two-hour 
period, starting cold, was on the order of 300 Hz. The 
frequency variation over wide temperature ranges 
has not yet been investigated. 

Harmonics were a problem with this VFO. Without 
the half-wave filter, the second and third harmonics 
were only 15 and 20 dB down, respectively. The third 
harmonic created a bad spur, since 15 MHz is not 
that far down on the skirts of the first mixer's filter. 
Adding the half-wave filter brought the second har- 
monic down to 30 dB and the third down to 48 dB, at 
which point the spur problem went away. 

mixer modules 
The 14- and 50-MHz mixers shown in fig. 8 are 

identical, with the exception of the filters. All ports of 
the double-balanced mixers are padded to insure that 
they see 50 ohms. If not, the mixer will most likely 
not perform properly. The output of the filter is also 
padded for essentially the same reason, to guarantee 
that the filters are properly terminated at all frequen- 
cies. The post-filter amplifier is a broadband design 
built around the 2N5179. It has more than enough 

9 MHz 
4 7 

T W T  
17 18 /)7 M H Z  

'I D S B  
iJ i 

MC 1496 22 

9 

110 2 3 5 

fig. 5. Diagram of the balanced modulator module. C1 is a 
5-25 pF trimmer. T I  is wound on a T50-6 core, with the pri- 
mary twenty turns of no. 24 AwG (0.5 m m )  and the secon- 
dary five turns of no. 24 AWG (0.5 mm). The two windings 
are bifilar wound on the core. 

that IMD products are at least 30 dB below full out- 
put, which runs between 0 and + 3 dBm. 

The mixer modules turned out to be the weak link 
in the chain as far as IMD products were concerned. 
Since access to a spectrum analyzer was limited, fur- 
ther work on the mixers had to be curtailed. I suspect 
that substituting a 2N3866 for the 2N5179 and 
increasing the collector current to 30-50 mA would 
improve the IMD specs considerably. 

gain to bring the signal back up to a usable level.   he 
i-f signal into the modules is held to O-dBm max, with LO module 
an LO level of about+ 13 dBm. This is done to insure The LO module (see fig. 9) consists of four osciiia- 

Top view of the 50-MHz ssb 
exciter showing the individual 
modules used for the analog 
circuits. Large enclosure at left 
houses the VFO; modules on 
the main chassis include (cen- 
ter) audio, filter amp, balanced 
modulator, and BFO. At  right 
are the 14-MHz mixerlfilter. 50- 
MHz mixerffilter, output ampli- 
f ie r ,  a n d  l o c a l  osc i l la tor  
modules. 
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0 001 

fig. 6. Schematic of the SSB fil- 
ter and amplifier module. F1 is 
a KVG 9FA, 9FB. or equlvaient, 
9 -MHz  crystal filter. The termi- 
nating resistors and trimmers 
( R I ,  R2, C1, and C2)  must 
match the filter used. L1 is 

9 M H I  
thirty-eight turns of no 28 AWG DSB 

10 3 mm) wound on a T75-2 
core The tap is located eight 
turns from the cold end 

tors and an amplifier. I started out by trying to diode 
switch the crystals but was never really happy with 
the results. I ended up building four separate oscilla- 
tors and switching the power to the desired oscilla- 
tor. The secondaries of the tuned circuits are diode 
switched so that they would not interact with one 
another and also to reduce the loading of the active 
oscillator. While this technique takes more compo- 
nents than other methods of dc switching, it is versa- 
tile in that the frequency range of the module is lim- 
ited only by the bandwidth of the buffer amplifier 
since no compromises are required on the part of the 
oscillators. This is significant if you want to steal the 
circuit for an all-band exciter or receiver where the 
LO frequencies could vary considerably. 

A "broadband" class-A amplifier is used to buffer 
the oscillators and raise the signal level. The 4:l 
balun normally expected in the output has been 
replaced with a 2-pole filter in order to reduce oscilla- 

tor harmonics. The harmonics were all better than 
- 55 dB with respect to the LO signal. 

A single stage of amplification was used in the 50- 
MHz PA module (see fig. 10). This was all that I 
needed to get the signal up to the 50-mW level. I t  
uses a broadband, class-A amplifier into a 2-pole fil- 
ter. The output is sampled and rectified for use in a 
peak detector. 

I used an MSC CATV transistor because I had some 
on hand and I preferred to use a stud mount pack- 
age. A 2N3866 would probably work just as well at a 
lower cost if you use adequate heat sinking." 

The transistor is biased for approximately 100 mA 
of collector current. The output filter is similar to the 

*MSC transistors are available in stud mount lH002) or TO5 package lH003) 
for $5 plus $1.50 handling for one H002 or two  H003s. Send a certified 
check or money order and your callsign to Ham Trans. Box 383. South 
Bound Brook, New Jersey 08880, No phone orders. 

I m 

C O U N T E R  

14 

fig. 7 .  Schematic of the VFO used in the 50-MHz exciter. The VFO is much bigger M I X E R  

than would be expected, since i t  is based on an ARC-5 tuning capacitor. L1 is 
thirty-two turns of no. 26 AWG (0.4 mm) wound on a T50-6 core. L2 is forty turns of 
no. 26 AWG (0.4 mm) also wound on a T50-6 core with the tap at fourteen turns 
from the cold end. The inductors in the half-wave filter, L2 and L3, are both seven- 
teen turns of no. 24 AWG (0.5 mm) wire wound on T50-6 cores. 
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one used in the second mixer except that the coup- - - - - .-- - 

ling capacitor was increased to reduce losses. I t  is & r i ^ ,  csc 4 
@-- 

tuned for maximum signal at 51 MHz. i 
peak detector 

A peak detector is used in place of the usual out- 
put detector. This allows the meter to "catch" the 
voice peaks on sideband so that the operator can tell 
if he is exceeding the drive-level limit. The output 
voltage as seen in the schematic, fig. 11, from the 
detector is fed into U1, a unity-gain follower. As the 
voltage rises, the output of U1 follows and charges 
up the capacitor through the diode. As the input 
drops below the voltage across the capacitor, the 
diode becomes back biased, preserving the voltage 
on the capacitor. Since the op amps have mosfet 
inputs, their input resistance is on the order of 1012 
ohms and the discharge time constant is determined 
by the resistor across the capacitor and the capaci- 
tor's internal leakage. If a Mylar capacitor is used, the 
time constant can be extended into the minutes 
range. I used a time constant of 30 seconds because 
my meter is a heavily damped instrumentation meter 
and it takes a while to get to full scale. I would rec- 
ommend a time constant of about 10 seconds (which 
requires a resistance of 10 megohms). Do not substi- 
tute a different op amp for the CA3130s. They were 
picked because their inputs will operate right to 
ground and their outputs will go to within millivolts of 
the supply rails. 

In use, the operator tunes up the transmitting 
chain with the exciter in the CW mode and the peak 
detector switch set to the "average" position. The 
meter is set t o  a convenient reference point with the 

14 MHz 50 M H z  h 
[c'':; 1 , 4 C P , E : 3  1 '-", 

- 0 5 p F  
--- /17 

, L i , i Z  , 2 4 1  # 2 4  141#24 

I / T A P P E D  AT 41 TAPPED AT 3 t  

fig. 8. Schematic of the mixer and bandpass-filter module. 
The mixer is an SRA-1. T1 is ten turns of no. 26 AWG (0.4 
mm) wire wound on a Ferroxcube266T125-4C4 core. 

OSC 3 I 
+I 2\, _1 
+ I Y,3 =30 M C  

I 
- 4 

fig. 9. Diagram of the local oscillator module which provides 
four crystal-controlled frequencies. Each oscillator is tuned 
by the small trimmer in the collector circuit. L1 is twenty- 
five turns of no. 24 AWG (0.5 mm) on a T37-10 core. The 
secondary is two turns wound over the cold end. L2 and L3 
are both wound with twenty-five turns of no. 24 AWG (0.5 
mm) wound on a T37-10 core. The tap on K is eight turns 
from the cold end, with the tap on L3 at five turns from the 
cold end. The resistors in the T-type attenuator are selected 
to provide a 20-mW output. 

sensitivity pot and then switched to the "peak" posi- 
tion. The meter will then catch the peaks of the side- 
band, giving the operator a fairly accurate indication 
as to whether or not he is exceeding the limit. 

PTT control 
The exciter is turned on by either the PTT switch 

on the mike or by a PTT input jack on the back of the 
chassis (for a foot switch). If either jack shorts to 
ground, the transmit relay is energized and the sup- 
ply voltage is applied to the modulator, mixer, and 
PA modules (see fig. 12). 1 used a relay instead of a 
solid-state switch for compatibility with other devices 
in my transmit chain. However, there is certainly no 

october 1979 17 



time base 

iii 

M S C  HOOP 

fig. 10. Diagram of the final amplifier transistor and the 
associated circuitry. L1 and L2 are both fifteen turns of no. 
24 AWG (0.4 mm) wire wound on a T50-6 core and tapped 
three turns from the cold end, T I  is formed bv sliding a Fer- 
ramic CFlOl core over the output lead. The secondary is ten 
turns of no. 24 AWG (0.4 mm) wire. 

reason why a power transistor couldn't be used in 
place of the relay. 

counter overview 
The digital counter counts each of the oscillators in 

sequence and then displays their sum. Since the het- 
erodyne scheme for the exciter is all additive, the 

A 1-MHz TTL oscillator is used to drive four decade 
dividers (see fig. 13). The output of either U5 or U6 is 
selected by the state of TP2. If this point is ground- 
ed, the counter will display to the nearest 1 kHz and 
the update rate will be twenty-five rjmes a second. if 
this point is high, then the readout will be to the near- 
est 100 H z  and the update rate will be 2.5 times a 
second. 

The exact frequency of the time-base crystal is set 
by a trimmer, C1. I had the advantage of owning a 
precision counter which I used to count the time 
base frequency at TPI. An alternative approach 
would be to loosely couple TPI to your receiver and 

FOOT SWITCH + I 2 '  1 2 V O L T d P D T  

NO CONTACT 
( G N D I  

I N 4 0 0 1  

F O O T  SWITCH 
SWITCHED 
i I MODULAiOR 

AUDIO 21 I F  M I X E R  
31 5 O M H l  M I V C D  -Lr 

41 PA MODULE 

fig. 12. Transmitter control is via a double-pole, double- 
throw relay which controls 12 volts throughout the exciter. 

sum of the oscillators is also the final signal frequen- 
cy. The counter was broken down into a five func- 

then beat one of the harmonics to WWV. The crystal 
I use is one that came from a digital communications 

tional module as an aid in troubleshooting. All of the 
board, but it works well. If I were starting from 

modules except the displays and their decoders are 
scratch, I would add a divide-by-four stage and use a 

mounted under the chassis and all power and signal 
good quality 4-MHz crystal. For an exciter though, 

leads associated with the digital circuitry are well 
the counter is accurate enough. 

filtered. 
A single LM309K is used to regulate the counter. It 

runs hot and should be well heat sunk. Most of the 
chips, with the exception of the oscillator and the 
front-end ICs, could probably be replaced directly 
with their low-power Schottky (74LS) equivalents 
without any problems and with a very significant sav- 
ings in power dissipation. It is one of the things I plan 
to do in the future. 

R&lpF F U L L  SCALE 

SENSITIVITY k5. 
fig. 11. Schematic of the peak detector. C1 should be a 
Mylar or styrene capacitor. R1 is approximately 1 megohm 
per second of hold time. 

control logic 
The control logic takes the reference signal from 

the time-base generator and creates all the control 
signals for the entire counter. The circuit is more 
complex than most for two reasons. The first is that 
the counter must gate in three separate signals and 
add them together. The second is that I have had 
some bad experiences using differentiators as 
sequential pulse generators, as is sometimes done 
for the load and reset pulses. This type of circuit can 
often lead to noise problems and I preferred to avoid 
them. With the illustrated control circuit (see fig. 14) 
there is a finite "quiet" time between all of the gating 
pulses, the load, and the reset pulses (see fig. 15). 

The time-base input is inverted by U5 and also 
divided by two in U2A. Clock 2 is fed to U1, a modu- 
lo-six divider. When the fifth state is decoded by U6, 
pin 9 of U2B goes high, resetting the divider. The 
next clock 2 pulse causes pin 9 to return low. The 
result is that pin 8 of U2 creates a gating pulse equal 
to clock 1 divided by ten with a "quiet" time equal to 
one clock 2 period. 

U3 is wired as a modulo-4 divider. Each of the 
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states of U3 is used for one of the counter functions 
shown below: 

state U3:3 U3:5 action 

1 high low G I  high during GE 

2 low high G2 high during GE 

3 high high G3 high during GE 

0 low low load high during (GE-not and 
CK1-not and CK2-not) reset 
high during (GE-not and 
CK1-not and CK2) 

U3 is updated to its next state by the clock pulse 
from U6B. By using a state counter and the four 
clocklng phases, race conditions were avoided and 
the counter worked the first time it was turned on 
(wiring errors excepted!). 

prescaler 
The counter front-end board contains the count 

enable gates and a prescaler (fig. 16). While it is a 
simple board, caution should be taken in its layout 

CONTROL 
BOARD 

U 2 

fig. 13. Schematic of the time base oscillator and associated 
countdown circuitry. 

G E P  

U 3 A  R E S E T  
7 4 1 0 7  

-i 3 

fig. 14. The gating circuitry which generates the 
pulses and gates for the digital readout. The "plus" 
sign denotes a common 4.7k pull-up. 

7 4 0 4  4b 

10 

and construction. Don't forget, it will have a 39-MHz 
signal applied to one of the inputs. Each of the oscil- 
lators is applied to a section of U1 for squaring up 
and buffering. The logic signals are then gated and 
ORed before being prescaled. In order to use the 50- 
MHz clocking rate of the first stage, U3 is wired 
divide-by-two, then five. Although pin 12 U3 is no 
longer symmetrical, it still has a period equal to ten 
times the input period. That's all that really matters 
since the 7490s used in the main counter are edge- 
triggered. 

The signals from the oscillators are buffered by 
sections of U1. These buffers are biased so that their 
outputs just start to go low. This minimizes the 
amount of rf voltage needed to toggle them. The 
analog inputs are decoupled from the digital circuitry 
by the baluns in order to limit the chance of ground 
loops reflecting digital noise onto the transmitted 
signal. 

There is some digital noise,,however. I believe it is 
the result of not using high-impedance buffers to 
drive the timing gates. The noise is way down 
though; it couldn't be seen on the spectrum analyzer 
used to measure the transmitter's performance. 

i 
I 

1 

4 

I kHz 
iNPUT 

o - - - c c K C L R i i  

13 

main counter 

a 

U 2 A  
74 7 4  

The main counter board, as seen in fig. 17, uses a 

GE 

p I, 

CK 

U Z B  

c L R  G 

i 
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K l  
-31 1 
K 2  1 i / 

-51 
, display module 

I I 

OAO ; i i  

SET I I n 

fig. 15. Control logic timing diagram for the circuit shown in 
fig. 14. 

six-digit, latched counter. The 7490s were used 
because they are cheap and the maximum input fre- 
quency of 4 MHz is well below their maximum clock 
rate. The outputs of the counters are latched to 
maintain a steady display during each count cycle. 
Hex latches were used in order to reduce parts 
count, but any of the 4-bit latches available would do 
the job with the appropriate wiring changes. 

L I - L Z - L ~ =  3 t  # 3 0 l P R I M 8 S E C l  

ON F A I R- R I T E  TYPE 

6 8 A L U N  CORE 
OF 4 3  M A T E R I A L  

ip= 8 5 0 1  y :- 
d F p  CKI  ,rnT 

fig. 16. Diagram of the preamplscaler circuit. Individual sec- 
tions of the 74S00 and 74S10 provide the buffering and gat- 
ing of each signal. The 74196 acts as a prescaler, dividing 
each frequency by ten prior to the main counter. L1, L2, and 
L3 are wound of Fair-Rite type six balun core. The primary 
and secondary are both three turns of no. 30 AwG (0.25 mm) 
wire. 

This module consists of two boards, one for the 
displays and one for the decoders and the current 
limiting resistors (see fig. 18). Common-anode dis- 
plays were used; any of the MAN-1 compatible types 
should work. 

The ripple-blanking feature was used to disable the 
leading zero when the counter is gated for a 1-kHz 

0 

C 

B 

A 

D 

C 

B 
A 

LOAD 

t 5 v  
U I - U 4 =  7 4 1 7 4  P l N 1 6 = V ~ c  P I N 8 : G N D  

U 5 - U I O :  7 4 9 0  P I N  5 = Vcr P I N I O = G N D  

fig. 17. Schematic of the main counter and data latches. 
Each latch IC provides six latches, reducing the number of 
ICs by two. 

LSD. I set up the display with two decimals to sirnu- 
late the commas between the MHz, kHz, and Hz dig- 
its. This was done for convenience only, since I 
always have the display reading out to 100 Hz. 

module construction techniques 
All the analog modules, except the VFO, are 10 x 

6.4 x 2 cm (4 x 2.5 x 0.75 inch); the VFO is 11.5 x 8.9 x 
7.6 cm (4.5 x 3.5 x 3 inches). See fig. 19. They are all 
constructed from double-clad circuit board which is 
soldered into a box. A 4-40 (M3) brass screw (with 
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6 

u i - u s =  7 4 4 7  
ZI - Z6= 3 3 0  OHM RESISTORS ON 

COMPONENT CARRIER 
DPI - D F 4 =  MAN1 T Y P E  DISPLAY 

M S D  

fig. 18. The display module contains the LEDs, limiting resistors. and data decoders. The MAN-1 type LEDs are mounted on a sep- 
arate board behind the exciter's front panel. The limiting resistors are mounted on component carriers. 

the head removed) is soldered into each corner of the and a file. It takes about an hour t o  make up a box. I 
box as a means of attaching the cover. For mount- finally had a friend punch out a bunch of covers and 
ing, 8-32 (M4) brass nuts are soldered on the inside sides for me, which saved a lot of time and made the 
(bottom) of the box and the box is then screwed onto whole project much more enjoyable. 
the main chassis with 8-32 (M4) screws. I made all I use a "standard" bread-boarding chassis which 
the boxes by hand using a hacksaw, a nibbling tool, has a row of holes that allows the modules to be 

Bottom view of the 6-meter 
exciter showing construction 
techniques for the digital coun- 
ter circuitry. 
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fig. 19. Construction details of the analog modules. Each 
box is constructed from pieces of circuit board soldered 
into the desired shape and size. 

mounted on 3.8-cm (1.5-inch) centers. The front of 
the chassis has a piece of angle with 4-40 (M3) clear- 
ance holes every 1.3 cm (0.5 inch). Whenever a pot 
or switch is needed, a small piece of printed circuit 
board is cut out and attached to the angle to form a 
"panel." This may seem like a lot of extra work, but it 
does have the advantage of keeping all the boxes 
"glued" together. When everything works, the mod- 
ules are transferred to the final chassis and the bread- 
boarding chassis is ready for the next project. 

The modules are interconnected with hook-up 
wire or RG-174 coax, depending on the type of sig- 
nal. A couple of ferrite beads were slid over each of 
the analog power leads. I used phono connectors on 

BOTTOM V I E W  

1 I 
I # 24 SOLID I N S l i L A T E D  

HOOK-UP W I R E  
/ I 

I -, 
\ # P O  TINNED,  BUS W I R E ,  BOTH R A I L S  

I 

fig. 20. The ICs in the counter circuitry use wire wraps for 
the point-to-point, with the supply lines bypassed by a 
0.01-pF capacitor a t  each IC. Vector pins are used for the 
capacitor connection points. 

all but the output of the final amplifier module in the 
interest of cheapness and availability. I used a BNC as 
the final output connector for compatibility with my 
switching relays. I believe the phono connectors are 
fine for iow-ievei work up to abetit 144 MHz. Beycnd 
that, I prefer to use BNC connectors. 

The exciter is built on a 33 x 17.8 x 5 cm (13 x 7 x 2 
inch) chassis which !s mounted to a 48.3-cm i19- 
inch) rack panel on 10-cm (4-inch) standoffs. This 
was done to allow pienty of room for controls. Most 
of the mechanical work was done with commonly 
available hand tools. The exception was the red dis- 
play filter which was machined so that it would look 
nice when mounted on the chassis. 

digital ccmstruction techniques 
The digital modules were built on perforated G-10 

fiberglass boards (fig. 20). Power and ground rails 
are wired with no. 20 AWG (0.8-mm) wire on the bot- 
tom of each board. Individual IC sockets are wired 
into the rails with no. 24 AWG (0.5-mm) solid hookup 
wire. All signal wiring was wire wrapped. 

The power rail is bypassed to the ground rail at 
each row of sockets with a 0.01-pF ceramic capaci- 
tor. The power and ground rails of all the boards are 
brought back to a common power and ground point. 
lnterboard wiring is done with hookup wire. The out- 
puts from the counter latches were connected to the 
decoders via 0.001-pF feedthrough capacitors. Fer- 
rite beads were also used on the latch side of the 
caps. 

The story not usually told in most construction 
articles is the grief encountered in building the equip- 
ment. I have had my  share with this exciter. There 
was a growing pile of copper clad boxes as I tried out 
different and not so successful ideas. The modular 
approach saved me a lot of time by allowing the 
development and comparison of different circuits 
which performed the same function. 
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compact loop antenna 
for 80 and 

40 meter DX 

Quad loops make 
good low-band DX antennas 

for those with 
restricted space - 

a look at several 
loop configurations 

and their advantages 

No question about it: the challenge of the five- 
band DXCC award has created great interest in low- 
band antennas and has inspired experiments with a 
wide variety of vertical and horizontal antennas 
including dipoles, monopoles, delta loops, quad 
loops, and slopers. Antennas with good performance 
on 80 meters are typically too large for a city lot. For 
example, vertical monopoles require extensive 
ground systems, and horizontal dipoles should be at 

"Wayne Overbeck, NGNB, in his article "Quads vs Yagis Revisited," (refer- 
ence 11, states on page 17: "The result was conclusive: the relative per- 
formance of the quad and Yagi was exactly the same at both 7.6 meters (25 
feet) and 21.3 meters (70 feet)! This was true on zero-angle line-of-sight sig- 
nals, high-angle 'short skip,' and on long-haul DX signals." There was no 
heightat which the quad's relationship to the Yagichanged." (Italics mine). 
Editor.  

optimum height. For low-angle radiation, optimum 
height is on the order of a half wavelength. On 80 
meters this is clearly out of the question for most 
Amateurs. 

My home is on a suburban lot where high towers 
and an effective ground system are impossible. 
These constraints led to the development of a com- 
pact, horizontally polarized loop antenna which has 
demonstrated competitive performance on both 80 
and 40 meters. 

loop antenna close to ground 
Fortunately, the quad loop offers promise of rea- 

sonably good DX performance at low height. Experi- 
ence has shown that the performance of a Yagi and a 
quad are roughly the same with respect to height.* 
There is some evidence, however, that at very low 
heights the quad may outperform the Yagi.2 The rea- 
son may be that loops contain the electromagnetic 
field better than dipoles.3 For whatever reason, the 
closed loop configuration is relatively immune to 
nearby objects.4 The loop configuration also may be 
relatively immune from some of the effects of nearby 
ground. For these reasons, the quad loop appears to 
be a good choice for low band antennas if used with 
supporting structures within the means of most 
Amateurs. 

L.V. Mayhead, G3AQC, described the perform- 
ance of loop antennas at low heights in an excellent 
article, "Loop Aerials Close to Ground," in the RSGB 
journal, Radio Communications.5 In his article, May- 
head described experiments with a variety of full- 
wavelength loop antennas close to ground. He mod- 
eled the antennas at 470 MHz for radiation-pattern 
measurements, then constructed two of the best 

By George M. W. Badger, WGTC, 341 La 
Mesa Drive, Portola Valley, California 94025 
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configurations for 75 meters and compared them 
with a dipole at comparable height. Serious low- 
band DXers should read this article. It offers further 
evidence that loops make good low-band DX anten- 
nas when height is restricted. 

evolution of a two-band loop 
An 80-meter quad loop is shown in fig. 1. The total 

distance around the loop is a full wavelength. The 
feedpoint is at the bottom. When used on 80 meters, 
the current maxima are at the center of the top and 
bottom spans of the loop (solid circles!. Maximurr! 
radiation occurs from these two in-phase current 
maxima. The radiation is horizontally polarized. 

When the loop in fig. 1 is operated on 40 meters, 
four current maxima appear (open circles). The 
antenna is resonant on the second harmonic; how- 
ever, the @-meter current maxima tend to cancel. 
The radiation pattern deteriorates into many vertical- 

fig. 1. Full-sized 80-meter 
quad loop showing cur- 
r e n t  m a x i m a  f o r  80 
meters (solid circles) and 
current maxima for 40 
meters (open circles). 
Arrows show relative 
phase. 

.Ft 

+ 
C U R R E N T  M A X ,  80 M E T E R S  

0 C U R R E N T  M A X ,  40 M E T E R S  - P H A S E  R E L A T I O N S H I P  

ly and horizontally polarized lobes. For this reason, 
two-wavelength closed loops perform poorly, so 
quad loops are rarely used on the second harmonic. 

Now consider the loop of fig. 1 distorted into the 
shape shown in fig. 2. The lower left-hand corner 
folds upward to the right, and the lower right-hand 
corner folds upward to the left. This forms a half-size 
loop plus a length of open-wire transmission line. 
The total length of wire in the loop and the open wire 
line has not changed. The loop, now reduced in size, 
presents a capacitive reactance to the open-wire line, 
which is cancelled by the inductive reactance of the 
short length of line. Thus the loop and line are still 
resonant on both 80 and 40 meters. 

Fig. 2 shows the positions and relative phase of 
the current maxima on both bands. Now distort the 
loop into the familiar delta configurations shown in 
fig. 3. One 80-meter current maximum is still at the 
top center of the antenna, and on 40 meters all three 

I 1  :--..---A A - - - - - - -  ; 
fig. 2. Lower corners of 
the full-sized loop folded 
toward the center, form- a C U R R E N T  M A X ,  eo  M E T E R S  

ing a 112-area loop plus o C U R R E N T  M A X ,  40 M E T E R S  

an open-wire line. P H A S E  R E L A T I O N S H I P  

current maxima add in phase. Radio-frequency cur- 
rent flowing in opposite directions on the open-wire 
line cancels radiation from the current maximum at 
the feedpoint on both 80 and 40 meters. For these 
reasons, a compact loop antenna of the general 
shape shown in figs. 2 or 3 will be a good radiator on 
two adjacent harmonically related bands. 

radiation resistance 
The area of the loop shown in fig. 2 is half the area 

of a full wavelength 80-meter quad loop. It is twice 
the area of a 40-meter quad loop. For this reason, on 
40 meters, the radiation resistance is high, the effici- 
ency is high, and the bandwidth is broad. The meas- 
ured impedance at the open-wire line terminals is 
about 120 ohms. On 80 meters the loop is only half 
the area of a full-wavelength 80-meter quad loop. 
Therefore, the radiation resistance is lower and the 
bandwidth is narrower. On 80 meters the impedance 
at the open-wire line terminals is about 50 ohms, thus 
presenting a good match for standard %-ohm coax- 
ial cable. 

Neither the shape nor size of the loop, nor the 
length of the open wire line, is of particular impor- 

fig. 3. The full-sized loop fur- 
ther distorted into the famil- 
iar delta-loop configuration. 
The 80-meter current maxi- 
mum is at the top. The 40- C U R Q E N T  M A X .  80  M E T E R S  

meter current maxima add o C U R R E N T  M A X ,  40 M E T E R S  

in phase. - P H A S E  R E L A T I O N S H I P  
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26 M E T E R S  ( 8 5  F T I  

I 
APPROX 19 .8  METERS l7  METERS 

( 6 5  F T I  ( 6 5  F T I  ( 5 5  F T I  
I 

i 
APPROX 3 M E T E R S  ( 8  F T )  

(34 F T I  GROUND L E V E L  

OPEN WIRE L I N E ,  l o c m  14 I N )  SPACING 

X  ( S E E  T E X T )  

75 O H H  .MATCKJNI SECTION 
( S E E  T E X T 1  

- 5 0  OHM T R A N S M I S S I O N  L I N E  
(ANY L E N G T H )  

fig. 4. 80140 meter loop in the delta-loop configuration. Loop 
can be almost any reasonably open shape. Top should be at 
least 12 meters (40 feet) high. 

tance as long as the loop is reasonably open and the 
line is between 6 meters (20 feet) and 10.7 meters (35 
feet) long. Only the total length of wire, including the 
loop and the open-wire line, is critical. The total 
length is best determined experimentally after the 
antenna is in place; you can resonate the antenna 
from ground level. Once the antenna is installed, it's 
unnecessary to take it down again for adjustment. 

I built two of these antennas, one at home and the 
other while on vacation at Lake Tahoe, California. 
Dick, W3GNQ, also built one at his home in Mary- 
land. All three antennas differ in configuration. The 
loop antenna at my home is a compromise shape. 
The top span slopes from an 18-meter (60 foot) tree 
down to about 12 meters (40 feet). Wires from the 

FREOUENCY. M H z  

fig. 5. 80175 meter SWR plots of the delta loop shown in fig. 
4. Curve I3 favoring the CW part of the band was obtained 
with an extra length of open wire line. See fig. 7. 

ends of the top section slant down to the patio over- 
hang and follow the overhang to the feed point. The 
lengths of wire are in different planes. Last summer, 
with the beautiful tall pine trees at Lake Tahoe as 
supports, I built the symmetrical delta loop shown in 
fig. 4. Figs. 5 and 6 show the SWR plots. 

bandwidth 
In general loop antennas have more bandwidth 

than thin dipoles or monopoles. The antenna 
described here is no exception. The loop is oversize 
on 40 meters (1 % wavelengths), so its bandwidth is 
extremely broad. The SWR doesn't exceed 1.3 over 

for delta loop. SWR is 2 ,,/ ; ; i , 
less than 1.5 across the 7 0  7.1 7  P 7 3 

band. FREQUENCY. MHz 

most of the band and doesn't exceed 1.5, even at 7.3 
MHz (see fig. 6). On 80 meters the loop is only % 
wavelength. Even with this reduced size, the band- 
width is still satisfactory. The 2.0 SWR bandwidth is 
250 kHz, substantially more than the 150 kHz typical 
of an 80-meter dipole or inverted V. Installing the 
antenna in a rectangular configuration rather than 
the delta loop configuration further improves band- 
width. 

dual-band feed 
A 75-ohm, quarter-wave transformer matches the 

50-ohm coaxial transmission line to the 120-ohm 
input impedance of the loop on 40 meters. On 80 
meters, the transformer is only one-eighth wave- 
length long and doesn't materially affect the 80- 
meter match. Thus the antenna operates on both 
bands with a common transmission line. 

The two-band feed system (fig. 4) consists of any 
length of 50-ohm line, a quarter wavelength (on 40 
meters) of 75-ohm line, and the open-wire line. A 
simple balun is included in the 75-ohm matching 
section. 

building the 80140-meter loop 
To build the 80140 meter loop, start with a total 

length of 87 meters (285 feet) of copper wire. The flat 
top should be roughly 26 meters (85 feet) long. Make 
the open-wire transmission line between 6 meters (20 
feet) and 11 meters (35 feet) long. The wires should 
be separated by about 10 cm (4 inches). Spreaders 
can be made by cutting 1.6 mm (1 116 inch) fiberglass 
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into 1.3 x 11.5 cm ( % x 4 %  inch) lengths drilled at 
each end. Wire these strips onto the open-wire line at 
roughly one-meter (3-foot) intervals. make the 50- 
ohm coaxial transmission line from any length of RG- 
81U or RG-58lU line, depending on the power level. 
On 80 and 40 meters RG-58lU is adequate up to sev- 
eral hundred watts input. For a full kilowatt use 
RG-8/U. 

Make the matching transformer with RG-11 I U  or 
RG-59/U coax cut to 6.95 meters (22 feet 9 inches), 
the correct length for solid polyethylene insulation. If 
you use foam polyethylene insulated coax, the cor- 
rect length is 8.41 meters (27 feet 7 inches). 

T O  O P E N  
W I R E  L I N E  

fig. 7. For 80-meter CW, 1 - 1  
approximately 2 meters 
(6.5 feet)  of additional 
open wire line may be 
switched in at point X in 
fig. 4. T O  B A L U N  

A simple and adequate balun can be added at the 
loop end of the 75-ohm matching transformer by 
wrapping ten turns of the coax into a coil. The coil 
diameter should be ten to fifteen times the outside 
diameter of the cable used. Place the coil balun as 
shown in fig. 4 and use tape to hold it in shape. Con- 
nect one end of the quarter-wave transformer to the 
open-wire transmission line with alligator clips. 

Llsing the alligator clips, adjust the open-wire 
transmission line length until the SWR curve is well 
centered for 75-meter SSB. See curve A, fig. 5. Now 
plot an SWR curve over the 40-meter band. You'll 
find it broad and well centered (see fig. 6).  When 
you're satisfied with the 75- and 40-meter SWR, 
remove the excess wire and solder the 75-ohm coax 
to the open wire line. 

From curve A of fig. 5, notice that the SWR climbs 
excessively in the CW portion of the 80-meter band. 
Use the extra length of line and the switch shown in 
fig. 7 for 80-meter CW operation and adjust the extra 
length of line for optimum SWR over the CW part of 
the 80-meter band. (See fig. 5, curve A , )  Add the 

f ig .  8. Rectangular loop a t  
W ~ G N Q .  Size and shape of the 
loop isn't critical. The total 
length of wire including the 
loop and the open-wire line 
must be full-wave resonant on tno F T I  

80 meters. Use two-band feed 
system shown in fig. 4. 

switch and line close to the coax at X in fig. 4. Use a 
relay or, because point X is near ground level, a 
switch mounted in a convenient location. 

W3GNQ loop 
W3GNQ decided to erect his antenna in the gener- 

al shape of fig. 2; his antenna is shown in fig. 8. The 
rectangular shape and short open-wire line result in 
the SWR curves of figs. 9 and 10. The bandwidth of 
Dick's antenna is broad enough so he can operate on 
80, 75, and 40 meters with no switching. 

bandwidth and 
terminal impedance 

To gain an understanding of how the input impe- 
dance and bandwidth vary with loop size and shape, 
I made scale models of various loop antennas. All 
loops were 406 cm 1160 inches) in total length includ- 
ing open-wire line. All were resonant between 75 and 
90 MHz. I measured terminal impedance and relative 
bandwidth on a variety of configurations with a Hew- 
lett-Packard R F  Vector Impedance Bridge. The 
curves of figs. 11 through 14 show the data. Fig. 11 
shows how the terminal impedance and relative 
bandwidth change with the ratio of square loop size 
to open-wire line length. When the ratio of the total 
length of the loop to the length of one side is four, 
the open-wire line length is zero, and the loop is one 
wavelength in circumference. The input impedance 

F R E O U E N C Y ,  M H I  

fig. 9.80-meter SwR plot of quad loop at W3GNQ. 
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is 145 ohms. As the loop decreases in size, the open- 
wire line becomes longer and the terminal impedance 
drops. I t  reaches 50 ohms at L,/L, (total length to 
side length ratio) between five and six. 

! measured the relative bandwidth of the models 
by recording the impedance-bridge frequency above 
and below resonance at the + 10 and - 10 degree 
points as read on the phase-angle meter. Of course, 
bandwidth improves as the loop increases in size. 

Data taken on a delta loop model is shown in fig. 
12. Here the open-wire line length was held constant 
while changing the ratio of top span length to total 
length. When the terminal impedance is 50 ohms, 
the bandwidth is the same as that of the square loop 
when proportioned for the same input impedance 
(fig. 11). The square configuration, however, is 
capable of greater bandwidth. Furthermore, you can 
infer from the two sets of curves that a rectangular 
antenna (fig. 8) will have better bandwidth than 
either a square or triangular loop. The bandwidth 

F R E Q U E N C Y ,  M H z  

fig. 10.40-meter SWR plot of the loop shown in fig. 8. 

data is only relative and not a measure of the useful 
bandwidth of the antenna; it's useful only for com- 
paring the scale models. 

use on a metal tower 
The diamond shape of fig. 13 is interesting. 

Because the loop is symmetrical about the vertical 
axis and is horizontally polarized, it should be a good 
radiator when supported on a single metal tower. To 
give some experimental validity to this, during the 
scale model tests I placed a large metal member near 
the loop vertical axis, simulating a tower. There was 
no measurable effect on the terminal impedance, and 
the resonant frequency changed only one-half per 
cent. Thus, interaction of a full-scale antenna with a 
metal tower should be negligible. The inverted delta 
loop version shown in fig. 14 also can be used on a 
metal tower. 

diamond vs. square quad loop 
On comparing the curves of figs. 13 and 14, note 

the interesting data showing impedance and band- 
width for the diamond quad and the square quad. 
The full-sized quad loop case is shown on the curves 
at L,/L, = 4.  The data indicate that a diamond- 

L,' T O T A L  L E N G T H  
A  T O  8 ,  F I X E D  

L I  = S ' O F  O F  F Q I I I R F  

U 

A B 

fig. 11. Input terminal impedance as a function of loop side 
length to total length ratio. Measurements taken on 80-MHz 
scale model at resonance with an HP Vector Impedance 
Bridge. 

shaped quad is the preferred choice because of 
higher impedance and greater bandwidth. 

Antennas near ground at 3.5 MHz will have a ter- 
minal impedance different from that of the scale 
models because of the effects of nearby ground. I've 
tried none of the antennas of figs. 11 through 14 at 
full scale, so the convenient relationship between 75- 

. . L. = T O P  S P A N  L E N G T H  

fig. 12. Scale model input terminal impedance as a function 
of loop top span length for a 375-cm (IS-inch) loop includ- 
ing 30-cm (12-inch) open-wire line. Measurements taken at 
the full-wave resonant frequency near 80 MHz. 
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and 40-meter resonant length may not hold for these 
configurations. Therefore, antenna designs based on 
these curves may require further experimentation. 

advantages of the 
WGTC compact loop antenna 
1. The antenna is an excellent radiator on both 
bands, as theory predicts and as proven in practice. 

2. The antenna provides a good match for 50-ohm 
line on both 80 and 40 meters. 

3. The antema is sma!! c~mpared with other SO 
meter antennas. The largest dimension is substantial- 
ly less than 30 meters (100 feet). 

4. The antenna is broadband. 

5. The antenna can be supported on relatively low 
supports and still give reasonably good performance. 

6. The shape isn't critical. The antenna can be put in 
the delta, square, rectangular, or any similar open 
configuration. I t  can be installed on a single metal 
tower in the shape of a diamond or inverted delta. 

7. The antenna is horizontally polarized, so a ground 
system is not required. 

8. Only one dimension, the overall length, is critical. 
This adjustment is made from the ground; it's not 
necessary to take down the antenna for adjustments. 

9. An antenna tuner is not required. 

I \ I I L1 = S I D E  O F  D I A M O N D .  

fig. 13. Terminal impedance and relative bandwidth vs dia- 
mond side to total wire length ratio. Scale model frequency: 
80 MHz. Loop may be mounted on metal tower. 

1 I L t  = T O T A L  L E N G T H .  
F I X E D  

fig. 14. Scale model terminal impedance and relative band- 
width characteristics of inverted delta loop. 

10. The center of the long span of the delta-loop ver- 
sion doesn't support a heavy feedline. 

conclusion 
There's no substitute for full-size antennas sup- 

ported on tall towers. With low band antennas, "the 
higher, the better" has always been true. However, if 
you have room for only one small, low antenna for 80 
and 40 meters, this antenna may be your best choice. 
I hope the examples of full-size antennas and the 
scale-model data presented here will provide design 
guidance for your version of the antenna. 

Experience with this antenna on the air has been 
gratifying. While evaluation of low-band antennas is 
always highly subjective, the W6TC loop appears to 
be quieter on receive and seems to  punch through 
the pileups better than other low-band antennas tried 
at W6TC. Working DXCC on 80 meters is difficult 
from the West Coast. However, after building this 
antenna, the new countries seemed to come a little 
easier. Dick, W3GNQ, finds the antenna especially 
competitive on 75 meters. While direct A-B compari- 
sons were never possible because of space limita- 
tions, this antenna, in my opinion, has that extra 
edge that only on-the-air experience can discern. 
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the talking clock 

An addition to the 
talking digital 

frequency readout 

described in an earlier 
issue of ham radio 

It was no time at al l  after completing the talking 
frequency readout unit1 that I recognized the desira- 
bility of using its voice for Greenwich Mean Time (or 
UTC). The investment in  the speech synthesis 
module had already been made and the original read- 
out box was not crowded, so I investigated digital 
clocks. 

clocks 
The first clock chip I acquired didn't have BCD out- 

put  and was meant t o  drive 7-segment LEDs. 
Although I located an interesting chip that could 
have converted the clock data to BCD, I thought its 
price in unit quantities was too high - above my 
budget for the whole project. Later I discovered the 
MM5312 clock chip that sells for $3-$4, which has 
both BCD and 7-segment data outputs. The MM5312 
doesn't read seconds or have all the bells and 
whistles, but it is a true 24-hour clock on a 24-pin 
chip. A Radio Shack 5082 miniature 5-digit readout 
allowed me to get familiar with its operation. (Ignor- 
ing the third common cathode makes the middle digit 
blank.) The visual readout is optional and may be 
omitted, if desired. 

circuit description 
The talking clock schematic is shown in f ig .  1. I 

planned to use whatever I could for the original cir- 
cuit to  provide the data sequencing immediately after 
completion of the previous word, regardless of the 
word time duration. I t  would have been possible to 
obtain both frequency and time in response to each 
inquiry, because the 74193 can control a sequence of 
sixteen data positions. However, because of the sen- 

tence-shortening features of the frequencv readout, 
it seemed unnecessariiy complicated to produce a 
skip past the omitted positions at the end of the sen- 
tence. Instead, I chose to provide the clock data in 
the 0 through 3 (first four) data locations. Stopping 
after the first four is easiest: merely invert the C 
address l~ne  with a spare gate on tne original board 
and substitute its output for the six- or eight-word 
stopper. 

Two other poles of the frequencyltime switch are 
used to make sure the sentence starts at the 0 
address. The switching is ahead of the provisions for 
deleting the first word on the single-digit MHz bands 
and ahead of the MHz-delete switch, which delays 
the start past the first decimal point. Thus in the time 
mode, all four 74193 preset lines are grounded. 

The circuit that causes the voice to say point in the 
third and seventh locations (2 and 6) is disabled by 
switching the fifth data-line input of the voice to  
ground when in the time function; otherwise, the 
third digit of the time readout would be really strange 
and come out of the unused vocabulary of the S2A. 

switching logic 
We must still switch the data itself between the 

two sources, readout and clock. A 74157 multiplexer 
must have been designed precisely for this job (f ig. 
1); it acts as a 4-pole, 2-position switch for digital 
data in TTL form. When its pin 1 is connected high 
(to + 5  volts), the time data at pins 11, 13, 3, and 6 
appears at pins 9, 12, 4, and 7 respectively. When it 
is low (at ground), the data at pins 10, 14, 2, and 5 

I from the readout is passed through to the same four 
output pins. Its power pin, no. 16, must have + 5  
volts present in either mode. Power may be removed 
from the 7404, 7400, and 7432 while in the readout 
mode. Power to the 74193 and other chips on the 
interface board is required in both modes, since the 
74193 and gates are required to step from one digit to  
the next at its command. 

I 
data sequencing 

The path is now cleared for clock data to reach the 
speech module, and four defined sequential slots are 
reserved for it. As is usually the case, the most inter- 

By Raymond W. Brandt, NSKV, 824 N .  
Marion Avenue, Janesville, Wisconsin 53545 
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TIh$E DATA DATA 7 

DISPLdY 

TO P i N S  OF 5 3 i P  

I 8  10 H R  

TO F OF* 

TO P1, i  13 OF 7475 

TYPE 5 0 8 2  

5- D I G I T  COMMON CATHODE 

+ + 

P I N  3 OF 

P I N  2 OF 

fig. 1. Schematic of the talking clock addition to the talking frequency readout described in an earlier article. It's a useful circuit 
for the visually handicapped operator. 

esting problems come up last. I'd visualized four sets 
of BCD data available at the same time, which I 
would have to multiplex, as with the frequency data. 
But when I examined the 5312 only one set of BCD 
terminals existed, indicating that the data must 
somehow be internally multiplexed. Great! That 
should hold the chip count down. But the problem 
then was how to control the internal multiplexer. In 
the normal application, with visual readout, there's 
no need for this as long as the rate is high enough so 
that all four LEDs glow simultaneously. But I can't 
use parallel data for words that have to be said in 
sequence - and the sequence must be controlled. 

The four clock terminals, 18 through 21, go low in 
sequence so that the appropriate digit LED will glow 

when the data for that digit is present on the com- 
mon data lines to all four digits. These four terminals 
can at least be used to tell which digit's data is 
appearing on the output BCD data lines at any point 
in time. 

clock mux rate 
The clock multiplexing rate is determined by an 

external RC network connected to pin 22. Looking at 
this signal on a scope, we see a beautiful repetitive 
sawtooth waveform. If you use a large capacitor, 
you'll notice that the four digits light up in sequence, 
from right to left in backward order. A bit scary. If we 
ground pin 22, killing the sweep, the readout stops in 
one of the four positions, more or less at random, but 
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table 1. Truth table defining multiplexer action. 

word sequence first 
to read 10 hr 

address A 
!4!93 Fr 
invert A 1 
7404 - B  1 

7400   in 3 0 
6 
8 

11 

5312 
clock pin 18 0 

19 
Zl i  
2 1 

7432 
stop pin 3 0 

6 
8 

11 

second third fourth 
hours 10 min minutes 

1 1 
i i 
1 

1 

nevertheless depending on when we do it. A method 
for controlling the internal multiplexer was evolving. 
(Maybe I can work out an educated screwdriver to 
short it out at just the right times.) 

A scheme materialized that allowed the multiplexer 
to scan whenever the clock output data didn't coin- 
cide with that requested by the 74193 address posi- 
tion. We want the tens of hours first and the minutes 
last. When the scanner comes to the correct digit, 
the multiplexer parks there until it has been pro- 
nounced. At the end of the word, the busy line from 
the voice says, "OK, I'm through," and the 74193 is 
advanced to the next address. This action releases 
the scanner lock and it roams (in the wrong direc- 
tion), looking for the next appropriate digit. It skips 
over the next two digits presented to it and locks on 
the third, which is to the right of the last one 
presented. 

Table 1 does a better job of explaining the opera- 
tion of the circuit. When one of the 7432 positive OR 
gate outputs goeslow, a diodeconnects it to thescan- 
ning waveform and locks it into position. (A positive 
OR gate has an output low only when both its inputs 
are low.) 

The address is available from the 74193 in BCD 
form; we need only the A and B lines to describe the 
first four addresses. A pair of inverters (7404) and 
four NAND gates (7400) convert this data to decimal 
form. Since a NAND gate produces a low output only 
when both inputs are high, we can play the game 
four ways and come up with combinations minus A 
minus B for 0, plus A minus B for 1, minus A plus B 
for 2, and plus A plus B for 3. 

If we apply each output to a separate NOR gate 
input, then choose the correct line from the four 

clock terminals, 18 through 21, the 7432 section that 
will stop the scanner on tens of hours must have the 
tens of hours terminal (clock pin 18) as one input and 
the first address, 0, as the other. 

It seemed strange to go to all the trouble of sorting 
things oiit throiigh two sets of gates cn!y to wind up 
connecting all four signals to the same place with 
diodes. But that was pretty much what I started out 
looking for -- the smarl screwdr~ver, Looking a t  each 
7432 output separately, you should see a square 
wave that is down one-qiiarter of the time if you slow 
it down with a 0.1-pF capacitor across the 0.001-pF. 

The visual display stops when the scanner stops, 
so it's easy to establish what's going on. I used sili- 
con diodes to combine the four signals. 

summing up 
The gating circuits involving the 7475 latches (ref- 

erence 1) in the frequency interface board were not 
modified. I found no error by letting the counter 
waveform control the start latch, and the reset and 
address stepping functions were just what I wanted. 
I added a minimum-design power supply to power 
the clock chip, which of course is on continuously to 
maintain time. 

Three pushbutton switches permit setting the 
clock. Upon power interruption, the clock starts run- 
ning from 0000. When the fast button is pressed, 
time speeds by at an hour-per-second rate; the slow 
position advances time at a minute-per-second rate. 
The hold button permits stopping the clock without 
resetting. 

When listening to WWV, let the clock run to a 
minute ahead of real time and depress the hold but- 
ton until the time catches up. On the next minute 
from WWV, note how many seconds fast you are 
and hold for a similar period, and you'll find you're 
right on to the second. The voice repeat switch 
comes in handy when setting the clock. 

Printed circuit boards for the talking readout have 
been completed and check out. They are available 
from O.C. Stafford, 427 South Benbow Road, 
Greensboro, North Carolina 27401. A t  the time of 
submission, design of a circuit board for the talking 
clock addition, incorporating the four chips and 
diodes shown in the article, has been initiated by 
O.C. Stafford. 

Since the unit now performs two functions rather 
vital to the visually handicapped Amateur, it's been 
dubbed the "Second Operator." Let your fingers do 
the talking. 

references 
1. Raymond W. Brandt, N9KV. "Talking Digital Readout for Amateur 
Transceivers," ham radio, June, 1979, page 58. 
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the handi-counter 

A high-frequency counter 
featuring the lntersil 721 6-D 

built into a 
hand-calculator case 

This is  a f u n  construct ion article. It involves mat- 
ing Intersil's new ICM-7216-D 10-MHz counter chip 
into a small hand calculator case. Frequency limit is 
f 550 MHz depending on device options. 

I purchased one of the first 7216-D chips. In check- 
ing out its many features, I needed an LED display. I 
had recently purchased two hand calculators in a 
Poly-Paks penny sale. As I robbed the 9-digit display, 
the possibility of using the case for a small portable 
counter evolved into the handi-counter. 

design criteria 
A small pocket-type counter is designed with sen- 

sitivity, frequency range, and accuracy to use for 
emergency frequency calibration of TR-22 handi- 
talkies. To meet these requirements, a bare minimum 
of parts evolved into the circuit of f ig .  1 with the fol- 
lowing specifications: 

Frequency limits: + 250 MHz 

Sensitivity: reads TR-22 at 0.9 meter (3  feet) 

Accuracy: i 100 Hz or f 10 Hz 

Voltage and current: 5 volts at 137 mA 

Readout: seven digits at I .O-second gating; 
eight digits at 10.0-second gating 

The handi-counter frequency response may be ex- 
tended to around 600 MHz as shown in fig. 2," in 

which a 74196 chip (U2) is substituted for the 74LS90 
(U2 in fig, 1). The specifications for the circuit in f ig .  
2 are as follows. 

Frequency limits: k 550 MHz 

Sensitivity: 100 mV at 450 MHz 
50 mV at 146 MHz 

Accuracy: same as the circuit of f ig. 1 

Voltage and current: 5 volts at 185 mA 

Readout: same as the circuit of f ig. 1 

* SELECTED CALIBRATION * * S E L E C T E D  FOR DISPLAY BRIGHTNESS 

O i  1 1 0  10 GATING 
3 5 4 5 7 2 1 5 - 0  P I N S  

fig. 1. 250-MHz counter using the lntersil ICM-7216-D 
counter chip. 

*A  PC-board layout for the 600-MHz version is available from the author. 
By R. M. Naglee, K5WKQ, 2402 Maxwell, Mid- 

Please send a self-addressed, stamped envelope. land, Texas 79701 
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TO PIN 28 OF 
U3,  f 1 G  I 

fig. 2. 600-MHz counter, which uses the 74196 chip to 
replace the74LS90 divider of fig. 1. 

The circuits in figs. 1 and 2 are the same old stand- 
bys that have been used for years, so no credits are 
given. The 11 C90 divides the incoming signal by ten 
into the 74196 or 74LS90, once more dividing by ten 
into the 7216-D. 

construction 
I used the Heathkit laboratory breadboard in the in- 

vestigation of the many features available in the 
7216-D. 1 used only a few features of the 7216-D 
(more later about these). Both circuits were thor- 
oughly checked in breadboard fashion. I decided on 
the circuit of fig. 1 for my counter; you may wish to 
do otherwise. I used the small LED readout display 
from the calculator, fig. 3. 

The connections for this display were verified in 
the following manner. I soldered 12.5-mm (0.5-inch) 
lengths of No. 22 AWG (0.6 mm) wire into each of 
the pins and plugged the display into the breadboard. 
I connected a 220-ohm resistor to the 5-volt supply. 
Then in a trial-and-error method, using a ground wire 

digit and segment. For optimum brilliance and mini- 
mum current, 220-ohm current-limiting resistors 
were used. The frequency-determining capacitors 
were used for the 10-MHz crystal I had on hand; 
yours may be different - start out with 39 pF in 
each. 

PC board. I used the old PC board with cutout for 
display from the calculator to get dimensions. I 
designed the new circuit board in pencil on grid 

- - 

and the current-limited 5-volt wire, I located each Handi-counter board for the250-MHz unit. 

paper in reverse. Then, using a piece of clear Mylar 
1-1 1-1 I ~ I  IJ 111 111 111 111 as a b x e ,  I used rub-on sheets for all ICs and pads, 
1111 I:/ i / - / , / - / I  1 - 1 1  1-11 1-1 i 1-11 following the pencilled design. I used a Keuffel and 

Esser (KBE) size 00 LeRoy pen and India ink to con- 
nect the pads. This was my first experience using the 
positive method in PC work, and I was pleasantly 
surprised at the results. 

N C  8 7 6 5 4 3 2  I 
MSD LSD The next step was to flip the clear Mylar base, 

fig. 3. Top view of the 9-digit LED display. (Digit 9 is not placing the image next to the emulsion side of a pre- 
used. 1 sensitized fiberglass board. I used a piece of clear 
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fig. 4. Board layout of the 250-MHz handi-counter. Unit fits 
nicely into a hand calculator case available from Poly-Paks. 
A layout drawing is available from the author for the 600- 
M H z  version (see text). 

glass about 6.5 mm (0.25 inch) thick to ensure good 
contact between Mylar and board. 

Next was the exposure. I used a 250-watt heat 
lamp (high infrared) placed about 281 mm (1 1 inches) 
away. Exposure time was 5 % minutes. 

After development I rinsed and dried the board, 
then I put it into the etching tank. After etching I 
washed the board again, dried it, and scrubbed it 
with steel wool. The board was then ready for cut- 
ting and drilling, after which all jumpers and compo- 
nents were connected. 

I used no sockets, but they could be used because 
the breadboard design showed minimum problems 
with long wire connections. The board shown in fig. 
4 is an example of how I designed around the calcula- 
tor case and display. Parts placement is shown in fig. 
5; circuit boards are available.* 

Power supply. Four ni-cad AA cells with 450 milli- 
ampere-hour ratings were connected to the existing 
charger plug in the calculator case. I used a small 
plastic battery holder. 

Antenna. The antenna is a telescoping type, which 
is available from Radio Shack stores. It's bolted to a 
Bakelite bracket, which is cemented to the case. 

ICM 7216-D counter IC 
Fig. 1 shows all four available gates. Only two are 

used in my counter. Pads for additional gates were 
provided for future use. The pinout of the 7216-0 is 
correct; pins 4 and 5 are digits 3 and 2 as shown. Cal- 
ibration was f o r  c;old starts; that is: no waimup time 
because for my use the counter is used only for short 
intervals. 

These circuits use only s portiori of the capabilities 
of the 7216-D. During breadboard design all of the 
features were investigated. The device has such a 
potential that I've ordered another chip for a counter 
to be used in my station. I t  will count between k 0 . 1  
Hz and 600 MHz with a TXCO crysta!. The ICM 7216- 
D features: 

1. Frequency measurement from dc to 10 MHz 
(mine went to 12.5 MHz) 

2. Output drivers wil l drive large common- 
cathode LED displays plus overflow LED 

3. Selectable decimal points 

4. Leading zero blanking 

5. Eight-digit multiplexing outputs 

6. Single 5-volt supply 

7. Either 1- or 10-MHz crystals 

8. Selectable 0.01, 0.1, 1.0, or 10.0 second 
gating times 

9. Display hold 

10. Display blanking 

/J7 COMMON 

"Circuit boards are available from Whitehouse Et Co., Newbury Drive, 
Amherst, New Hampshire 03031. fig. 5. Parts placement for the250-MHz handi-counter. 
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250-MHz counter showing component arrangement. 

The data sheet accompanying my chip was for the 
7216-C, which uses a common anode display. The 
pinout was incorrect. Fig. 1 pinout is correct. 

concluding remarks 
I take no credit for any of the designs, only for put- 

ting it all together into a small calculator case. I'll be 
glad to answer all correspondence that includes a 
self-addressed, stamped envelope. For those inter- 
ested in cost: 

part source 

ICM-7216-D Circuit Specialists 

11C90 Circuit Specialists 

74LS90 Circuit Specialists 

10 MHz crystal Circuit Specialists 

Two calculators Poly-Paks 

Four AA nicads 

One battery holder 

One F. G. circuit board 

Miscellaneous resistors and 
capacitors 

Total 

price 

$20.95 

14.95 

0.40 
2.25 

2.98 each 

5.95 

0.95 

1.95 

Watch out for Murphy's Law. The special switch 
in the calculator board was removed safely but went 
to pieces. Therefore, two spdt miniature toggle 
switches, on-off, and 1.0 or 10.0 second gating were 
needed. 

ham radio 
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repair 
benchr-n 

Joe Carr, K4lPV 

building low-voltage 
dc power supplies 
Not many years ago Amateurs and other electron- 
ics hobbyists who needed low-voltage dc power sup- 
plies used batteries or a simple, unregulated, ac- 
powered circuit. The most common commercial dc 
power supplies of that day were unregulated, poorly 
filtered, and often referred to as "battery elimina- 
tors." Such power supplies were used to service car 
radios and other mobile equipment but were not too 
good for much else. 

Modern solid-state electronic circuits require regu- 
lated low-voltage dc power supplies. Many circuits 
will work best only when the dc power supply volt- 
age is regulated. Oscillators, for example, won't 
oscillate at the correct frequency unless the power- 
supply voltage is correct. Even where the absolute 
operating voltage isn't critical it must remain at the 
value that existed when the oscillator frequency was 
adjusted, or the frequency will be different. If the 
oscillator power-supply voltage changes while the 
oscillator is running, the frequency will change. 
Imagine mobile two-way radio if your receiver local 
oscillator changes frequency enough to move off- 
channel every time you accelerated away from a traf- 
fic light! Sound unreasonable? I've seen many f m  
broadcast auto radios that shifted 4-6 MHz under ac- 
celeration when the internal voltage regulator (8 volts 
dc) was open. 

In digital electronic circuits, especially the very 
popular TTL, the dc voltage must be regulated. The 
TTL family of devices will not operate properly or may 
burn out if the incorrect voltage is applied. TTL 
devices typically want to see 5+ 0.25 volts, and in no 

instance must the voltage rise above 5.6 volts! In 
reality a narrower range of 5 volts + 50 mV may be 
required It seems that some TTL devices, especially 
complex or muitifunction iCs, become flaky at less 
than 4.9 or 4.95 volts despite the fact that the manu- 
facturer specified a wider range. 

The need for regulated, !ow-\~o!tage, clc-power 
supplies, then, is well established. What remains is to 
determine how to go about making such a supply 
with a minimum of effort and cost and with little or 
no sacrifice in utility. Before considering voltage-reg- 
uiator circuits, let's first review the principles of dc 
power supplies. 

transformers 
A transformer (fig. 1A) scales the 110-volt ac pow- 

er main's voltage to that required at the power supply 
output. In the case of our low-voltage dc supply, the 
transformer must be a step-down type; i. e.,  the sec- 
ondary voltage, E,, is lower than the primary voltage, 
E p  Transformers operate only from alternating 
current (ac) sources and obey the following rela- 
tionships: 

Note from eq. 1 that the current ratio is the inverse of 

IP 
c-, T R A N S F O R M E R  

F O R  S I N E  W A V E S .  

E,,, = 0.707 E p  

E p  = 1.4 1  E,,, 
E p . p  = 2 X E p  = 2 . 8 2  E,,, 

fig. 1. Schematic of a typical dc power supply (A) and the 
relationships between the ac voltages (B).  
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A N O D E  u C A T H O D E  

I n I 

, \ 4 - - - ,  
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N O  C U R R E N T ,  

FLDY 

L M I S S I N G  
H A L F  C Y C L E S  

Q 
fig. 2. Rectifiers are a necessary ingredient in a dc power 
supply. (A) and (6 )  show rectifier current flow in terms of 
the ac input cycle. The output waveform (C) is unidirection- 
al but pulsating (not pure dc). Because of the missing half 
cycles, the average voltage at a half-wave rectifier output is 
only 0.45 times the applied rms voltage, E,,. 

the voltage ratio. A transformer that steps voltage 
down will show an apparently equal step-up of cur- 
rent. This concept can, unfortunately, become con- 
fusing at times, because the actual secondary cur- 
rent, I,, is determined by the secondary voltage, E,, 
and the load resistance, RL, connected across the 
secondary. The current step-up idea probably arises 
from the way eq. 1 is often presented: 

Eq. 2 tells us that Ip will vary as changing load condi- 
tions cause I, to vary; as I, goes up Ip will also go up 
to keep the equation constant. 

Note that eqs. 1 and 2 contain no loss terms. Real 
60-Hz power and filament transformers are efficient 
devices; efficiency ratings of from 95 to over 99 per 
cent are common. This fact justifies our use of sim- 
plified equations; the error terms are very small. 

Transformers are rated by the primary and second- 
ary voltages, the secondary current, and the primary 
VA rating; i.e., volts time amperes. In most cases the 
primary voltage will be either 110 volts, 220 volts, or 
will be selectable between 110 and 220 volts. The 
secondary voltage is determined by the turns ratio 

between primary and secondary windings. Both volt- 
ages are specified as root-mean-square (rms) values, 
but both the peak and peak-to-peak voltages become 
important in dc power supply design. The relation- 
ships between Ep, Ep.p and E,,, are shown in f ig .  
1B. 

Most transformers are built with the primary wind- 
ing nearest the core. As a result, the primary is more 
easily overheated. The primary VA rating, then, lim- 
its the power available from the transformer. The pri- 
mary b" :sting canno: safely be exceeded. Some get 
away with it but this can't be guaranteed. Only trans- 
formers built to  military specifications are over-speci- 
fied sufficiently to make the temptation to overrate 
reasonable. 

rectifiers 
Rectifiers (f ig. 2) pass current in only one direc- 

tion. This features allows them to convert bidirec- 
tional ac into unidirectional pulsating dc. Fig. 2A 
showsa simple half-wave rectifier circuit. On the pos- 
itive alternation of the ac cycle, the diode rectifier 
anode is positive with respect to the cathode, so cur- 
rent will flow. On negative alternations the rectifier is 
reverse-biased and no current will f low ( f ig .  26) .  The 
output waveform (fig. 2C) although unidirectional is 
not pure dc; it is pulsating dc. Because of the missing 
half cycles, the average voltage at a half-wave rectifi- 
er output is only 0.45 times the applied rms voltage. 
To deliver any given level of voltage and current wi th 
this circuit requires a transformer with a primary VA 
rating 40 per cent higher. 

fig. 3. Full-wave rectifier using two diodes and a center- 
tapped transformer (A) and the double-humped waveform 
(B), which is characteristic of the full-wave rectifier. 
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fig. 4. Full-wave bridge rectifier (A) .  Output waveform is 
shown in (B) (as in the full-wave rectifier), but average out- 
put voltage is 0.9 times E,,,,. An example of a prepackaged 
rectifier showing terminal labeling is shown in (C ) .  

The half-wave rectifier, then, is not very efficient. 
Rectifiers that use the entire ac waveform are called 
full-wave rectifiers, examples of which are shown in 
figs. 3 and 4. 

Fig. 3A shows a simple full-wave circuit using two 
rectifier diodes and a transformer that has a center- 
tapped secondary winding. The centertap is taken as 
zero reference, so (on any given half cycle) one end 
of the secondary will be positive while the other is 
negative. On one-half of the ac cycle, point A will be 
positive and point B will be negative. In this case, 
diode CR1 is forward biased; diode CR2 is reverse 
biased. Current flows from the centertap, through 
load resistor RL and diode CRI, to point A .  

On the second half of the applied ac waveform the 
situation is reversed; point A is negative with respect 
to the centertap and point B is positive. In this case, 
diode CR1 is reverse biased and diode CR2 is forward 
biased. Current flows from the center-tap, through 
load resistor RL and diode CR2 back to the trans- 
former at point B. 

I t  is important to note that the current f low 

humped waveform (fig. 38) characteristic of the full- 
wave rectifier. The average output voltage produced 
by the full-wave rectifier is 0.9 times the applied rms 
potential. 

A fuii-wave bridge rectifiei is shown in fig. 4A. 
This circuit doesn't need the transformer centertap 
- but at the cost of two additional rectifier diodes. 
On one-half r3f the ac cycle, pant A wi!! be positive 
with respect to point B. In this case, diodes CR1 and 
CR2 are forward biased and CR3, CR4 are reverse 
biased. Current flows from point B, through CR2, RL 
and CR1 to point A on the transformer. On the sec- 
ond haif of the ac -lc!e - Y the siiuatier! reverses; p i n t  
A is negative with respect to point B. Diodes CR3 
and CR4 are forward biased while CRI, CR2 are 
reverse biased. Current wil l f low from point A, 
through CR3, RL and CR4 to point B. 

Again we see the current flowing through load 
resistor RL in the same direction on both halves of 
the ac cycle. The output waveform, fig. 4B, is the 
same as in the previous full-wave case. The average 
output voltage is 0.9 times the applied rms voltage. 

The transformer used with the bridge circuit need 
not be center tapped. The zero potential reference 
point is designated as the junction of the anodes of 
CR2 and CR3. This point is labeled - , while the junc- 
tion of CR1 and CR4 is labeled + .  Some prepack- 
aged bridge rectifiers (fig. 4C) have the dc terminals 
labeled with the + and - symbols while the other 
two terminals are labeled AC or have the sine wave 
symbol as shown. 

The bridge rectifier will produce an output voltage 
two times that of the regular full-wave circuit (from 
the same transformer) because it uses the entire sec- 
ondary winding on both halves of the ac cycle. But 
this is not for free, because the primary VA rating 
must not be exceeded. The secondary current of 
most center-tapped transformers is rated for the reg- 
ular full-wave circuit. If a bridge circuit is used, then 

fig. 5. Simple f i l ter 
circuit (A)  and the fil- 
ter capacitor action 
on the pulsating dc @ 
input iB). 

through the load is in the same direction on both 
halves of the ac cycle, which produces the double- 

40 october 1979 



f i g .  6 .  R e l a t i o n s h i p  R g  x 

between R, (source resis- 
tance),  R ,  ( load resis- 

and E ,  (open-terminal  
tance), I (load current), 

voltage). Enmay be meas- x 
ured by disconnecting R, 
and measuring En when 
no current flows. 

the available current is only one-half the rated current 
or we'll find that the primary VA rating may be 
exceeded. The full secondary rated current can be 
obtained only if the transformer is designed for use in 
full-wave bridge rectifier circuits. 

Most electronic circuits can't use pulsating dc but 
instead require pure dc (or nearly so). The pulsations 
are called ripple. Half-wave rectifiers produce a 120 
per cent ripple component and a ripple frequency of 
60 Hz (the ac line frequency). Full-wave rectifiers, on 
the other hand, produce a ripple component of only 
48 per cent and a ripple frequency of twice the ac line 
frequency, or (2)(60) = 120H.2, in the U.S .A .  

filters 
A filter circuit smooths the pulsations to produce 

nearly pure dc. In the simplest case, fig. 5A, the filter 
capacitor C I  is across the output in parallel with the 
load. The action of the filter capacitor is shown in 
fig. 5B. The heavy lines indicate the pulsating dc 
waveform without the filter, while the light lines 
show the output with the filter. Capacitor C1 will 
charge to approximately Ep. But after the peak has 
passed, the charge will return to the circuit. The 
effect of returning the charge from C1 to the circuit is 
to fill in the area between pulses (shaded area, fig. 
5B).  The filter reduces the ripple component to a low 
percentage. 

The value of C1 is critical to the performance of 
this circuit. In general the minimum required capaci- 
tance for C1 is higher in half-wave circuits than in 
full-wave circuits because of the higher ripple factor. 
For low-voltage full-wave supplies, the value of C1 
should be at least 500 pF in small-current supplies 
(i. e., under 500 mA), and 1000 pF in supplies up to 1 
ampere. A general rule of thumb in the over-l- 
ampere range is to make C1 not less than 1000 

fig. 7. Voltage regulation 
: - - - - ' 

is a function of output , 
voltage and unloaded 
and loaded conditions. I ' 
R, and R, form a voltage ' - -  --' 

divider; thus E,  is only a 
fraction of the open-ter- 
minal voltage. 

pFIampere, with some authorities calling for not less 
than 2000 pF/ampere. By the second rule, then, a 4- 
ampere power supply should have not less than 4 
times 2000, or 8000, pF of filter capacitance. 

The circuit in fig. 5A is the simplest dc power sup- 
ply, but even with a high-value filter capacitor it will 
show some ripple in the output waveform. A voltage 
regulator will reduce this ripple to almost zero even 
though the regulator's main function is to maintain 
the dc output voltage constant. One power-supply 
manufacturer emphasized the regulator ripple-reduc- 
tion feature by claiming that the circuit "amplified" 

fig. 8. Zener regulator. (A)  shows typical current-voltage 
curve. A common zener regulator schematic is shown 
in (B). 

the 10,OOO-pF filter capacitance to make it "equiva- 
lent" to a I -farad capacitor! What was meant by this 
over statement is that it would take a I-farad capaci- 
tor to achieve the same ripple reduction obtained 
from a 10,000-pF capacitor and a voltage regulator. 

voltage regulation 
All dc power supplies have a certain amount of 

internal, or source, resistance, R,. When a load cur- 
rent, I ,  is drawn from the power supply, a voltage 
drop, E = IR,, wi l l  occur across the  source 
resistance. 

The value of the internal resistance can be deter- 
mined by Ohm's law. The voltage used in this calcu- 
lation is the power supply open-terminal voltage. 
This voltage is measured by disconnecting load resis- 
tor, RL, then measuring the power-supply output 

october 1979 a 41 



fig. 9. Zener regulator using a series-pass transistor (A). A 
feedback circuit using an error amplifier IC is shown in ( 0 ) .  

when no current flows (see fig. 6) .  The current used 
in the calculation is that which will flow when the 
output terminals are short circuited. Don't try to 
make this measurement, however! Few real-world 
power supplies can withstand an output short circuit 
without damage. An  alternative method for deter- 
mining the internal resistance is this: 

Where: 

R, is the internal resistance of the supply 
(ohms) 

E is the unloaded (i.e., I = 0) output 
voltage 

Eo is the loaded output voltage ( ie.,  I = 0) 
I is the output current 

per cent regulation = 

regulator circuits 
In this article we'll consider three basic forms of 

reguiator ~ i i ~ u i i :  Zener diode, zener-refeienced 
series-pass, and feedback. 

Zeners have a property that allows them to be used 
as voltage regulators. Fig 8A shows the curve for a 
typical zener. In the + E region the diode is forward 
biased and behaves exactly like any other silicon 
diode. But in the - E region, in which the diode is 
normally reverse biased, the zener behavior is some- 
what different from that of the ordinary diade. F r ~ m  
zero volts to a point called V, the zener acts like an 
ordinary diode; current passed is zero. But at V, the 
zener "breaks over" and conducts a reverse current. 
V, tends to remain constant and is the voltage to 
which the zener will regulate the applied voltage. 

Fig. 8B shows a typical zener voltage regulator cir- 
cuit. CR1 is connected in parallel with the load. R1 
is a series-current limiter that protects the zener from 
excess current flow. Without R1 the CR1 would burn 
out. 

The simple zener voltage regulator is used for light- 
duty work only. A general rule of thumb is that the 
load current should be held to 10 or 20 per cent of the 
zener current, hence the limitation to low-current 
applications. 

A better solution is to use the zener as a reference 
source in a series-pass circuit as in fig. 9A. In this cir- 
cuit Q1 is the control device and CR1 is a reference. 
The output voltage is given as approximately: 

Eo -- V,- Vbe (61 

The maximum output current is approximately the 
normal load current, Ib, allowed by the zener multi- 

H (TO51 
CASE C A S E  

Voltage regulation is a measure of how stable the 
I 2 3  

output voltage remains between no load and loaded 
conditions. Fig. 7 shows the mechanism that causes 

Q 

the output-voltage change, Internal resistance Rs, is 
effectively in series with load resistance RL. The out- 
put voltage, then, can only be a fraction of the open- 
terminal voltage because R, and RL form a voltage 
divider. The output voltage at full load will be: 

. - 
fig. 10. Some case styles for three-terminal voltage regula- 

Voltage regulation is usually specified in terms of a tor devices (A). (B) shows the basic circuit for these regula- 
percentage, which is calculated from: tors. Values for C1 and C4 are minimum (see text). 
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plied by the beta of Q1; assuming that neither 0 1  
maximum collector current nor its maximum power 
dissipation ratings are exceeded. 

Another series-pass type regulator is the feedback 
circuit shown in fig. 9B. In this simplified schematic 
the b~as on the series-pass element, 01, is deter- 
mined by the output of an error amplifier. This ampli- 
fier is a differential circuit, meaning that its output is 
proportional to the difference between two input 
voltages (i.e., ETef- E ~ ) .  If Eo changes from the value 
set by Erej (when the load current changes), then the 
amplifier output changes in a direction that corrects 
+hn nh,-%n-r, 
11 IG bi la8 IYG. 

Most readers aren't interested in designing com- 
plex dc power supplies but want to know how to 
make supplies that will meet their needs. The sup- 
plies in this section will meet the needs of most Ama- 
teur Radio applications for either workbench or proj- 
ect use. 

The easiest way to obtain supplies up to 5 amperes 
capacity at a fixed voltage is to use a three-terminal 
IC regulator. Such regulators can be obtained in 
most standard voltages up to 24 Vdc. 

Several families of three-terminal regulators are 
available at current levels of 100 mA, 750-1000 mA, 3 
amperes, and 5 amperes. Fig. 10A shows several 
case styles used for these devices. The letters denot- 
ing the case style are used as a suffix in the regulator 
type number. An  LM309, for example, is a &volt 
regulator, so an LM309H is a 100-mA device in a TO- 
5 transistor package, while the LM309K is a l-ampere 
device in a TO-3 transistor package. The T-style 
package is generally limited to 750 mA in free air 
although frequently advertised at 1 ampere. 

Often the ratings of these devices are exceeded 
even though this isn't always good practice. The 
claim is made that the ratings can be exceeded if pro- 
per heat-sinking is applied. I've seen the H-style 
package devices operated at 150-200 mA, T style at 1 
ampere, and the K style at 1.5-2 amperes. 

The most common three-terminal devices are the 
LM340-series and the 78xx-series. For LM340 devices 
the case style would be denoted by the suffix letter 
(H, K, or TI, while the output voltage is denoted by a 
hyphen and the voltage; ie . ,  a 12-volt output 750- 
mA (T  package) device would be given the designa- 
tion LM340T-12. The 78xx-series devices replace the 
"xx" in the generic type number with the voltage rat- 
ing. The 7805, then, is a 5-volt device while the 7812 
is a 12-volt device. 

The basic circuit for these regulators is shown in 
fig. 10B. TI ,  diodes CR1 and CR2, and capacitor C1 
are the same as in any unregulated supply (a bridge 
rectifier may be substituted for CR1 lCR2). Capacitor 
C1 is the filter capacitor and should have a value not 

CURRENT L I M I T  ( P I N  31 r--- --- 
O FOR L A S  ! 4 U  ONLY  

I N P O T  ( P I N  4 1  
FOR L A S  I 4 U  
i P l N  ! FOR L A S  1 4 0 0 1  

S A F E  A R E A  

L I M I T I N G  iiFs; 
A M P L I F I E R  

I OUTPUT ( P I N  I 1  
-4 FOR L A 5  1 4 U  

( P I N  2 F O R  L A 5  1 4 0 0 1  

VOLTAGE - < " - c J "  
(DEPENDS ON Y o 1  

REGULAT ION 
A M P L I F I E R  1 ' 0 C O N T R O L  ( P I N  2, , \ FOR L A S  1 4 U  ONLY  

T H ! S  I N T E R N A L  
CONNECTION F O R  4 I h  F I X E D  L A 5 1 4 0 0  ONLY  

0 COMMON ( C A S E )  

L A S  1 4 0 0 ,  L A S  ! 4 U  

W I T H  4  P I N S 1  

fig. 11. Adjustable four-terminal voltage regulators offered 
by Lambda Electronics. A simplified circuit is shown in (A) .  
The case (similar to the TO-3) with pinouts is shown in (B). 
Regulator can be set to output voltages with pot Rp be- 
tween 4 and 30 Vdc (C ) .  

less than 2000 pF1ampere (I,,,). Capacitors C2 and 
C3 improve regulator noise immunity and should be 
mounted as close as possible to the regulator body. 
Capacitor C4 is optional but improves the circuit tran- 
sient response. C4 should have a value of not less 
than 100 pflampere. 

Until recently there were few three-terminal volt- 
age regulators on the market for current levels over 1 
ampere. The LM323, for instance, would pass 3 
amperes at a fixed 5 volts. Fairchild Semiconductor 
now offers several devices in the 5-ampere range. 
Lambda Electronics* offers three lines of three-termi- 

"Lambda Electronics, 515 Broad Hollow Road, Melville, New York 11746 
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nal devices in TO-3 packages. The LAS-15xx series input voltage at full-rated output current is 15 volts. 
produce 1.5 amperes, the LAS-14xx series produce 3 Although the 5-volt device is used as an example, the 
amperes, and the LAS-19xx series produce output same reasoning applies to other regulators as well. 
currents up to 5 amperes. As in the 78xx series, the Lambda Electronics also offers a line of adjustable 
"xx" IS replaced by the output voltage. An  LAS- four-terminal regulators ir! packages that are similar 
1905, then, is a 5-volt, 5-ampere device, while the to TO-3. A simplified internal circuit is shown in fig. 
LAS-1512 is a 12-volt, 1.5-ampere device. 11A. Note that it's a feedback device with thermal, 

safe operating area and current overload protection 

I 1 I--vo 

- VSENSE 

fig. 12. A hybrid voltage regulator offered by Lambda Elec- 
tronics. R1 minimum value should be 0.25 E, times 1000 
ohms per volt except for 5-volt models, in which case 3000 
ohms is used. 

Overload protection is very important in s~tuations 
0 + "SENSE where the device being powered shorts out or where 

An  exception to the Lambda numbering scheme is 
the LAS-19CB, which delivers 13.8 volts dc at the 
output at up to 5 amperes. This device is designed to 
power Amateur Radio and CB mobile transceivers on 
the bench or in a base-station. (Most "12-volt" 
mobile electrical systems are actually 13.8-volt elec- 
trical systems.) 

All three-terminal regulators have a certain mini- 
mum and maximum input-output differential voltage 
(Ei,- Eo) rating. A typical number is 2.5 volts for the 
minimum and a maximum in the 30-40 volt range. 
The minimum I IO  differential is the smallest differ- 
ence that will allow the regulator to operate properly, 
while the maximum voltage rating is the level that will 
probably cause device burnout if exceeded. 

The 1 / 0  differential, however, can be a trouble 
area for the unwary. A &volt, 5-ampere device may 
be rated for a maximum input voltage of 35 volts dc 
and a maximum power dissipation of 50 watts, The 
power actually dissipated is: 

9 

So if the maximum input voltage is 35 volts, 

necessary to drill the extra holes. 
The Lambda four-terminal adjustable voltage regu- 

lators can be set t o  any output voltage within their 
specified range using potentiometer Rp (fig. 11C is a 
typical circuit). The range for most models is 4-30 
Vdc. The LAS-15U, LAS-14U, and LAS-19U pro- 
duce output currents of 1.5, 3, and 5 amperes 
respectively. With the exception of the control pin 
and the potentiometer, the four-terminal regulator 
uses the same general circuit as the three-terminal 
devices. 

High-current power supplies (over 5 amperes) are 
sometimes tricky to design properly. You can't just 
slap a Zener into the base circuit of a series-pass tran- 
sistor and make it work reliably. Additionally, ready- 
built, high-current power supplies are often quite 
costly. A reasonably simple solution to these prob- 
lems is a Lambda high-current, hybrid-module 
device: 

minal regulators is a Darlington pair to take advan- 

I il tage of the extremely high gain. The case isimilar to 
7 15 13 I TO-3) and pinouts are shown in fig. 11B. Although 

standard TO-3 heatsinks will work for this device, it's 

12 15 16 20 

Lambda 
series ratings 

LAS2000 5 amperes185 watts 

LAS3000 10 amperes1140 watts 

LAS4000 10 amperes1170 watts 

LAS5000 20 amperes1270 watts 

LAS7000 30 amperes1400 watts 

the alligator clips on  your bench supply come 
together! The series-pass element in these four-ter- 

The LAS5205 is a 20-ampere, 5-volt regulator, while 
the LAS7215 produces 15 volts at 22 amperes. Fig. 
12 shows an example of a hybrid voltage regulator. 
The voltage trim pot should have a minimum value of 
(0.25Eox 1000 ohrns/volt) except for 5-volt models, 
in which case a value of 3000 ohms is used. In prac- 
tice these are minimum values and the actual value 

Pd = (j)(j5- ') = (5)(30) = *jO watts (*' must be found by experimentation. In the case of mv 
Clearly, we can't expect to draw the full current at own LAS5205, used-in a Digital Group 2-80 cornput- 
the maximum input voltage without exceeding the er, the required value was 12 kilohms. 
device power dissipation rating. By rearranging eq. 7 Note that both pins 2 and 20 are plus-input-voltage 
to solve for Ei, when Pd is 50 watts, the maximum terminals. This can lead you astray in some cases 
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because pin 1 will operate with only 2.5 volt / I 0  dif- 
ferential voltage, while pin 20 must have not less 
than 7.5 volt //0 differential. Pin 1 is the normal high- 
current terminal leading to the series-pass transistor 
while pin 20 powers the internal control circuit. 

In my computer power supply, Ei, for the high- 
current side was 8 volts (obtained from a 6.3-Vac fila- 

VOLTAGE 
REGULATOR 

fig. 13. Overvoltage protection scheme using a zener (CRl)  
and a silicon-controlled rectifier (CR2). The circuit is known 
as the "SCR crowbar" approach. 

ment transformer), while the control circuit input 
voltage on pin 20 was derived from the + 15 volt sup- 
ply used with a + 12 volt regulator in the computer. 

overvoltage protection 
One aspect of regulated power-supply construc- 

tion often overlooked by the Amateur is overvoltage 
protection. Very few electronic circuits can tolerate 
excessive input voltage for more than a few seconds. 
TTL IC devices, for example, can burn out if more 
than 5.6 volts is applied to Vcc for an extended period 
of time. Amateur and CB transceivers that normally 
operate on 13.8-volt systems will flunk a smoke test 
when + 17 volts is applied, which is the normal volt- 
age obtained from a rectified and heavily filtered 
12.6-volt transformer! 

The solution is to provide some form of overvolt- 
age protection (OVP); that is, a means of turning off 
the power supply if the output voltage exceeds a pre- 
set limit. Fig. 13 shows a common approach to OVP 
design. CR1 is a zener with a breakdown voltage 
greater than Eo but less than E,,. When Eo rises to a 
value higher than the breakover voltage, CR1 con- 
ducts and turns on the gate of silicon-controlled rec- 
tifier CR2. When CR2 turns on, a short-circuit occurs 
across the regulator output that blows fuse F1. This a 
brute-force approach called an "SCR crowbar." 

Lambda Electronics offers monolithic SCR crowbar 
devices in TO-66 and TO-3 packages as well as cer- 
tain heavy-current devices in custom packages. In- 
formation on these devices may be obtained by writ- 
ing to Lambda Electronics at the address given pre- 
viously. 

ham radio 
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active antenna coupler 
for VLF 

A discussion of 
active low-f requency 

and very low frequency 
antenna preamps, 
with some details 

for extending 
the frequency range 

to 10 MHz and above 

The goal of this project has been to have a single, 
electrically short antenna operate over a wide fre- 
quency range with a minimum of interference or 
operational problems. The biggest problems are 
those of local noise pickup from 60-Hz harmonics 
and overload f rom strong, out-of-band signals 
(above 300 kHz). In general, any jfet, mosfet, or even 
CMOS inverters may be used to provide high power 
gain, but some circuits work better than others. 

The primary purpose of a vlf receiving antenna 
coupler is to convert the low-level signal at the high- 
impedance pickup point on a short antenna to a low- 
impedance level for driving the feed cable back to the 
receiver. The use of bipolar transistors has invariably 
resulted in problems due to intermodulation distor- 
tion or cross modulation from nearby broadcast- 
band transmitters. A jfet is far less susceptible to this 
problem over a wide dynamic range. One of the most 
common jfets available is the MPF102, which I used 
in the preamplifier circuit shown in fig. 1. 

circuit description 
The input lightning arrester is of obvious value 

when a good low-impedance ground system is pro- 
vided at the antenna mounting. The series input 
resistors, with the capacitance of the neon bulb and 
trigger diode, serve as double RC filters to help 
reduce broadcast-band and high-frequency signals. 
They also provide static discharge protection. The 

choice of trigger diode for the low-voltage limiter is 
critical. Some diacs and thyristors are yclite nonlinear 
and have appreciable resistance/capacitance varia- 
tions. Some General Electric and Japanese diodes, 
apparently cens?ructed as back-to-back 14-volt 
zeners, appear to work best and will prevent burnout 
of the preamplifier in all but the worst-case, direct-hit 
situation. You should never use parallel, opposed 
polarity silicon or germanium diodes in place of a trig- 
ge: diode, because these p r c d ~ c e  arr a!mmt idea! 
crystal detector for broadcast-band signals wi th 
direct audio signals flowing down the cable! 

The output transformer in fig. 1 is operated in a 
step-down mode from the jfet drain terminal to pro- 
vide a higher current driver for the cable at a 150- to 
350-ohm impedance level. Fifty-ohm cable is not a 
perfect match, but at these low frequencies the cable 
looks like a capacitor and there is no VSWR problem 
because of the very short electrical length of the 
cable. The transformer is a standard 600-ohm, cen- 
ter-tapped, line-to-line type. Some UTC subouncer 
models work just as well and will pass frequencies to 
300 kHz or more when terminated with a 330-ohm 
resistor at the receiver end. Power for the preampli- 
fier flows up the cable from the 330-ohm isolating 
resistor at the receiver end. The cable capacitance 
helps limit the high-frequency response. In fact, 
additional capacitance directly in parallel with the 
coaxial cable may be used to restrict the preamplifier 
response for use below 100 kHz. 

The coupling capacitor t o  the receiver should be 
fairly large if you are interested in signals down to the 
10-kHz range or below. The preamplifier will drive 50- 
ohm cables up to 30.5 meters (100 feet) long and still 
provide adequate response up to 200 kHz. Seventy- 
five ohm cable can be used to reduce the cable 
capacitance for longer runs. 

The input impedance and sensitivity of the pream- 
plifier are limited by the input RC protective networks 
and the relatively high-current operating level. I t  is a 
good idea to check the current with a meter tempo- 
rarily connected in series with the 330-ohm power 
supply isolating load resistor. Current should be 
about 4.5 mA at + 5 Vdc. If you observe a drastically 
different current, try changing the 330-ohm load 
resistor, but be sure to check the preamp operation. 
In testing dozens of MPF102s, a bad one with too 

gy Ralph W. Burhans, Ohio University, 
Department of Electrical Engineering, Athens, 
Ohio 45701 
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low an lDss specification could be found. You 
should be able to generate a 50-mV rms output sig- 
nal, with no distortion at the receiver end, when a 50- 
mV rms, 100-kHz input signal is connected to the 
antenna terminal through a 100-pF capacitor. A 100- 
pF antenna input capacitor will roughly simulate a 2- 
meter (6-foot) whip antenna for testing purposes 
with a low-impedance signal source. 

Limiting will start at about 100-mV rms, which is 

i 2 3 / 4 -  METER 1 / 0 8  INCHES)  
WHIP ANTENNA 

PREAMPLIFIER BOX - - - - - - - - - - - - - - - - 

receivers like the Radio Shack DX-300 which tunes 
down to 10 kHz. 

antenna-mounted preamp 
A standard 2-314 meter (108-inch) CB whip is used 

for the antenna, with the preamplifier mounted as 
shown in fig. 3. The antenna should be vertical and 
in the clear above the immediate terrain if possible. 
The higher the antenna is mounted, the less will be 

RG5BU 
1 CABLE 

PROTECTlON 1 
L E V E L  -5kV 

I 
90V-  

I 
28 v 

t 
S I G N A L  - 1 r V  

t 
O S r V  l r  v 

fig. 1. Schematic diagram of one version of a vlf antenna preamplifier. The amplifier's voltage gain is 6 dB, with a noise figure of 
3 dB. The - 3  dB frequency response, while feeding 15 meters (50 feet) of RG-58U. is 300 Hz to 300 kHz. The maximum signal level 
without distortion is 100 mV rms. A GE ST-2 or equivalent diode is used as the trigger diode. The coupling transformer is a 
Mouser TL016. 

more than enough range for most receivers. When 
the input signal is strong enough to start limiting, the 
output is reasonably symmetric because of the 
grounded source and high current operation of the 
MPF102. The noise figure of about 3 dB is adequate 
for most uses, since the antenna noise is quite high. 
Typically, in the 100-kHz region, the atmospheric 
noise level will be over 10 pV/kHz/meter. With a 3- 
dB noise figure, the preamp generated noise is about 
0.1 pV/kHz. 

receiver coupling 
The simplest way of coupling the preamp to a 

receiver is shown in fig. 1. Other methods using 
another transformer to drive two receivers or a tuned 
input circuit are illustrated in fig. 2. The wideband, 
two-receiver circuit is of value in operating a low-fre- 
quency, 10.2-kHz Omega receiver in parallel with a 
wide tuning range receiver with the same antenna. 

The tuned-circuit coupling method has been used 
for a number of experimental receivers with Polya- 
kov's detector1 and a direct-conversion method with 
a balanced mixer.2 These input circuits might also be 
used with some of the surplus RAK-RBA receivers, 
the Palomar Engineers vlf converter, the new Elmek 
LXK 60-kHz receiver, and wi th various modern 

the ac ground noise pickup problems. The arrange- 
ment shown is mounted on a cast iron sewer vent 
pipe which serves as a good low-impedance ground. 
A small plastic crutch-tip cap at the end of the anten- 
na whip helps reduce corona discharge problems in 
turbulent weather. I usually seal all joints, including 
the preamp box, with silicone rubber sealing com- 
pound to  prevent moisture from entering. However, 
in the past, water has sometimes entered the box or 
antenna connectors. A small bleed hole is drilled in 
the very lowest or bottom part of the box assembly 
to drain away any moisture that runs into the 
assembly. 

M y  only bad experience with lightning was when 
one of the systems failed due to a strike on a tree 
nearby. The antenna system apparently suffered a 
side streamer discharge, but the preamplifier itself 
was not damaged. The coax cable shield was burned 
to a crisp inside the jacket with not much obvious 
damage to the plastic outer jacket. There was a burn 
point where the cable bent over the roof at a well- 
grounded rain gutter. The receivers connected in the 
lab were not damaged. 

other antennas 
The preamplifier of fig. 1 can be used with hori- 
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TO BALANCED 
M!XER CIRCUIT 

A /h DETECTOR BIAS 
OR GROUND 

fig. 2. Diagram (A)  shows a method for connecting two 
receivers to a single preamplifier. The transformer is a 
Mouser TL016. (B) is a tuned input circuit for use with a 
direct-conversion type of receiver. The inductor is chosen to 
resonate at the input frequency. 

zontal antennas up to 30 meters (100 feet) long, if 
desired. However, I do not recommend antenna 
lengths of 150 meters (500 feet), which some DX 
hunters have used. In many cases, there is not much 
advantage in long wires over a good vertical radiator. 
The problem with the long wire is a good ground, 
underneath the length of the antenna, which will not 
have fluctuating 60-Hz ground currents. A big prob- 
lem with long-wire vlf antennas for Amateur users is 
that the wire picks up 60-Hz harmonics along the 
entire length of the antenna, which tends to cancel 
the effectiveness of the length. For a simple installa- 
tion, a single vertical antenna mounted reasonably in 
the clear will provide a better signal-to-noise ratio 
than a long wire strung out over the landscape. 

A n  E-field whip antenna with a wideband pream- 
plifier has one big advantage in that all tuning is done 
at the receiver end of the circuit. A tuned circuit 
antenna has to be adjusted for each new frequency 
range and this becomes a major problem when the 
antenna is mounted remote from the receiver shack. 
Loop antennas have a similar restricted bandwidth, 
compared with this wideband system. H-field loop 
antennas do have another advantage in that they 
may be rotated to reduce noise pickup. With an E- 
field antenna whip, there is no easy way of reducing 
noise pickup from nearby power lines and varying 
ground currents except by changing the antenna 

location, moving it higher, or providing better ground 
systems directly under the antenna. 

audio interference 
Audio rectification problems sometimes develop 

as a result of strong broadcast signals. This does not 
appear to affect the receiver's signal-to-noise ratio as 
icing as :he ai;dio sigrtals do ::GI pass directly into the 
detector. Some experimental direct conversion 
receivers have exhibited direct audio feedthrough. 
This can sometimes be cured with a highpass filter at 
the receiver input instead of the 0.1-pF coupling 
,:apa~itoi. Tuned trafisfoimei or link-cegp!ecf input 
circuits can also be used to reduce direct audio inter- 
ference feedthrough. 

Audio rectification is caused by some nonlinear 
element or corroded joint and a parallel ground loop 
where some of the dc current for operating the pre- 
amp is being modulated. In one case, on a flat roof 
building, connecting the antenna mounting to a sup- 
posedly conducting member of the roof structure 
resulted in high broadcast noise pickup at the receiv- 
er. The problem was solved by isolating the preamp 
ground return from the antenna-mount lightning 
arrester ground such that there is no direct dc con- 
nection at the roof. The preamp box "floats" at the 
end of the coax cable and there is no chance of the 
roof truss ground providing parallel ground currents 
along the cable to generate additive or cross modula- 
tion effects. This can be done in fig. 3 by substitut- 
ing a tight jam-fit plastic pipe coupling for the 

7 CRUTCH TIPPROTECTOR 

-2 3 / 4  METER CB  WHIPANTENNA IRS 21 -9011  
UNGROUNDED WITH BETA- MA TCH AND RADIALS 
REMOVEC 

-BUD CU 124 W S T  ALUMINUM BOX 
SMALL  BLEED HOLE ON BOTTOM OF 
PREAMP BOX FOR WATER DRAIN 

PIPE MOUNT 
GROUNDED TO 
CAST IRON 
VENT PIPE - TO RECEIVER 

fig. 3. Vlfllow-frequency antenna and preamplifier mount- 
ing details. 
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much better performance than the circuit illustrated 
in fig. 4A. One interesting possibility for those who 
like to  wind their own toroidal transformers would be 
a bifilar-wound toroid connected as a 4: 1 unbalanced 
step-down transformer from the jfet drain terminal 
A n  inductance of about 1 to 4 mH should provide a 
wideband device over the range from 60 kHz and up. 
Surplus pulse transformers have beer; used in this 
manner with some success, but it's difficult to obtain 

receiver threshold properly, hence, some more gain 
is often desirable. A preamplifier with 20 dB gain over 
a frequency range of 100 Hz to 1 MHz is shown in 
fig. 5. This circuit uses the same 2N5457 jfet as in 
fig. 4; but is operated as a voltage amplifier instead 
of a source follower. The emitter follower provides a 
low output impedance. This preamp will also work 
up to about 20 MHz, but the gain drops off to 0 dB or 
unity at this frequency. The circuit is more suscepti- 

WHIP OR FLAT PLATE 
ANTENNA WIRE 

PREAMPLIFIER HOUSING 

1 

fig. 5. Schematic diagram of a 
preamp capable of 20 dB gain 
over the frequency range of 100 
Hz to 1 MHz. 

a really wideband circuit without reducing all protec- 
tion at the input to the jfet. There is an inherent prob- 
lem in that at vlf frequencies you require a very high 
input impedance for a short whip antenna, but at 
higher frequencies like 10 MHz, the antenna is a 
much lower impedance and should be terminated 
with a lower-impedance circuit. 

Still another thought for the experimenter is to 
consider the methods used in the input circuits of 
wideband oscilloscopes covering up to 30 MHz. The 
difficulty here is dynamic range and the circuit com- 
plexity, usually requiring a separate dual power sup- 
ply lead to  the preamplifier and perhaps even balanc- 
ed shielded cable at the output. 

High impedance circuits require low capacitance at 
the input to provide a really high frequency response. 
One of the most common problems is that of the 
capacitance to ground of the antenna mount and 
lightning arrester. This has a big effect on the sen- 
sitivity of a short antenna at frequencies like 10 MHz 
when coupled to a high-Z circuit. 

high-gain preamplifier 
For very short antenna systems, such as used in 

mobile or airborne systems, a high-gain preamp is 
desirable to make up for the low-level signal received 
on  antennas less than 1 meter (3 feet) in effective 
height. Some vlf receivers are designed such that a 
low level of 1 pV or so is required for minimum detec- 
table signal. With an electrically short antenna, there 
may not be enough signal developed to activate the 

ble to overload than the previous preamps so some 
input RC filtering is used to restrict the range. 

Other variations are of course possible, including 
the use of the output transformer coupling method 
of fig. 1 and other biasing schemes for operating the 
jfet at higher gain. In portablelmobile use, there is 
not so much concern for a low output impedance 
cable driver since the receiver can be located close to 
the preamp with a short length of cable. Circuits like 
fig. 5 have been used in general aviation aircraft with 
good results in the 100-kHz Loran-C range. Marine 
users are cautioned against using these high-gain 
preamplifiers because of ground-loop interference 
problems caused by rusty hulls and poor grounding 
practice in many boats. A conventional preamplifier 
more like fig. 1, mounted up on a mast well away 
from the superstructure, will usually provide satisfac- 
tory performance, particularly when the coax cable is 
not grounded to the antenna mount, as discussed 
previously. 

results 
This antenna and preamplifier system has been 

used to receive the 10.2-kHz Omega signals on all 
eight stations including LaReunion Island, halfway 
around the world. In Ohio, I regularly receive twelve 
different Loran-C transmissions from the East Coast, 
Northeast, and Gulf Coast 100-kHz chains. A t  night, 
I observe Loran-C skywave signals from the West 
Coast chain over 4000 km (2500 miles) away. WWVB 
puts in a strong 150-pV signal in Ohio, but is often in- 
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terfered with by MSF in England on the same 60-kHz 
frequency. Other signals noted are the time frequen- 
cy standard stations in Switzerland on 75 kHz, Japan 
on 40 kHz, as well as numerous communications and 
military FSK-type signals in the 14 to 150 kHz range. 
The system works well in the 1750-meter Amateur 
band (160 kHz to 190 kHz), but I have not yet made 
any serious attempt at DX hunting. The most inter- 
esting DX received is on 15.625 kHz, part of the 
USSR Alpha vlf navigation system. 

Harmonics of 60 Hz and TVI from harmonics of the 
15.75-kHz horizontal oscillator in nearby TV sets are 
the most common interference observed in urban 
locations. In my receiving shack, the 60-Hz troubles 
usually do not start until the mercury vapor arc lights 
in front of my home start operating, and other 60-Hz 
uses increase during the prime evening hours. 

In some installations, BCI from nearby transmitters 
can be a problem. These can usually be cured with 
an additional low-pass filter or trap inserted in the 
receiver input circuit, with better grounds on the 
antenna pole mounting, and with proper care in 
design of the receiver input circuits to minimize cross 
modulation problems. Common-mode 60-Hz pickup 
is sometimes a problem caused by combinations of 
poor ground connections at the antenna coupler box 
and the receiver location. If this cannot be cured by 
relocating the antenna, then another method is to 
use a balanced, twisted-pair, shielded transmission 
line. The unused half of the preamp output trans- 
former and a similar balanced input transformer at 
the receiver with a 330-ohm current limiting resistor 
connected to the center tap can be used to reduce 
common mode pickup problems. In general, balanced 
transmission lines have not been used because it is 
difficult to  obtain suitable lines and weatherproof fit- 
tings that will pass frequencies to 300 kHz without 
excessive expense. I t  is easier to cure these problems 
by antenna location or ground changes. 
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connectors for 
CATV coax cable 

How to beat 
the high cost 

of connectors 
for popular " 1 -inch" 
CATV coaxial cable 

Large quantities of "I-inch" CATV coax cable 
have recently become available from various 
sources. The electrical characteristics of this cable 
make it attractive for Amateur vhf-uhf applications, 
particularly for long transmission lines. The cable is 
offered at modest cost, from tag ends to full-reel 
lengths of up to 732 meters (2400 feet). 

The "I-inch" CATV cable, however, is not without 
its drawbacks, and this article suggests ways to cir- 
cumvent these with ordinary construction practices 
using shop tools and readily available materials. 

hardline "1-inch" CATV cable 
The CATV cable is shown in fig. 1. Table 1 gives 

physical and electrical properties. Perhaps the 
cable's major disadvantages are 1) its handling prop- 
erties below room temperature, at which it has the 
ductility of gas pipe; 2) its relatively large bend 
radius; and, most of all, 3) the high cost of end con- 
nectors. 

Fig. 2 shows, from left to right, an expensive com- 
mercially available end connector; an Amateur 
design in the raw; and the Amateur design in a mois- 
ture-proof final configuration. Relative costs for the 
two Amateur designs are quite low. 

For the obvious reason of cost, and because of the 
relative bulk of the commercial connector, I evolved 

the Amateur design, which can be made with fairly 
common materials, and, to a 1arg.e degree, c~rnmon 
hand tools. 

Thesewere the other major considerationsachieved 
in the Amateur design: 

1. No electrolytic action between dissimilar metals 

2. Resistance to moisture penetration 

3. Minimum discontinuity bumps in line impedance 
introduced by the connector 

materials and tools 
Tables 2 and 3 show the materials and tools you'll 

need for making the connectors. Fig. 3 illustrates the 
raw parts needed for the suggested Amateur design, 
denoted A, B, and C, D, and G. Fig. 3 also suggests 
not only the assembly steps, but interrelated with the 
following text, features and mechanics of fabrica- 

SEAMLESS 
ALUMINUM 

TlJRlNG 

.- . .- 
A L U M I N U M  

fig. 1. Makeup of typi- 
cal " I-inch" CATV c 

cable. A DIELECTRIC 

tion, treatment, and parts use to the point of final 
assembly, as shown in the connector at the right- 
hand side of fig. 2. 

The tools should be available to the average build- 
er or his friends, or they can be rented from local 
outlets. 

fabrication 
Steps for making your coax connector are given 

below. Refer to fig. 3 as you proceed. 

- 

By John H. Ferguson, WI I IM ,  94 Concord 
Road, Wayland, Massachusetts 01778 
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1. Using a tubing cutter, make a cut through the vinyl 
cable jacket and seamless-tubing shield about 15-25 
cm (6-10 inches) from the cable end.* Then, using a 
fine-blade hacksaw, cut through the dielectric and 
inner conductor. Make the cut flush with the outer 
surface of the cable. Remove aluminum filings from 
the dielectric surface. E of fig. 3 shows what it 
should look like. 

table 1. C A N  "one-inch" coax cable characteristics. 

C A N  cable makeup (fig. 1) 
nominal OD 

part material rnm (inch) 

A-conductor solid bare copper-clad aluminum 5.8 (0.227) 

B-insulation extruded foam polystyrene 22.6 (0.9) 

C-shield seamless aluminum tubing 25.4 (1.0) 

D-jacket extruded polyethylene (black) 28.4 (1.1) 

physical properties 

maximum pulling force 261 kg. (575 Ibs.) 

minimum bending radius 10 times cable diameter 

nominal weight 641 kg./km. (430lbs.IlOOOft.) 

electrical characteristics 
maximum attenuation, maximum attenuation, 

20C1 68F2 
frequency frequency 

MHz dB1100 meters MHz dB1100 feet 

5 0.26 5 0.08 

30 0.66 30 0.20 

50 0.85 50 0.26 

216 1.9 216 0.59 

240 2.0 240 0.63 

260 2.1 260 0.65 

270 2.2 270 0.68 

300 2.3 300 0.7 

1. Attenuation varies f 2 per cent nominal per 10C variance in ambient 
temperature. 

2. Attenuation varies f 1 per cent nominal per 10F variance in ambient 
temperature. 

2. Find the precise center of the copper-pipe-cap out- 
er face. Center punch the cap center, and drill a hole 
using a sharp no. 42 (2.4-mm) bit. Remove burrs 
from the pipe cap inside. 

3. Force the pipe cap firmly over the square end face 
of the cable. 

"The foam dielectric is not particularly hygroscopic, but some moisture will 
inevitably accumulate near the exposed end. Remove the section of con- 
taminated cable before installing the connector. 

table 2. Materials for making the coax-cable connector. 
quantity description 

1 4-40 x 112-inch (M3 x 12.5 mm) BH or RH nickel- 
plated screw 

1 83-378 bulkhead vhf female receptacle (Amphenol) 

1 copper end cap for 1-inch (25.5-mm) rigid copper 
water tubing 

4 6-32 x 114-inch (M315 x 6.5-mm) hex-head sheet- 
metal screws 

1 bottle of Liquid Tape (General Cement) 

1 end of CATV cable to attach to connector 

4. Clamp the cable vertically in a vise. Using the pipe- 
cap center hole as a guide, carefully drill a no. 42 
(2.4-mm) tap hole straight down to  a depth of 1 /2 
inch (25.5 mm) into the copper clad center conductor 
of the cable. For quantity jobs, get a machinist friend 
to make a drill guide as shown in fig. 4 . t  Then tap 
the center conductor 4-40 (M3) screw and remove 
chips from the tap and hole after each turn of the 
tap. 

5. Remove the hex nut and lockwasher from the 
bulkhead connector (Amphenol 83-879) and discard 
the lock washer. Mount the connector upright in a 
vise. Carefully drill down from the top, through the 
solder tip, with a no. 33 (2.9-mm) drill. Set the con- 
nector with its new short tip aside. 

6.  Reduce the head diameter of a 4-40 x 112-inch (M3 
x 12.5-mm) screw to about the same outside diam- 
eter (see A, fig. 3) as the male tip of a PL-259 con- 
nector. This can be done by inserting the screw into 
a drill and rotating the screw head against a flat fine- 

fig. 2. Standard commercial CATV-cable connector, left, and 
the Amateur design. 

tUse of the drill guide requires temporary cut and removal of about 6.5 mm 
(114 inch) of the black polyethylene jacket to allow the guide to slip down 
over the aluminum shield (C or fig. 1). 
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table 3. Tool requirements. 

quantity description 

1 1-inch (25.5-mml tubing cutter for copper or 
aluminum 

1 fine-tootii il~lcksdw biade auld franie 

1 3-inch (77-mm) vise 

1 118-inch (3-mm) wide fiat-blade screwdriver 

1 fine-tooth flat file and emery cloth 

1 150-watt soldering iron or Benzomatic torch 

1 center punch 

1 electric drill motor with 1/4 or 3/8 inch (6.5-mm or 
9.5-mm) chuck 

1 4-40 (M3) tap and wrench 

i 518-inch i l6-mmi OD socket puncir 

1 1/4-20 (M7) bolt, lockwasher, and nut 

1 no. 12 SS compression hose clamp 

1 high-speed drill bits, nos. 42, 33, 29, and 114 inch 
(2.4, 2.9, 3.5, 6.5rnm) 

1 open-end wrench or socket for 112-inch (12.5-mm) 
bolt 

1 piece of steel wool 

1 corrosion-proof rosin-core solder, about 20 inches (50 
cm) long. 

coax, then tighten the screw into the tapped center 
conductor. Slip the hose clamp over the cap to the 
cap lip. 

13. Very carefully drill through the guide holes in a) 
the copper cap; b) tkirougt~ the black jacket; and c) 
just deep enough to puncture the outer seamless alu- 
minum jacket of the coax cable. Use the no. 42 (2.4- 
mml drill 

14. Carefully enlarge the four copper cap holes with a 
no. 29 (3.5-mm) drill just enough to allow the 6-32 x 
114-inch (M315 x 6.5-mm) screw shanks (see G, fig. 
3) to pass through the cap material. 

15. Install the sheet-metal screws (four each) 
through the copper cap, vinyi, and into the cabie 
outer aluminum jacket. Make sure the screws are 
hand-tool tight, no more. 

fig. 3. Raw materials needed for the Amateur design of a 
coax connector for the hardline CATV cable. Assembly steps 
are shown for the final connector (extreme right, fig. 2). 

mesh file. The final outside diameter should be 0.15 
inch (3.8 mm). 

7.  Using another 4-40 (M3) screw to temporarily 
block the tapped hole of the center conductor, liber- 
ally coat and seal the face of the dielectric, shield, 
and black vinyl jacket of the cable with General 
Cement liquid tape or equivalent material. 

8. Drill out the hole in the face of the pipe cap to 114- 
inch (6.5-mm). Using an upside down 114-inch (6.5- 
mm) bolt and nut to secure the cap in a vise, make 
four fine hacksaw cuts 90 degrees apart about 314 
inch (19 mm) down from the lip of the cap. (See F, 
fig. 3). Between the slots drill four 0.09-inch (2.4- 
mm) holes about 114 inch (6.5 mm) back from the 
same lip about 90 degrees apart. 

9. Remove the cap from the vise and the superfluous 
114-inch (6.5-mm) hardware, lnsert a 518-inch (16- 
mm) diameter chassis punch. Tighten the bolt on the 
punch. You should have a clean 518-inch (16-mm) 
hole in the copper cap face. 

10. Burnish the cap surface with steel wool. lnsert 
the body of the bulkhead receptacle from the inside 
of the cap. Tighten the flat nut. (See F, fig. 3).  

11. With the torch and minimum flux, solder the flat 
nut onto the cap surface. Use care to fill the void on 
the flat, keyed side of the receptacle body. 

12. lnsert the 4-40 (M3) screw, threads down, into 
the female flange fingers of the receptacle. Push the 
cap connector assembly down onto the face of the 
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16. Remove the hose clamp. Check for short circuits 
or high leakage between inner and outer conductor. 
If all is well: 

17. Coat the cap body, hex-head screws, and junc- 
tion of the vinyl jacket with G.E. "Liquid Tape," 
"Tool Dip," heat-sensitive tape, or 1-112 inch (38 

I 

- 3 2 M M  
1 25 J- 

f ig  4 Dri l l  guide for 
quantity production. The 
guide can be made by a 
machinist (See step 4 in 

2 4 M M  NO 42 
the  fabrication proce- DRILL 

dure.) 
THRU M A T L  

STEEL 

mm) heat-shrink tubing treated with the torch. Make 
sure the connector threads are nice and clean. 

This completes the assembly procedure for the 
Amateur-design CATV-cable connector. 

final notes 
Metal-to-metal contacts will be reasonably non- 

electrolytic; that is, silver-plated connector (inner), to  
stainless-steel 4-40 (M3) screws, to aluminum inner 
conductor. Also this applies to the stainless-steel 
sheet-metal screws, from copper cap to aluminum 
jacket. 

The nominal impedance of the completed connec- 
tor is about 65 ohms. I t  will show a small impedance 
bump at about 146 MHz. For matching considera- 
tions using 50- or 75-ohm sources, see references 
1-5. 
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end-of-transmission "K" generator 

An easy-to-build 
circuit for sending 

the Morse character "K" 
at the end 

of a transmission 

Ever since the Apollo moon shots, Amateurs 
have been aware of the advantage of a tone at the 
end of a transmission to indicate that the "over" has 
finished. Under poor conditions this tone indicates 
unequivocably to the other station that it's his turn to 
transmit. There's a growing fashion now in Britain to 
use not just a single tone but a "dah-di-dah" 
sequence, making the Morse character "K", mean- 
ing "over" in telegraphy. The circuit described here 
will perform this function using only two standard 
ICs and a handful of other components. 

the "K" generator 
The heart of the unit is U2, an IC type CD4017 (fig. 

1). This device is a decade counter with decoded out- 
puts, which means it has ten outputs: zero, one . . . 
nine. Initially the zero output is high and all the others 
are low. When a clock pulse is applied to the clock 
input, the zero output goes low and the one output 
goes high. After the next clock pulse, only the two 
output will be high. This sequence continues until 
the nine output is high; after that, the zero output 
goes high again and the sequence repeats. 

Also provided on U2 are a reset and a clock inhibit 
input. When a high is applied to the former, the 
counter goes straight to the state of having the zero 
output high. Applying a high to the clock inhibit 
input freezes the counter in its current state, and fur- 
ther clock pulses have no effect until the clock inhibit 
input goes low again. 

By Paul M. Jessop, G8KGVl 1157 Warwick 
Road, Solihull, West Midlands B91 3HQ1 
England 
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In this application a free-running clock is connec- 
ted permanently to the clock input and the clock 
inhibit is connected to the zero output. Consider the 
effect of this if the counter is in the zero state: the 
zero output is high; therefore the clock-inhibit input 
is high. Thus clock pulses have no effect on the 
counter and it remains in the zero state, seemingly 
permanently. However if the clock inhibit is forced 

through the resistor until the trigger input reaches its 
upper triggering voltage. The output then goes low, 
and the capacitor discharges through the resistor 
until the lower triggering voltage is reached. Then 
the output goes high, and the capacitor starts to 
charge again. The output is thus a square wave. 

In the circuit of fig. 1, two of the Schmitt inverters 
are used as oscillators. U1 E is a free-running oscilla- 

fig. 1. Schematic of the "K" generator. Circuit is designed around U2, a CD4017 decade counter wi th out- 
puts between zero and nine. Also included in U2 are a clock input, clock-inhibit input, and reset. 

briefly low, the counterwill cycle through its outputs, 
one to nine. When i t  overflows to zero, the clock 
inhibit is again high and no further counting occurs. 

We thus have a method of making the counter 
cycle once through its complete set of outputs. Not 
counting the zero waiting state, nine counter states 
remain, and it so happens that the sequence for "K" 
in Morse is nine dot units long (on-on-on-off-on-off- 
on-on-on). Arranging the outputs correctly we can 
make the unit send "K" when wanted. 

The other chip used in this project is U1, a 74C14 
(40106), which contains six inverting Schmitt trig- 
gers. By judicious use of diodes, these triggers are 
sufficient to complete the required logic functions. 
The first building block to be constructed from a 
Schmitt inverter is a relaxation oscillator (fig. 2). 
Operation is as follows: the capacitor charges 

SCHMITT 
INVERTER 

fig. 2. A n  oscillator may be 
easily made during a Schmitt 
inverter IC.  This example is 
seen in UIE, the clock driver for 
U2 (fig. 1). 

tor, which clocks the counter. U1 F is a gated oscilla- 
tor working in the audio range, which generates the 
tone. Diode gating is arranged so that the tone is 
inhibited if any of the diode inputs are high. These 

fig. 3. Switch debouncing and 
interfacing circuit. -- 

diodes are connected to the zero, four, and six out- 
puts of U2 so that the tone is off when the counter is 
in its resting state and also during the gaps between 
the dots and dashes. 

The input to the unit is in two paths. The first trig- 
gers the counter at the end of the transmission. The 
input signal is inverted and fed to a differentiator C2, 
R3 (fig. 1). The pulse generated on the leading edge 
of the input signal is suppressed by CR4, but that 
generated on the trailing edge is fed to U I D  where 
it's squared. For the pulse duration, the counter 
clock inhibit input is pulled low through CR5. 
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TO PTT 
SOCKET 

I 5k ON TX 

fig. 4. Circuit for interfacing the "K" generator to a 
transmitter. 

Because R4 is relatively high in value, this action will 
occur regardless of the state of the zero output. 
Once the clock inhibit input has been pulled low, the 
counter starts and the zero output goes low, which 
forces the clock inhibit input low regardless of the 
U1 D output state. 

The input voltage is aiso fed to integrating network 
R1, €1. On the leading edge, C1 charges up quickly 
through CRI; but on the trailing edge, a delay occurs 
while C1 discharges through R1. The voltage on C1 is 
squared and inverted by U IA  and fed to the diode 
AND gate CR2, CR3. Its other input is the counter 
zero output. If either of these is low, the output is 
low and UIB output is thus high, feeding the trans- 
mitlreceive switching. 

Thus, as the press-to-talk switch is released, U IA  
output will be low because of the delaying action of 
C1. A moment later, the counter zero output will go 
low, which keeps the transmitter switched on, even 
though C1 has discharged. Only when the counter 
has cycled completely will the zero output go high 
again. Now both inputs to the diode AND gate will be 
high and the transmitter is switched off. 

interface circuits 
This completes the description of the logic part of 

the circuit, but the unit will, at this stage, only work 
with CMOS input and output levels. Clearly some 
kind of intedacing is needed in any real situation. For 
the input side, the circuit of fig. 3 will suppress any 
contact bounce generated by the press-to-talk 
switch and provide the appropriate input levels to the 
unit. Because of the time constant of R7, C6 the 
spikes generated by the contact bounce aren't fed to 
the input. The value of R7 is smaller than either that 
of R1 or the on resistance of CRI, so the charging 
and discharging of C1 is not affected. Clearly, a nor- 

RELAY P REED 

fig. 5. Alternative interfacing arrangement where circuit iso- 
lation is essential. 

mally closed switch could be used by interchanging 
the positions of the switch and R7. 

For the output interfacing, the situation is rather 
more complicated by the variety of circuits with 
which the unit could be required to operate. I used 
the arrangement shown in fig. 4. The transistor was 
an old germanium power device, but any variety of 
NPN transistor with adequate voltage and current rat- 
ings will probably work. In my home-brew transmit- 
ter, one of the PTT lines was connected to the supply 
rail so that the transistor operated in common-collec- 
tor mode. The same circuit will operate just as well in 
common-emitter mode where one of the PTT lines is 
at zero potential. 

Where the transmitter witching arrangement is 
unusual, or the unit is to be used with a variety of 
transmitters with differing switching methods, it's 
best to isolate the unit by a relay. Fig. 5 shows a cir- 

+iZV 
0 

LOUT 
" K .  

GENERATOR 

I I L --------- -A  

fig. 6. Using a dpdt switch, the "K" generator may be 
removed from the circuit when desired. The trigger is no 
longer connected to the circuit so that the audio signal can 
be retained. 

cuit for driving a reed relay; again the transistor type 
isn't critical. It is, however, important to make sure 
that the relay is adequately rated for the current 
drawn through the PTT line since, if overloaded, the 
contacts tend to weld together and leave the trans- 
mitter permanently on - to the potential embarrass- 
ment of the operator! 

construction 
With circuits of this type layout isn't critical. Con- 

struction can be in just about any form desired. The 
circuit can then be either hidden in a spare corner of 
the rig or built into a separate box. Where the relay 
driver is not used, the current drain is very low, so a 
separate battery supply is quite feasible if a suitable 
voltage isn't available in the transmitter. If you go 
this route, a common connection must be made to 
the transmitter chassis, probably through the PTT 
line, to allow the switching transistor bias current to 
flow. 

Finally, for local contacts, the "K" can be sup- 
pressed as shown in fig. 6 if you wish. Operation is 
then as normal. 

Good luck with your new and improved DX poten- 
tial from G8KGV, Solihull, England. Dah-di-dah. 
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the weekender 

capacitance measurements 
with a frequency counter 
A digital capacitance meter has been on my shop- 
ping list for some time, but it's been difficult to justify 
the expense of the single-function instruments avail- 
able. An article in Q S F  followed by investigation of 
the literature on the NE555 led to the design of a fre- 
quency counter attachment that allows capacitance 
to be read from the counter display. Using a 7-digit 
counter, capacitance values from 1 pF to 1 pF may be 
read with an accuracy of about 2 per cent f 2 pF. A 
range switch isn't required. 

design 
The NE555, when used as a one-shot, produces a 

pulse of width 

T = ARC (1) 

where k is inherent in the 555, R is the charging resis- 
tor, and C is the capacitance being measured. By 
ANDing an oscillator output with this pulse, a burst of 
pulses is produced each time the 555 is triggered. 
The pulse frequency in the burst is that of the oscilla- 
tor, while the number of pulses in the burst is deter- 
mined by the length of the pulse produced by the 
555. The value of R may be adjusted so that when a 
1-pF capacitor is measured, the 555 output causes 
exactly one oscillator pulse to appear in the burst. 
Increasing the capacitor to 100 pF will make the 555 
output 100 times longer and allow 100 oscillator 

By John Moran ,  8 Newfield Lane, 
Newtown, Connecticut 06470 

pulses in the burst. Counting the pulses in one burst 
will then indicate the capacitance in pF. 

To ensure that exactly one burst occurs per fre- 
quency-counter gate time, the 555 is triggered by the 
opening of the frequency counter gate as shown in 
the block diagram, fig. 1. 

The effects of stray capacitance are compensated 
for by providing a third input to the AND gate which 
forms the burst, nulling the first part of the pulse 
from the 555. Typical waveforms are shown in fig. 2. 

circuit description 
The design is implemented as shown in fig. 3 

using a 4009A and a NE555. The functions are shown 
in the same relative positions in the block diagram 
and schematic for clarity. 

The crystal oscillator is standard and provides a 
stable square-wave output. The crystal frequency 
isn't critical but should be greater than 1 MHz to 
allow measuring I-pF capacitors using a I-second 

71 OSCILLATOR , 
GATE IN 

TRIGGER CIRCUIT 
AND ZERO SET GATE 

COUNTER 

CAPACITANCE-TO-PULSE 
WIDTH CIRCUIT 

fig. 1. Block diagram of the capacitance measurement 
attachment for a frequency counter. 
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trigger the 555 and drive the AND gate. The capaci- 
tance-to-pulse width conversion is done by the trusty 
NE555 in a standard one-shot configuration. 

The AND gate is home-grown CMOSIdiode logic, 
which works well and avoids the need for a third IC. 
The voltage divider on the output reduces amplitude 
and, more important, the output impedance, thus 

0 1i l I i i i l l l i l1 ! l l l I lU avoiding stray pickup from the oscillator. 

1 construction and calibration 
fig. 2. Typical waveforms. Letters at left key the waveforms 
to both the block diagram and the schematic. 

gate time. CMOS speed is restricted when operating 
from 5 volts, so frequencies above 2 MHz may not 
work too well. 

The trigger circuit consists of a one-shot started by 
the leading edge of the gate pulse. The output pulse 
width is adjustable to allow compensation for the 
effects of stray capacitance, as described earlier. The 
one-shot is followed by an inverter, which cleans up 
the pulse shape and provides the proper polarity to 

Perf board construction is adequate if the ICs are 
bypassed with 0.01-pF capacitors directly at the VCc 
pins and if the output voltage divider is located a 
short distance from the crystal. 

A metal box should be used to house the unit, 
since it's sensitive to 60 Hz pickup. This phenome- 
non is evidenced by a slow variation of about one- 
half per cent in the reading as the counter gate beats 
with the line frequency. A variation of over 2 per cent 
occurs without an enclosure. 

The 100-pF capacitor at the oscillator output 
affects starting and should be adjusted for reliable 

+ 5 v  
3.3 k 

U ID  
4 0 0 9 4  4 0 0 9 4  

T I o 0  

0 0 1  

SUPPLY 
PINS 

z E j y J  SET 1 8.2k TO 
FREOUENCY 
COUNTER 

-73 L 

330 

fig. 3. Schematic diagram. Relative position of functional sections matches the block diagram. 
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operation. The 830k resistor in series with the calibra- 
tion pot is actually two resistors in series to get a 
nonstandard value. Using a higher-frequency crystal 
may require this value to be reduced for calibration. 

The frequency-counter gate signal must be made 
accessibie to allow triggering the unit. I installed WG 
pin jacks in the back of my counter to provide both 
the gate and + 5 volts. I used a 200-pF series capaci- 
tor to br~ng the gate line out, to prevenr damage to 
the counter in the event that the line is inadvertently 
shorted. 

Calibration is best done using a one per cent 
capacitor with a value of several thousand pF as a 
standard. Backing ?his, several si!ver-mica capacitors 
in parallel will probably be adequate, since the devia- 
tions from the marked values shoulc! average out. 

Begin calibration by adjusting the ZERO SET con- 
trol to the maximum resistance setting. Then, with- 
out a capacitor in the measurement socket, adjust 
ZERO SET until a reading is obtained on the counter. 
Back off slowly until a zero reading is obtained again. 
Connect your standard capacitor and adjust the CAL 
control to obtain the correct reading. Then repeat the 
procedure to correct for adjustment interaction. 

If your counter has 0.1 -second and 1 -second gate 
times, be sure to use the 1-second gate when meas- 
uring capacitors above 0.01 pF. 

variations on the theme 
It's possible to add a second range by paralleling 

the charging resistance (830k + CALI with values 
that are a factor of 1000 smaller to allow reading 
capacitors between 0.001 pF and 1000 pF. Note, 
however, that capacitor leakage causes artificially 
high readings, so electrolytics with an internal resis- 
tance of 1 megohm or less can't be read accurately. 

Much of the circuit is also applicable to using the 
555 as a direct-reading ohmmeter covering 1 ohm to  
1 megohm in a single range. 

concluding remarks 
A frequency counter attachment has been 

described that measures capacitance. M y  hope is 
that frequency counters will soon be replaced by 
multifunction instruments incorporating voltage, cur- 
rent, resistance, capacitance, and frequency-meas- 
urement capability, much as the voltmeter was 
replaced by the VOM. Until that time, the versatility 
of your frequency counter may be increased with 
devices such as that described here. 

reference 
1.  D.A. Blakeslee, "An Inexpensive Capacitance Meter," QST, December, 
1978. 
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cross-guide coupler 
for 10-GHz 

Design and construction 
details of the 

cross-guide coupler, 
an easy to build 

directional coupler 
for 10 GHz 

When it becomes necessary to sample a portion of 
the transmitted power from a signal source or trans- 
mitter, a directional coupler is normally used. A great 
variety of commercial couplers are available, but they 
are beyond the means of most Amateurs. Once in a 
while, surplus dealers have sales of X-band equip- 
ment, but these pieces can still be quite expensive. 
Sometimes at a ham auction or flea market pieces 
can be purchased quite reasonably. However, direc- 
tional couplers are hard to come by, so building one 
is an alternate approach. 

The simplest type of directional coupler is the 
cross-guide design shown in fig. 1. Many commer- 
cia1 cross-guide designs have cruciform hole coup- 
ling which make the coupling ratio and directivity fre- 
quency independent.' Broadwall directional couplers 
also have broadband performance, but it is at the 
expense of long length and precision machining. The 
round hole cross-guide coupler has the advantage of 
short length and good performance over a limited 
bandwidth. It is the easiest form to design and build. 

design 
The practical range of coupling in a round hole 

cross-guide coupler varies between 20 and 45 dB 
down from the incident power. Fig. 2 shows the hole 
arrangement relative to the coupler ports; also 

2. First, the center of the 10.0 to 10.5 GHz Amateur 
band is 10.25 GHz. Since the bandwidth of the round 
hole cross-guide coupler is approximately 10 per 
cent, the coupling coefficient should not change 
more than a few per cent in the 10.0 to  10.5 GHz 
band. The second step is to decide on the desired 
coupling ratio. Sources such as reflex klystrons and 
Gunn diodes, which have an output power in the 10 
to 20 mW range, require a sampling coupler to have a 
coupling ratio of 25 dB or greater. This will keep the 
power level into the detector in the square-law 
region. Referring to the graph in fig. 2, the D / a  ratio 
for 26 dB is 0.335, where a is the broad dimension of 
the waveguide. For WR-90 waveguide (i.e., X-band 
guide), the broad dimension, a, is 22.86 mm (0.900 
inch). The large hole diameter is: 

D = 0.335 (22.86) m m  [O.  335(0.9) inch1 

D = 7.66 m m  (0.3015 inch) 

The smaller hole is 2D/3 ,  so: 

2D/3 = 2(7.66)/3mm [2(0.3015)/3 inches1 

= 5.11 m m  (0.201 inch) 

Finished directional couoler. 

shown is a graph of how the coupling varies as ratio 
of hole diameter to guide ~ i d t h . 2 ~ 3  I 

The following is an example of a design procedure BY Richard A. Bitzer, WBZZKW, 3 Ray Street, 
to build a cross-guide coupler using the graph in fig. Milltown, New Jersey 08850 
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Now that the hole diameters are known, their 
distance from the center line of each guide must be 
Xgi8. To calculate Xg, the quantities XO and X c  must 
be known. 

= 0.0292 7 meter (1.152 inches) 

where X, = free space wavelength 
C = velocity of light in free space 
f = frequency of operation 

For TElo propagation mode down WR-90 wave- 
guide, the cut-off wavelength is: 

Xc = 2a 

= 2 ('22.86) mm 12(0.9) inches] 
= 45.72 mm (I .8 inches) 

The guide wavelength, Xg, for TElo mode is: 

- 29.27 ,, - inches 

45.72 

The hoie centers are Xg/8 from the center lines of 
both guides, therefore Ag/8 is 4.76 mm (0.0187 inch). 

The above example can be repeated for any 
desired coupling ratio between 20 dB and 45 dB, use- 
ful over the bandwidth of the 10-GHz Amateur band. 

fig. 1. Diagram of the cross-guide coupler configuration. 
Note that the one end of the coupled arm can be termi- 
nated. 

ROUND HOLE CROSS Gli lDE DIRECTIONAL COUPLER 

DIA METER "0" 

4 5  

1 

3 
L 

4 0  

3 
2 
8 3 5  COUPLED END 

4 

3 DIMENSION - 
3 30 ALL HOLES ARE A9/8 FROM / 

THE CENTERLINES OF BOTH 

25 

2 0  
02 025 03 0.35 04 

fig. 2. Graph of the relationship between the coupling factor 
and the physical dimensions of the waveguide and coupling 
holes. 

construction 
The directional coupler uses two 76.2 mm (3-inch) 

pieces of WR-90 waveguide and four UG-39/U cover 
flanges. Fig. 3 shows an exploded view of the coup- 
ler. From a length of waveguide, cut two pieces 76.2 
mm (3-inches) long and file the ends square and 
smooth. On piece number 1, scribe and drill the hole 
locations according to the design data. File off all 
burrs, since it is important not to have any obstruc- 
tion inside the waveguide. With piece number 2, a 
slot is to be cut so that this piece fits centrally over 
the holes in piece number 1. One way to do this is to 
cut a piece of wood to fit the inside dimensions of the 
guide and insert it into the guide. Scribe the slot 
dimensions on the guide and cut on the inside of the 
scribe marks with a fine hack saw. Do not cut too 
deep, for the depth of the cut is the wall thickness 
dimension. The sawdust from the wood'should tell 
you when to stop. The two pieces are placed over 
one another as shown in fig. 3 and soldered 
together. Use a torch rather than a heavy duty sol- 
dering gun or iron. Be careful not to let any solder 
run into either guide. If it does, it can be carefully 
filed out. 

The next step is to solder the flanges onto the 
waveguide sections. Use a piece of flat aluminum 
sheet to work on. Place the flange face down. Wrap 
the guide assembly with a damp cloth to keep the 
two pieces from coming unsoldered while soldering 
on the flange. Place the waveguide into the flange, 
supporting the waveguide while soldering. Repeat 
this step for the remaining flanges. An alternative 
procedure in soldering the pieces together is to use a 
higher temperature solder for the cross pieces and a 
lower temperature solder for the flanges. To com- 
plete the job, use emery cloth to smooth finish the 
flange faces. For appearance, the coupler can be 



painted and labeled, giving a commercial looking 
appearance. 

results 
The cross-guide coupler was designed to have the 

coupled power down 26 dB from the incident power. 
The measured value of the coupled arm is - 26.2 dB. 
The directivity was measured to be 22.6 dB, about 

FIT FLANGE 

fig. 3. Assembly view of the cross-guide coupler. 

average for cross-guide couplers. Referring to fig. 1, 
directivity is the ratio of the power down the coupled 
arm to that coupled into the load arm from the 
source. The main arm VSWR is 1.03 to 1, and the in- 
sertion loss is 0.05 dB. The coupler was used to sam- 
ple power from a 10-GHz signal source test bench set 
up. For this application, the decoupled, or load end, 
arm has to be terminated with a load, which can be 
easily made by using a 76.2-mm 13-inch) long guide, 
flange on one end and a copper sheet across the 
opposite end. Inside, glue a wedge of 3.16-mm (1 /8- 
inch) thick Masonite coated with Aquadag across the 
center of the narrow dimension of the guide. The 
VSWR of such a load measured 1.03: 1. 

references 
1. A. F .  Harvey, Microwave Engineering, Academic Press, London, 1963, 
page 107. 
2. D. G. Fink, Electronic Engineer's Handbook, First Edition, McGraw-Hill, 
New York, 1975, section 9-7. 
3. T .  S. Saad, Microwave Engineer's Handbook, Artech House, 1971, 
volume 2, section 1.  
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I I that the first two states in table 1 are not used 

gate arrays 
for pattern generation 
Gate array st ructur ing has been the subject of 
many papers, and a number of methods have been 
devised to simplify design. All the methods have one 
thing in common: pattern recognition by examina- 
tion. This is true whether you have a static or dynam- 
ic pattern. 

All large gate structures take a bit of time to design 
regardless of the examination method. Simple meth- 
ods can be used in most Amateur designs. The ex- 
ample for this part of the series is a digitial CQ gen- 
erator for perfect C W  keying of those two letters. 

organization 
The basic time period in C W  is dot length. Dashes 

are three dot lengths. Since the letters CQ are famil- 
iar, spacing can be shortened to three dot iengths 
with five dot lengths between groups. (It's assumed 
that a letter group will be repeated a selected number 
of times.) 

Dot length will be the clock for a binary counter 
that times the pattern. Each CQ letter group requires 
eighteen clocks for key down, fourteen for key up. 
The total is thirty two, and a five-stage binary 
counter (25) will take care of timing. 

Timing generator lines are labeled A through E 
(fig. I ) ,  A being the least-significant bit and the fast- 
est. The first step is to tabulate the timing-generator 
states and fit them with the desired pattern. Table 1 
shows this. 

Both letters are nearly the same length. The E tim- 
ing line can be used as a letter selector. This simpli- 
fies state examination to only four timing lines. Note 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 

The timing generator has not been specified, but 
some assumptions are made. All zeroes will be in a 
reset condition and must be key up. A binary OOOOi 
may or may not have the same length from all zero as 
between other states; this is determined from the 
case where the timing generator clock is not syn- 
chronous with manual pattern start. 

pattern breakdown 
Table 1 indicates that six states of the first four 

lines are commor; to buth letters. This simplifies gat- 
ing, because timing line E doesn't have to be consid- 
ered for those six states. Only two states are exclu- 
sive for letter C; four are exclusive for letter Q. 

Common letter states of lines A through D are all 
even decimally. A will be low for all six. Concentra- 
tion now narrows to B, C, and D lines for the com- 
mon states, which allows a detailed breakdown as 
shown in table 2. 

Common states can be reduced to three: CB, Dc, 
and DB. The X is a don't-care bit state; that bit can 
be either 1 or 0. Some further examination of don't- 
cares will show three other combinations: DB, CB, 
and DC. 

Either of the three state combinations can be used. 
It's also possible to set up inhibits from DCB and 
DCB. The choice depends on the exclusive letter 
states. Only letter Q seems to have don't-ca es, with --- --- 
combinations of DCB or DBA. 

table 1. Patterns and truth table for digital CQ generator. 

T A B L E  I  

L E T T E R  D E C I M A L  DESIRED STATES 
C 0 O C  E A  S T A T E  BOTH E=O € = I  

T I M E  7 T O l l  l 7 

State combinations should now be tried in a gate 
array. Remember that inverted, or NOT, bits must 
have inverters in the array, because the AND opera- 
tion is possible only with high states. These could 
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also come from the timing generator if inverted INPUT FROM ThMlNG GENEVATOR 

states are present. i f f 
E  

a gate array pattern decoder 
Fig. 1 shows one configuration. Common letter 

states are generated by using the inhibit states from 
table 2 and creating them in GI0 and G11. NAND- 
gate outputs will be low when all inputs are high (the 
Nand Rule1.l G I 0  and G I 1  wi l l  thus inhibit  
GI2  on states DCB and DCB; G12 is enabled on the 
other six states. --- 

Choice of inhibit gating allows using DCB for 
letter Q. An inverter restores the high state for AND 
operations. State CBA is common to both letters, as 
is BA. Use of common partial states allows a reduc- 
tion in total package count, although it may appear 
to use more gates. Packages have quadruple 2-input 
gates and dual 4-input gates; it may be that use of 
more 2-input gates will result in fewer packages. 

GI4  and GI5 AND the two states for letter C. G19 
ANDs the DBA don't-care state from table 2, while 
G20 and G21 AND the remaining two states. G16 and 
G22 are ORs. GI7  and G23 AND each state combina- 
tion with E and E respectively. G24 ORs everything, 
and key down occurs when the output is high. 

Total package count for the circuit of fig. 1 is six: 
one hex inverter, two dual 2-input NANDs, and three 
triple 3-input NANDs ( two gates connected as inver- 
ters). This isn't very economical or simple in layout 
- two other digital devices can help simplify things. 

decoders and multiplexers 
A decoder (sometimes called demuitipiexer) will 

provide a single low output on one of two, four, 
eight, or sixteen output pins depending on one, two, 

table 2. Detailed breakdown of pattern states 
for common and exclusive conditions. 

T A B L E  2 

B O T H  L E T T E R S  
A = 0  

0  C B  0  C B  

0 0 1  - - - y x O  I  

C / O - - ,  ; 
0  1 I  - 3 1 -  0  1  X 

0 0 0 '  

I 1  i , l  
, I N H I B I T S  

L E T T E R  C 
E = 0  

D C B A  

0 0 1  I  

1 0 0  I  

L E T T E R  0 
E =  ! 

D C  8 A 

r 0 0 0 0  

- 0 0 0  1  

0 x 0  1  

three, or four data select lines. It can be thought of 
as a rotary switch with a grounded arm and all stator 
contacts as the outputs. Binary-data-select input will 
determine switch position. 

'-$-I 

K E Y  DOWN WHEN OUTPUT HIGH 

fig. 1. Gate array decoder for CQ generator using NAND 

gates. 

A multiplexer will select one of two, four, eight, or 
sixteen inputs based on binary-data-select lines and 
transfer this information to a single output. The mul- 
tiplexer can also be thought of as a switch: all inputs 
go to stator contacts, and the arm is the output. 
Position is determined by data-select control inputs. 

a simple pattern decoder 
Fig. 2 applies a 74L154 TTL decoder package with 

other low-power TTL NAND gates to the pattern- 
decoding task. The 74L154 has sixteen outputs 
active low and fits the sixteen states of table 1. Its 
outputs can be ORed as required. 

G30 ORs the two exclusive states for letter C, while 
G31 ANDs them with E. G35 is connected as an inver- 
ter to generate E high. G32 ORs the four exclusive 
letter Q states, ANDing them with E in G33. G34 ORs 
the six common letter states plus the two ANDed ex- 
clusive letter states. 

U1 has two chip select pins marked GI and G2. 
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INPUT FROM TIMING GENERATOR 

A B C O E  

6 
KEY DOWN WHEN OUTPUT HIGH 

fig. 2. Simpler decoder for digital CQ generator. 

These pins are used in arrays of decoders for enabling 
only one out of many. This circuit has only one chip, 
so it's enabled all the time by tying both pins low. 

simplest decoder 
This circuit uses a 74150 TTL multiplexer, or mux, 

and a single inverter as shown in fig. 3. The switch 
analogy describes operation. Timing lines A through 
D switch the inputs from EO through E l5  to output 
W. Inputs are high for key down; low for key up. 

Common states of key down are wired to. V,,, 
while unused states (7, 13, 14, 15) are wired to 

I N P U T  FROM T I M I N G  GENERATOR 

A B C O E  

E l l  

E ! 2  m 
KEY DOWN WHEN 

OUTPUT LOW 

ground; if unconnected in TTL, those inputs will go 
high. Exclusive letter states are obtained from E 
directly or from the inverter for E. 

The S pin is a strobe, similar to a chip select. I t  is 
also used for mux array selection. Note that output 
\IV is active iow from the inversion bubble (fig. 3) .  

timing and polyphase clocks 
Dot rate is quite slow in the CO generator, so small 

differencein delay throughan array won't be noticed. 
If the pattern were faster, say for a TV sync genera- 
tor, the propagation delay differences would be very 
apparent. 

The gate array has p~opagaticr! deiays of t h e  tc? 
six gates depending on the path. The decoder delay 
is slightly shorter but variable. The mux circuit of f ig .  

0 F L I P - F L O P  
L A T C H  

GATE ARRAY OUTPUT 
HAVING VARIABLE SYNCHRONIZED 
DELAY R E L A T I V E  TO OUTPUT 
MAIN CLOCK 

D E L A Y E D  
CLOCK 

M A I N  CLOCK c 
VARIABLE GATE ARRAY OUTPUT 7 

DELAYEO CLOCK c 
LATCH OUTPUT L 

W A V E F O R M S  

fig. 4. Variable gate array synchronization with delayed 
clock. 

3 can be considered even; it's dependent on the in- 
ternal structure of U2, which is usually symmetrical. 

A way to even up differences in delay (some may 
be from the timing generator) is to use a delayed 
phase clock line and a D flip-flop for each output. 
This is shown in fig. 4 and could be used anywhere 
in a large array. 

Very large arrays can use several clock phases or a 
polyphase clock generator. Five or more phases are 
not unusual. In the polyphase clock, the different 
phases have even increments of time delay in the 
clock period. Each D flip-flop is a latch for a particular 
line and is clocked by a phase with a differential equal 
to the maximum of all gate arrays plus setup time of 
the D flip-flop itself. Delays may differ in the array, 
but the latch output is synchronized by the delayed 
clock. 

reference 
1. Leonard Anderson, "Digital Techniques: Basic Rules and Gates," ham 
radio, January, 1979, page 77. 

fig. 3. Simplest decoder for the digital CQ generator. ham radio 
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tebook 

Drake TR-22C 
sensitivity improvement 

A simple modification to the TR- 
22C has resulted in a significant im- 
provement to the receiver sensitivity. 
The modification consists of the re- 
moval of the built-in telescopic anten- 
na. The antenna is secured to a small 
plastic block by a single machine 
screw. To remove the antenna, simply 
unscrew the antenna from the plastic 
block and remove it from the trans- 
ceiver chassis, along with the protec- 
tive vinyl sleeving covering the anten- 
na. Leaving the plastic block and 
coaxial cable intact will permit easy 
reinstallation of the antenna and 
sleeving should "over-the-shoulder" 
operation be desired at a later time. 

Following removal of the antenna, 
perform the rf-alignment procedure 
as follows: 

1. Connect a signal generator set at 
146.52 MHz to the rear panel antenna 
connector. Set the level for approxi- 
mately half-scale deflection on the 
signal strength meter. I used a 
friend's signal on 146.52 MHz in lieu 
of the signal generator. 

2. Adjust Lsl, Ls2, Ls4, Ls9, LslO, 
and TCt3 for a maximum signal 
strength meter reading. Tct3 is lo- 
cated on  the transmitter circuit  
board. The individual tr immers 
should be peaked several times to en- 
sure optimum performance. 

The results of this simple modifica- 
tion have been quite gratifying. Sev- 
eral stations heard prior t o  the re- 
moval of the telescoping antenna 

were usually in the noise level, if 
heard at all. After removal of the an- 
tenna, these same stations were 
either full quieting or well above the 
noise level. I t  appears that the 0.059- 
wavelength open-circuited line (i. e., 
the collapsed telescopic antenna) in- 
troduces enough capacitance to the 
receiver front end to detune it, there- 
by lowering the sensitivity. 

Since I do not have the appropriate 
test instruments but wanted to verify 
the much improved receiver perform- 
ance, I repeated the following tests 
several times: I contacted several sta- 
tions using local repeaters or direct 
simplex operation with both my 518- 
wavelength mobile whip and my J- 
Pole base station antenna. Signal 
strength readings were taken before 
and after the removal of the telescop- 
ic antenna (including rf alignment of 
the receiver). In all tests, the TR-22C 
showed significant improvement in 
sensitivity when operated without the 
built-in antenna. 

Further improvementscan be made 
in the receiver's pedormance by re- 
placing the jfet, Qs7, with a 2N3823, 
replacing the cable between terminal 
"RA" on the transmitter circuit board 
and terminal "RA" on the receiver 
board, and making sure to solder the 
braid and center conductor close to 
the circuit boards rather than on top 
of the "pins" serving as circuit-board 
terminals. Replace the existing coax 
cables with RGl174lU or equivalent. 

G .  A. Herlich, K70R 

S-line backup 
power supply 

Recently I acquired a Collins 516F-2 
power supply with an open circuit 
high-voltage winding in the trans- 
former. After the initial enthusiasm 
of rewinding the transformer* had 
subsided, I sought other means of 
providing a backup supply for my 
32s-1 lS3.  

Replacement or rewound trans- 
formers are available from independ- 
ent sources as well as Collins, but 
even then the cost is approximately 
$100. A good, used, 516F-2 trans- 
former costs around $150; therefore I 
decided to homebrew a spare supply 
using readily available parts. 

The price of the transformer used 
in the backup supply (fig. 1) is less 
than $25 - considerably less than the 
replacements already mentioned. If a 
transformer with a higher secondary 
voltage rating is used (no more than 
750 Vac is recommended), a third fil- 
ter capacitor and bleeder resistor 
should be added to provide a suffi- 
cient safety margin for the plate- 
supply string. The low-voltage filter 
as well might be changed f rom the 
capacitive input shown to a choke in- 
put by eliminating C3 to keep the l ow  
voltage supply within the 300-volt 
range required. A separate 6.3-volt 
filament transformer connected i n  
reverse supplies the bias vol tage.  
Under full-load conditions, t h e  supply 
delivers 660 Vdc at 230 mA, 300 V d c  

*A .  Wilson, WGNIF, "Repairing High-Voltage Trans 
formers, ham radio, March, 1969, page 66. 
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at 175 mA, 6.3 Vac at 8A, and -80 
Vdc for bias. 

The supply is contained on a 180 x 
230 x 51 mm (7 x 9 x 2 inch) 
aluminum chassis, which is compati- 
ble with the 516F-2 cabinet. If you 
wish to install the supply in the cabi- 
net, the front and rear chassis lips 
should be reinforced with flat alumi- 
num stock. A paper or cardboard 
template may be used to transfer the 
mounting hole locations to the rein- 
forcements. 

Socket SO-1 was included on the 
chassis rear lip to provide a switched 
ac source to power a cooling fan used 
on the 32s-( ). Instead of using the 

standard ac receptacle (Radio Shack 
270-642), a 2-pin male cablelfemale 
chassis connector (Radio Shack 
274-201 and 274-203 respectively) 
may be used. The female chassis 
connector requires a 16-mm (518- 
inch) hole. The female cable power 
socket (SO-2) is an 11 -pin Amphenol 
78s-11 with a protective cap and 
cable-strain relief clamp. 

The power drawn by the 32s-( is 
well within the transformer's capabili- 
ties. After hours of operation on CW, 
the transformer was only comfortably 
warm to the touch. 

Paul K. Pagel, NIFB 

C1,C2 Sprague TVA 1716, 80 MFl450 
Vdc 

C3,C4 Sprague TVL 2764,40 MFl450 Vdc 

C5 Sprague TVA 1718, 100 MFl250 
Vdc 

CRI-CR9 IN4007 silicon rectifiers 

CH-1 TV power supply choke, 2-H, 200 
mA or similar 

SO-1 Radio Shack 270-642 (or 274-203 - 
see text) 

SO-2 Amphenol 785-11 wi th  cap and 
strain relief 

T- 1 Stancor P-8334, Triad R-77BC or 
similar 

T-2 Radio Shack part number 273-050, 
6.3V, 1.2 A 

audio modification 
for Horizon/2 

I have an early-model Standard 
Horizon/2 two-meter rig. I've no- 
ticed a lot of audio distortion when 
stations with very bassy audio come 
on. Also, PL tones come r ight  
through when a larger external speak- 
er is used. The low-frequency rolloff 
in the receiver audio section is not 
adequate to keep the audio amplifier 
IC from being driven into clipping. By 
replacing the 1-pF coupling capacitor 
(C134) with a 0.02-pF capacitor unit, 
the problem was eliminated. 

Roy H. Davis, WBSRKN 

cliplead carousel 
After many frustrating encounters 

with tangled test leads and several 
complaints from the YL about "that 
ball of spaghetti and alligators" hang- 
ing from the end of an otherwise neat 
workbench, I decided there had to be 
a better way. Encouraged by a sensi- 
ble system I had admired at the junior 
college I attend in Rhode Island, I 
began my improvisation. The method 
used in school was a long board with 
slots cut into its edge to accept the 
ends of the test leads. This was func- 
tional, but it took a lot of wall space 
I didn't have, what with QSL cards, 
world map, bookshelves, and all. So I 
"borrowed" a wheel from my son's 
bicycle parts pile and cut slots into 
one side of the rim all the way around 
the wheel. Thinking ahead, I cut 
some of the slots wider than the rest 
to accommodate coaxial-type patch 
cords. The wheel's axle was then 
secured to the end of a wall bracket 
with the wheel horizontal at about 
eye level with the slotted side up. I 
used a piece of 5-cm (2-inch) alumi- 
num for the bracket, but a standard 
shelf brace would do as well. Clip 
leads and patch cords can now be 
passed up through the inside of the 
rim and dropped into the slots. This 
holds them firmly and neatly, easy to 
see and to get at. 

fig. 1. S-line backup power supply Robert E. Best, WBlAQM 
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comments of the bandwidth equation is the per- tive analysis on the relative perform- 
centage of fo that the PLL will detect ance of each antenna. The question 

(Continued from page 61 

have DTL I TTL compatible outputs 
and the 567 will sink a 700-mA TTL 
load at it.s pin 8 port. This is a low to 
high logic change, not a positive and 
negative voltage change in the case 
of the 567. 

Further, Mr. Zegers' statement that 
"the place where the missing tone 
should be is now filled wirii noise" is 
not supportable by fact, When a PLL, 
such as the 567, no longer detects a 
signal within its passband, it simply 
changes logic states. l f  this were not 
so, the Touch- Tonea decoder circuit 
using the 567 would not work. 

Perhaps Mr. Zegers should ex- 
amine my keying circuit in more 
detail. There is no f V keying used, 
and while not Mil spec or RS232, i t  
works quite well. 

I t  is not, therefore, "absolutely 
necessary" to have two tones de- 
coded from a RTTY signal, but it is 
desirable and that's why 1 designed 
the PL L 2. 

With regard to the reader's state- 
ment indicating / did not read the 
data sheet, 1 suggest he reread his. 
The National Semiconductor Corpor- 
ation and the Signetics Corporation 
both list the bandwidth equation as: 

Also, they list the minimum detect- 
able signal as 20 mV, not 20 mW as 
Mr. Zegers does. 

Also they specify the measurement 
at 20 mVIRMS and further state in 
the National Semiconductor Linear 
Data Book that the equation is an 
approximation only usable to 2 0 0  
m V, so therefore, the 2- volt example 
given is not valid. 

In actuality, the detection band- 
width is 75.7416 percent, not 75 Hz, 
at 20 m VIRMS input, which indicates 
that the reader erroneously assumed 
the resultant of the above equation to 
be Hz since he indicated that the 
bandwidth was 75 Hz. The resultant 

and lock onto. At 20 mVIRMS, the 
detection bandwidth is 5 160.8795 
z ,  ? 5 Hz, and the greatest num- 
ber of cycles before output at 15,7416 
percent bandwidth is 28 Hz not 
300 tiz. 

Obviously, since bandwidth w111 
widen out between 20 rnVIRMS and 
the saturation point of 200 mVIRMS, 
an overlap will result between mark 
(2125 Hz! and space (2295 Uzl, and 
that is why in the PL L2 article it was 
necessary to slew [lie two FLLs cap- 
ture frequencies so as to make a 
"hole" between the two signals. The 
2-stage active filter also helped nar- 
row the response envelope to a more 
acceptable curve. 

Finally, I disagree that the 567 was 
never intended for FSK demodula- 
tion. I'm not alone. National Semi- 
conductor agrees with me on page 
9-40 of their Linear Data Book, where 
they list among other uses for the 567 
"wideband FSK demodula tion. " 

John Loughmiller, KB9AT 
Greenville, Indiana 

Yagis vs quads 
Dear HR: 

I imagine you have received a great 
deal of correspondence concerning 
NGNB's article in the May issue on 
the quad vs Yagi controversy. A t  the 
risk of adding to the bulk of mail you 
have already received, I would like to 
make some comments and offer a 
suggestion. 

NGNB developed an excellent arti- 
cle based upon his experiments using 
the two portable towers and a triband 
two-element Yagi as a reference. 
However, the methods used to pro- 
vide an accurate standard of compari- 
son were not developed in such a 
manner that would lead me to con- 
clude that a Yagi is better or worse 
than a quad. Since NGNB did not 
isolate and control his variables (such 
as boom spacing on the two-element 
quad) he really can't make an objec- 

of antenna feedlines for example, 
was not discussed, yet this variable 
can be of crirical importance i n  
evaluating any antenna array's per- 
formance. 

While Mr Overbeck has shed some 
light on the quad-Yag~ controversy, 
additional research is required before 
one can draw the conclusions devel- 
oped by NGNB. 

I would like to suggest that NGNB 
and his associates cont~nue these ex- 
periments using tighter controls on 
the experimental process wi th the 
objective of publishing a follow-on 
article; then we might be able to ob- 
jectively decide whether a quad is 
better or worse than a Yagi, and more 
importantly, under what conditions. 

Dr. Kenneth Jenkins, WBGMMV 
Portland State University 

Portland, Oregon 

Dear HR: 
As Dr. Jenkins points out, there is 

no question that ignoring feedline 
loss variables could invalidate com- 
para tive antenna gain measurements 
such as those reported in my article. 
However, that variable was consid- 
ered in all of m y tests. 

Since 1 had described my experi- 
mental procedures in an earlier article 
(which 1 footnoted), I did not repeat 
the full description in this particular 
article. I assumed that anyone wish- 
ing to critically analyze my proce- 
dures would read my previous article 
on the subject, 

Dr. Jenkins is correct in stating 
that 1 tested only one two-element 
quad design. It would be interesting 
to test other two-element quad de- 
signs, but 1 did test all of the most 
popular designs using three or more 
elements; reporting how those anten- 
nas fared in comparison to Yagis of 
similar size was the main point of the 
article. Dr. Jenkins has suggested no 
experimental errors that would invali- 
date those results. 

Wayne Overbeck, PhD, N6NB 
Malibu, California 
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:on 
Jim 

As i was tuning around 40-meters one evening ear!ier this fall, I overheard a contact between two 
old-time Amateurs who obviously felt that Amateur Radio just isn't as exciting, inviting, and mysteri- 
ous to  today's youth as it had been to them when they first got started back in the 1920s and 1930s. 
But just as the old timer of today would like to return to the homebuilt receivers and transmitters of 
his youth, the old timer of 1930 probably wished to return to the days of his beloved spark transmitter 
and galena detector - and the old timer of 2001 will no doubt reminisce about the "good ole days of 
1979." The cast of characters is different, but the basic argument never changes: "Modern tecilnol- 
ogy is ruining Amateur Radio." That kind of thinking is as old fashioned and out of place as a-m on 
20 meters; if anything, Amateur Radio offers more opportunities now than ever before, and the num- 
ber and variety of those opportunities increases with each major advance in technology. 

As just one example, consider the opportunities available through satellite communications. 
Rather than wishing for a return to the "good old days," we should appreciate the possibilities of 
intercontinental communications when we want it, rather than at the whim of the ionosphere. The 
Radio Amateur's traditional communications expertise, inquisitiveness, patience, and resourceful- 
ness must again come to the fore in the exciting field of satellite communications. 

Many old timers also worry that fewer and fewer amateurs now build their own equipment. 
Although the homebuilt receivers and transmitters of yesteryear have given way to vastly superior 
(and less expensive) commercial equipment, today's Radio Amateur is still building some of his own 
gear - speech processors, automatic SWR meters, digital dials, memory keyers - sophisticated 
accessories that weren't available ten years ago at any price! 

There are even those who complain that the thrill of working DX is gone - anybody with enough 
money and a big antenna can work all the DX he wants. That's always been true, so I guess what 
they're really saying is that DX is no longer the private province of a small, select group. With the 
proliferation of high-performance transceivers and high-gain antennas, the competition for rare DX is 
probably more intensive now than ever before. If that's not challenge enough, there's always the 
world of QRPp, now growing by leaps and bounds as experienced kilowatt-wielders leave their high- 
power linears to marshal four or five watts to chase DX around the world. 

Modern solid-state technology and manufacturing techniques have provided us with equipment 
which has fostered the Amateur spirit - perfecting the art of getting the message through in spite of 
conditions or power limitations. Rather than making more "appliance" operators, high quality com- 
mercial amateur equipment offers new challenges and opportunities for fun and training to help 
Radio Amateurs better serve the public interest. The sophisticated equipment now available also 
gives us all the ability, and indeed, the responsibility, to truly communicate with our fellow Radio 
Amateurs. And if that still isn't exciting, or challenging, or rewarding, or as new and vital as today, 
then I don't know what is. 

Jim Fisk, WIHR 
editor-in-chief 
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biquad band-reject filter 
Dear HR:  

The article on the biquad bandpass 
filter for CW in the June, 1979, ham 
radio (page 70) is very interesting; the 
biquad active filter is a very versatile 
circuit. With little modification i t  can 
be made into a highpass, lowpass, 
bandpass (as in the article) or band 
reject (notch) filter. The latter may be 
of great interest to CW fans who 
want to try to remove interference 
near a rare DX signal. The only modi- 
fications needed are a 1.5k resistor 
from the input to the second op-amp 
inverting input (pin 2) a 1.5k resistor 
from the input to the third op-amp in- 
verting input (pin 2) and R1 and R2 
must be the same value. This gives an 
out-of-band gain of 1. To vary the Q 
of the filter, both R1 and R2 must be 
adjusted. Note that R3 still sets the 
filter's center frequency. The only 
problem I've noticed in this circuit is 
that if R3 is too low, the circuit will 
oscillate. 

The depth of the notch depends 
upon how well resistors R1 and R2 
and the 1.5k resistors are matched. 
There is probably no point in being 
too fussy about this since most audio 
amplifiers generate some harmonic 
distortion, so no matter how deep the 
notch is, some of the harmonics will 
still come through. Using 10 per cent 
resistors for R1 and R2 I routinely 
get rejection notches of about 25 dB; 
3 dB bandwidths can be less than 
50 Hz. 

nts 
electronic paddle 
Dear HR: 

The "Simple Paddle for Electronic 
Keyers" in April, 1978, hami radio 
proved to  be a very timely article. One 
small point may help someone else 
building the paddie. i t  was a little 

SOLDER CONNECTOR 

difficult starting the nut on the screw 
inside the plug shell. However, if 
you solder the nut on a spade lug, the 
job becomes a snap. 

Edward Chromczak, WB2MGY 
Somerset, New Jersey 

anodizing aluminum 
Dear HR: 

The article on anodizing aluminum 
in the January, 1979, issue offers 
some interesting material. I t  also 
proffers some remarks which I feel 
need some clarification. The state- 
ment is made early in the article that 
the natural surface of aluminum 
breaks down, causing it to be unsuit- 
able for applications where a long- 
term, stable surface is needed. 

In contrast to this, let me quote a 
statement by the American Society 
for Metals:" "Aluminum, a member 
of Group Il l of the periodic table, is 
stable in air because of the presence 
of an extremely thin, but remarkably 
tight and adherent, transparent oxide 
film. Growth of this natural oxide film 
on aluminum is self-limiting." The 
two points of view seem to be widely 
divergent, to say the least. 

Other statements in the article refer 

to ". . . an otherwise easily corrodible 
metal." Now, all metals are corrodi- 
ble; in fact, stainless steel depends on 
a somewhat similar oxide film mecha- 
nism to achieve its corrosion resis- 
tance. L-ook around and you'll see 
bare aiuminum performing in such 
long-term applications as electric 
transmission lines, culverts, and 
many others. In most instances the 
metal chosen for these applications 
was aluminum because of its ability 
to resist corrosion. 

The photo on page 64 has a cap- 
tior; which speaks n!: ". . . ~1 carbon 
speck or other alloying constituent." 
Granted that the cause of such an 
anomaly is difficult to  ascertain since 
only the void exists, usually at the 
time of discovery. But a carbon-alloy- 
ing  const i tuent  i t  is not .  Over 
seventy-five commercial alloys are 
presently available in  the United 
States, and carbon is not recognized 
as an alloying agent in one of them. 

On page 66, the author says: "The 
cathode must  be constructed of 
lead." Cathode materials may be of 
aluminum, stainless steel, or lead. 
Some precautions must be considered 
in the way of cathode placement, but 
there's a choice of materials to use. 

Furthermore, I could not reconcile 
the current density quoted with that 
employed by commercial anodizers in 
this country. Most H2S04 (sulfuric 
acid) anodizing in the U.S. is done at 
12 amperes per square foot. Small 
pieces may be calculated at 0.0833 
amperes per square inch but in either 
case keep in mind that both sides of 
the piece are treated at the same 
time. Thus one square foot of sheet 
metal will represent two square feel 
of anodizing surface when calculating 
current density. 

Even thickness should be con 
sidered, since it's easy to see that 2 

panel 6 x 12 x 1/16 inch thick wil 
have 2.25 square inches of surfacf 
area exposed to the bath along thf 
edges alone. Total surface area then i! 

2(L x W) + t(2L + 2W) 

Dwight Si~lerr  KB3EH *,,urninurn, volume I ,  page 22, American Society 

Pittsburgh, Pennsylvania forMetals. (Continued on page 811 
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how to design 
broadband jfet amplifiers 

to provide 
top performance 

from VLF 
to over 100 MHz 

A discussion of 
broadband jfet 

amplifier design, 
with special emphasis 

on IMD performance 
and matching 

Broadband rf amplifiers are becoming increasingly 
useful in hf/vhf receiving applications. A modern 
wideband upconverting high-frequency receiver, for 
example, often employs a broadband rf amplifier as 
the first active stage. The rf stage improves the 
receiver noise figure and reduces undesirable LO-to- 
antenna conduction. Broadband amplifiers are also 
useful in a wide variety of other Amateur applications 
ranging from antenna preamplifiers to home-con- 
structed test equipment. This article deals with some 
of the considerations involved in the design and con- 
struction of broadband jfet rf amplifiers. The circuits 
presented can be easily duplicated with readily 
obtainable components. 

Other than to provide selectivity, a broadband rf 
amplifier must do everything that a narrowband 
amplifier does. Thus gain, noise figure, stability, and 
most other parameters must be comparable. There 
is, however, a major additional requirement. Since 
the broadband amplifier responds to signals over a 
very wide bandwidth, it is important that the ampli- 
fier have exceptionally high resistance to overload 
and intermodulation distortion (IMD). 

With respect to overload, there are potentially 
many more signals over the larger bandwidth (in 
comparison with a narrowband amplifier) that might 
drive the amplifier into its gain compression (over- 
load) region. With respect to IMD, there are many 
more combinations of frequencies at which these 
strong signals can cause the amplifier to produce 
intermodulation products that could interfere with 

By Alex Burwasser, NGDC, 5022 Artesian 
Street, San Diego, California 921 17 
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signals we are trying to receive. The intermodulation 
problem is compounded by the fact that unlike the 
narrowband amplifier, which is vulnerable only to 
odd-order IMD, both odd- and even-order IMD can 
produce interfering intermodulation products in the 
broadband amplifier. The narrowband amplifier is 
relatively immune to second-order IMD because its 
bandwidth is much less than an octave. Within this 
sub-octave bandwidth, there is no combination of 
frequencies at which in-band signals can produce 
second-order intermodulation products that also fall 
in-band (that is, second-order intermodulation prod- 
ucts that are capable of interfering with in-band sig- 
nals we might be trying to receive).l,2 

Thus, in broadband receivers, it is very important 
to employ rf amplifiers that have extremely high 
resistance to both odd- and even-order IMD. These 
same considerations also apply to mixers. 

broadband jfet amplifier 
When considering an active device to be employed 

as a broadband amplifier, you must look for certain 
qualities. High transconductance is desirable. Input, 
output, and feedback capacitances should be low. 
The device should exhibit good noise performance 
and high signal handling capability. 

High-quality jfets satisfy all of these requirements 
(with the exception of low feedback capacitance) 

A 
VSr 

A 
V d d  

/i+ 

fig. 1. Schematic diagram of the simplified grounded-gate 
jfet amplifier. 

reasonably well. By operating a jfet in the grounded- 
gate configuration, you can effectively reduce its 
otherwise high feedback capacitance to a very low 
level. Earlier, I mentioned that one of the desirable 
features of rf amplifiers in receivers is reverse isola- 
tion, or more specifically, the amplifier's ability to 
attenuate LO energy from the mixer to the antenna. 
The grounded-gate/base/grid configuration yields 
the best reverse isolation of any of the three possible 
amplifier configurations. 

A simplified circuit of a grounded-gate jfet ampli- 
fier is shown in fig. 1. You can gain some insight into 
the operation of this circuit by applying some funda- 
mental (and somewhat simplified) relationships. A 
more general and rigorous presentation of these rela- 
tionships may be found in reference 3. The first rela- 

tionship defines the input impedance of the amplifier. 
Disregarding the imaginary (reactive) component, 
the approximate input impedance is given by the 
expression: 

where Rin is the real component of the input impe- 
dance and Gm is the device transconductance. A 
grounded-gate jfet with a transconductance of 
10,000 micromhos, for example, would have an ap- 
proximate input impedance of 100 ohms. 

The second relationship defines the voltage gain of 
the amplifier. This relationship is: 

where A, is the voltage gain 

G ,  is the device transconductance 

RL is the load resistance 

Rearranging eq. 1 to solve for G, produces: 

and substituting this expression of G, into eq. 2 pro- 
duces: 

That is, the approximate voltage gain is simply the 
ratio of the load resistance to the device input 
impedance. 

Referring back to fig. 1, observe that the driving 
source, the jfet, and the load are all in series. Disre- 
garding the input and output capacitances for the 
moment, it is evident then that the current gain, Ai, 
of this amplifier must be equal to unity because the 
current in a series circuit is everywhere the same. 
Power gain, Ap, is given by the expression 

A* = A, X Ai ( 5 )  

Since Ai equals unity in a grounded-gate jfet ampli- 
fier, then 

In other words, the power gain equals the voltage 
gain. 

It would seem then that to obtain high power gain 
out of this amplifier, all that is necessary is to make 
RL large. This is true up to a point, but even if you 
disregard the inherent output conductance of the jfet 
(which could be represented as an equivalent con- 
ductance from the drain to the source), you would 
find that C,,, (the jfet output capacitance) would 
limit the output impedance and device gain at high 
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frequencies. Assuming a constant transconductance 
over the frequency range of interest, and disregard- 
ing C,,, 

where fjdB is the high-end frequency at which the 
amplifier gain is 3 dB down from its low frequency 
value. 

To obtain the widest bandwidth, then, eq. 7 indi- 
cates that you should employ a jfet with a very low 
output capacitance driving a low value of RL. You 
can arbitrarily select a low value for RL, but to main- 
tain high power gain. eq. 4 says that you will need a 
low value of R,, (the jfet input impedance). How- 
ever, since R,, = I / G ,  from eq, l ;  this is actually 
just another way of saying that you need a jfet with 
high transconductance. 

Given the above, it is evident that a useful figure of 
merit for a jfet in broadband operation is the ratio of 
device transconductance to output capacitance. A 
jfet with an exceptionally high transconductance to 
output capacitance ratio is the Siliconix U310.4 

U310s are rather expensive, but a plastic economy 
version (the J310) is also available with performance 
characteristics that are substantially the same. The 
J310 is manufactured by Siliconix and National 
Semiconductor. Siliconix also offers a matched pair 
of J310-type jfets in an epoxy package. This device is 
the E430. 

By the time this article is published, the E430, in all 
probability will have been phased out in favor of the 
U430. The U430 will employ the same chip geometry 
as the E430, but will use an &pin metal package simi- 
lar to the TO-5 package. 

The J310 is described in the Siliconix FET Data 
Books as a low-noise, wide-dynamic-range device 
capable of high power gain at frequencies up to at 
least 450 MHz. The typical transconductance is listed 
at 12,000 micromhos at a drain current of 10 mA. The 
amplifiers presented in this article employ J310s and 
E430s. 

The input impedance of a J310 or €430 grounded- 
gate amplifier can be made close enough to 50 ohms 
so that a reasonable input VSWR can be achieved 
without any matching network. The signal can simply 
be capacitively coupled to the jfet source. The disad- 
vantage of this convenient technique is that the input 
impedance may not be optimum for best noise 
figure. 

As previously mentioned, the load impedance (RL) 
must be high compared with the jfet input impe- 
dance to obtain high power gain. Since the required 
value of RL is much higher than the assumed %-ohm 
load the amplifier is ultimately driving, broadband 
autotransformers can be employed to convert the 50- 

ohm load impedance to the higher level of RL 
required to achieve reasonable gain in the jfet ampli- 
fier. Fifty ohms is selected as the desired ultimate 
load impedance since this is the nominal impedance 
level of most broadband mixers that might follow the 
amplifier. 

jfet biasing 
In biasing a jfet, there are three general require- 

ments. The first is that the jfet maintain the desired 
bias current level over the anticipated temperature 
range. The second requirement is that the biasing cir- 
cuit should not be device-sensitive. That is, if you 
design an amplifier employing a J310 biased at 18 
mA of drain current, this d r a i ~  current should be 
close to 18 mA for any J310. The third requirement is 
that the bias current sh~ i i l d  be insensitive to changes 
in supply voltages. 

The first requirement is not too difficult to meet. 
Even with a poor biasing circuit, the bias current will 
remain fairly constant over a reasonably wide tem- 
perature range. 

The second requirement can be relaxed somewhat 
where repeatability isn't so important. Since Ama- 
teur home projects are usually built in very small 
quantities, there is no particular problem with using 
pot or selecting resistors to achieve the desired bias 
current (especially if doing so permits the use of sim- 
pler circuitry or reduces power consumption). 

The third requirement is also easy to meet. If the 
jfet is operated from a single supply voltage (Vdd), 
the inherent constant-current characteristics of the 
jfet will automatically stabilize the bias current, pro- 
vided that the drain-to-source voltage is at least 6 
volts or so (depending upon the particular jfet). If the 
jfet is supplied by both positive and negative voltages 
(Vdd and V,,, respectively), the bias current may be 
somewhat sensitive to changes in Vs,. However, the 
situations where dual supply voltages are available 
will also be the situations where these supplies are 
most likely to be regulated. 

+ Vdd 

fig. 2. Diagrams of the three jfet biasing configurations with 
only the relevant dc circuitry shown. Schematic [A) shows 
the simplest. and poorest, configuration. The circuit is very 
device-sensitive, in that it is necessary to select the bias 
resistor for the desired current. Diagram (B)  illustrates the 
use of a constant-current source to bias the jfet. The best 
overall compromise is shown in ( C ) ,  where a negative volt- 
age and large-value resistor act as a pseudo constant-cur- 
rent source. 

14 november 1979 



FROM 

Fig. 2 illustrates three commonly used jfet biasing LOAD 

circuits. For simplicity, only the relevant dc circuitry 
is shown. Fig. 2A shows the most commonly used 
(and poorest) jfet biasing configuration. Although its 
performance over a temperature range is adequate in R i  

6 8 0  - 
most cases, it tends to be very device-sensitive. I t  is 1 * 112 

therefore necessary to  select the resistor (or make it 
variable) to secure the desired bias current. On the 
plus side, overall power consumption is lower than 
that of the other two configurations and no negative 
supply is required. In fig. 28, the jfet is biased by a 
constant-current source. If the constant-current 
source (usually a bipolar transistor with a tempera- 
ture compensating diode) is temperature stable, this 
biasing scheme is nearly impervious to temperature, 
device, and supply voltage variations, and is thus an 
excellent biasing configuration. 

A compromise configuration is shown in fig. 2C. 
This circuit is very similar to that of fig. 2A except 
that the resistor is larger and is returned to a negative 
supply. The negative voltage and large resistance act 
as a pseudo constant-current source. The larger 
value of the resistor and the magnitude of Vss, the 
closer this biasing circuit comes to approximating a 
true constant-current source. If the negative voltage 
supply is available, this circuit offers the best per- 
formance for the number of components required. 
Temperature stability is very good, and the circuit is 
reasonably insensitive to  device variations. As a 
brute-force test, this circuit was constructed with a 
J310 biased at a nominal current level of 18 mA using 

I 
25 5 0  75 100 

FREOUENCY -MHz 

fig. 3. Schematic diagram of the basic broadband jfet ampli- 
fier. R1 sets lo a t  18 mA.  (B) shows the frequency response 
of this basic amplifier. 

cle). The peaking inductor extends the frequency 
response. Fig. 38  shows the frequency response 
when Lt is set for optimum gain flatness with respect 
to frequency. The setting of L1 is not particularly crit- 
ical, although it does substantially affect the high- 
end frequency response. Other performance charac- 
teristics are as follows: 

1 dB gain compression level + 13 dBm 
2nd-order intercept point + 28 dBm 
3rd-order intercept point +22 dBm 

f 12 volt supplies. Ten different J310s were tried in 30-MHZ noise figure 4.5 dB 

the circuit. The measured bias currents were all well inpucvsw~ 1.3:l from 1.8-100 MHz 

within a 10 per cent window. Heating the devices for reverse isolation 38 dB or better to 30 MHz; 
25 dB or better to200 MHz 

10 seconds by applying a 25-watt soldering iron 
of less than 10 per cent. Similarly, chilling the devices 
with an aerosol spray coolant for a period of 10 sec- 
onds also resulted in a bias current change of less 
than 10 per cent. 

Although the amplifiers described in this article all 
employ the biasing configuration of fig. 2C, substan- 
any of these bias configurations. More detailed infor- 
mation on the subject of jfet biasing can be found in 
reference (3). 

basic jfet broadband amplifier 
Fig. 3A shows a simple broadband amplifier. 

Although this circuit is presented primarily for pur- 
poses of illustration, it nonetheless has many practi- 
cal applications. The circuit is a grounded-gate jfet 
amplifier employing a single J310 biased at 18 mA of 
drain current. The output employs a peaking induc- 
tor and a 4: 1 bifilardwound auto-transformer (detail- 
ed winding information is presented later in this arti- 

The intermodulation and overload specifications 
for all amplifiers presented in this article are referenced 
to the amplifier input. The + 13 dBm specification for 
the 1 dB gain compression level, for example, is the 
input (rather than output) level at which 1 dB of gain 
compression occurs. When evaluating the intermod- 
ulation and overload performance of a device, it's 
very important to know whether the specifications 
are referenced to the input or output. Unfortunately, 
many manufacturers specify their devices without 
providing information as to whether the specification 
ferred method is to reference the specification to the 
input. 

The output referenced specification is simply the 
input referenced specification plus the device gain. 
For example, an amplifier having an input referenced 
3rd-order intercept point of +20 dBm and a gain of 
10 dB has an output referenced 3rd-order intercept 
point of + 30 dBm. 
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Some clarification is in order concerning this low output VSWR is important, refer to the circuits of 
amplifier. First, the good input VSWR trades off fig. 6 or 7. All the other circuits in this article have a 
against optimum noise figure. With a 1: 1 input VSWR high output impedance. Finally, the gain of this 

amplifier is load-sensitive; that is, if the actual value 
* B O T H  S E C T  nhS P A R A L . E L E ~  of RL is greater than 50 ohms, amplifier gain will be 

7 - 
v d w  higher. Load impedances other than 51) ohms will 

0 ;  

" - j ,  50n 5 OR also require that the value of L1 be changed for flat- 
SOURCE L O A D  test frequency response. If the amplifier is to be used 

- 8  only below 30 MHz,  however* 1 ? may be omitted en- 
- 1. 3 4 - 4  Ph tirely. Ampiifier gain may vary somewhat depend- 

ing upon the characteristics of the particular J310 
employed. If a negative supply is not available, return 

+ I P  R 1  to ground (instead of - 12 volts) and select (or 

0 adjust) R7's value for 18 mA of drain current. 

improved jfet broadband amplifier 

I 

0 
25 50 75 1 0 0  

FREQUENCY - M H l  

fig. 4. Diagram of the improved broadband jfet amplifier 
wi th improved gain, lower noise figure, and better IMD per- 
formance. The higher transconductance from the paralleled 
fets results in a higher gain and better input noise match. 
Graph (B) shows the overall frequency response of this 
improved amplifier. 

you would have "power match" and best amplifier 
gain. However, the noise figure in this case could be 
no better than 3 dB. "Noise match" (optimum drive 
source impedance for best noise figure) occurs when 
the driving impedance is considerably higher than the 
amplifier input impedance. The second point is that 
although you can specify a %-ohm output load, the 
actual output impedance of this amplifier is much 
higher than 50 ohms (the jfet output is essentially a 
high-impedance current source). This fact is very im- 
portant if a filter must follow the amplifier. Where 

* B O T H  
SECT10115 - ' 2  

PARALLELED 0 

The amplifier shown in fig. 4A is very similar to the 
one just described, but with higher gain, a lower 
noise figure, and superior IMD performance. Fig. 4B 
shows typical amplifier gain as a function of frequen- 
cy. Other performance characteristics are as follows: 

1 dB gain compression level + 14 dBm 
2nd-order intercept point + 38 dBm 
3rd-order intercept point + 29 dBm 
30-MHz noise figure <2.5 dB 
input VSWR 1.8:l from 1.8-200 MHz 
reverse isolation 36 dB or better to 30 MHz 

30 dB or better to 175 MHz 

This amplifier employs the E430 dual jfet as the 
active device, with individual sections connected 
directly in parallel (source 1 tied to source 2, gate 1 
tied to gate 2, and drain 1 tied to drain 2) to achieve 
an equivalent ultra-high transconductance jfet. The 
higher transconductance ( -36,000 micromhos) 
accounts for the higher gain of this amplifier as com- 
pared with that of fig. 3. This higher conductance 
also causes the input impedance to drop to approxi- 
mately 28 ohms, which accounts for the 1.8: 1 input 
VSWR. Although you no longer have an optimum 
input power match you're now much closer to an op- 
timum input noise match, which accounts for the im- 
proved noise figure. As far as improved IMD per- 
formance is concerned, the easiest way to rationalize 

LOAD 

fig. 5.  Schematic of a jfet amplifier which exhibits approximately 12 dB gain, though with a narrower bandwidth. In this case, 
the bandwidth has been sacrificed to produce the higher gain. A plot of the gain vsfrequency is shown in (B). 
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that is to simply say that two devices are carrying the 
load instead of just one (keeping in mind that you 
now effectively have two J310s in parallel). 

The same considerations with regard to load sensi- 
tivity, device variations, and output VSWR are equal- 

fig. 6. Schematic of a broadband 50-ohm driver where the 
output impedance is set t o  50 ohms. i n  this case, the 220- 
ohm resistor loads the collector, leading to  the 50-ohm out- 
put  through the transformer. Gain in  this example is approx- 
imately unity. 

ly applicable to this amplifier as to the one in fig. 3. 
Again, for operation below 30 MHz, peaking inductor 
L1 may be omitted. Since the E430 gets quite warm 
with 34 rnA of drain current, it would probably be a 
good idea to use a heatsink. TI is the same 4:1 bifilar- 
wound transformer as the one shown in fig. 3. 

higher-gain 
jfet broadband amplifier 

From eq. 4, you know that amplifier gain can be 
increased by raising the effective drain load impe- 
dance as seen by the jfet. Therefore, if you replace 
the 4:l autotransformer of fig. 4A with a 9:1 auto- 
transformer, gain should increase. Eq. 7 ,  however, 
tells you that this will also decrease the bandwidth. 
Since the amplifier of fig. 4A has a bandwidth in 
excess of 100 MHz, you probably can trade off some 
of this bandwidth for higher gain in many applica- 
tions. Fig. 5A shows the circuit for such an amplifier. 
Fig. 5 8  shows the gain as a function of frequency. 
As predicted, gain has increased at the expense of 
bandwidth. Other performance characteristics are as 
follows: 

1 dB gain compression level + 10 dBm 
2nd-order intercept point + 36 dBm 
3rd-order intercept point + 24 dBm 
30-MHz noise figure <2.5 dB 
input VSWR 1.6:l from 1.8-100 MHz 
reverse isolation 34 dB or better to 100 MHz 

Winding details of the 9:1 autotransformer are pre- 
sented later in this article. L1 cannot be omitted from 
this circuit for high-frequency operation unless sub- 
stantial gain roll off (2-3 dB at 30 MHz) can be 
tolerated. 

jfet broadband drivers 
There may be occasions where a better-defined 

amplifier output impedance is required. Fig. 6 illus- 
trates a broadband driver circuit designed to present 
nominal 50-ohm impedances to both the source and 
load. Since this driver produces somewhat less than 
unity gain, it is intended only to follow one of the pre- 
viously discussed amplifiers rather than to stand 
alone. The circuit is nearly identical to the "basic" 
jfet broadband amplifier of fig. 3. Notice, however, 
that the drain is ac loaded by a 220-ohm resistor to 
establish the amplifier output impedance (at the 
autotransformer output) near 33 ohms. This reduces 
the gain for two reasons. First, you have lowered the 
impedance as seen by the J310 drain by a factor of 
two, thus reducing voltage and power gain by the 
same factor. Additionally, half the output power is 
now consumed in the 220-ohm resistor. Thus, the 
power available to the load is cut by a total factor of 
4, or 6 dB. The measured gain of this amplifier is - 1 
to - 2  dB from 1.8 to 100 MHz, or 6 to 7 dB lower 
than that of the "basic" jfet broadband amplifier of 
fig. 3. Other performance characteristics are as 
follows: 

1 dB gain compression level + 13 dBm 
2nd-order intercept point i 36 dBm 
3rd-order intercept point + 24 dBm 
30-MHz noise figure 4-5 dB (estimated) 
input VSWR 1.3:1 from 1.8-100 MHz 
output VSWR 1.3: 1 from 1.8-100 MHz 
reverse isolation 35 dB or better to 100 MHz 

Fig. 7 shows another broadband driver circuit 

fig. 7. Schematic diagram of another broadband 50-ohm 
driver which has the input impedance matched by the 9:4 
transformer. The gain, in  this case, is 1-2 dB. 

which provides some gain rather than loss. It is very 
similar to the "improved" jfet broadband amplifier of 
fig. 4A. Again, the drain is ac loaded by a 220-ohm 
resistor to establish the amplifier output impedance. 
Also, the input signal is impedance matched to the 
jfet source through a 9:4 autotransformer. This trans- 
former is wound identically to the 9: l  autotrans- 
former employed in the "higher gain" jfet broadband 
amplifier of fig. 5A, but is turned "upside-down" to 
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provide a 9:4 impedance ratio. The gain of this ampli- series-aiding (see fig. 8B). If the input signal and 
fier is 1-2 dB from 1.8-100 MHz. Other performance ground connections are reversed, the 9:l  autotrans- 
characteristics are as follows: former then becomes a 9:4 autotransformer. 

1 dB gain compression level + 14 dBm 
2nd-order intercept point + 30 dBm 
3rd-order intercept point + 29 dBm 
30-MHz noise figure 4-5 dB (estimated) 
input VSWR 1.3:1 to30MHz 

1.8:l to 100 MHz 
nutpu? VSWR 1.3:l to30 MHz 

7.6: 1 to 100 MHz 
reverse isolation 40 dB or better to 100 MHz 

In both driver circuits, it is important to connect 
the 220-ohm resistor as closely as possible to the jfet 
drain with very short lead lengths. If this is not done, 
oscillations may occur. 

winding the autotransformers 
The 4:l autotransformer consists of five turns of 

bifilar-wound wire on a single-hole ferrite bead. The 
bifilar wire is made by paralleling and twisting 
together two dissimilar colored (red and green, for 
example) of strands of no. 32 AWG (0.2-mm) mag- 
net wire. This is easily done by attaching one end of 
the paralleled wires in a vice and placing the other 
end in the chuck of a portable power drill. Maintain- 
ing suitable tension on the wires, turn on the drill 
until the wires have twisted together. Four twists per 
centimeter ( I 0  twists/inch) is suitable, but this is not 
at all critical. The only real requirement is that there 
be enough twists to prevent unraveling but not so 
many as to cause kinking. The ferrite bead is an FB 
43-801. To wind the transformer, wind the bifilar wire 
through the bead five times, keeping the winding 
tight to the core. This will result in four strands of 
bifilar wire against the outside of the bead. Cut off 
the excess wire, leaving 2-3 cm (approximately 1 
inch) or so at each end. Untwist the two ends and 
bend the green wire of either end and the red wire of 
the other end toward each other until they meet half- 
way along the outside wall of the bead, completing 
the fifth turn. Tin and twist these wires together. 
Similarly, tin the remaining red and green wire ends. 
The net result is that the red and green wires are con- 
nected series-aiding, with their junction being the 
autotransformer center tap. This 2: 1 turns ratio yields 
a 4:l  impedance ratio. Fig. 8A shows an outline 
drawing of the completed autotransformer along 
with the corresponding schematic representation. 

The 9: l  autotransformer is constructed on the 
same tvDe of ferrite bead as the 4:l  autotransformer, 

A, \""EL+ 

TWIST AND SOLDER 

GOLD 

lRfl CREE" 
RED/ GOLD/ 
GOLD GREEN 

\ 
 TWIST AND SOLDER 

fig. 8. Winding information for the 4:l and 9:l transformers. 
Each transformer uses a ferrite bead, FB 43-801, as the core. 

Although the FB 43-801 beads are satisfactory in 
broadband autotransformer applications, they were 
selected primarily on the basis of their availability to 
Amateurs rather than for optimum performance. 
Two-hole balun cores seem to perform somewhat 
better. 

The FB 43-801 beads may also be used to con- 
struct the rf chokes. The 100-pH rf chokes used in 
the broadband amplifiers may be constructed by win- 
ding nine turns of no. 28 AWG (0.3-mm) wire 
through the beads. 

measurement procedures 
Swept gain, VSWR, and reverse isolation measure- 

ments were made using a Wiltron Model 640 RF anal- 
yzer. Noise-figure measurements were made using a 
calibrated temperature-limited diode-noise genera- 
tor, a 6-dB pad, a broadband Avantek amplifier, a 
Heath SB-303 receiver, and an RMS ac VTVM as 
shown in fig. 9A. The noise factor of the padlampli- 
fierlreceiver combination was first measured. The 
jfet amplifier under test was then inserted between 
the noise generator and the 6-dB pad, after which 
the overall system noise factor was measured. The 
noise factor of the jfet amplifier alone was then cal- 
culated using the well-known gain-noise factor equa- 
tion in rearranged form: 

but is Gbund with no. 32 AWG (0.2-mm) trifilar wire. 
The trifilar wire consists of three colored strands, Fz- 1 

F1 = FT- ---- 
GI 

(8) 
(red, gold, and green, for example) of no. 32 AWG 
(0.2-mrn) wire twisted together in the same manner where Fl is the noise factor of the jfet amplifier 
as the bifilar wire. Wind five turns of the trifilar wire F2 is the noise factor of the pad/ampli- 
through the ferrite bead and connect the wires fierlreceiver combination 
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summary and conclusion 

V T V M  

30 MHz AMPLIF IER 
SUMMING 

JUNCTION 

fig. 9. Test setup for the noise-figure and IMD measure- 
ments. 

GI is the power gain factor of the jfet 
amplifier 

FT is the overall system noise factor 
The noisefigure is then simply 10 loglo noisefactor. 

Gain compression level measurements were made 
with an HP-86MB signal generator and an HP-8558B 
spectrum analyzer, Intercept point measurements 
were conducted using two HP-8645B signal genera- 
tors, a 3-dB hybrid junction, a 30-MHz lowpass filter, 
and an HP-8558B spectrum analyzer. Fig. 9B shows 
the test setup. Second-order intercept point meas- 
urements were made by first setting the signal gener- 
ator outputs to + 3.5 dBm (or 0 dBm input to the 
amplifier after accounting for the 3.5-dB loss at the 
hybrid junction) at frequencies of 14 and 15 MHz. 
The difference in amplitude between the 14/15 MHz 
signal levelsand the 29-MHz sum product as observed 
on the spectrum analyzer was then added to the 0 
dBm 14/15 MHz amplifier input signal level to com- 
pute the sum product second-order intercept point. 
The signal generators were then tuned to 27/30 
MHz, and the second-order intercept point was again 
calculated, this time for the 3-MHz difference prod- 
uct. The amplifier second-order intercept point (ref- 
erenced to the amplifier input) was then taken as the 
lesser of the two measurements. 

Third-order intercept measurements were accom- 
plished by again setting the signal generators to 
14/15 MHz at 0 dBm input levels to the amplifier 
under test. Third-order intermodulation products 
appeared at 13 and 16 MHz. The difference in ampli- 
tude between the 14/15 MHz signals and the greater 
of the intermodulation products was divided by two 
and added to 0 dBm to arrive at the third-order inter- 
cept point (referenced to the amplifier input). 

Broadband amplifiers for receiving applications 
require superior odd- and even-order intermadulation 
performance due to their greater bandwidths. Jfets 
make excellent low-noise broadband amplifiers in the 
high frequency and low vhf range, providing moder- 
ate gain and unsurpassed third-order intermodulation 
performance for the amount of current drawn. Sec- 
ond-order intermodulation performance is good, but 
may not be as good as that of certain bipolar transis- 
tors, particularly when these bipolar transistors are 
connected in push-pull.6 

Other devices for consideration as low-noise 
broadbaad high-intercept point amplifiers include the 
Siliconix VMOS7 and the Signetics DMOS fets.8 The 
VMOS fets are capable of performance superior to 
that of E430s in terms of gain, bandwidth, and 
dynamic range. To secure maximum gain and lineari- 
ty, however, it is necessary to run hundreds of milli- 
amperes of current through the device, impractical 
for most receiving applications. A test of a Siliconix 
VN33AK VMOS fet at 50 mA of drain current (in the 
device square-law region) resulted in significantly 
poorer bandwidth and dynamic range than that of an 
E430 running at 34 mA. A test of the Signetics 
SD202 DMOS fet at 20 mA of drain current resulted in 
a gain somewhat greater than that of a J310 and a 
third-order intercept point comparable to that of an 
E430. The extremely low output capacitance of the 
SD202 resulted in improved bandwidth as well. 

Both VMOS and DMOS fets characterized for rf 
applications are still rather expensive, but both tech- 
nologies are rapidly advancing in terms of perform- 
ance and man, Facturability. As a result, prices are 
certain'to come down while performance improves 
(some Siliconix VMOS fets characterized for switch- 
ing applications already seii for under one dollar in 
large quantities). In the months ahead, we undoubt- 
edly can look forward to exciting developments in 
both of these expanding technologies. 
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the Hallicrafters story 

A fascinating account 
of one of Amateur 

Radio's great names. 
How it grew, 

what it produced, 
and its demise in 

today's Amateur market. 
But is 

Hallicrafters really dead? 
Of course not 

prologue 
The unmarked car pulled up in front of the small 
factory. It was a sultry, humid day in Chicago in 
August of 1941. The driver got out of the vehicle and 
strode purposefully into the office of the little com- 
pany. He displayed his credentials and, after a short 
pause, was ushered into the office of the president. 

The president, young Bill Halligan (WSWZE, now 
WSAC), greeted his visitor and quickly found what 
was wanted. 

"Mr. Halligan," the visitor said in self-assured 
voice, "we need an HT-4 transmitter." 

Bill Halligan shook his head. "I'm sorry, we 
haven't one in the place. And we don't even have 
one in production now." 

The visitor looked around the office and glanced 

out the door to the small production line. 
"How about a used one, or one that you keep for 

test purposes?" 
"None available at all, sorry." 
The visitor leaned forward across Bill's desk. "Do 

any of your dealers have one? I mean anywhere in 
the U.S.? How about sending some telegrams?" 

Bill Halligan produced a wad of letters and tele- 
grams from his desk. "It's the other way around," he 
replied. "They're all cleaned out and are asking for 
more HT-4 transmitters." 

"YOU don't seem to understand," said the visitor. 
"This is important and urgent. We must have a trans- 
mitter. At once. It is of the highest priority!" 

Bill sighed. "Well, how about my HT-4 transmit- 
ter? It's at home in my shack . . ." 

The transmitter was immediately brought to the 
factory, an old red brick building on Indiana Avenue. 
That weekend Bill and an engineer went over the 
HT-4, checking it out, and on Sunday an Army 
bomber roared away from Chicago Municipal airport 
with W9WZE's supreme sacrifice aboard - his own 
personal HT-4 transmitter. Not even the persistent, 
close-lipped visitor knew of its ultimate destination, 
but it was bound for a rendezvous with history (see 
epilogue). 

Bill Halligan received an early start in the world of 
wireless. As a high-school student before World War 

I I, his homemade spark transmitter cut a broad swath 
in the 200-meter band, causing great anguish to the 1 Navy radio operators in the Boston area. And after 
marine and Navy radio work in the Great War, he 
immediately went into radio as a profession in the 
Boston/New York area. But by 1931 he was a manu- 
facturer's agent in Chicago, just in time for the 
depths of the depression. It was a challenging time 
for an energetic fellow who wanted to build high- 
quality ham equipment - something he'd never 
done but always wanted to do. Perhaps now was the 
time. What did he have to lose? 

By William I. Orr, WGSAI, 48 Campbell Lane, 
Menlo Park, California 94025 
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Schematic of the Super-skyrider. the first Hallicrafters short-wave superheterodyne receiver. 

"l've just the name for you," said Lloyd Back, 
Bill's good friend in a local advertising agency. "Why 
don't you call your new company The Hallicrafters? I 
got the idea from an outfit called the Roycrafters, a 
printing company in New York that produces fine 
printing under the leadership of Elbert Hubbard. 
You'll be the artisans of the new science of radio 
communications. How do you like that?" 

the coveted RCA license 
The whole idea caught fire like wet leaves. It was 

1933, and hams were broke too. No one seemed 
interested in the simple Sky Rider receiver that Bill 
had designed. Another serious problem was also at 
hand: The little company was unable to secure a 
license to manufacture sets under patents held by 
the Radio Corporation of America. RCA was virtually 
a patent pool, holding patents on almost every basic 
radio circuit that existed. True, a licensing system 
existed for those well-heeled outfits that could pay 
the price. But it was too high for Hallicrafters. The 
company went into low gear, and Bill Halligan had to 
go to Silver-Marshall Company - a licensed compet- 
itor - to produce sets of his own design. 

It was a tough road. Bill would take a briefcase full 
of wiring diagrams, drawings, and photographs to 
ham dealers and secure orders for nonexistant 
receivers. When he had 50 or 100 orders, he'd depos- 
it the orders with Silver-Marshall and the sets would 
be produced - for cash only. 

"l've got to get an RCA license of my own," Bill 
told his wife. He knew that security and a future 
depended upon an RCA license. And he was going to 
get one. 

harsh days in Chicago 
Difficult days were ahead for Bill Halligan. He final- 

ly heard of a new, ultra-modern radio factory in 

Marion, Indiana, which was closing for lack of busi- 
ness. It had an RCA license! Hurrying to Marion, he 
sold the Hallicrafters' idea to the owner. Shortly 
thereafter the Hallicrafters' name appeared above the 
factory entrance. But the two partners lacked the 
money to produce anything, and the grim specter of 
bankruptcy loomed on the horizon. Both partners 
were deep in debt. Bill now had the RCA license, but 
he could do nothing with it! 

By one of those fascinating turns of fate, Bill Hali- 
gan chanced to meet Ray Durst. Ray was the credit 
manager for the Ecophone Company in Chicago, 
which has a large account with the plant in Marion. 
Ray felt that if he could collect the debt Marion owed 
to Ecophone, he might not be fired by that company. 

Bill and Ray got together to see if they could solve 
their immediate problems. The upshot of these dis- 
cussions was that Bill and his partner agreed to  dis- 

The Hallicrafters HT-4 transmitter. 
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HALLICRAFTERS BC-610 Xmtr 
450 WATTS C.W. 

325 WATTS PHONE 

now available to the amateur! 

NET PRiCE complete.. . . .  . . .  f500.00 

This high-power transmitter, famed for 
its performance in the SCR-299 mobile 
radio station, is ready now for YOU. 
Includes all regular features of the 
familiar HT-4E . . . plus hattle-tected 
iniprovenients that niake it better than 
ever. Furnished coniplete with speech 
amplifier, tubes, 3 sets of coils (1 .5  to 
18 mc.), and simple modification instruc- 
tions for operation on 10 meters. Like 
new - used only slighrlr. Full! 
guaranteed 

The BC-610 was a three-stage transmitter using plug-in 
coils. Tube line up was: 6V6 crystal oscillator, parallel 807s 
buffer, and 250TH final amplifier. The modulator used p-p 
100THs. A separate speech amplifier and antenna tuner 
were a part of the transmitter package. Pre-war ham price 
was about $750. Post-war surplus price was $500. The 
BC-610 was a popular ham transmitter up to 1948 when it 
was killed off because of excessive TVI. Tuning units and 
coils for this famous transmitter are occasionally found on 
the surplus market today. 

solve their contract. Bill and Ray then went to  
Chicago. There Bill met Clem Wade, the inventor of 
the Eskimo Pie ice cream stick and sole owner of the 
Ecophone Company's equally frozen assets. Would it 
be possible that some kind of agreement could be 
reached whereby Bill could make use of the facilities 

ations, and expensive paperwork, Bill Halligan and 
Ray Durst emerged with a company. Now, perhaps, 
the Hallicrafters dream would come true. 

before Pearl Harbor 
Hallicrafters was in business. It made radio 

receivers and phonograph combinations for Cape- 
hart, Magnavox, and other Chicago radio compan- 
ies. And it wasn't long before handmade Hallicrafters 
shortwave receivers were being made. At long lasr, 
Bill Halligan had his factory and was in the ham radio 
business. 

Hallicrafters entered the ham market like a rocket. 
The Super Sky Rider receiver was announced in early 
1335. Modern marketing techniques and joint adver- 
tising with distributors was tried - a new approach 
to the staid market of Amateur Radio. Bill Halligan's 
earlier work as a manufacturer's agent began to pay 
off. Within months Hallicrafters was a household 
word in Amateur Radio. Hallicrafters fielded a whole 
series of radio receivers and probably had more 
models on the market than all the other receiver 
manufacturers combined. Yearly model changes 
were made, high-style cabinets and attractive panels 
were used, and the massive volume of receiver pro- 
duction held the costs low - a Hallicrafters receiver 
existed for every purse. * 

the Hallicrafters 
HT-4 transmitter 

"Why not build a modern ham transmitter," Bill 
Halligan asked himself one day. With the aid of Bob 
Samuelson, the design for a powerful ham transmit- 
ter was drawn up - target price: less than $800.00. 

at Ecophone? perhaps some kind of cross-licensing? Bill Halligan and wife, Katie, with the very first model Sky 
Yes, it was possible. After a tangle of lawsuits with Rider receiver of long ago. Receiver was a trf job, soon to be 

creditors, Contracts, licensing agreements, incorpor- supplanted by the Super Skyrider. a superheterodyne. 



Bill hoped that the Radio Amateur, now accustomed 
to buying a receiver rather than building it himself, 
to buying a receiver rather than building it himself, 
might be ready for a factory-assembled rig. 

The ham transmitter of 1938 was a sight to behold. 
The ham kilowatt then was a massive and awesome 
contrivance that towered in one or more relay racks 
to a height of six or seven feet - and with all the 
mobility of a grand piano. 

Early Hallicrafters television receivers are a collector's item 
now. This model had a push-button tuner that included TV 
channel 1. now the Amateur 6-meter band. 

Starting with a typical high-power transmitter 
design, Bob Sarnuelson and his engineers spent 
months over wiring diagrams and layouts, reducing 
the design to a height of 37 inches and decreasing 
the conventional seven power supplies to three. 
Complex switching circuits were simplified. Plug-in 
tuning assemblies were designed. The heavy steel 
relay rack construction was scrapped for a light steel 
frame usinn the "stressed skin" techniaue develowed 
for airplane fuselages. Transmitter weight was 
reduced from over a ton to about 500 pounds! 

The final design was a 450-watt phone and CW 
transmitter that contained no aluminum. It was made 
of automobile sheet steel, and, with the exception of 
the heavy transformers, it was easy and inexpensive 
to produce. 

mass production - 
a real problem 

Bill Halligan had no way of knowing that a war was 
about to start and that his HT-4 transmitter would be 
a mainstay for World War I1 communications. After 
all, he had built only twenty of them by the fall of 
1940. He was soon to be surprised. Suppose Ameri- 

'I still have my Hallicrafters S20R, purchased with paper-route money in 
the 1940s. Wouldn't sell it for any price. Editor, W6NIF 

ca got into the war? Would anyone be interested in 
the HT-4? Could production be stepped up to  the 
unheard-of rate of one a day? What if someone 
wanted more? 

Less than a year later these questions became real 
when a delegation of French and British purchasing 
commissioners ordered more transmitters than Bill 
Halligan had built in the eight years his company had 
been in existence. Deliveries were a matter of life and 
death. And how about SX-28 receivers? Did he need 
money? Would cash in advance help speed things 
up? The heat was on. It was quite a shock to realize 
that Hallicrafters had a sold-out factory. Now, 
insread of selling people on the idea of buying Halli- 
crafters radio equipment, Bill had to sell other people 
on making them! 

Hallicrafters was well on the road by the time of 
Pearl Harbor. Production was the all-absorb,, .J pas- 
sion. The factory was geared to devise faster, more 
efficient assembly techniques. Three shifts were 
started, and by the fall of 1941, a steady stream of 
radio equipment was being shipped to the British 
(who had taken over the French commitments). On 
the morning of December 7, 1941, Colonel George H. 
Sparhawk of the Army Air Force telephoned Bill Hal- 
ligan and told him that the Armed Forces were com- 
mandeering the British transmitters and that they 
were to be packed and out of Chicago by air that very 
night. 

the war years 
the SCR-299 is born 

Hitler's stunning victories in Poland, France, and 
the low countries revealed his secret weapons: 
speed, fluidity of attack, and instantaneous commu- 

Radio squiprnent installed in the famous SCR-299 or 
SCR-399 communication truck. At  the right is the BC-610 
transmitter and antenna tuner. At  rear is the operating desk 
with two BC-342 short-wave receivers, speech amplifier, 
and control panel for the transmitter. In the foreground are 
the chests that contained extra transmission coils, tuning 
boxes, and spare parts. 
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Hallicrafters won five Army-Navy E awards during World 
War I I  for excellence in production. This photo shows 
BC-610 transmitters in final inspection before they were 
mounted in the communications vans in the background. 

nications. The U.S. military service saw the need for 
a mobile radio station capable of communications 
over a wide range of frequencies, even while en route 
over rough terrain. The rough design for such a com- 
munications center was worked out at Fort Mon- 
mouth, New Jersey, under the direction of Colonel 
Roger 6. Colton. Known as the SCR-299, the system 
consisted of a 1 %.-ton panel body truck with four- 
wheel drive coupled to a heavy-duty, two-wheel trail- 
er. In the truck body was a complete short wave 
receivers (BC-342s). In the trailer was a gasoline-driv- 
en generator that was used to supply power for the 
mobile station. A rugged whip antenna was mounted 
onto the truck. 

After long deliberation and tests, the ham-type 
HT-4 transmitter was selected for the SCR-299 com- 
munications truck. It was chosen because of its sim- 
plicity, small size, light weight, and ruggedness. And 
it had good, clear audio. Special military tuning units 
and handles were added to ensure quick and easy 
equipment removal from the truck. With some other 
minor changes, the ham rig was just right for military 
service. 

the SCR-299 in 
military service 

Production was now rolling. The SCR-299 was in 
service on every Allied battlefront from Alaska to 
China. SCR-299s were airlifted to  Guadalcanal, 
North Africa, and Sicily. Among the first units to roll 
ashore at Normandy on invasion day was the 
SCR-299. Each SCR-299 carried a mile of telephone 
cable on a drum, permitting telephone lines to be set 

up for communications with distant areas. This 
enhanced the value of the SCR-299 where mobility 
was limited. 

the Sebold incident 
Finally, there was the celebrated case in which a 

German-American citizen, William Sebold, helped 
the FBI to apprehend a ring of Nazi spies. Sebold had 
returned to Germany to visit his family in 1939. 
Through coercion and intimidation, Sebold was 
forced to go through the great spy schoo! in Ham- 
burg. When he left Germany in 1940, Sebold had 
instructions and authority to establish a short wave 
radio station in the United States for direct communi- 
cations to Hamburg. 

Upon arriving in New York, Seboid went straight 
to the FBI, which helped him establish a secret sta- 
tion on Long Island, equipped with a Hallicrafters 
HT-4 transmitter. He did a fine job of putting careful- 
ly doctored misinformation into the hands of the spy 
chiefs at Hamburg. 

after the war 
By 1946 the war was over, and Hallicrafters turned 

to the future. The Hallicrafters transmitter (known by 
the military label BC-610, part of SCR-299) was being 
released on the surplus market for as little as $500, 
complete with tubes, antenna tuner, and speech 
amplifier - only slightly more than the manufac- 
turing cost. As far as Hallicrafters was concerned, 
there was no ham future in the HT-4 design. 

To get peacetime production rolling, Bill Halligan 
brought out the S-38 and S-40 receivers (revamped 

Always on the go! The SCR-399 communications truck was 
used to negotiate the surrender of Rommel, the "Desert 
Fox," in north Africa. The SCR-399 was present at the D-day 
invasion of Europe and accompanied General McArthur 
during his historic conquest of Leyte Island in the Philip- 
pines. Gasoline-powered generator is in trailer. Truck was 
supplied with three whip antennas for transmitting and 
receiving while in motion. 

versions of pre-war models) and started to plan 
ahead. By late 1946 he proudly announced the 
SX-42, an advanced superheterodyne receiver that 
tuned from 540 kHz to 110 MHz in six bands. 



The famous Hallicrafters SX-28 receiver. Over 50,000 were 
produced for the Allied Forces. High styling and good per- 
formance made the receiver a favorite among pre-war Ama- 
teurs. Receiver incorporated two rf stages and tuned up to 
43 MHz. In 1946 it was replaced by the SX-42. 

A simple television receiver was also in the works. 
Hallicrafters had heard about single sideband trans- 
mission. Yes, the future looked bright indeed in 1947 
as Hallicrafters settled down to profitable, post-war 
production of modern radio equipment. They had the 
know-how. 

More than fifty thousand SX-28 receivers had been 
built, and more than eighteen thousand SCR-299 
(BC-610) transmitters had been built, as well as near- 
ly ten thousand S-29 receivers. And now single side- 
band, television, and high-fidelity f m  lay ahead, as 
well as CB radio on the distant horizon. The world 
looked good to Bill Halligan in 1947. He had really 
arrived in style! 

The problem was conversion from a war-time to a 
peace-time industry. Hallicrafters was spread over 
fourteen plants, some as small as a garage. The first 
matter of business was to consolidate operations. A 
new facility was built, and two other locations were 
retained for growth. 

Returning GIs remembered the name Hallicrafters. 
The company decided that, in addition to building 
ham gear, they would expand into the entertainment 
field. Television receivers, hi-fi equipment, and the 
Lowery organ were built by Hallicrafters. The com- 
pany continued to build military electronic gear, par- 
ticularly counter-measure equipment. 

But all was not smooth sailing. The home radio 
and television market was cutthroat. By 1956 Bill Hal- 
ligan was fed up. He couldn't compete and retain the 
high standards he'd set for Hallicrafters. The crisis of 
this uncomfortable situation was reached in the fall 
of 1957, when Bill Halligan sold out to the Penn- 
Texas Company. While Bill gave up ownership of 
Hallicrafters, he still retained management. This 
operation was even less satisfactory, and late the fol- 

lowing year Bill bought the company back from 
Penn-Texas. Management of Hall icrafters was 
turned over to Bill's son, Bob Halligan. Bill remained 
chairman of the board. 

epilogue 
Over the years, Hallicrafters contributed many 

firsts to the electronics industry and to Amateur 
Radio. Some of these were the first use of silk- 
screened panels in place of expensive engraving, the 
use of smooth paint in place of black-crackle paint, 
the calibrated S meter, the dual-diversity receiver, 
the automatic noise lirniter, the ternperattire-coin- 
pensated, high-frequency oscillator, the battery- 
portable, all-wave receiver, the dual AVG system, the 
bridge-T notch filter, and commercial production of 
an electronic keyer. 

W9AC is still active on the air, mostly on 7 and 14 
MHz CW. On occasion Bill can be found on 20 meter 
SSB. During the summer months he's on the air from 
W4AK in Florida. 

Keep your ears open for this pioneering Amateur! 
Bill's interest in Amateur Radio is as keen as ever. 
Even though he's not manufacturing ham radio 
equipment, he can still use it along wi th the best of 
today's operators. 

In 1950, J. Edgar Hoover of the FBI told Bill Halli- 
gan that the HT-4 transmitter Bill had sold to the FBI 
agent in August, 1941, had been flown to Pearl Har- 

Large numbers of the Hallicrafters S-36 (BC-787B) receiver 
were sold during wartime. Tuning range was from 27 M H z  
to 140 MHz,  which included vhf communications ranges 
of Allied. German, and Japanese ground and air forces. 
Receiverworked on both a-m and fm. 

bor and that it had been installed in the hills above 
Honolulu. It was the only active communications link 
to  the mainland during the Japanese attack, because 
saboteurs had cut telephone lines in Honolulu. The 
old W9WZE transmitter served its country well dur- 
ing those painful hours of need. 

ham radio 



phaselocked up-converter 

Last of 
a three-part series 

on a frequency synthesized 
local-oscillator system 

for the 
high-f requency 
Amateur bands 

In  the first article of this series, I described the 
basic VCO synthesizer, or "first loop," which covers 
100-1600 kHz in 10-Hz steps.1 Part 2 covered the 
phaselocked 9-MHz BFO system.2 This article 
describes the phase locked up-converter, which 
translates the 100-1 600-kHz output of the first loop to 
the LO frequencies required for each of the Amateur 
bands between 160 and 10 meters." 

For coverage of the high-frequency Amateur 
bands in 500-kHz segments, the VFO signal must be 
translated to a higher frequency for each band with- 
out degrading the phase noise performance. The 
output frequency is the sum of the first loop1 output 
frequency and that of a stabilized crystal oscillator. 
This frequency plan is shown in table 1. Fig. 1 is a 
block diagram of the up-converter. The output loop 
works by first mixing the VCO signal with that of the 
crystal oscillator (XO) then phase comparing the 
1100-1600-kHz result with the first loop output to 
produce the VCO control voltage. The presteering 
system ensures that the loop acquires lock and 
remains locked despite large temporary differences 
between the VCO and XO frequencies caused by 
bandswitching or sudden large frequency changes. 
Crystal-oscillator frequency accuracy is guaranteed 
by a simple divide-by-n loop, with the phase detector 
operating at 50 kHz. 

Crystal-oscillator section (fig. 2). Each 500-kHz 
band segment is selected by activating a crystal oscil- 
lator operating at a frequency 1100 kHz lower than 
the bottom end of the required LO frequency range. 
The collectors and the control voltage inputs of the 
nine oscillators are connected in parallel. The band- 
switch, S1, applies base bias voltage to the selected 
oscillator, leaving the others cut off. Common-base 

"Parts kitsand circuit boards will be available from the author if there is suf- 
By Raymond C. Petit, WGHM,  Post Office 

ficient interest. Send a self-addressed, stamped envelope for information. BOX 51, Oak Harbor, Washington 98277 

26 5 november 1979 



CRYSTAL PHASELOCK I I 
OUTPUT LOOP 

5 a O E  I I 
I 

I 
I 

I I 
1 OUTPUT VCO 1 OUTPUT 

10- 22 MHz ! E?f7?A%w 1 

I I 

[ I i I 

L- - 
1 

I 
! 

----------- BA L ANCEO I 
MIXER ! 

i I 
I 

LOWPASS 
FILTER 

PRESTEERING SYSTEM I 
1 I 

1 1100- 1600 

0 I 

FREOUENCY 
1- - 

COMPAR4TOR 

1 
I 1 

ibr >hi1 PRESTEERING 
I PHASE DETECTOR 

INSTRUCTION 
* PHASE-FREOUE~ 

. I P R E S T E E R I N G  _ (BALANCED MIXER1 

IN-RANGE DECODER 
DETECTOR 1 VOLTAGE 

DETECTOR 4 

lh"f -5f / l<3MHz 

! 
r-- --- -------------" ------------- 
I 
I 

3MHz LOWPASS I 1 1 0 0 - ~ 1 6 0 0 k ~ z  0 * 1100 -1600 *HZ 
FILTER I P W S E  P FROM PHASE /FROM 

I FIRST LOOP FIRST LOOPlrefarenceli 

fig. 1. Up-converter block diagram. 

buffer Q2 provides about 50 dB isolation between the 
rf output and the inputs to U2. The additional isola- 
tion provided by U2 and the PNP differential pair, 
Q3-Q4, effectively eliminates reverse signal-flow 
from the ECL and TTL circuits they drive. 

Phaselock section (fig. 3). The ECL output of the 
crystal oscillator section is divided to 100 kHz by 8-bit 
programmable binary counter U6-U8. The diode 
matrix controlled by S1 sets the division ratio; the 
desired division ratio plus the binary number preset 
by the diode matrix must always equal 256. Because 
the phase detector requires symmetrical square- 
wave inputs for best performance, the 100-kHz out- 
puts of the counter and reference divider U3 are first 
divided by two in U5. The combination of very low 
VCO gain in the crystal oscillators and the high refer- 
ence frequency used in the phase detector make it 
possible to suppress reference-frequency modulation 
of the VCOs by more than 100 dB. 

Output loop (fig. 4). With care and good layout, the 
loop of fig. 4 will suppress the reference-frequency 
sidebands by at least 100 dB and reproduce the 
superb phase-noise performance of the first loop 
within about 6 dB. 

Accompanying these advantages are some special 
problems. The capture range of the loop is about 250 
kHz, and there are two frequencies where the unas- 

sisted loop could lock for each bandswitch setting 
and first-loop output frequency. 

Assume the first loop has an output of exactly 
1500 kHz and the bandswitch is set for 40 meters. 
Then the output of the down-mixer can be exactly 
1500 kHz when output oscillator 0 7  is set for 16.4 
MHz (desired frequency) or 13.4 MHz (image). The 
phase detector alone produces a maximum of about 
+ 100 millivolts. This is good for only about +200 
kHz of VCO tuning range. Because the i-f port of the 
double-balanced mixer is dc isolated, a presteering 
voltage can be added to the phase-detector output 
voltage to put the output oscillator frequency within 
correct locking-frequency capture range. 

table 1. Frequency relationships for the frequency synthesized LO 
system. 

crystal-oscillator 
frequency 

(MHz) 

system output frequency 
frequency +_ i-f band covered 

(MHz)  (MHz)  (MHz)  
10.5-11.0 - 9 1.5- 2.0 
12.5-13.0 - 9 3.5- 4.0 
16.0-16.5 - 9 7.0- 7.5 
23.0-23.5 -9 -  14.0-14.5 
12.0-12.5 + 9 - 21 .O-21.5 
19.0-19.5 + 9 28.0-28.5 
19.5-20.0 + 9 28.5-29.0 
20.0-20.5 + 9 29.0-29.5 
20.5-21.5 + 9 29.5-30.0 
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fig. 2. Crystal-oscillator section schematic. 

Presteering system (fig. 5). Two conditions must 
be met to guarantee correct lock. The first is that 
output oscillator Q7 frequency must be greater than 
that of the crystal oscillator. Call this condition 6 .  
This ensures that the system will not lock onto the 
image frequency. The second condition is that the 
difference between the two frequencies must be less 
than the 3-MHz cutoff of the lowpass filter following 
the mixer (condition A).  A phase-frequency discrimi- 
nator can take over at this point and bring output 
oscillator 07  frequency to within capture range. 

The presteering system is basically a crude down- 
mixing loop (such as the output loop), except that it 
can detect when either - or both - of the above 
conditions are not being met, and will steer the out- 
put frequency in the proper direction until these con- 
ditions are met. U9-U12 test for condition B. The 
4044 phase-frequency detector doesn't work reliably 
aboveafew MHz, so both inputs must first be divided 
by ten. Condition A is tested by the lowpass filter, ac 
peak detector, time-delay filter, and U17. If both con- 

G 1 0 8  18 4 4 7 0  

H IOC 18 3 4 7 0  
I /OD 19.4 4 7 0  

ditions are met, the down-mixed signal from U16 and 
the first-loop signal through U20 are passed to U19 
by instruction decoder U18. Phase-frequency dis- 
criminator U19 and amplifier U21 bring the system 
into lock at exactly the correct frequency. 

If condition A is not met and condition B is met, 
the output oscillator frequency is more than 3 MHz 
above that of the crystal oscillator. U18 interrupts the 
normal signal flow and places U20 output on the R 
input of U19, causing U21 to pump down the pre- 
steering-voltage U 17 signals. 

If condition B is not met, regardless of condition 
A, the output oscillator frequency will be below that 
of the crystal oscillator. Thus U18 interrupts the sig- 
nal from the downmixer while leaving the first-loop 
signal intact. This action causes the presteering out- 
put to pump up. Since, in this case, the output-oscil- 
lator frequency is below that of the crystal oscillator, 
these signals must pass through zerobeat in the 
downmixer before correct lock is possible. 

But a zerobeat condition will give no ac signal for 
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fig. 3. Phaselock section 
schematic. 

the peak detector. This action would give a false 
alarm on condition A, except that the time-delay fil- 
ter at U17 input keeps the input high until the beat 
returns. (Without this provision, the presteering sys- 
tem goes into a "dither" condition, which holds the 
output oscillator frequency close to that of the crys- 
tal oscillator.) 

test procedures 
For simplicity it's desirable to check out each sec- 

tion before connecting them. Sections already 
checked out can be used as test generators for suc- 
cessive sections. 

Crystal oscillator. Set bandswitch S1 t o  160 
meters. The dc voltage at the base of 0-1  (the 9.4- 
MHz oscillator) should be about 6 volts. Check for 
the 9.4-MHz signal with a scope or counter con- 
nected to the collector. With a potentiometer, vary 
the control voltage to check that it oscillates over the 
entire range and that it is exactly 9.4000 000 at some 
setting near midrange. Check the ECL and TTL out- 
puts for the 9.4-MHz signal. Repeat this procedure 
for each oscillator. 

Crystal phaselock section. Connect the oscillator 
ECL output to the clock input of the programmable 
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fig. 4. Output loop schematic. 

divider, and make the connections to S1. Connect a 
counter to the collector of 05. For each setting of the 
bandswitch, it should be possible to adjust the con- 
trol voltage (as before) so that the counter reads 
exactly 100 kHz. This checks the diode matrix and 
programmable counter. Connect a 1 -MHz frequency 
standard to the reference input. U3 pin 12 should 
show 100 kHz. U4 pin 12 should be exactly 50 kHz, 
and U4 pin 13 should be very close to 50 kHz. 

Check the CV output with a scope. As the CV input 
of the oscillator is varied, the phaselock section CV 
output should be a very-low-frequency triangle 
waveform, which goes through zero beat as the CV 
input voltage is brought through the middle of its 
range. Now close the loop by connecting the CV ter- 
minals of the two sections and removing the potenti- 
ometer. Put the counter on the oscillator-section TTL 
output and keep the scope on the (connected) CV 
terminals. Switch through all bands and check that 
the counter reads exactly the intended frequency and 

that the control voltage quickly settles to a constant 
dc level. 

Output  loop.  Connect only the voltage-varying 
potentiometer to the presteering input and the coun- 
ter to the If output. Adjust L1 to obtain a frequency 
of approximately 15 MHz when the presteering volt- 
age is 6 volts. Check for the TTL-level signal at the 
same frequency from the TTL output. Connect the 
crystal-oscillator section rf output to the downmixer 
rf port input. This signal level should be approximately 
200 mV rrns. A 50-ohm T-pad on the oscillator output 
should be used to reduce the output to this level and 
provide a suitable termination for the mixer. 

Set the bandswitch for 40 meters. Connect a 
scope to the 3-MHz lowpass filter output, which 
drives the phase detector. Vary the presteering volt- 
age to observe the difference signal (zero to about 
3 MHz) at a level of about 100 mV rms. Connect the 
first-loop rf output to the phase detector and set 
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fig. 5. Presteering-system schematic. 

PUMP UP 

PUMP UP 

the first loop for 1100 kHz (all switches zero). Adjust 
the presteering voltage so that the frequency is 16 
MHz. For a small range of presteering voltage varia- 
tion, the output frequency should remain at exactly 
16 MHz. 

Presteering system. Connect everything except 
the presteering output. Keep the potentiometer on 
the output loop presteering input. As you vary the 
output oscillator frequency slightly above and below 
14.9 MHz, voltage B (U12, pin 7) should switch 
between zero and 5 volts. The output should be near 
zero volts when the output VCO is above 14.9 MHz. 

Put the counter on U16, pin 7. It should show a 
square wave at the difference frequency. As this dif- 
ference frequency goes above 3 MHz, approximately, 
voltage A (U17, pin 7) should jump from zero to 5 
volts. 

Now connect a voltmeter to the presteering out- 
put. When the VCO frequency is below 14.9 MHz, 
this output should increase to nearly 12 volts. When 
the VCO frequency is above 18 MHz it should drop to 
near zero volts. Remove the test instruments, con- 

nect the presteering output to the presteering input 
of the output loop, and then operate the system. 

note on phase detectors 
The phase detector in fig. 4 yields its best perform- 

ance when the two input signals are more than 30 
degrees out of phase. Phase-frequency discriminator 
U19 in the presteering system requires that the two 
signals be exactly in phase. If both are operating 
from the same set of input signals, they work against 
each other, producing chaos. This may be eliminated 
by driving U19 from a separate phase-shifted output 
of the first loop. Thus, while U19 sees a zero phase 
difference, the SLB-1 mixer sees its inputs shifted by 
at least 60 degrees, resulting in stable operation. U20 
delivers the required shifted output. 

references 
1. Raymond C. Petit, W7GHM. "Frequency Synthesized Local-Oscillato~ 
System for the High-Frequency Amateur Bands," ham radio, October, 
1978, pages 60-65. 
2 .  Raymond C. Petit, W7GHM, "Phase-Locked 9-MHz BFO," ham radio, 
November? 1978, pages 49-51. 
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wideband amplifier summary 
A powerful tool 

for designing 
wideband amplifiers using 
transformer feedback - 

features include 
low intermod distortion 

and low noise figure 

Feedback amplifiers have been used in solid- 
state circuits for many years. Applications include 
wideband amplifiers for undersea cables, instrumen- 
tation amplifiers, and antenna amplifiers. For receiver 
front ends it's essential to combine good input impe- 
dance matching, low noise figure, sufficient gain, 
and a high intercept point. Good linearity can be 
achieved by using resistive feedback while sacrificing 
noise. A new circuit is presented combining all these 
advantages. It can be produced at very low cost. 

feedback intermod, 
and noise figure 

Bipolar transistors have a number of inherent non- 
linearities: 

1. Exponential base-emitter diode characteristics 

2. Current-dependent diffusion-layer input 
capacitance 

3. Voltage-dependent depletion-layer output 
capacitance 

The distortion is highly dependent on the gener- 
ator source impedance. If the generator source impe- 
dance is very small compared with the transistor1 
input impedance, the input voltage will be directly 
converted into an output current. This exponential 
transfer characteristic is responsible for all current 
nonlinearities. 

The only cure for this type of distortion is current 
feedback. But current feedback provides two unplea- 
sant side effects: i t  increases the device input and 
output impedance and therefore creates a mis- 
match. If the transistor is driven by a current-source 
generator of infinite impedance, distortion will 
depend mainly on the current-gain linearity. Since 
the output is converted into a voltage gain, voltage 
distortion will result. The only cure for voltage distor- 
tion is voltage feedback. Voltage feedback has the 
disadvantage of reducing the device input and out- 
put impedance. 

The standard technique for current feedback is to 
use an unbypassed emitter resistor. This emitter 
resistor adds a significant noise contribution to the 
circuit, which is not phase correlated to the transistor 
internal noise sources. The resulting noise figure is 
typically between 6 and 10 dB. An amplifier with 
such performance cannot be considered a low-noise 
circuit. 

Voltage feedback is accomplished by using a resis- 
tor feeding voltage from the collector to the base. 
Again we find resistive losses resulting in noise, 

- 
By Ulrich L. Rohde, DJ2LR, 52 Hillcrest Drive, 
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which appears amplified as a product of the transis- 
tor gain at the output and which further reduces 
amplifier performance. Typically the noise figure of a 
wideband amplifier using this type of feedback as the 
sole source is at best 4 dB when ultra-low-noise tran- 
sistors such as the Siemens BFT66 are used. The 
noise figure of the same circuit, at the same dc oper- 
ating point without any feedback, is about 1 dB. An  
attempt should therefore be made to maintain the 1- 
dB noise figure while increasing the dynamic per- 
formance. 

The intermodulation distortion as well as the noise 
figure is dependent on the emitter current. Fig. 1 
shows the two-tone test perfornarxe fsr two car- 
riers of zero dBm at the input as a function of the dc 
current. It's obvious that the performance is not 
improved above 10 mA, which also indicates that the 
cutoff frequency peaks around 10-15 mA. This per- 
formance will vary from transistor to transistor. A 

Q fig. 1 
3 70 

o 40 
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5 

DC CURRENT m A  

fig. 2 ;m 
3 5 7 10 20 30 

DC CURRENT m A  

fig. 1. Two-tone test results (left) for two carriers of zero 
dBm at the input of a wideband amplifier as a function of dc 
emitter current. Improvement is limited above 10 mA. 

fig. 2. Noise figure (right) of a wideband CATV transistor 
amplifier versus emitter current. The transistor is a BFT65 
used in a recent design for wideband antenna amplifiers. 

typical CATV transistor, such as the 2N5109, has a 
flat curve of constant intermodulation distortion pro- 
duced between 20 and 80 mA. 

Fig. 2 shows the noise figure of a wideband CATV 
transistor as a function of dc current. This transistor 
(a BFT65) is a recent design for wideband antenna 
amplifiers. However, similar performance can be 
achieved with the less-expensive 2N5109. It's obvi- 
ous that until the amplifier is driven to a level that the 
output voltage swing gets close to the collector dc 
voltage, the distortion and intermodulation is caused 
by the exponential transfer function. 

noiseless feedback 
If we use a feedback system as shown in fig. 3, in 

which the collector resistor is transformed back in 
series with the emitter by a transformer, the emitter 
will be grounded through a resistance depending 
upon the collector load. It's apparent that the voltage 

fig. 3. Feedback circuit in which the collector resistor is 
transformed back in series with the emitter by a trans- 
former. Transistor emitter will be grounded through a resis- 
tance depending on the collector load. thus voltage gain is 
independent of load changes. The core is a Siemens 86215.2- 
A0004-X001. 

gain is independent of any load changes, which 
results from the definition that the voltage gain is 
equal to the collector load resistor values divided by 
that of the unbypassed emitter resistor. Since this 
emitter resistor is derived by feedback, it adds no 
noise contribution. Therefore, this type of feedback 
is called "noiseless feedback. " 

Let's assume that the transformer collector-to- 
emitter turns ratio is three to one. Then the impe- 
dance ratio is nine to one, and the 450-ohm collector 
load will result in a 50-ohm emitter-current feedback 
impedance. Ideally this impedance is resistive. If the 
transistor is operated at 20 mA, the differential out- 
put impedance from emitter to ground will be about 1 
ohm, assuming a current gain of fifty and a generator 
impedance for the transistor stage of 50 ohms. 
Therefore, we have a voltage division whereby the 
input voltage between base and ground is divided by 
forty-nine parts across the emitter impedance and 
one part across the base-emitter junct ion. The 
amount of current feedback is fifty and the linearity 
improvement is also roughly fifty, or 33 dB. The 
third-order intercept point, as shown previously with- 
out feedback, was about 30 dBm and has now been 
increased by 33 dB, resulting in about 63 dB. 

The power gain of this stage can be calculated 

INPUT TRANSFCRMER OUTPUT TPANSFORMER 

I q ' I p = I l ; V q =  - V 3  N Z  ; V 3 = I I . Z i I - 1 4 R , t V 4  

14;-IjN2;V~=V3.10=I~+13: I ? = - I i B  -IF'F~ 

fig. 4. Schematic diagram of a bridge-type circuit which 
adds voltage feedback in order to lower the circuit's input 
impedance. 



The circuit input impedance is: 

L - U - i  , 

? 3 m 5 6 8 5  
N R A T I O  

fig. 5. Voitage and current feedback amplifier using a 
2N5109. Shown is input impedance (ohms) as a function of 
transformer turns ratio with RE as a parameter. 

from the voltage gain, which would be ten divided by 
the impedance scaiing at the outpiit, from 450 ohms 
to 50 ohms. Therefore a voltage gain of ten divided 
by three results in a power gain of about three. This 
power gain is defined by the input and output, 
whereby the transistor input impedance has become 
fairly high in value. 

As stated earlier, the second source of distortion is 
voltage distortion. We will now apply voltage feed- 
back to decrease the input impedance to a suitable 
value, such as 50 ohms. 

voltage feedback 
using a transformer 

Fig. 3 shows a bridge circuit, which transforms the 
transmitter emitter-to-ground impedance to a value 
determined by the bridge transformer turns ratio and 
puts it in parallel between base and ground. This 
feedback reduces the output impedance and is there- 
fore counteractive to the current feedback. For 
developing the mathematical equations, RE is the 
emitter and bypassed resistor value, which has been 
obtained by using a collector transformer. The vari- 
ous feedback network voltage and currents are in- 
cluded. While the mathematical derivation of this cir- 
cuit takes a few minutes, only the results are shown. 

I _I 

0 1 P 3 4 5 6 7 8 9 1 0 N  

N RATIO 

fig. 6. Same amplifier as in fig. 5. Gain as a function of trans- 
former turns ratio is shown with R,as a parameter. 

and the output impedance is: 

/ R c + Z j l  1, 
2 

o u t  = - - j  \;E3 / 

The power gain has been determined as: 

PC = 

and RE = Z L  

Z L  = 500Q, from Z L  = 

test data 
Figs. 5 and 6 are the results of computer runs 

showing test data obtained with an experimental 
wideband amplifier using a 2N5109 transistor. Fig. 5 
shows input impedance (ohms) as a function of 
transformer turns ratio, N, with RE as a parameter 
(ohms). Fig. 6 shows amplifier numerical gain as a 
function of transformer turns ratio, N,  again with RE 
as a parameter. To obtain a 50-ohm input impedance 
with RE = 10 ohms, for example, a transformer 
turns ratio, N,  of about eight is required. For 
RE = 50 ohms, the required turns ratio is about two. 

conclusion 
It's apparent that this circuit in its final form, pro- 

viding an intercept point for third-order distortion of 
more than 70 dBm, is a very powerful tool in design- 
ing new wideband amplifiers. Because of trans- 
former feedback, the noise figure is only about 2 dB. 
In a pushpull version, this circuit has shown a 
second-order intercept point of more than 120 dBm. 
These numbers appear to be much better than those 
for previously published amplifiers. 
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improved GaAs fet preamp 
for 144-432 M Hz 

Experiments with a 
new mesfet from NEC 

featuring simplified bias 
and amplifier circuits 

Since its publication in the April, 1978, issue of 
ham radio, my article describing a 432-MHz low- 
noise preamplifier using a NE24406 GaAs fet l  has 
resulted in many inquiries from readers. These inquir- 
ies have prompted some experiments with a new 
device, the NE24483 GaAs mesfet (metal semicon- 
ductor fet). The NE24483 has characteristics identical 
t o  those of the NE24406, but it costs less. This article 
presents the results of my experiments with the new 
device, which include 

1. bias-circuit simplifications for the 432-MHz 
preamp; 

2. applications of the NE24483 to 144-MHz ampli- 
fiers; and 

3, circuit simplifications for the 432-MHz preamp. 

simplified bias circuit 
for 432-MHz preamp 

Fig. 1 shows the preamp circuit in reference 1. 
Separate power sources are arranged for the gate cir- 
cuit (minus voltage) and the drain circuit (plus volt- 
age). (This circuit is discussed later.) When EME 

communications (i. e., high-power systems) are con- 
sidered, this is the safest bias circuit for fets. How- 
ever, with GaAs fets, if the drain voltage is applied 
first, a current will f low that reaches ZDss (saturation 
current when the gate voltage is zero); in some low- 
noise transistors this current may reach 100 mA. 
Therefore, it's desirable that a method be used that 
always switches on the minus voltage to the gate. 
However, it's difficult t o  provide such a minus 
voltage. 

Fet bias circuits. Fig. 2 shows five methods for 
supplying bias to fets.2 Each method has its advan- 
tage, and no method can be said to be the best; how- 
ever, the method easiest t o  use (considering compo- 
nent mounting and operation) has been employed. 

Although the method shown in A of fig. 2 is a 
bother to implement, it's a superior bias method for 
fets at extremely high frequencies, as in an 18-GHz 
amplifier. This is because, with this method, the 
source can be directly grounded, and the grounding 
inductance can be maintained smaller than with any 
other method. So this method will be significant 
when high gain at the high-frequency bands, or a 
low-noise amplifier, is desired. 

In all methods other than A, a bypass capacitor is 
inserted in the source. Of these methods, D and E 
require only one power source. If a sudden increase 
in supply voltage occurs, series resistor Rs is con- 
nected to the source (D and E, fig. 2) so that a volt- 
age, E, will appear across the Rs terminals and will 
automatically suppress the voltage increase between 
drain and source: 

E = (Rs) (AID) (1 

where AID is the increment of drain current caused 
by a sudden increase of supply voltage 

Transistor protection is thus automatic. 

Although circuit E (fig. 2) has this feature, circuit 

By Shigeru Sando, JH1 BRY,  8-17-204 
Sakonyama Asahi-ku, Yokohama 241, Japan 
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E is inconvenient to  implement because a minus say, in this case the voltage between drain and 
power supply must be used. In general, circuit D source will be somewhat lower than 3 volts, but ab- 
should be used. solutely no change will be noticed in actual use. 

Design. Generally, about 15 per cent of IDss is opti- 
mum as the recommended biasing point of these 
transistors for low-noise applications. Characteristics 
are shown in table 1. Table 1 shows 60 mA as a typi- 
cal value for IDss, so the bias circuit design is based 
on this value. A value of 20 milliohms is typical for 
the gm (transconductance) when VDs = 3 volts and 
ID = 10mA. 

T~determineR~when ID = (0.15) (IDs$ = 9 mA: 

Attention shoild be paid to the value of R s  when 
the fet gm, V p  (pinch-off voltage), or IDss is irregular. 
Rs  should be set to a value between 210 and 280 
ohms at which the drain current, ID, is the specified 
value. 

With a preamplifier employing this biasing method 
(self-bias), supplying bias will be very easy, even 
when the amplifier is mounted directly under the 
antenna. 

144-MHz band preamplifier 
employing GaAs fets 

Rs is determined as: The impedance characteristics of the NE24406 in 
the 435-MHz band were shown in reference 1. These 

Rs  = (6% - 1 )  /20mmho characteristics are shown in fig. 5. 
rFoPT indicates the impedance at which the noise 

= 5.67/0.02 figure, NF, becomes minimum when the transistor 
input circuit is matched to this impedance. Theoreti- 

= 283 ohms cally, this value has the following meaning. It shows 

If a drain current, ID, of 9 mA flows when Rs = 280 what noise figure, NF, will be obtained when a cer- 

ohms, the voltage across Rs will be: tain impedance is connected externally to an element 
having an intrinsic minimum noise figure of Fo. 

Rs Is = (280) (0.009) = 2.52 volts (3) 

If the voltage, VDs between drain and source is set 
to 3 volts, it will be sufficient for the bias if the power 
supply delivers VDs+ (Rs ID): 

VDs + (Rs ID) = 5.52 volts 

= 3 + [(280) (0.009)l = 5.52 volts 

The bias circuit is now complete; its design is shown 
in fig. 3. Fig. 4 shows the fet amplifier of reference 1 
in which the bias circuit has been arranged to that 
described above. 

Here, Go and Bo are the conductance and suscep- 
tance, respectively, when the noise figure is mini- 
mum. They have the following relationship: 

~ F O P T  = Go+jBo (51 

From eq. 4 it can be seen that the minimum noise 
figure will occur when Gs+jBs = Zs becomes: 

~ F O P T  (GO = Gx; BO = Bs) (6) 

Practical considerations. If a 5-volt, three-terminal When any other impedance is connected, a noise 
voltage regulator is used in the power supply, further figure is obtainable that's always worse than the case 
protection against damage is provided. Needless to where Zs = rFOPT. 

table 1. Typical electrical characteristics of the NE24406 and NE24483. Ta = 25C (32F) 

symbol conditions min. typ. max, unit 

drain current ~ D S S  VDS = 3.0 V, V,, = 0 30 60 100 m A 

pinch-off voltage Vp VDs = 3.0V, I, =10OKA - 1.5 - 3.5 V 

maximum oscillation 
frequency fm.3~ VDs = 3.0 V, I, = 30mA 55 GHz 

transconductance Gm V,, = 3.0 V, I, = 10mA 20 mV 

maximum available f = 4.0 GHz 
VDS = 3.0V 17 

power gain MAG I, = 30mA f = 8.0 GHz 10 12 
f = 12.0 GHz 9 

f = 4.0GHz 
noise figure N F VDs = 3.0 V 

ID = 10mA f = 8.0 GHz 
f = 12.0 GHz 
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Now take another look at fig. 5. rFoPT is at the 
edge of the Smith chart in a position where i t  is a pre- 
dicted value for the 144-MHz band. In any case, a 
matching circuit for this value seems feasible. 

The experimental 144-MHz GaAs fet schematic is 
shown in fig. 6. The pi nemork in the output is a 3- 
dB attenuator. (When these transistors are used in 
the 144-MHz band they may oscillate.) 

A Johanson air trimmer is in series with the input, 
since only 4 to 5 pF is required. An  inexpensive Phil- 
ips trimmer capacitor could also be used. Fig. 7 
shows assembly and simple structural drawings of 
the preamplifier. 

Incidentally, an NFSO. 7 dB and a gain222  dB 
were obtained with t h ~ s  amplifier. These component 
values are approximately the same as those of the 
430-MHz preamplifier previously described. They 
show that, at frequencies in this range, no improve- 
ment in noise figure occurs as a result of lower fre- 
quency, and the noise figure has a flat characteristic. 

BNC connectors have been used in the input and 
output, but type N connectors would probably be 
better. The preamp shown in fig. 6 employs self- 
bias. The bias circuit described previously can be used. 

ORDER OF REOUIRED 

6 / 4 5  POWER 

f iPPL!CFTlON SUPPLY 

I!! --* M I N U S  VG 

2, "" - - ,U 

T" ! 8 ! 5 DL L, 5 

Lh 
(2 ,  VD --4 P L U S  

" ,A 

D 

further simplification 41 1 ) S  - 7 )t" 
of the 432-MHz system ONLY % PLUS POWER 

APPLIED SUPPLY ONLY 

T A t  the beginning of this article I described a simpli- 
fied method for supplying bias (fig. 4 ) .  However this 
circuit employs four expensive air trimmer caps. I've 
received some comment about the difficulty of ad- 
justing these air trimmers, so further simplification is D 

in order. +yaS 
The idea was to match the input circuit using a sin- 

@ I ONLY L& MINUS POWER 

gle fixed capacitor for C l  instead of the air trimmer APPL/ED SUPPLY ONLY 

(figs. 4 and 6) .  Theoretically it should be possible to I 
replace the variable cap with a fixed cap of the cor- ?d 0% 

,,, 
rect value to obtain minimum noise figure. 

Take another look at fig. 5. For minimum noise fig. 2. Five methods for supplying bias to GaAs fets (from 
reference 2). 

figure in the 430-MHz band, the impedance should 
be 50 + j400. This means that a j400 reactance should 

be connected to the 50-ohm line. Close examination 

I N  
N E 2 4 4 0 6  OUT 

C J  B 
of fig. 5 shows that an impedance of 50 + j400 is situ- 

m C' \1* - 
d7 

ated on the 50-ohm impedance line at a point in a >r i counterclockwise direction when seen from the cen- 

I 12 >$ C 4  
ter of the Smith chart. A reactance element that 
gives a trace moving in a counterclockwise direction 

I 1 on the impedance line is a series capacitance. With 

A this information, it can be seen how the GaAs fet 
preamplifier is designed. 

I The j400 impedance is expressed by: 
2 - w i I b  

A I"" 
1 
1 

fig. 1. The low-noise 432-MHz preamp described in refer- 2iTfc = j400 
ence 1. An improved self-bias circuit has been designed 

J 

(fig. 4) .  where f = 435MHz 
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Therefore, it can be seen that, matching for a mini- 
mum noise figure, NF, can be accomplished by 
employing a 0.915-pF series capacitor. 

DRAIN-  SOURCE VOLTAGE 
W I L L  BE 3 VOLTS 

fig. 3. Self-bias circuit 
f o r  t h e  NE244061 
NE24483. 

In practice, the circuit will be affected by the cir- 
cuit series inductance. However, since a series in- 
ductance produces a trace which moves in a clock- 
wise direction on the impedance line, the capaci- 
tance of the series capacitor must be increased to 
compensate this inductance. 

As seen from the size of the chassis used, the in- 
ductance of the capacitor leads can be estimated to 
be several tens of nH. About 1.2 pF can be consid- 
ered optimum. Therefore, it will be ideal if the air 
trimmer in the input circuit and the single-turn coil 
resonate at the desired frequency in the 432-MHz 
band and they are employed only as an infinitely 
large impedance. 

than 1 db; thus they are candidates for receiving sys- 
tems of tremendous sensitivity, but this isn't easy to 
attain. In a high-sensitivity receiving system, thought 
must be given to the system as a whole, including 
the antenna and coaxial cable. 

Noise a t  receiver terminals. Here the relationship 
between antenna and receiver sensitivity is discussed. 
In f ig. 9, a "no-loss" bandpass filter with a band- 
width of B is assumed. A load resistor is connected 
across the output terminals, and a resistor equal to 
the filter input impedance, within the passband 
range, is connected to the filter input terminals. 

lii this siaTe, when the resistor connected to the fii- 
ter input is maintained at absolute temperature, T 
(degrees Kelvin), thermal noise will be generated by 

The circuit is shown in fig. 8. In this circuit the 90' 

number of air trimmers has been reduced by one. fig. 5. NE24406/NR24483 impedance characteristics. 

INPUT + OUTPUT 

fig. 4. GaAs fet preamp using self-bias. Reference 1 shows 
component values. 

With the method of connecting a 1.2-pF fixed capac- 
itor in series with the input, a noise figure of NF5 0.7 
d B  was obtained, as were characteristics identical to 
those of the preamplifier presented before. 

system sensitivity 
All these preamps have a noise figure, NF, less 

this resistor and will f low into the filter output load. 
The noise power, N, flowing into the load resistor 

Is: 

where 
h = Planck's constant (6.62 X 10- 34joules/sec.) 
k = Boltzmann's constant (1.38 x 1 023joules/deg.) 

Eq. 8 shows that the noise generated by the resistor 
is proportional to the absolute temperature. 

Accordingly, this absolute temperature is called 
the noise temperature. The magnitude of the noise 
can be expressed by the noise temperature, T; the 
noise power, N, can be expressed as N = kTB. 

In the example above, I've shown the results of 
thermal noise generated within a typical receiver 
input circuit. The resistor connected at the filter input 
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the thermal noise generated by the resistive loss of 
the transmission line, and c) the noise generated 
inside the receiver are compounded. Let's convert all 
of these noise powers to their equivalent at the 
recelver input termtnais. 

i l z V  Antenna noise. If the antenna noise temperature is 
assumed to be T a ,  then, as described before, the 
noise power flowing Into the transmission l ~ n e  from 

C I  JOHANSON 7 2 9 5  the antenna output will be k T a B .  Now, if the trans- 
C 2  JOHANSON 5 2 0 2  
C3 J O H A N ~ ~ ~  5 2 0 2  mission-line insertion ioss icoaxiai cabiei is taken as 
C 4  PHILIPS 3pF (OR JOHANSON 72741 
i t  L~ s f  O5mmlNO241  amm~5N6 i l 0  

10 1ogloL (dB), the antenna noise power flowing into 
R I 8  OHMS 1/4 OR I /BW 
22 5 3 0 ~ t . s  4 09 8 K  

the receiver input terminals will be: 

fig. 6. GaAs fet preamp for 144 MHz using self-bias. 

represents this noise. But what about other noise, where L is the cable insertion loss. 
such as that entering the receiving antenna from 
space? 

In this case, the receiving-antenna output termi- 
nals are connected to terminals 1 and 1' ( f ig. 9) 
instead of the resistor. 

Noise coming from space or artificial (manmade) 
noise will appear at the antenna output. Connect a 
noise-power meter of N watts to the bandpass-filter 
output. Determine: 

which is the antenna noise temperature. This tem- 
perature is the same as that of the resistor in f ig .  9, 
whose thermal noise exactly replaces the noise com- 
ing into the antenna. 

Transmission l ine noise. The transmission-line ab- 
solute temperature is assumed to be T o K ,  and a mat- 
ching load resistor is connected in place of the anten- 
na in f i g .  10. Then a load resistance is con- 
nected, and the load resistance and transmission line 
are maintained at a temperature of ToK.  

The noise power occurring at the receiver input 
terminals will be kToB.  Of this noise power, the por- 
tion generated by the matching load resistor, which 
appears at the receiver input terminals, wil l be 
k T o B / L .  Therefore, the actual thermal noise power 
generated by the transmission line will be: 

Rece iv ing-sys tem no ise  cha rac te r i s t i cs .  As If the line hasmo loss, L will become 1; therefore, 
shown in f ig. 10, the antenna is connected to the from eq. 11, noise generated by the line will become 
receiver through a transmission line (coaxial cable). zero. This is a natural result, considering the principle 
In this case, a) the noise coming into the antenna, b)  that thermal noise is produced by resistance. 

A BNC CONNECTORS E SIDE V I E W  I 2  36 '1  

8 3- TERMINAL REGULATOR F BNC CONNECTOR 

VOLE FOR PLACING TRANSISTOR G PARTITION BOARO. BOTH S IDES  PC BOARD, 
MADE OF DUPLEX GLASS-FACED EPOXY HEIGHT 16mm 10 6 2 5 " l  

fig. 7. Parts layout and assembly drawings for the 144-MHz preamplifier. 
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FEEDTHRU CAPAC TOR 

A F I X E D  C A P A C I T O R ,  i Z p F  C INPUT 
8 IOOOPF SOLDER CAPACITORS ATTACHED O OUTPUT 

TO P A R T l T l O N  BOARD E N E 2 4 4 8 3  OR N E Z 4 4 0 6  

fig. 8. Simplified 144-MHz preamp using a fixed capacitor 
characteristics identical to those of the preamp in fig. 6. 

for the input circuit. A noise figure of 0.7 dB was obtained, as well as 

Receiver-generated noise. Whatever noise figure 
an amplifier has, when an attempt is made to obtain 
gain, the noise figure will always be degraded com- 
pared with the SN(S,,/NJ of the input signal. 

When a preamplifier having a noise figure NFl and 
gain GI is connected in front of a receiver having a 
noise figure NF2, the overall system noise figure is: 

sum of a) the noise coming into the antenna, b) the 
noise generated in the coaxial cable, and c)  the noise 
generated in the receiver. So the receiving system 
should be constructed with the distribution of these 
noises in mind. 

When the receiver noise, including the coaxial 
cable loss, is higher than the antenna noise tempera- 
ture, it will be necessary to obtain a signal that will 
override this noise. In such cases a preamplifier 
ahead of the receiver will be effective. But since the 
over-all noise temperature won't become lower than 
the antenna noise temperature there may not be 
much effect, even when the receiver noise tempera- 
ture is extremely low compared wi th the antenna 
noise temperature. 

In this case, if NF1 < <NF2 and GI > > I ,  the 
receiver noise figure will be improved. 

As previously mentioned, noise power can be con- 
verted into temperature; this relationship is: 

Te(290) [(NF- I ) ]  (13) 

Preamplifiers and receiving systems in practice. 
The relationship between the equivalent temperature 
of natural noise and frequency is shown in fig. 11. 
Using this relationship as a datum, let's discuss 
receiving systems using GaAs fet preamplifiers. 
(Understanding will be made easier if actual numeri- 
cal values are inserted into eq. 16.) 

When considered in terms of power: 

N = kT,B (14) 

and this amount of noise power will appear at the 
receiver output. 

Over-all noise characteristics. The sum of eqs. 
10, 11, and 12 is the overall noise power at the 
receiver input terminals. When this is taken as N: BANDPASS F L TER 

I 
I 
I 

Therefore: 

T is the receiving system over-all noise temperature. R L~~~ R~~ S r ~ h ~ ~  

T I K l  ABSOLUTE T E M P E R A T d R E  OF N O I S E  

The smaller the value of T ,  the better. (Note thar SOURCE IN DEGREES KELV N 

the coaxial-cable loss, L, always has a value larger fig. 9. Explanatory diagram for noise-temperature dis- 
than 1 .) The noise at the receiver output is always the cussion. 
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An  ideal antenna is assumed, whose noise temper- 
ature in the 432-MHz band is determined solely by 
natural noise. Then, from fig. 11: 

A system as shown in fig. 12 is used as an example. 
Let's consider a state when the temperature is 17C: 

noise figure of receiuer = I d B  

The over-all noise temperature, T ,  for this case is 
determined from eq. 16. First, the loss, L, of the 
cable is converted into an antilog: 

Next, the N F  = 1 d B  of the receiver is converted to 
noise temperature, T,, using eq. 13. For this, 
N F  = I d B  is converted into an antilog: 

RECEl VER 

NOISE 
CABLE NOISE 

A N T E N N A  - - 
N O I S E  \ - 

A ANTENNA 

B COAX CABLE 

C RECEIVER INPUT 

D RECEIVER 

E RECEIVER OUTPUT 

fig. 10. Noise-generating points in a receiving system. 

Substituting this value into eq. 13 yields: 

Calculation of eq. 16 yields: 

If a coax cable wRh absolutely no loss can be used, L 
in eq. 16 will be L = I and will be sufficient if: 

T = T,+ T, 
is calculated. 

In this case: 

T = 48+87 = 135K (231 
will be obtained. 

Let's take another look at eq. 16, which shows the 
over-all noise temperature of the receiving system. 
Suppose you have a receiver with a noise figure of 

ABSORPTION BY 

-ABSGW:iOtr U I  
WATER VAPOR 

0 4  \ I 
0 I 0 5  I 5 10 5 0  100 

FREQUENCY (GHzI 

fig. 11. Antenna equivalent temperature as a function of fre- 
quency with natural noise as a parameter. 

N F  = 1 d B  connected to a coax cable with a 3-dB 
loss. According to eq. 21, the over-all noise figure, 
NF, will be: 

This can be explained as follows. An antenna having 
a noise temperature of T ,  = OK,  and a receiver hav- 
ing a noise temperature of T, = 0 are assumed. 
When a 3-dB attenuator is connected to the receiver 
input, what will become of receiving-system noise 
figure? The noise figure should be 3 dB. But accord- 
ing to eq. 16 the noise temperature is about 145K, 
and the noise figure, NF, will be 1.8 dB. When think- 
ing about a receiver, the signal-to-noise ratio should 
be considered. When a 3-dB attenuator is connected 

ANTENNA ,& 

fig. 12. 432-MHz receiving system used as an example for 
showing the relationship between natural noise and fre- 
quency. Antenna noise temperature, T, lfrom fig. 111, is 48K 
at 432 MHz. 
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to a receiver having 0-dB noise figure, the noise 
figure will be 3 dB (noise temperature 290K). 

signal-to-noise ratio 
With regard to the signal entering the receiver 

input, the transmitting-antenna gain is expressed by 
GT; the power output by PT, and the receiving- 
antenna gain by GR. A loss occurs between the 
transmitting point and receiving point, which is 
expressed as Ls. Furthermore, when the coaxial- 
cable loss from the antenna is expressed as L, the 
strength of the signal entering the receiver will be: 

To calculate the signal-to-noise ratio, eqs. 15 and 16 
are added to eq. 25. Then: 

RECE lV lhG  CASE 

%V 

/SOLATIOF/ BETWEEN 

THESE POINTS IS 4 
A PROBLEM 

AMFL IFIER m 
JRAYSM! TTING CASE 

fig. 13. When using high power, isolation in the coax switch 
is important to protect the fets in the preamp. 

Only the second term of eq. 26 is the portion in 
which the receiving-system sensitivity is shown. 
Therefore, from eq. 26, it can be understood that, 
when a 3-dB attenuator is connected to an amplifier 
of NF = 0 dB, thesystem noise figure will be degrad- 
ed by 3 dB, as well as the signal-to-noise ratio, SN. 

TT = Ta+ To(L - l )+LT ,  (27) 

is defined as the noise temperature of the receiving 
system including the coaxial cable. When the above 
example is calculated again using eq. 27: 

T' = 48 + [290(1.9- I)] + [ I .  9 x 871 = 474K (28) 

This value has the surprising amount of 339K differ- 
ence compared with the value when the coaxial- 
cable loss isn't considered. 

This difference is more than 3 dB, so if an amplifier 
or preamplifier of good noise figure and ample gain is 
placed directly after the antenna, without any coaxial 

-cable, the noise figure may be improved more than 
the loss (3 dB, in this example) of the coaxial cable. 
This occurs because the coaxial cable has resistance 
and generates some noise. 

points for EMErs 
To perform EME in the 432-MHz band in Japan, a 

maximum output of 500 watts is sometimes permit- 
ted. However, in such cases, when transmitting, 
some power may detour and damage the GaAs fet 
amplifier. 

Consider fig. 13. What degree of isolation should 

the coaxial switch have on the input side of the pre- 
amplifier to be adequate? 

Here, a transmitting power output of 500 watts is 
expressed as 57 dBm. If the coaxial-switch isolation 
is 30 dB in the 432-MHz band, the power that will 
detour to the preamplifier input during transmission 
will be 27 dBm (500 mW). Will the fet be protected at 
this level? 

Table 2 shows the power level at which the GaAs 
fet approaches breakdown in the 432-MHz band 
when the input power is gradually increased. These 
are values determined by my experiments in the 432- 
MHz band. Answers to such questions as "How long 
will the fets withstand a level 1 dB lower than these 
values?" are, I regret to say, not yet available. 

The power differences in table 2 occur because of 
the difference in the biasing methods, and are of 
great interest. Let's consider why this difference 
occurs. 

Fig. 14 shows two biasing methods. When the 
input power is inceased in method A, at a certain 

fig. 14. Allowable maximum input power is smaller for the 
self-bias method (see text). 
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moment the gate-source span will become forward 
biased, the current Is will increase. However, when 
current I s  increases, a potential drop I s x R  is 
created; and in time, the source potential will rise, 
impeding current flow in a forward direction in the 
fet. Then, only a voltage in the reverse direction will 
be applied between gate and source; and when this 
voltage exceeds the reverse breakdown voltage 
between gate and source, it will bring about fet 
breakdown. 

However, ir? the case of B of fig. 14, the gate vn l t -  
age is always maintained lower than the source 
potential by the application of a constant potential. 
This constant potential prevents the gate vc?!tage 
from being more greatly negatively biased (reverse 
direction! through the rising of the source potential 
by the input voltage. From this, it can be seen that 
method B is strong against breakdown. 

From the standpoint of construction and adjust- 
ment, method A of fig. 14 is very stable. However, 
there is the contradiction that this stability is hard to 
obtain under actual operating conditions. It's impera- 
tive that the maximum input power of the preampli- 
fiers described in this report be designed to have a 
value 3 dB lower than the values shown in table 2. 

t a b l e  2. A l l o w a b l e  m a x i m u m  input o f  G a A s  fet p r e a m -  

p l i f i e rs .  

f e t  CW 

w i t h  two bias circuits: 

w i t h  self-bias circuit: 

s s b  

Therefore, when a self-bias circuit is employed, an 
isolation of 40 dB will be required to transmit at 500 
watts (7 dBm). Furthermore, although these values 
have been determined experimentally, I've found 
that when input power is applied without applying 
bias, breakdown will occur at values 1-2 dB lower 
than those shown. Thus, when high-power opera- 
tion is attempted, it will be safer to keep the bias 
applied during transmission. 

Finally, it's desirable to consider using a delay 
circuit that will ensure transmitting power is always 
cut off before the coaxial switch is moved to the 
receiving position. This will ensure further safety of 
operation. 

references 
1. S. Sando, JHIBRY, "Very Low-Noise GaAs fet preamp for 432 MHz," 
ham radio, April, 1978, pages 22-27. 
2. G.D. Vendelin, "Five Basic Designs for GaAs Amplifiers," Microwaves. 
February, 1978. 
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diversity reception: 
an answer to 

high frequency 
signal fading 

Diversity reception 
techniques are discussed 

with ideas on how 
they can be implemented 

with today's equipment 

Signal fading is one of the principal problems 
confronting Amateurs in the high-frequency or short- 
wave bands. This seems strange, because fading 
was one of the earliest high frequency problems to 
be investigated. A 1927 QST article1 shows that a 
worthwhile reduction in the adverse effects of fading 
can be obtained by using diversity reception. 

What is diversity reception? With diversity recep- 
tion, two or more different, or diverse, antenna1 
receiver combinations are used to receive the same 
signal. A two-channel system is known as dual diver- 
sity; a three-channel system, triple diversity. Diver- 
sity reception is widely and effectively used in com- 
mercial high frequency installations but has never 
been popular with Amateurs. One wonders why. 
Considering what the development of stereo did for 
the hi-fi industry, I'm surprised that the receiver man- 
ufacturers didn't push diversity reception years ago. 

,In this article I discuss fading and explain how 
diversity reception can minimize signal loss due to 
fading. I then discuss equipment considerations for a 
diversity reception system. 

diversity reception 
Although it's not apparent to a listener with one 

receiver and one antenna, fading is not uniform over 
the surface of the earth. If the listener had several 
antennas separated by between two and ten wave- 

lengths, with each antenna connected to its own 
receiver, he'd find that the signal received by the var- 
ious antennas faded more or less independently of 
one another. The probability of all receivers being in 
a fade at the same time is very small. So, if several 

I receivers are connected so that the receiver with the 
strongest signa! can be chosen, the effect of fading 
can be greatly reduced. 

Fig. 1 is a strip-chart recording of a CW signal 
received on 19 MHz using a triple space-diversity sys- 
tem. The first three rows show each channel individ- 
ually, whiie the bottom row shows the combined sig- 
nal. Note the reduction in fading of the combined 
output. 

The fading characteristics of the two signals of a 
dual-diversity system may be described mathemati- 
cally by what is known as the correlation coefficient 
of fading, R. This coefficient may have any value 
between - 1 and + 1 .  When R = + I ,  the two sig- 
nals will vary in the same direction; ie. ,  both signal 
will be either above or below a reference "minimum 
usable signal level" (MUSL ) at the same time, In this 
case, diversity operation will obviously not provide 
any improvement. 

When P = - I ,  the two signals will always fade in 
opposite directions; when one signal is above the 
MUSL, the other will always be below it. In this situa- 
tion, diversity operation will provide fade-free recep- 
tion, since one of the signals will always be above the 
MUSL. Unfortunately, negative correlation factors 
are seldom found in practice. 

When R = 0, the two signals will fade completely 
independently of each other. In this case, the propor- 
tion of time that both signals spend below the MUSL 
simultaneously is equal to the product of the propor- 
tion of time that each signal will be below that MUSL 
individually. 

The advantage of diversity reception is measured 
by what is called "diversity gain" and is given in dB. 
Diversity gain is the increase in average signal level 
obtained from a diversity receiving system compared 
with the level obtained from a single-channel receiver 
averaged over a period of time, usually 5 to 10 min- 
utes. Diversity gains of between 3 and 20 dB are typi- 
cal in commercial practice, and gains approaching 
these values are probably obtainable in Amateur 
practice, a worthwhile improvement in average 
received signal level. 

- 
By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22070 
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Commercial stations using high frequency propa- 
gation commonly use three antennalreceiver combi- 
nations; the law of diminishing returns applies for 
more than three. A substantial improvement can be 
obtained, however, using only two receiving sys- 
tems, and it's doubtful if more than two channels are 
justified for Amateur applications. 

fading 
To understand how diversity reception improves 

reliability, it's necessary to understand the fading 
phenomenon. Fading in the high frequency, or short- 
wave, bands is basically of two types: path fai!ure 
and multipath. 

Path failure occurs when the ionosphere can no 
longer reflect the transmitted frequency back to 
earth. A good example of this is the way signals on 
10, 15, and 20 meters fade out at night: The signals 
just gradually disappear into the noise. This type of 
fading is also known as "flat fading," since all fre- 
quencies over the usual information bandwidths fade 
together. Nothing can be done to overcome this type 
of fading except to change frequency; if the signal is 
not there, two receivers are not going to hear it any 
better than one. Path failure isn't a serious problem 
anyway, because propagation forecasts can gener- 
ally predict which frequencies will fade and when, so 

A J-rn.,.~, 
b 
rru- 
C . w  & . " ~ v l w ~ . - - " . - - . c " ~  W(LIC*L- 

=OCIB-D - - T _ .,q ,..- .,,, ".- n, ?.".T .."" ~>-r. ."- .  --r- -r 
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fig. 1. Strip chart recording of keyed CW signals from the 
output of the three separate channels of a triple-diversity 
receiver is shown in rows A, B, and C. The combined output 
is shown in the bottom row, illustrating the reduction in 
facrrng possible with this type of system (from reference 2, 
page 543). 

that you can arrange your operating plans accord- 
ingly. 

Multipath fading is much more annoying and is the 
result of two or more waves from the same transmit- 
ter traveling over different paths and arriving at the 
receiver with different phase relationships. If the 
length of these paths differs by an odd multiple of a 
half wavelength, which is only about 10 meters (35 
feet) at 14 MHz, the two waves will arrive out of 
phase, and a fade will occur at that frequency. If their 
path lengths differ by one wavelength, the two 
waves will arrive in phase, and a "fade-up" will 
occu:. 

The distance from the East Coast to the West 
Coast of the United States is about 5000 km (3000 
miles), and the radio path is slightly longer because 
of its round trip to the ionosphere. A path difference 
of only 10 meters (35 feet) represents a very small 
percentage difference between the two, so it isn't 
any wonder that multipath fading occurs and creates 
the problem it does. 

types of diversity reception 
The ionosphere is not stationary but dynamic - 

more so at some times than others. Paths are con- 
stantly changing in both number and length. There- 
fore signals fade in and out randomly at different 
locations, at different times, and on different fre- 
quencies, all depending on the signal polarity and its 
angle of arrival. This phenomenon gives rise to five 
different types of diversity reception: space, polariza- 
tion, angle of arrival, time, and frequency. 

Space diversity. The most common form of diversi- 
ty reception used by commercial high-frequency sta- 
tions is space diversity. In commercial practice triple 
diversity is usually used, with the three antennas 
spaced at the corners of an isosceles triangle measur- 
ing two to ten wavelengths on a side.2 Increasing the 
spacing beyond this amount doesn't materially 
improve reception, nor does using more than three 
antennas. Many experimenters, including Amateurs, 
have found that a worthwhile diversity gain can be 
obtained on the 20-meter band by using only two 
antennas spaced about 15 meters (50 feet) apart. 
Therefore, space diversity can be practical for Ama- 
teur stations restricted to a modest suburban lot. 
With correlation coefficients of fading as high as 0.6, 
space diversity can still provide a significant diversity 
gain. 

Polarization diversity. Where space is a limiting 
factor, as it is at many Amateur locations, a consider- 
able reduction in the effects of fading can be obtained 
from polarization diversity; that is, using one horizon- 
tal antenna and one vertical antenna, each connect- 
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ed to its own receiver. The same tower that supports 
the horizontal antenna, or one end of it, can also act 
as the vertical antenna. Polarization diversity is possi- 
ble because the vertical and horizontal components 
of the received signal do not usually fade simultane- 
ously, even at the same location. 

Some Amateurs report an unusual effect when 
using polarization diversity: The ionosphere gets 
hung up on one polarization for extended periods of 
time, often several days. When this happens, a 
single-receiver chartnel tising the wrong polarization 
would report that conditions were bad, whereas a 
polarization diversity system would report good con- 
ditions. 

The advantages of space over polarization diversi- 
ty, if any, are not clear. Grisdale et  ai.3 report more 
diversity gain with space than with polarization diver- 
sity under some conditions, and vice versa under 
other conditions; the differences are too detailed to 
list here. In any event, significant diversity gains are 
obtainable with either type of diversity, with the dif- 
ference between the two usually limited to 2.5-3 dB. 

Angle-of-arrival diversity. This method uses one 
or more antennas with lobes at various vertical 
angles of arrival. Experiments have shown that 
waves arriving at vertical angles differing by as little 
as two degrees will give significant diversity gains. 
Close control of the vertical radiation pattern requires 
a vertical antenna many wavelengths tall; therefore 
this type of diversity system doesn't appear to be 
practical for most Amateurs. 

Frequency diversity. Two separate frequencies are 
used to transmit the same message, because differ- 
ent frequencies don't necessarily fade at the same 
time. By transmitting the same message simultane- 
ously on different frequencies and listening to the 
stronger of the two, circuit reliability can be improved. 
Frequency separations as small as 400 Hz will give 
considerable improvement on long-haul, high-fre- 
quency paths. It therefore appears possible to  
receive the two sidebands of an a-m or DSB signal, 
demodulating each sideband separately with two dif- 
ferent SSB receivers, thus receiving frequency diver- 
sity. (I will discuss this later.) 

Time diversity. Time diversity uses two channels, 
usually with the same transmitter, antennas, and 
receiver. Imagine a transmitter capable of transmit- 
ting two teletype signals simultaneously. Start a 
message on channel A and a minute or so later 
restart the same message on channel B. At the 
receiving end, match the messages received on the 
two channels. The probability of the circuit fading 
out during the same portion of each message is 
much lower than the probability of a fade on only one 

channel, so that an improvement in circuit reliability 
can be obtained. Delay times of between 0.05 and 95 
seconds, depending on conditions, have been found 
to give improvement. 

Note that both frequency and time diversity 
improve reliability by sacrificing channel capacity, 
i.e., by halving the number of messages that can be 
transmitted over the circuits in a given period of time. 
If there were no fading, two different messages 
could be transmitted over the same two circuits. 
Space, angle of arrival, or polarization diversity, 
however, don't reduce the channel capacity. 

diversity transmission7 
Diversity reception has been shown to increase the 

average signal level, so one might reasonably ask if 
additional improvement could be obtained by trans- 
mitting over two or more antennas. The answer is 
no. Because fading is caused by multipath, using 
two transmitting antennas with either space or polar- 
ization diversity would double the number of possible 
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fig. 2. A simple polarization diversity receiving system. 

different signals reaching the receiver, thereby 
increasing the possibility of multipath fading. 

The best thing that the transmitter can do is to 
concentrate its available energy in as small a beam as 
possible, i.e., use an antenna with as much gain as is 
practicable. This is standard practice anyway, so no 
changes are necessary at the transmitter. 

diversity receiving techniques 
If we assume polarization diversity, which appears 

to be the most practical for Amateur use, the 
simplest form of a diversity receiving system consists 
of two separate receivers, one connected to a verti- 
cal antenna and the other to a horizontal antenna. 
The output of each receiver is connected to separate 
headphones, such as are commonly sold for stereo 
use; see fig. 2. This is a simple and effective method, 
but it has the disadvantage that the receiver whose 
input signal is "down" generates noise, making it dif- 
ficult for the operator, since the noise changes from 
ear-to-ear. 

This problem can be easily corrected by tying 
together the agc circuits of the two receivers. In this 
way the agc of the "up" receiver will tend to mute 

50 november 1979 



the "down" receiver, minimizing the noise in the 
down channel; see the sketch in fig. 3. 

The next obvious step is to combine the audio out- 
put of the two receivers in a common amplifier, as 
shown in fig. 4. However, this technique can only be 
used for phone reception, a-nl or SSB; not for CW. 
The reason is that for CW the audio-tone output of 
each receiver has a phase that depends upon the 
phase of the rf signal received by the respective 
antenna. As the relative phases of each rf signal vary 
in a random manner because of multipath effects, 
the phase of each audio tone will vary randomly, too, 
and there will be times when the audio tones will be 
180 degrees out of phase. A fade will then occur in 
the receiver combined output, even though the sig- 
nal in each receiver is strong. This is just what we are 
trying to avoid! 

There are two solutions to this problem. The first, 
used by the commercials, is to take the second- 
detector output as a dc pulse and add the pulses in a 
simple summing network. The resulting pulses will 
be relatively fade-free and are used to key an audio 
oscillator, which the operator hears in his headset. 

The second technique uses what is called a "heter- 
otone"4 oscillator. which is sirn~lv a multivibrator . . 
operating at about 400 Hz generating two square 
waves I80 degrees out of phase. These are used to 
alternately gate each diversity i-f channel. This signal 
modulates the CW signal at the intermediate fre- 
quency. 

Tuning a CW signal using a heterotone oscillator is 
definitely different from tuning one with a hetero- 
dyne oscillator, or BFO; with the heterotone no 
change occurs in pitch as you tune through the 
signal. 

early diversity receivers 
Considering all the advantages of diversity recep- 

tion, there have been surprisingly few attempts to 
develop diversity techniques for Amateur use. The 
earliest attempt of which I am aware was in 1936 by 
Carll Roland,5 who used two antennas 183 meters 
(600 feet) apart connected to two short wave broad- 
cast receivers. Even with such primitive equipment 
and many trials and errors, Roland's results were 
good. The final sentence in his article reads: "If the 
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fig. 3. A polarization diversity receiving system with agc 
muting of the "down" receiver. 
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fig. 4. A full dual-polarization diversity receiver for phone 
work. 

broadcast listeners had not wanted their receivers 
back, we would have kept on using diversity 
reception. " 

The second step was taken by James J. Lamb and 
J. L. A. McLaughlin,6 who designed what is prob- 
ably the first single-tuning-control diversity receiver. 
They developed this receiver specifically for Dr. 
James M. B. Hard, an American who will be remem- 
bered by old timers as XE1 G in Mexico City. 

QSTfor December of 1937 describes the third step 
in an article by J. L. A. McLaughlin and Karl W. 
Miles.7 They refer to the May, 1936, receiver (my ref- 
erence 6) and say, in part: 

It has conclusively demonstrated the practicability and 
desirability of diversity reception for amateur and experi- 
mental communications work. Even with two antennas 
spaced but 50 feet apart, good diversity action has been 
obtained, especially on the 14-Mc band. Dr. Hard reports 
that many times when fading conditions and heterodyne 
interference became so bad as to make his other single 
receivers useless, the dual diversity still brings in an intelli- 
gible signal. 

This receiver was considerably improved over the 
earlier version, mostly in a simplified mechanical 
design and an improved i-f amplifier. Apparently it 
was also built specifically for Dr. Hard and became 
the prototype of the Hallicrafters dual diversity 
receiver model DD-1. It contains many unique and 
advanced engineering features, even by today's 
standards. I'll not go into detail now; see the photo- 
graph of my model in fig. 5. It's a very impressive 
piece of equipment! 

With diversity reception it's not necessary to use 
specially made receivers or even identical receivers. 
Taylor8 describes a 10-meter diversity system using a 
Hallicrafters SX-17 and a Skyrider 5-10 receiver. His 
antennas were a horizontal 10-meter dipole and one- 
half of a vertical 5-meter beam. One end of the 10- 
meter dipole was attached to the pole that held the 5- 
meter beam. 

As an example of his results, Taylor describes the 
10-meter reception of a GM6 late one afternoon: 

. . . most of the Britishers had already passed out of the 
picture. With a single receiver and antenna his signal was 
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so hashed up by a fast fade from S9-plus down into the 
mud that only about one word out of five was understand- 
able. On switching in the other half of the diversity combi- 
nation his signal was brought up and smoothed off at a 
level which rarely fell below S-8; a solid and completely 
intelligible signal . . .. We will guarantee a thrill the first 
time you see one of the "S" meters . . . drop down to the 
bottom of the scale with the signal still pouring out of the 
'phones in fine style. 

A slightly different approach to diversity reception 
has been suggested by Bartlett.9 Bartiett connects 
each antenna to a separate rf preamplifier; the output 
of each of the two preamplifiers is connected in par- 
allei to a single receiver of conventional design; this 
would be the normal station receiver. The preampli- 
fier stages are switched on and off, 180 degrees out 
of phase, at an audio rate usually between 300 and 
1000 Hz. A block diagram is shown in fig. 6. In this 
manner only one antenna at a time is connected to 
the receiver so that phase relationships between the 
two antennas are not important. The receiver output 
is proportional to the strongest signal present in 
either antenna at any instant of time. 

Because the incoming signal is modulated at the 
switching frequency this method is useful only for 
CW. This method also has an unusual effect on the 
receiver output. If the signal in one antenna is up and 
the other completely down, the signal reaching the 
receiver is modulated at the switching frequency. If 
both antennas receive equal signal levels, the signal 
reaching the receiver is modulated at twice the 
switching frequency. 

If one antenna has a strong signal with the signal 
from the other antenna fading in and out, the effect 
on the output is a changing tone that depends on the 
strength of the fading signal. Bartlett claims this 
effect is "very pleasing" to most CW operators; I 
haven't tried it myself. It sticks in my memory that a 
device similar to this was advertised in QST right 
after World War II, but I've not been able to find the 
advertisement in my old magazines. 
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fig. 6. Block diagram of Bartlett's dual-diversity preselec- 
torladapter for CW work. 

Bartlettg also states that when using polarization 
diversity, there may be "days at a time" when the 
vertical signal is 10 to 15 dB lower than that of the 
horizontal signal. I don't know if this is true in gener- 
al, or if it results from the use of a smaller vertical 
antenna than horizontal antenna. 

equipment considerations - receivers 
By now you may be wondering what changes are 

needed to equipment designs to make diversity 
reception practical. The design of a diversity receiv- 
ing system is not that difficult. At one time a diversity 
receiver was a truly substantial piece of equipment in 
both size and cost; fortunately, the development of 
modern semiconductor devices has reduced both the 
size and the cost of receiver components. And, since 
the second receiver will be a duplicate of the first, 
there will be no additional engineering costs. 

As the details of different receivers vary consider- 
ably, and as each receiver designerlbuilder has his 
own ideas as to what a good receiver should be, I'm 
not going to discuss a detailed receiver design. The 
characteristics required of a good diversity receiver 
are the same as those needed for a good single-chan- 
nel receiver: sensitivity, stability, low noise figure, 
low intermodulation response, good shielding, and 
so on. The only difference is that you build it twice! 
Numerous articles on this subject have been pub- 
lished by ham radio; I need not repeat that infor- 
mation. 

Good shielding is very important. First, it's neces- 
sary to keep the horizontal and vertical channels elec- 
trically separate. Leak-through from one to the other 
before final detection will cause a loss in diversity 
effectiveness. With two separate receivers, using 
separate local oscillators, leak-through of one oscilla- 
tar to the other mixer will cause birdies, because the 
two oscillators will, in general, not be on exactly the 

fig. 5. A Hallicrafters dual-diversity receiver, Model DD-1. same frequency. 

This is the only commercially made receiver intended for There are several ways of minimizing the oscillator 
diversity reception, circa 1939. leak-through problem other than the use of shielding. 
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fig. 7. Simple frequency diversity receiver for independent demodulation of the upper and lower sidebands of an a-m signal. 

One is to use receivers with different i-fs. Taylor8 
used a Hallicrafters SX-17 with a 465-kHz i-f and a 
Skyrider 5-10 with a 1600-kHz i-f with good results. 

If receivers with the same i-f are used, one oscilla- 
tor can be realigned to put it on the high side, with 
the other oscillator on the low side, of the signal. 
(This may have an adverse effect on tracking in the 
modified receiver. ) 

Probably the best arrangement is to use the same 
oscillator for both channels. Even here, though, con- 
siderable care must be used in mixer design to ensure 
that the received signal from one channel doesn't 
leak through the common oscillator bus into the 
other channel. What has been said concerning the 
local oscillator applies equally well, of course, to all 
local oscillators in a multiple conversion or SSB 
receiver. 

adapting current 
transceiver designs 

Because the current trend in Amateur equipment 
design is toward the transceiver, I'll present some 
general ideas on adapting current transceiver designs 
to diversity reception. As pointed out earlier, there's 
nothing the transmitter can do to improve diversity 
reception, thus the transmitter portion of a transceiv- 
er will remain unchanged. Most of the bulk, weight, 
and cost of a modern high frequency transceiver is in 
the transmitter section, the transmitter power sup- 
ply, and the frequency control unit (synthesizer); the 
receiver itself is very small. And this is the only por- 
tion of the transceiver that must be duplicated. 

Probably the single most important thing that 
transceiver manufacturers can do to aid in diversity 
reception is to make the various oscillator injection 
voltages and agc bus available, suitably buffered, on 
the back apron of the transceiver. This will permit an 
external adapter, either commercially manufactured 
or homemade, to be easily attached. It will then be 

practical to add an external diversity adapter contain- 
ing the rf, i-f, audio, and combining circuits neces- 
sary to complete the diversity receiving system. 

In the preceding material I've assumed a simple 
summing network for combining the output of the 
two receivers, as this appears to be the simplest and 
most appropriate for Amateur use. Actually, the sub- 
ject of an optimum combining law for two (or more) 
signals has occupied many, many pages in various 
journals. 

Combining laws can vary from a hard-switching 
law ( i e . ,  switching to the receiver with the strongest 
signal) to more sophisticated and beneficial laws. 
Leonard R. Kahnlo has asked this question: "For a 
given ratio of diversity signal levels, how much of the 
weaker signal and its noise should be added to the 
stronger signal and its noise to obtain the optimum 
signat-to-noise ratio?" He then answers his own 
question by showing that a square-law is best. That 
is, the ratio of the two signal levels should be 
squared, then summed. 

The method I've sketched, summing the detected 
signals and tying the agc buses of the two receivers 
together, will have a combining law that depends on 
the agc characteristics of the receivers. The most 
desirable law for Amateur purposes probably can be 
determined only after considerable experimentation. 

The types of combining described so far are 
known as "post-detection combining." The combin- 
ing is accomplished after detection, when the d l i - f  
phase information has been removed. Additional 
diversity gain is possible by using "predetection com- 
bining," combining the signal before detection. This 
method requires that the signals be added in phase 
and is much more difficult to achieve. 

equipment considerations - 
the antenna 

Assuming polarization diversity, it's essential that 
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fig. 8. Simple frequency diversity receiver for independent demodulation of the upper and lower sidebands of a DSB signal. 

the horizontal antenna and its transmission line 
respond only to the horizontal component of the 
received signal. Similarly, the vertical antenna and its 
transmission line should respond only to the vertical 
component of the received signal. 

In both cases, the transmission lines are probably 
the biggest problems. For the horizontal antenna, the 
vertical down-lead is the problem area. With the ver- 
tical antenna, horizontal runs away from the antenna 
are potential trouble spots. 

If coaxial cable is used, it should have a tight shield 
braid, or, better yet, be double-shielded." A high- 
grade balunshould certainly beused in bothantennas. 

frequency diversity 
In describing frequency diversity, I mentioned that 

frequency separations as small as 400 Hz could be 

gain, except when the carrier itself is in a fade; then 
the two sidebands don't have anything to beat 
against, so that demodulation is not possible. The 
receiver output sounds like a DSB signal with the BFO 
off. 

The next obvious improvement is to provide a 
locally generated, fade-free, noise-free carrier to 
demodulate the two sidebands. This scheme is 
shown in f ig.  8. Since the carrier is no longer needed 
to demodulate the sidebands, why transmit it? Put 
the carrier energy into the sidebands to increase talk 
power and transmit a DSB. 

As I write this, I can imagine ham radio readers 
coming to a full stop! Didn't we fight the SSB vs DSB 
battle 25 years ago and decide on SSB? 

The answer, of course, is, yes, we did. DSB lost for 
three basic reasons: 

used to provide diversity gain. Since audio frequen- 
1. When the two sidebands of a DSB signal are 

cies below about 300 Hz are usually filtered out in a 
demodulated in the same detector, the stability re- 

voice transmitter, the two sidebands in an a-m or 
quired of the locally generated carrier is extremely 

DSB signal will be at least 600 Hz apart, giving rise to 
critical. 

the possibility of using frequency diversity. 
 he simplest embodiment of a frequency diversity 2. Multipath effects between the upper and lower 

receiving system for a-m or DSB signals is shown in sidebands cause fading. 
fig. 7 .  Here a single antenna, receiver front-end (rf 3. Extra bandwidth is required in an already over- 
amplifier, mixer, and local oscillator) drives two i-f 

crowded spectrum. 
amplifiers. One i-f amplifier has a filter that covers the 
carrier and upper sideband; the other i-f amplifier 
covers the carrier and lower sideband. Each amplifier 
output is separately detected, then combined in a 
common audio amplifier. The agc bus of the two 
amplifiers may be tied together. In this way, the two 
sidebands are independently received and detected, 
then combined. Summation does not take place until 
after the rf phase information has been removed 
from both sidebands, so that multipath effects 
between the upper and lower sidebands will not 
cause fading. 

This system gives a surprising amount of diversity 

In a frequency diversity receiver, items 1 and 2 
don't apply because the two  sidebands are 
demodulated in separate detectors - not in the 
same detector. The frequency stability required of 
the inserted carrier may be somewhat higher than for 
SSB; if it gets too far off, one sideband sounds like 
Smokey the Bear, the other like Squeaky the Squir- 

* A  point well taken. Many Amateurs tend to take coaxial transmission lines 
for granted. Many types of coax cable are offered for sale. Most are 
marginal as far as shielding is concerned. If you're interested in diversity 
receiving systems, it's well worth obtaining good-quality coax cable. The 
ARRL Handbook describes problems that can occur when using marginal- 
quality coaxial transmission lines. Editor. 
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fig. 9. Simplified block diagram of a compound diversity receiver using both frequency and polarization diversity to  receive an 
a-m or DSB signal. 

rel. The stability, however, is only on the order of a 
few hertz instead of a few degrees. 

Detecting the two sidebands separately also 
eliminates fading caused by the two sidebands being 
180 degrees out of phase because of multipath. Fur- 
thermore, since the probability of both sidebands be- 
ing below the MUSL simultaneously is considerably 
lower than that of either sideband being below the 
MUSL separately, fading should be considerably less 
of a problem with the sidebands independently 
demodulated. 

The additional bandwidth will still be with us and 
may be considered the price paid for diversity gain. 

With present-day technology, it's not impractical 
or expensive to build a compound diversity receiver, 
using both frequency and polarization diversity. A 
block diagram of such a receiver is shown in fig. 9. 

conclusion 
I've described the advantages of the variious types 

of diversity reception and shown how they can be 
implemented with Amateur equipment. Because of 
space limitations I have hit only the highlights. 
Anyone who's going to pursue this type of work 
should become familiar with the references cited. 
Much of the original work on this technique was 
done 40 years ago, so I am, admittedly, reinventing 
the wheel. I firmly believe, however, that diversity 

reception will be the next step in advanced Amateur 
receiving techniques. I hope this article helps to start 
Amateurs experimenting with diversity reception and 
encourages manufacturers to supply equipment for 
this purpose. 
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measuring 
receiver dynamic range 

How to determine 
receiver performance 

using simple test equipment 
and procedures 

Receivers with l imi ted dynamic range really have 
a tough time surviving in my neighborhood, where 
signals of 100 m W  at the antenna are common. 
When the time came to shop for new equipment, my 
primary objective was to find a rig with good immu- 
nity to some of the problems that might affect its 
front-end stages. Of primary importance is informa- 
tion on the dynamic rangel.2 and blocking specifica- 
tions for the rig in question. This information isn't 
usually supplied by manufacturers, so the scheme 
was to build some simple test equipment to measure 
this data and make some comparisons between dif- 
ferent rigs available on the new and used equipment 
markets. An added bonus is that once the test equip- 
ment is available it may be used for other tests. 

test setup 
Two crystal oscillators were constructed, one for 

operation at 14.02 MHz and the other at 14.04 MHz. 

Other frequencies could have been used3 although, 
in general, it's convenient to retain the 20-kHz spac- 
ing. The crystals used are ICM* units designed for 
OX-series oscillators. That oscillator wasn't suited to 
this application, so I designed a circuit that has a 
known power output and minimum second-harmonic 
content, f ig. 1. I built identical circuits on opposite 
sides of a piece of double-clad PC board and placed 
them in a tight-fitting aluminum box. I brought sepa- 
rate power leads through feedthrough capacitors so 
that the oscillators could be operated independently. 

About 60 dB of isolation between the two circuits 
was achieved, which is adequate for the task. When 
two-tone signals are needed, a hybrid combiner2 
couples the oscillator outputs together with mini- 
mum interaction; a step attenuator adjusts the ampli- 
tude of the tones simultaneously (f ig. 2). This equip- 
ment plus a 9-volt battery and a few short pieces of 
coax and connector adaptors is all that's needed to 
perform the tests. Everything fits nicely into a small 
box, which may be easily carried to any location 
where tests are to be run. 

Because the signal sources are high level (0 dBm), 
shielding of test oscillators, coax cables, and attenu- 
ators is inadequate to allow testing the sensitivity or 
noise floor of the receiver. Fortunately this informa- 
tion, although needed to calculate dynamic range, is 
not absolutely essential in this situation, as the input 
power that causes an undesired response may be 

By Sidney Kaiser, WBGCTW, 4640 Clarendon 
Drive, San Jose, California 95129 
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fig. 1. Test oscillator schematic. The crystal is an ICM (International Crystal Manufacturing Co.) with a capacitance of 100 pF. 
Output is zero dBm at 14 MHz. Two oscillators are required for receiver tests: one at 14.02 and one at 14.04 MHz. The oscillators 
were built on opposite sides of a double-clad PC board, which was placed in an aluminum box. 

compared directly. This assumes that each receiver 
has sufficient sensitivity to perform its task, which is 
normally not a problem on the high-frequency bands; 
on the contrary, it's common for excessive sensitivity 
to contribute to reduced strong-signal-handling 
capabilities. 

procedure 
Each receiver is evaluated with the agc on, normal 

SSB filter selected, rf gain at maximum, preselector 
peaked at 14.04 MHz, noise blanker and i f  attenua- 
tion off, and audio set for a comfortable level. Turn 
on both tones, set the attenuator at zero, and tune 
the receiver to the third-order intermodulation-distor- 
tion product at 14.06 MHz. 

No calibrated audio voltmeter was available, so my 
"calibrated ear" was used to determine when the 
undesired signal could just be heard in the receiver 
noise output. I've achieved good consistency with 
this method, although it results in a more conserva- 
tive number than that obtained by using a voltmeter 
for measuring a 3-dB change in the audio output. 
However, all results obtained by this technique may 
be compared with the others obtained in the same 
manner by the same person. 

Reduce the amplitude of the two tones with the 
attenuator until the third-order intermod at 14.06 
MHz is just detectable. One convenient way to do 
this is to leave the 14.02-MHz oscillator running and 
slowly key the 14.04-MHz oscillator on and off with 
its battery lead while adjusting the attenuator for this 
just-discernible signal. Subtract the losses of the 
hybrid combiner and attenuator from the 0-dBm out- 
put of the test oscillators to find the input power to 
the receiver. This number is listed in table 1 as the 

*International Crystal Manufacturing Co., Inc., P.O. Box 32497, Oklahoma 
City, Oklahoma 73132. 

two-tone input power and is the receiver input 
power that causes a just-detectable third-order inter- 
modulation product. 

gain compression test 
A second test may be performed to find the input 

power that causes gain compression (blocking) in the 
receiver. This test is usually run with one weak signal 
and one strong signal, but it's possible to  gather 
some useful data by using the receiver's own internal 
noise as the weak signal. 

An interesting thing can happen when running this 
test. If gain compression occurs with a strong out-of- 
passband signal, the noise level heard in the output 
will decrease. This noise originates in the first stage 
of the rig. Gain compression of this stage or a suc- 
ceeding stage will cause a drop in the noise level. 
However, many times the noise output will increase 
when the strong out-of-band signal is present. This 
action is caused by reciprocal mixing with noise side- 
bands in the receiver local oscillators (commonly 
heard as a keyed hiss with a strong local CW station 
on a nearby frequency). A mixer really doesn't care 
whether it sees a strong LO and weak rf signal or a 

CRYSTAL 
O S C I L L A T O R  

14 OZmHz mw O S C I L L A T O R  CRYSTAL 

fig. 2. Test setup for making the tests described. 
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table 1. Test results from many popular receivers using the equipment and procedures described. 

receiver 

Drake TR7lDR7 

Collins 75S3B 
ICOM rC701 

Ten Tec Omni D 
Ten Tec Triton 1V1544 
Atlas 350XL 
Astro 200 
Yaesu FTSO1 DM 
Ten Tec Argonaut 

Kenwood TS820S 
Yaesu FT301 S 
Heathkit SB303 

Collins KWM2 

Yaesu FTlOlE 
Yaesu FT301 D 
Kenwood TS520 

two- 
tone 
input 
(dBm) 

- 41 

- 44 
- 46 

-48 
-48 
- 51 
- 52 
-56 
- 58 

- 60 
-64 
-64 

- 65 

- 65 
- 68 
- 72 

gain 
compression 

input 
(dBm1 

- 32 

- 20 
2F 

- 20 
- 30 
- 28 
- 35 
- 29 
- 35 

- 34 
- 36 
- 41 

- 26 

- 36 
- 32 
- 36 

bandwidth (kHz) 
at a rejection of 

60dB 70dB 80dB 

3.8 5.6 6.3 

strong rf and a weak LO signal (noise sidebands); it 
will generate an output in either case. 

Tune the receiver to 14.04 MHz and slowly key the 
14.02-MHz oscillator on and off (leave the 14.04-MHz 
tone off), while decreasing the step attenuator until 
the noise output has a just-perceptible change. An 
increase in noise level is an indication of reciprocal 
mixing with the LO noise sidebands, provided that 
the test oscillator output is clean. If the noise 
decreases, gain compression Is indicated. Note the 
input power to the receiver; this power is listed in 
table 1 as the gain compression input. 

Some receivers will exhibit reciprocal mixing up to 
10-20 kHz from the strong signal. Then a gradual 
change to gain compression with a higher power 
input signal will occur further away from this input. 
In either case, the ultimate performance of the 
receiver will be limited if either of these phenomena 
occurs at too low a level. Only one strong input sig- 
nal is required to cause these problems, so an input 
20 dB higher than the two-tone input is probably a 
reasonable minimum number. 

selectivity test 
Another test may be run to check receiver selectiv- 

ity by using one test signal and tuning the receiver to 
measure bandwidth. This test explores the ability of 
the complete receiver to reject unwanted signals, 
which is normally not as good as that of the filter 
itself because of signal leakage around the filter.3 

Tune the receiver to 14.02 MHz and adjust the 

S-meter 
(S9 p v .  

90 dB linearity) 

6.6 20 fair 

6.3 250 good 
20 noor 

- 36 good 

20 poor 
7.0 150 poor 

- 8 poor 

18.0 19 poor 

110 good 
30 poor 

10.0 70 good 

6.3 60 good 

10 good 
65 poor 
70 fair 

comments 

good f~lters, 
AGC pumps 
good filters 

HAS-65 dB hump 
t 10 kHz our 

good filters 

modified 
KVG filter 

modified 
mixers 

good filters, 
AGC pumps 

attenuator for a convenient, low S-meter reading, 
suchas S2. About90 dB of attenuation will be needed. 
Note the attenuator reading, then increase the signal 
by 60 dB. Tune away from the signal until it's no 
longer heard and the S-meter reads zero. Then tune 
back toward 14.02 MHz until the S-meter again reads 
S2 and note the receiver frequency. Now tune to the 
opposite side of the signal and repeat the slow 
approach to the signal for an S2 reading. Note this 
second frequency. 

The bandwidth at - 60  dB is the difference 
between the first and second frequency readings. 
The procedure can be repeated for readings of - 70 
dB, - 80 dB, or until the receiver runs out of signal 
rejection or the test oscillator runs out of power. The 
latter isn't a problem unless the receiver has more 
than 90 dB rejection. 

One characteristic to watch for is a rig that may be 
80 dB down + 5 kHz away from the signal but deteri- 
orates to perhaps 65 dB down at 10-15 kHz away and 
may never recover to the - 80 dB level further out. I t  
seems clear that present-day specifications of only 
- 6 dB and - 60 dB are not adequate to determine 
whether a receiver has a good filter and minimizes 
signal leakage around it. 

checking the S-meter 
The next item to check is the S-meter. For exam- 

ple, a reading of S9 with an input of - 70 dBm (71 pV 
across 50 ohms) would be reasonable in view of the 
traditional value of 50-100 pV for S9. Linearity can be 
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checked by increasing the input signal to 10, 20, and 
30 dB over S9 and observing meter readings. Below 
S9, increments of 5-6 dB per S-unit may be verified. 

Results to date have been dismal, Various S- 
meters not only read between 8 and 250 pV for S9, 
but the linearity was so poor that using the meter for 
evaluating a) gain differences between two transmit- 
ting antennas, or b) front-to-back ratios of receiving 
antennas is strictly a guessing game - unless the 
meter response has been verified. Manufacturers 
could do much better in this area with little additional 
expense and make the S-meter a useful adjunct to 
operating convenience. 

conclusions 
The various rigs tested are listed in table 1 in order 

of decreasing third-order intermodulation perform- 
ance. By making a few comparisons of the data, at 
least three conclusions may be reached: 

1. Modern solid-state equipment has finally caught 
up with the best of 15-year-old vacuum-tube tech- 
nology. 

2. Manufacturers are gradually improving their prod- 
ucts, as evidenced by newer models generally testing 
better than older ones. 

3. Some of the newer equipment using double bal- 
anced mixers doesn't seem to extract the maximum 
benefits that such devices can deliver. 

Other conclusions could also be reached but the 
point is that, without this information, only part of 
the material needed to evaluate the performance of 
any given radio is available. As this article has indi- 
cated, it's not necessary to own a completely equipped 
lab to gather useful information. All you need is the 
simple test setup described in this article. 

Manufacturers should provide this data. Indeed, 
American manufacturers' data sheets are getting 
better (Atlas, Drake). Japanese data sheets either 
make no mention of the subject or else have enough 
slack built into their specifications to make meaning- 
ful comparisons impossible. So, until considerable 
improvement occurs in the data provided, you may 
want to build a couple of test oscillators before you 
visit your local radio store. 
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simple, low cost 
440-MHz bandpass filter 

Straightforward design 
and construction 

of a half-wavelength 
stripline resonator 

Bandpass filters which use half-wavelength trans- 
mission-line resonators are attractive in many appli- 
cations because of their simple construction and 
ease of adjustment. Such filters have been described 
previously in the Amateur literature.1 Generalized 
design information, however, was not provided for 
frequencies other than those discussed in reference 
1. Also, the construction techniques and materials 
are somewhat cumbersome. In this article I will pre- 
sent some simple equations which can be used to 
design a quarter- or half-wavelength resonator at any 
frequency. A simplified construction technique using 
copper-clad printed-circuit material is also discussed; 
this technique can result in considerably smaller fil- 
ters. The design example is a tunable bandpass filter 
for receiver and low-powered transmitter applica- 
tions in the 250 to  500 MHz range. 

half-wave resonators 
A section of transmission line one-half wavelength 

long and shorted at both ends will behave as a reso- 
nator because it supports the formation of a standing 
wave at its resonant frequency. This is illustrated in 
fig. 1. If means are provided for coupling rf energy 
into and out of the line section, the half-wave resona- 
tor can serve as a bandpass filter with a fairly high Q 
and low insertion loss. The Q of the resonator is 
primarily a function of the dielectric loss in the trans- 
mission line; for this reason air dielectric lines are nor- 
mally used as resonators - microstripline on fiber- 

glass epoxy substrates should be avoided. To make 
the resonator tunable the line length is reduced to 
somewhat less than one-half wavelength, and capa- 
citive loading is applied at the center as shown in fig. 
2A. Although a quarter-wavelength line can also be 
used as a resonator, the half-wavelength version is 
preferred because it provides better isolat ion 
between the input and output ports. 

To analyze such a line, it is convenient to visualize 
it as two loaded quarter-wavelength lines connected 
in parallel as shown in fig. 2B. A transmission line 
less than one-quarter wavelength long and shorted at 
one end will present an inductive reactance at the 
open end given by 

X L  = Zo tan 4 (1 1 

where 2, is the characteristic impedance of the trans- 
mission line and 4 is its electrical length in degrees.2 
A capacitive reactance equal in magnitude to X L ,  
which is placed across the open end of the transmis- 
sion line will tune the line to  resonance (similar to a 
capacitor in a parallel-resonant L-C tank circuit). The 
required capacitance is given by 

where fMHz  is the frequency in megahertz and X L  is 
the inductive reactance in ohms. In the case of the 
loaded half-wavelength line, the total capacitance 
required is twice that of the loaded quarter-wave 
case, because the half-wave line consists of two par- 
allel quarter-wavelength lines (see fig. 2). 

1 examples 

I 
Let's design a bandpass filter centered at 440 MHz. 

Assume that the filter is to resonate with a center 
loading capacitance of 4 pF, and calculate the reso- 
nator length required to meet this condition. For the 

By J. L. Blanton, WABYBT, 10495 Deerfield 
Road, Cincinnati, Ohio 45242. 
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moment the characteristic line impedance can be 
chosen arbitrarily; I'll use 180 ohms in this example 
since that is the approximate impedance used later in 
the construction example (line impedance will be dis- 

T R A N S M I S S I O N  L I N E  

fig. 1. Voltage and current distribution along a half-wave- 
length section of transmission line with both ends shorted. 

cussed in greater detail later). Since the entire line 
requires 4 pF of center loading at resonance, each 
half of the line should resonate with 2 pF loading 
capacitance. Rewriting eq. 2, the required inductive 
reactance X L  of the quarter-wavelength line is given 
by 

The electrical length of the line is 

where Q is the physical length and X is the 
wavelength in the line. Substituting the 4 from eq. 4 
into eq. 1 and solving for Q provides an expression 
for the line length in terms of wavelengths in the line. 

The wavelength in the line is 

X = 
300 

meters 
~ M H Z  v'G (6 )  

where E, is the dielectric constant of the line; if the 
dielectric is air, E, = 1 (if the dielectric is air, the 
wavelength in the line will be the same as that in free 
space). Substituting this expression for X, and 

assuming an air-dielectric line, provides the final ex- 
pression for the length of the quarter-wave reso- 
nator. 

300 [ a r c t a ; g L / Z f f )  Q = - - - - I meters (7 )  
4fMH.z 

For an X L  = 180.95 ohms ,  a line impedance (Z,) of 
180 ohms, and a frequency of 440 MHz, the length of 
the air-dielectric quarter-wavelength line which will 
resonate with a 2.0 pF capacitor is 0.0855 meters or 
8.55 cm (3.37 inches) long. A half-wavelength reso- 
nator will be twice this length (17.10 cm or 6.731 
inches) and wiil require w i c e  as much ioadlng capac- 
itance (4 pF) to tune it to  resonance. 

The above example assumes that the required 
capacitance has been chosen, then proceeds to  
determine the length of the resonator. Suppose, 
however, that the resonator length is specified and 
you wish to determine the capacitance required to 
tune it t o  a given frequency. Using approximately the 
same numbers as in the previous example, the reso- 
nator length will be 17 cm (6.7 inches); the required 
tuning capacitance at 440 MHz is to be calculated. 
This is equivalent to finding twice the capacitance 
required to tune a quarter-wavelength (8.5 cm or 3.4 
inch) resonator to 440 MHz. Using eqs. 6 and 4, the 
electrical length of the shorted 8.5 cm (3.4 inch) air- 
dielectric line is 44.88 degrees. Therefore, if the line's 

I I -- 21 -- -. --I "-' 7 

ti. i kzc 
21<L ' m ~ "  f <  $ 

fig. 2. Capacitively loaded half-wavelength stripline resona- 
tor (A),  and equivalent circuit using two quarter-wavelength 
lines IB). A groundplane is assumed to be present in both 
cases. 

characteristic impedance 2, is 180 ohms, eq. 1 gives 
the inductive reactance of the line as 177.4 ohms. 
Eq. 2 provides the value of a capacitor wi th this reac- 
tance, 2.04 pF. Doubling this value, the capacitance 
required to tune the 17 cm (6.7 inch) half-wavelength 
resonator to 440 MHz is 4.08 pF. 

You may wonder why the inductive reactance in 
both these examples is nearly equal to the line's char- 
acteristic impedance; it's purely coincidental. This 
condition occurs when the physical length of the line 
is close to one-eighth wavelength. The length of a 
so-called "quarter-wave" resonator can theoretically 
be anything between zero and X/4 if the proper load- 
ing capacitance is used. 



impedance calculations S O L ~ E R  

One significant problem encountered in the above 
calculations is determining the characteristic impe- 
dance of a practical air-dielectric stripline. Normally, 
the stripline resonator used in a filter will be enclosed 
in a metal box for shielding purposes. However, 
enclosing the stripline in a box introduces errors into 
the formulas which are used to calculate line impe- 
dance because of the electric field distortion as 
shown in fig. 3. Calculating the impedance of the 
enclosed stripline in fig. 3C is rather difficult but you 
can get a rough idea of its magnitude by examining 
figs. 3A and 3B. It will be assumed that the width of 
the line and the spacing between the !ine and the 
ground plane is the same in all three cases. 

The approximate characteristic impedance of a 
microstripline, neglecting fringing effects and leak- 
age flux, is given by 

M I C R O S T R I P  S T R I P L I N E  @ ENCLOSED S T R I P L I N E  

fig. 3. Electric field lines in microstrip (A), true stripline (B), 
and enclosed stripline (C). Enclosed stripline is used in the 
bandpass filter described in this article. 

where w is the line width and h is its height above the 
ground plane.3 Since an air-dielectric line is used, E, 
can be replaced by 1. The impedance of the true 
stripline in fig. 3B is not as easily calculated, but is 
available in graphical form,3,4 and is considerably 
lower than that of the microstripline with similar 
dimensions in fig. 3A. It can generally be assumed 
that the characteristic impedance of the enclosed 
stripline (fig. 3C) will be between that of the micro- 
stripline (fig. 3A) and the true stripline (fig. 3B). 

construction techniques 
A filter similar to the preceding design example 

was built using pieces of single-clad printed-circuit 
material. Even though this is a uhf application, virtu- 
ally any type of PC material may be used because in 
this case the dielectric properties of the material have 
no effect on circuit performance. The use of copper- 
clad material allows greater flexibility in the design 
and construction of bandpass filters than do the con- 

COPPER-CLAD 

NON- COPPER-  CLAD 
SURFACES 

fig. 4. Construction of a half-wavelength resonator using 
four pieces of single-clad PC material. Dielectric of the cir- 
cuit board is not important in this application. 

struction techniques described in reference 1. Fewer 
tools are needed, and the filters can easily be built by 
apartment dwellers (such as myself) without access 
to a machine shop. 

As shown in fig. 4, four pieces of PC material are 
used - the stripline itself, the ground plane, and two 
end pieces to support the stripline. These can be cut 
out using a small pruning saw or sheet-metal shears. 
All pieces are soldered together at their edges. The 
stripline should be installed last, is nominally 18.0 cm 
long 17 inches) and 1.0 cm (318 inch) wide, and is 
mounted with the copper-clad side up for ease of 
attaching the center loading capacitor. Spacing 
between the stripline's upper surface and the ground 
plane is about 8 mm (5116 inch). The line impedance 
was estimated a posteriori to  be approximately 
180 ohms. 

The tuning capacitor was originally a 3-30 pF vari- 
able (Calectro Al-2251, but half of its rotor and stator 
plates were carefully removed to bring its capaci- 
tance down to approximately 2 to 15 pF. The tuning 
capacitor is connected to the exact center of the 
stripline with a single very short wire. 

Input and output coupling is accomplished by 
means of inductive coupling lines which run between 

TUNING 
CAPACITOR 

SOCKET 

END , 
SUPPORT 

fig. 5. Rear view of the half-wavelength filter, showing the 
loading capacitor connections and the input/output coup- 
ling inductances. 
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the stripline and the ground plane in the region of the 
highest field intensity. As originally designed, each 
coupling wire starts at a BNC connector, runs under 
the stripline for about 3.5 cm (1 318 inch) and termi- 
nates in a soldered connection to the end support; 
this is illustrated in fig. 5. The entire filter assembly 
was mounted in a 25 x 5 x 4 cm (10 x 2 x 1 9/16 inch) 
Minibox for shielding purposes, with the BNC con- 
nectors and the capacitor mounting screws providing 
the mechanical connections between the ground 
plane PC board and the enclosure. 

performance 
The tuning range cannot be found analytically, 

since both the line's electrical length and the required 
tuning capacitance are functions of frequency. Using 
an iterative method, however, it is possible to deter- 
mine the approximate tuning range. A frequency is 
arbitrarily picked (let's say 350 MHz). Eqs. 6, 4, 1, 
and 2 are then solved in succession, keeping in mind 
that 2 is one-half the length of the half-wavelength 
line. The resulting capacitance, 3.26 pF, is then 
doubled and this value, 6.52 pF, is observed to lie 
within the tuning capacitor's range, of 2 to 15 pF. By 
trying various frequencies, the approximate limits of 
the tuning range can be found, For this specific filter, 
the required tuning capacitance vs frequency is listed 
in table 1. Since individual construction techniques, 
and hence, characteristic line impedance, may vary, 

table 1. Center loading capacitance required to tune an 18- 
cm (7.1-inch) long, 180-ohm air-dielectric half-wavelength 
resonator to various frequencies. 

frequency 
(MHz)  

200 
225 
250 
300 
350 
400 
450 
500 
550 

tuning 
capacitance (pF) 

22.3 
17.4 
13.9 
9.3 
6.5 
4.7 
3.5 
2.6 
1.9 

the tabular values should be considered only as 
nominal. 

The filter described here had a measured insertion 
loss of about 1 dB and a VSWR of approximately 

the external transmission lines. The characteristic im- 
pedance of the coupling lines was estimated to  be 
around 115 ohms, by modeling them as circular con- 
ductors between two ground planes.3 Their electrical 
length of 18.5 degrees at 440 MHz gives them a reac- 
tive component of + j38.5 ohms. To cancel this reac- 
tance a 10-pF silver-mica capacitor was placed in 
series with each input/output coupling line at the 
BNC socket. A schematic of the modified filter is 
shown in fig. 6. 

fig. 6. Schematic of the modified 440-MHz bandpass filter 
with improved inputloutput matching (see text). 

Measurements on the improved filter indicated the 
VSWR was reduced to approximately 1.2:l at 440 
MHz, while the overall insertion loss remains around 
1 dB. Unfortunately, it wasn't possible to measure 
the VSWR at any other frequencies, so it isn't known 
whether the 10-pF capacitors improve or degrade 
performance at frequencies far removed from 440 
MHz. However, there should be very little variation 
over the 420 to 450 MHz range. 

This filter was designed for use ahead of a wide- 
band (10 MHz bandwidth) receiver operating near 
440 MHz to attenuate local fm signals in the 450-470 
MHz range. It should also provide significant attenu- 
ation of television signals over most of the 470-806 
MHz broadcast band. Although bandwidth measure- 
ments were not performed, operating experience in- 
dicates the 3-dB bandwidth is roughly 3 or 4 MHz, or 
slightly less than one per cent. This bandwidth 
should find application among users of wideband 
modes, such as ATV and packet radio, who want to 
reduce desensitization caused by out-of-band inter- 
ference. The filter should also be effective in sup- 
pressing unwanted multiplier products in low power 
(1 -watt class) exciters. 
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what is your real 
standing wave ratio? 

Some quantitative answers 
to a question 

as old as ham radio 

A number of magazine articles have appeared 
over the years discussing the relative merits of having 
a low standing wave ratio (SWR). Although it's been 
demonstrated that excellent results can be obtained 
with an unmatched transmission system, it's a gener- 
ally accepted fact that the most straightforward 
method of guaranteeing acceptable performance 
under all conditions is by adjusting the various mat- 
ching devices for minimum SWR. This is particu- 
larly true for those not completely familiar with the 
subtleties of transmission-line theory, as many com- 
plex effects occur in unmatched, or tuned, transmis- 
sion line systems. Regardless of the reasons, most 
Radio Amateurs are concerned, to some degree, 
about their voltage standing wave ratio VSWR, or 
just plain SWR. 

One of the reasons for the popularity of SWR as a 
measure of transmission-system performance is the 
relative ease with which it can be measured. An SWR 
bridge can be purchased at the nearest discount 
store. Even some supermarkets carry SWR bridges. 
Sealed in plastic packages, and intended primarily for 
our I I -meter friends, these inexpensive instruments 
provide an exceiient method for an Amateur Radio 
operator to evaluate the degree of "match" of his 
antenna system and transmission line. A typical set- 
up for measuring SWR is shown in fig. 1. 

As shown in  the figure, the normal arrangement 
for measuring SWR in an Amateur station consists of 
connecting an SWR bridge in series with the trans- 
mission line as it leaves the transmitter or transceiver. 
The bridge is then used to measure the standing 
wave ratio at the input to the transmission line. If the 
transmission line were perfectly efficient, i e . ,  if it 
had no loss, then the SWR measured at this point 
would equal exactly the SWR at the antenna. Unfor- 
tunately, however, all real transmission lines have 
some loss. This transmission line loss not only pre- 
vents all the transmitter output power from reaching 
the antenna but also introduces a significant error in 
the SWR measurement. As we will see, the standing 

Ey John Battle, N40E. 2350 East Hill Way, 
Norcross, Georgia 30071 
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fig. 1. Typical ham setup for measuring SWR. An SWR bridge 
is connected in series with the transmission line as it leaves 
the transmitter or transceiver. 

wave ratio at the antenna (fig. 2) isn't necessarily 
equal to the standing wave ratio at the transmitter 
when a lossy transmission line is used. 

transmission-line losses 
Fig. 3 illustrates the effect of both a lossless trans- 

mission line and one with loss on dc pulses. Both 
lines are terminated in a matched load: 

Z I  = load impedance 

Z o  = line characteristic impedance 

Note that in both cases the incident pulse is com- 
pletely absorbed in the load, resulting in no reflected 
pulse. We may calculate the standing wave ratio at 
the transmitter in both cases as: 

the incident voltage is only 0.707 at the terminal end, 
thus: 

In other words the standing wave ratio for a matched 
line is 1: 1 regardless of where it's measured or how 
much loss i t  has. 

unmatched loads 
Now consider the case of an unmatched load. 

Referring to fig. 4, we see that the standing wave 
ratio measured at the load end for the lossless and 
lossy transmission lines is respectively given by: 

fig. 2. An SWR bridge connected at the antenna will show an 
entirely different set of conditions if a lossy transmission 
line is used. 

The SWR measured at the source (transmitter) end of 
the line, however, is quite another situation: 

where Vi = incident pulse voltage 
V ,  = reflected pulse voltage 

Thus: 
+ O - 1 or I:I S WR = - 

For the lossless transmission line the situation is un- 
changed at the load end. For the lossy line, however, 

1 i- 0.5 
S W R =  --- 

1-0.5 
= 3:1 (lossless) 

1+0'25 = 1.67:1 (lossy) SwR = 1-0.25 

Thus for the lossless line the SWR is the same no 
matter where it's measured. For the lossy line, how- 
ever, the SWR appears to be lower when measured 
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fig. 3. Effect of wave propagation on a matched transmis- 
sion line. A shows a "lossless" transmission line; B shows a 
lossv line. Note that in  both cases the incident puise is com- 
pletely absorbed in the load, resulting in  no reflected volt- 
age. 

at the transmitter end. This effect is caused by the 
additional attenuation suffered by the reflected wave 
as it travels down the transmission line and back, 
whereas the incident wave is measured directly a t  the 
source. 

Fig. 5 is a plot of measured versus actual SWR for 
various amounts of transmission line loss. The error 
is quite significant. Fig. 6 is a plot of typical transmis- 
sion line losses versus frequency. Using these two 
graphs, we can estimate the actual SWR at the 
antenna for your installation, based on the measured 
SWR at the transmitter. 

example 
Consider a typical installation consisting of a beam 

antenna connected to  a transmitter by 61 meters (200 
feet) of RGS/U  coaxial cable. Suppose the SWR is 
measured as 2.5 at 28 MHz. From fig. 6, the loss of 
RG-8/U, when matched, at this frequency is about 1 
dB per 30.5 meters (100 feet). Thus the cable loss in 
the example is 

1 VOLT l VOLT 

0.5 VOLTS 0.5 VOLTS 

0.7 VOLTS 

I- 
0 187 VOLTS 0 35 VOLTS 

fig. 4. Wave propagation on lines terminated in  unmatched 
load; B shows the same conditions for a lossy transmission 
line. For the "losskss" line the SWR is the same no matter 
where it's measured; for the lossy line the SWR appears to  
be lower when measured at the generatar (transmitter) end. 

L = (loss per 30.5 meters) 
(cable length/30.5) 

= (1) (61 /30.5) 
= 2 dB 

In terms of English units: 

Referring to fig. 5, the actual antenna SWR is about 
5.5. 

consequences 
What are the consequences of the error of SWR 

4 
I 15 2 2 5  3 4 5 I 0  

MEASURED STANDING WAVE RATIO 

fig. 5. Antenna standing wave ratio as a function of meas- 
ured standing wave ratio wi th transmission-line losses as a 
parameter. 

measurement? The first consequence that comes to 
mind is the effect on the power-handling capability of 
the transmission line (see fig. 7). In the previous ex- 
ample, for instance, the power rating of RG-8lU 
coaxial cable is about 1600 watts at 28 MHz when 
operated at unity SWR (fig. 7). Derating for the com- 
puted standing wave ratios, we find the maximum 
recommended power-handling capacity of the cable 
would be: 

1600 watts 
Pmax = 4 .2  = 381 watts 
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FREQUENCY (MHz1 

fig. 6. Transmission-line loss (matched) as a function of fre- 
quency for several types of coaxial cable. 

What if we'd calculated the maximum power based 
on the measured SWR? The maximum power capa- 
bility of the cable would have been: 

I6O0 watts = 6.40 watts P m a s =  2 .5  (7)  

As you can see, the coax power-handling capability 
would have been exceeded by about 60 per cent. 

result is that the antenna appears to perform better 
than it really does. It would be much better either to  
measure the SWR at the antenna, or at least make an 
attempt to correct for the feedline loss. 

Feedline loss depends on standing wave ratio. 
Consider the case of a transmitter with tune and load 
controls adjusted for maximum voltage across the 
input to the transmission line (fig. 8). (This implies a 
transmitter output impedance equal to  the complex 

TRANSMITTER 
OR 

AMPLlflER 
- 

1 

OR IN LINE 

WATTMETER 

fig. 8. Adjusting the transmitter for maximum output volt- 
age results in  a conjugate match, or a condition in  which the 
transmitter output impedance equals the complex conju- 
gate of the impedance seen a t  the input to  the coaxial line. 
This condition is assumed in figures 9 through 12. 

conjugate of the effective transmission line input im- 
pedance - a condition referred to as conjugate 
match.) 

testing 
Another problem arises in testing antennas. Many 

Amateurs test their antennas by measuring the SWR 
at the transmitter rather than at the antenna. The 

SWR MEASURED AT LOAD (ANTENNA) 

FREQUENCY (MHz) 

fig. 7. Power-handling capability of popular coaxial cables 
as a function of frequency. 

fig. 9. Effective line loss as a function of SWR measured a t  
the load, wi th cable loss as a parameter. 

lossless lines 
For the case of the lossless line, the reflected wave 

is completely reflected at the source and ultimately 
arrives again at the antenna. Each time the wave 
arrives at the antenna part of it is absorbed, and part 
of it is reflected. The reflected portion is again 
reflected by the source, and so on until the entire 
wave is completely absorbed by the antenna. 

Since the line has no loss, and since we're assum- 
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fig. 10. Effective line loss as a function of SWR measured at 
the source, with cable loss as a parameter. 

ing complete lossless reflection at the source (trans- 
mitter), the energy is transferred to the antenna with 
100 per cent efficiency regardless of whether the 
antenna is matched to the transmission line. 

I S T  
d LOSSLESS CABLE 

3 C 
t I d 8  LOSS ,. 1.0 , 
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SWR MEASURED A7 LOAD 

fig. 11. Power delivered to the antenna as a function of SWR 

measured at the load, with cable loss as a parameter. 

however, results in quite a different situation. Each 
time the wave is reflected and travels down the trans- 
mission line, it becomes smaller in amplitude by an 
amount equal to the transmission-line loss. Thus, 
even if the transmitter is perfectly tuned for "conju- 
gate match," only part of the "re-reflected" energy 

STANDING WAVE RATIO 

fig. 13. Mismatch loss as a function of SWR. 

reaches the antenna, with the portion growing pro- 
gressively smaller each time around. In other words, 
in addition to the portion of energy lost in the trans- 
mission line the first time, an additional amount is 
lost due to reflections. 

Fig. 9 is a plot of effective feedline loss for various 
values sf standing wave ratio as measured at the 
antenna. Fig. 10 is the same plot versus SWR at the 
source (transmitter). Figs. 11 and 12 are plots of 
power delivered to the antenna by a 2-kilowatt ampli- 
fier tuned for maximum voltage across the transmis- 
sion line at the source. Fig. 11 is plotted versus load 

1 5 -  . NO LOSS 

2 
L 

lossy lines 
Now consider the case of a lossy transmission line. 

For the matched load the resulting loss is simply the 
loss of the transmission line. The mismatched load, 

7 

f 1.5 LOSSLESS CABLE d 
7 
g I 1 5  . 2.5 3 . 0  3.5 

STANDING WAVE RATIO 

fig. 14. Power delivered to antenna, including mismatch 
loss for a 2-kW broadband transmitter, as a function of SWR. 
Output impedance is equal to cable characteristic impe- 
dance. 

SWR for various line losses; fig. 12 is plotted versus 
SWR MEASURED AT SOURCE source SWR. A line loss of 2 dB, for example, would 

fig. 12. Power delivered to antenna as a function of SWR result in only 450 watts being delivered to  the load if 
measured at the source, with cable loss as a parameter. an SWR of 3:l is measured at the amplifier output. 
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mismatch loss 
One final comment on line loss. Many hams are 

now using solid-state transmitters with broadband 
final amplifier stages. Since there are no adjustments 
on this type of transmitter, it's not possible, in gener- 
al, to achieve a conjugate match at the source, as 
discussed earlier. As a result, there is another loss to 
be considered when computing the power delivered 
to the antenna. Mismatch loss is simply the loss 
resulting from reflected power being absorbed by the 
source (transmitter) rather than re-reflected power, 
as discussed previously. Fig. 13 is a plot of the addi- 
tionai mismatch loss versus source SWR. Fig. 14 is a 
plot of power delivered to the load, including mis- 
match loss for a 2-kilowatt broadband transmitter, 
with output impedance equal to the transmission line 
characteristic impedance. 

ATTENUATION (dB) 

fig. 15. Measured SWR as a function of line attenuation for 
open or shorted lines. 

measuring feedline loss 
One final note. It's sometimes difficult, if not 

impossible, t o  actually measure feedline loss. A n  
example is a repeater site at which I recently wished 
to measure the loss of the line from the antenna to 
the transmitter. One method of measuring the loss 
would be to carry either a power meter or a signal 
generator up the tower for connection to the coax at 
the antenna. An  alternative method would be to sim- 
ply short or open the transmission line at the antenna 
and measure the resulting standing wave ratio at the 
transmitter. Fig. 15 could then be used to compute 
the transmission line loss. For example, a shorted 
SWR of 4:l would correspond to a feedline loss of 
approximately 2.3 dB. 

ham radio 
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Collins 32s cooling 
One of the major enemies of final 

amplifiers, tube or transistor, is heat. 
My Collins 32s-1 is no exception, and 
a cooling fan over the amplifier cage 
is attempting to lengthen the life of 
my 20-year-old rig. 

I got tired of unplugging the fan 
after operating and dreaded the 
thought of forgetting to shut if off. 

A fan such as the Rotron Whisper 
may be spray painted and secured to 
the cabinet lid directly through the 
holes with M3 (4-40) hardware. A 
cover on this fan isn't recommended, 
as it will create a back pressure and 
hamper the cooling-system effi- 
ciency. 

When the fan is plugged into the 
516F-2 receptacle, the fan will turn on 
and off with the 32s FREQUENCY 
CONTROL switch to provide extra 
cooling. 

Paul K. Pagel, NIFB 

I T AC COMMON 

shunt-fed tower 
A problem that commonly occurs 

when one tries to shunt feed a tower 
for 160, 80, and 40 meters is not hav- 
ing a large effective diameter for the 
shunt section. A small-gauge wire 
makes things a bit touchy and wire 

fig. 1. Partial schematic of the Collins 
516-F2 supply showing a socket addition 
for an amplifier cooling fan. 

An outboard switch was contem- 
plated - and the thought quickly dis- 
carded. I preferred to have the fan 
turn on and off with the transmitter 
power. This is how I did it. 

I mounted an ac chassis-mount re- 
ceptacle (Radio Shack part 270-6421 
on the 516-F2 chassis in the space oc- 
cupied by the stick-on, serial-number 
label. (I transferred the label informa- 
tion with an engraving pencil to the 
chassis.) This location almost per- 
fectly centers the receptacle between 
XV1 and XV2. The socket was wired 
as shown in fig. 1, using heat-shrink 
tubing on the receptacle terminals. 

USE SELF TAPP 
SCREW TO A 

TURN BUCKLE 

CATV COAX 

OTTOM SPACER 

fig. 2. Bottom spacer and connection for 
the shunt-fed tower. Looping the spacer 
over the tower rung allows you to main- 
tain tension in the gamma section, holding 
it rigid. Either the material for the bottom 
spacer or the connection between the 
turnbuckle and hardline must be insu- 
lated. 

cages always seem to get twisted up 
during mounting. 

These problems are eliminated if 
the relatively large diameter CATV 
coax is used. This material can usually 
be obtained free (or, at most, for a 
few dollars) from the CATV company 
warehouse scrap yard as "reel ends." 

NOTCHED OUT TO ALLOW SUPPORT TO 

/ S L I P  UNDER Z IG- ZAG 
,-, SPACER BARS ON TOWER 

CONNECT TOP OF 

& ,SHUNT SECTION TO 

TOWER LEG - BOND 

OR CLAMP SECURELY 

i DRILL HOLE THRU 
COAX AT TOP 
SUPPORT SPACER AND 
DRIVE A 
HOLE TO 
OF COAX 

N A I L  
SUP 

/ 

THRU 
PORT TOP 

f B 1 1 . J  
NOTCH OUT TO ALLOW 

fig. 3. Diagram of the top spacer and con- 
nection to the tower. 

My system requires no clamps for 
attaching the shunt feed element to a 
36-meter (118-foot) ROHN 25 tower 
(see figs. 2 and 3 for construction of 
spacer/clamp assembly). Some ex- 
perimentation with the spacing be- 
tween the tower and shunt section 
will be required to achieve a VSWR 
of 1.0:l. 

Dick Bingham, N6HZ 

Yagi antenna for uhf - 
simplified construction 

Homebrewing antennas has nevel 
been one of my strong points. Mos. 
of my beams had more of an omnidi, 
rectional characteristic than a mair 
lobe. The problem was making all thf 
elements point in the same direction 
If your main construction tools arc 
the same as mine - a blow torch an( 
a sledge hammer - then the tech 
niques I managed to acquire may bc 
helpful in making your next bean 
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look more like an antenna than a drill stand to hold the drill in place. I test hole, then insert an antenna ele- 
corkscrew. made a guide from a piece of V-chan- ment to check for alignment. It took 

Drilling holes is probably the most net aluminum bolted to a piece of me three tries to get the drill oriented 
critical part of construction. 1 used a wood (see photo 1). The V block just right. 

keeps the tubing from wandering dur- The next problem was how to  hold 
ing drilling. Be sure the drill is cen- the elements in the boom without 
tered in both directions in the stand. using a lot of clamps or brackets. 
Use a scrap piece of tubing to drill a After many tries, I used speed nuts. 

They worked well and held the ele- 
ments firmly in place. I pressed a 
speed nut onto each element end 
(photo 2). Caution: When pushing 
the speed nsts up to the boom, be 
certain that the element is centered 
(photo 31, because backing up the 
speed nuts is nearly impossible. 
Speed nuts are available in  many 
sizes at most hardware stores. I 
applied a liberal coat of silicone rub- 
ber to protect the speed nuts from 
rust (photo 4). 
it's used to align the other holes as 
you look down the boom. The drill bit 
acts as a gunsight for alignment 
(photo 5). If minor alignment exists, 
correction can be made by forming 
the elements. 

The antenna shown in photo 6 
was my first attempt to built a 432- 
MHz Yagi using the method described. 
The cost was just over $5.00, using 
an aluminum boom and welding rods 
for elements. I've also built some 2- 
meter Yagis. Tests have shown that 
these homebrew antennas are within 
% dB of their commercial counter- 
parts. Pattern checks have shown a 
clean main lobe. 

Thomas Varmecky, WABCPH 

Photo 1: Drill stand for working aluminum tubing is made from a piece of V-shaped aluminum bolted to a piece of wood. Photo 
2: Speed nuts hold the element to the boom. Photo 3: Detail showing element-to-boom mating using speed nuts. Photo 4: Final 
assembly of element to boom. A coat of silicone rubber protects the joints from rust. Photo 5: Use the drill bit as a gunsight for 
alignment when drilling holes for the other elements. Photo 6: Complete 432-MHz homebrew Yagi antenna. Antenna elements 
are welding rods; entireantenna cost just over $5.00. 
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comments 
(Continued from page 6) 

wherein L, W, and t represent length, 
width, and thickness. 

To maintain 12 ampereslsquare 
foot, you must measure the resis- 
tance of the bath with the piece to be 
processed in place and apply Ohm's 
law or use a variable voltage supply 
with an ammeter in the circuit. Main- 
taining this current wil l require a 
power supply capable of supplying 
15-20 volts at a current equal to 
125-150 per cent of the calculated 
amount. Voltage will vary with bath 
temperature and alloy. 

Best anodizing results are obtained 
by maintaining a constant current 
throughout the cycle. By maintaining 
the bath temperature between 68 and 
72F (use a long glass dairy thermome- 
ter) and the current at 12 amperes1 
square foot, the time required to pro- 
duce a given coating thickness will be 
80 ampere minutes per 0.01 mil or 
0.0001 inch. In other words, 6.7 
minutes' time will produce 0.0001 
inch of coating (80 divided by 12) if 
the other parameters are observed. 

In substantiation of this, note that 
automobile trim is generally required 
to have a 0.3-mil coating, and most 
anodizers achieve this w i th  a 20- 
minute treatment. 

Most dyes work well on coatings of 
0.3 mil and up. Note, too, that for any 
alloy worthy of consideration by the 
Amateur fraternity, the  coating 
weight or thickness will vary no more 
than three per cent in either direction 
when coated according to these sug- 
gestions. 

Proper operating practice should 
be observed if you expect usable 
results. The material must be clean as 
a prerequisite to anodizing. Scrub- 
bing the piece with a good soap or 
detergent should suffice, provided 
the piece is then thoroughly rinsed. A 
good test for cleanness is that the 
rinse water falls off the surface in an 
unbroken fashion; that is to say, it 
should not form beads as does the 
rain on the waxed hood of a car. 

Pretreatments such as buff ing, 
wire brushing, or etching should be 
given some thought by the experi- 
menter. Once the piece has been pro- 
perly racked (fastened to the alumi- 
num rod or strip for suspension in the 
bath), it should be carefully lowered 
into theelectrolytewith the power off. 

The power should then be applied 
at a low level and quickly increased to 
the calculated current. The bath 
should have some mild agitation dur- 
ing the whole anodizing cycle. What- 
ever method is used to agitate the 
bath must take into consideration the 
hazards of dealing with an acid bath. 
The power should be turned off be- 
fore the piece is removed. 

Aluminum racks are anodized 
along with the piece of work. Hence, 
before they're used again they should 
be sanded, wire brushed, or etched in 
the contact areas to ensure a good 
electrical contact. Alloy 2024-T3 or 
-T351 will work best as rack material 
for Amateur use. Good electrical con- 

tacts are very important to the suc- 
cess of any anodizing experiment. 

Anodizing may be done by various 
methods (including ac anodizing) and 
for many reasons. By and large, the 
greater portion of such treatments 
represented by the H2S04 processes 
are meant to enhance the appearance 
of the item treated. The use of the 
process by the Radio Amateur should 
be regarded as a means of improving 
his handiwork. 

Any experimenter in need of fur- 
ther CO~~OSICT! protectien ef an alumi- 
num item would be well advised to 
take his problem to a professional 
anodizer. These sources are listed in 
the yellow pages of your local phone 
book. 

The work cited in the reference is a 
three-volume set and is highly recom- 
mended to anyone interested in more 
information on aluminum or the pro- 
cesses employed to fabricate it. 

Robert A. Ridout, WASUXK 
McHenry, Illinois 

autotune circuit 
Dear HR: 

Shown in fig. 1 is a circuit, road 
tested on a Heath HW-7, that can be 
used for "touch tuning" a vfo. S l  
and S2 are momentary pushbutton 
switches. S1 provides down-frequen- 
cy tuning and S2 allows up frequency 
tuning. The tuning rate is controlled 
by the time constants R1-C1, for 
down, and R2-C1, for up; the values 
given are for about 5 seconds per 
kHz. Nothing is critical, the jfet is a 
4/$1 .OO special, and the rf choke and 

capacitors were chosen by "reach." 
R3 provides current limiting at about 
2.5 mA, and R4 is for insurance. 

The idea is presented as an effort 
to  eliminate the mechanical mish- 
mash that is often associated with 
dial drives. Using this circuit with a 
frequency counter for readout will 
provide a rather neat receiver. Such 
niceties as variable or selectable 
R1 C1 IR2C2 time constants could be 
added. 

Roy Propst, K4JFZ 
Carrboro, North Carolina 
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What appear to me to be arbitrary and capricious decisions by FCC staffers in Washington have shown 
once again that the FCC bureaucrats are apparently interested in responding neither t o  public interest or 
public need. What I'm referring to, of course, was a recent announcement that FCC type acceptance of 
solid-state wideband amplifiers for the Amateur Service has been terminated without explanation by the 
FCC's Office of Chief Scientist. Are Radio Amateurs to be denied the use of modern solid-state technology 
because of the autocratic decision of an obscure bureaucrat in a democratic government? Is this not a con- 
tradiction to paragraph 97.1 (c) of the FCC's own Regulations which state that one of the fundamental pur- 
poses of the Amateur Radio Service is t o  encourage and improve ". . . the amateur radio service through 
rules which provide for advancing skills in the . . . technical phases of the art?" 

This recent action is just another in a long series of official FCC decisions which are contrary to the 
needs and desires of the Amateur Radio community - the linear amplifier ban, an unpopular and ridicu- 
lous callsign system, equipment type acceptance, the ASCII ban, recommending to the World Administra- 
tive Radio Conference (WARC) that CW be an "option" for the Amateur Radio service. This last item is a 
real dilly and stresses the need for closer congressional scrutiny of the Commission. 

Several years ago, as part of the WARC preparations, the FCC formed the Advisory Committee for 
Amateur Radio (ACAR) and gave them the task of recommending, on behalf of Amateur Radio, what pro- 
posals should be made by the United States at WARC '79. ACAR carefully reviewed Article 41, which 
contains miscellaneous rules pertaining to the Amateur service including a Morse code proficiency require- 
ment for operation below 144 MHz, and proposed no changes. As the WARC preparations proceeded, the 
FCC released Notices of Inquiry in Docket 20271 which requested public comment on various WARC draft 
proposals. The Commission requested comment on a proposal of "no change" to Article 41; those who 
responded supported that proposal. The FCC staff, however, chose to ignore both ACAR's advice and the 
public comments and recommended to the State Department that the United States' WARC position 
should include a proposal to delete the requirement for Morse code proficiency! 

In Geneva the United States delegation proposed to make the code requirement below 144 MHz a "rec- 
ommendation" rather than a requirement, a position that was supported by both Canada and Japan. For- 
tunately, some 15 administrations opposed the move as did every Radio Amateur in attendance. Brazil 
argued that any change to Article 41 would jeopardize existing reciprocal licensing agreements; Sweden 
proposed a 28-MHz cutoff; Papua New Guinea suggested 30 MHz. In the end the Papua New Guinea pro- 
posal won out and will be recommended for adoption by the conference. In effect, this lowers the frequen- 
cy for a code-free Amateur Radio license to 30 MHz, a change which affects only six meters. Thus 
Amateur Radio lost a little - it could have been much worse - and the blame falls directly at the feet of 
unknown staffers within the FCC. 

How could this happen? The publicly stated position of the FCC in April, 1977, regarding Article 41 
reflected both the advice of ACAR and majority public opinion; its recommendations to the U.S. State 
Department less than two years later proposed a deletion of the Morse code requirement, in direct contra- 
diction to the public's wishes. Apparently the change was conceived by some staff member (or members) 
within the Commission in direct violation of the Administrative Procedures Act, and no one in authority felt 
strongly enough about their public responsibility to veto it. It's no secret that the CB industry has been 
applying tremendous pressure for a code-free high-frequency operator's license, and this recent effort to  
sneak an unpopular proposal t o  an international forum leads one to  believe they may have found a respon- 
sive element; except for Amateur Radio's friends in the international community, they would have 
succeeded. 

Jim Fisk, WIHR 
editor-in-chief 
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linear power amplifiers 
Dear HR: 

I would like to comment on Bill 
Orr's article on linear amplifier con- 
struction in the June issue. I believe 
his warning against military surplus 
tubes is much too conservative. I'm 
afraid most Radio Amateurs watch 
costs. New high-power transmitting 
tubes will go a long way toward driv- 
ing the cost of a homebrew linear 
past the cost of a commercial amplifi- 
er. I have built a linear using three 
813s in parallel, and at 1500 watts PEP 
it performs beautifully, just as pre- 
dicted in author Orr's own Radio 
Handbook. Few tubes can beat the 
813 for clean response or ruggedness 
(carbon plate version). I have 
acquired a collection of six JAN 813s, 
mostly from other hams; all have 
been tested in my amplifier and all 
work beautifully. For a small fraction 
of the cost of a 3-10002 or even two 
3-500Zs, I have a good set of tubes in 
my amplifier and a spare set on hand. 

If you're considering building your 
own linear amplifier, read everything 
you can, such as W6SAlrs fine arti- 
cles, then build it yourself, and 
scrounge. 

William Brain, KBSEY 
Houston, Texas 77040 

Right. There's nothing wrong with 
buying a surplus 873 from a fellow 
ham for a few bucks and trying i t  out 
in your rig; maybe he'll even take it 
back if.it doesn't work. 

It's all a matter of judgment. How 
about buying a surplus 88777 You can 

save nearly a hundred dollars over the 
user's price if you buy a surplus tube. 
But what if your 'bargain" tube is 
bad? If you have bought i t  from a sur- 
plus dealer by mail, do you think you 
will get a refuod7 Fat chance. I t  aN 
depends upon how much of a risk 
you want to take. You don't lose 
much with a surplus 813 or two. 

Being in the power tube business, / 
am familiar with tear-stained letters 
from hams who have bought a JAN- 
branded, expensive, power tube and 
have been dismayed to find the tube 
bad and no warranty on it. But if you 
understand the limitations on warran- 
ty with respect to surplus tubes, and 
have the ability to test your tube im- 
mediately upon getting it home land 
stand a reasonable chance of getting 
your money back if the tube is no 
good), why not? After all, plenty of 
people lose a wad of money every 
day at the horse races. But they have 
the fun of watching the horses run. 

Bill Orr, W6SAI 
Menlo Park, California 

memory keyer 
Dear HR: 

I have just finished building the 
memory keyer featured in the April 
issue of ham radio; I wish to thank 
Robert C. Cheek and your magazine 
for a beautiful and accurate article on 
the construction of this keyer. 

I substituted 21 LO2 memory chips 
for the 2102s and then added a 7400 
gate with all inputs tied to ground. A 
single switch in the 5-volt supply to 
the 7400 will give a high or inactive 
output on the four gates; three of 
these outputs are tied to the chip- 
enable pins of the 21L02 memory 
chips. With the addition of separate 
switches in 5-volt supply lines to the 
memory board and the keyer, and a 
separate supply line with a 70-ohm 
resistor bypassing the switch to  
memory board, you can hold the 
memory in a power-down mode with 
a drain of less than 40 mA (compared 
with over 300 mA to the memory 
board alone at 5 volts). 

I found the power supply ran a little 
warm when the drain was high and 

the keyer was left on overnight to re 
tain the memory. The 70-ohm resistc 
reduces the supply voltage to 1. 
volts to the memory board; the chi1 
enable pins on the 21 L02s are floa 
ing at about 4.5 volts from gates ( 

the 7400 chip. With the 5-volt supp 
to the 7400 switched off, the ga. 
outputs are inactive and the 21LC 
functions as before the modificatioi 
Switching to memory power-dou 
mode must take piace before the 
volt supply to the memory board 
opened or else memory is lost. The 
is a zero rime factor from power on 
power down. 

William Hansc 
Glenwood, lllinc 

split-band speech 
processor 
Dear HR: 

Congratulations to Wes Stewa 
N7WS, for his fine article, "Sp 
Band Speech Processor," in Septe 
ber, 1979. Wes mentions that the r 
cuit is sensitive to rf and that 1 

proper use of ferrite beads, bypi 
capacitors, and rf shielding is imp 
tant; he is correct. To this end 
would like to suggest that rf byp, 
capacitors be added in parallel v\ 

the 1 N914 clipper diodes to preven 
mixing. Values of several hund 
picofarads should be sufficient. 

Since symmetry is extremely 
portant in the prevention of secc 
order harmonics, I would also recc 
mend replacing the IN914 clipper 
odes with diode pairs such as Mo 
ola's MSD6150. Using two dio 
manufactured on the same subst~ 
provide close matching of Vf 
other electrical characteristics. I 
also an ideal means of keeping t 
diodes at the same temperature, 
suring the best clipping symm 
possible. The additions have prc 
themselves in the processor I 
using. 

James D. Allen, WA2I 
Rochester, New Y 

(Continued on page 12) 
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comments true that crystals have high induc- 
tance and low motional ca~acitance, 

(Continued from page 61 this is not the reason for high 4, Q is 
a ratio of the charge stored to the 

lightning protection charge dissipated. In crystals the 

Dear HR: charge is primarily stored by the in- 

While I was pleased to see two let- ductance, so Q is determined by the 

ters in the ~ ~ l y  issue complimenting value of the motional inductance 

my article on lightning protection, I divided by the motional resistance: 

must take exception to  W6RTKfs 2 ~ - 1  Q = ----- 
suggestion that the ground wire on a R 1 

wooden pole be broken into short 
lengths, with small spark gaps be- 
tween segments. 

The main ground conductor on a 
wooden pole is one of the most im- 
portant items in the protection sys- 
tem. The establishment of a low im- 
pedance path from the air terminal on 
top of the pole to ground is necessary 
to.send the possible percent- 
age of the total lightning stroke cur- 
rent directly to ground. Although 
lightning will certainly jump across 
the small gaps recommended, the 
presence of these gaps will have a 
negative effect on the performance of 
the overall protection system. I don't 
know how to quantify the amount of 
degradation, but I don't think it's 
wise to take a chance. Also, even if 
lightning doesn't strike the pole, the 
breaking up of this ground lead may 
allow the entire antenna system to 
acquire a large static charge, possibly 
sufficient to cause minor equipment 
damage. 

Mr. Caldwell is concerned that this 
ground wire may have some undesir- 
able effects on the performance of 
the antenna system; when consid- 
ered from the standpoint that the 
ground wire only makes the wooden 
pole look electrically equivalent to a 
metal tower, I think it is safe to say 
that this effect must be minimal. 

John E. Becker, KSMM 
Prospect Heights, Illinois 

quartz crystals 
Dear HR: 

It has been brought to my attention 
that a statement in my article on 
quartz in the February issue was mis- 
leading if not incorrect. While it is 

Most of us associate high inductance 
with a large piece of iron wrappec 
in copper wire - an arrangemen 
which is completely ineffective at rf 
With quartz, you must rethink t h ~  
problem. 

Don Nelson, WB2EG; 
Voorhees, New Jerse 

10 meters for satellite 
communications 
Dear HR: 

I write in response to WIGMF 
who suggests (July ham radio) thi 
we discontinue rhe use of 29.360 
29.502 MHz for satellite cornmunici 
tions. To put this into proper perspel 
tive, the frequency spectrum reserve 
for this purpose is no wider than tv\ 
25-kHz wide repeaters, adding bo 
input and output bandwidths, y 
serves fifty times as many stations ( 
an intercontinental basis. 

Apart from the aspect of commul 
cations, the use of 10 meters h 
been the basis of valuable resear1 
into sub-horizon communications, 
and aurora detection and forecastin 
and low-level signal techniques; it 
also of great value in using Amate 
Radio for teaching practical physic 
geometry, trigonometry, astronorr 
and mathematics through the use 
a simple antenna and receiver. 

The present maximum in the sc 
cycle will soon begin to decay, lei 
ing only the satellite devotees 
effectively occupy the high end of 
meters. This will help prevent int 
sion and takeover of the top part 
the band, safeguarding it by regu 
valuable usage. 

Pat Gowen, G311 
Norwich, Engla 
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CMOS 2-meter synthesizer 
Construction details 

synthesizer featuring 
choice of 

output frequency 
and CMOS design 

Soon after joining the 2-meter fm crowd about 
three years ago, I learned how limiting "rockbound" 
mobile operation can be. At  the same time, I had 
been wanting to learn more about frequency synthe- 
sizers, and designing and building one looked like the 
perfect answer to both needs. The result of my labor 
tunes from 146.000 to 147.995 MHz in 5-kHz steps 
and provides a variety of output frequencies to per- 
mit use with quite a number of rigs. This article will 
give full details on how the design was thought out, 
as well as how to build a copy. If you are interested in 
the subject of synthesizers, want to design one of 
your own but wonder where to start, or have solder- 
ing iron in hand ready to begin building, this article is 
for you. 

design requirements 
In addition to the above description, I expected the 

completed design to meet the following require- 
ments: 

1. Thumbwheel switch selection of receive and 
transmit frequencies 

2. High output purity, at least 60-dB spur rejection 

I 
3. Self-contained; simple construction and cir 
cuitry 

4. Minimum of test equipment needed to align an( 
test 

5. Minimum modification of 2-meter rig 

( 6. Capable of mobile operation 

operating frequency 
The first choice was an operating frequency for th 

synthesizer. By looking at schematics and informa 
tion on a number of common rigs, I learned that moz 
use a receive crystal near 45 MHz. Transmit frequer 
cies are less consistent and include f/6, f/12, f/ll 
and f/24. The circuit simplicity and purity goals rule 
out the use of multipliers; therefore, I picked 45 to 4 
MHz, or one-third the channel frequency. 

synthesizer concepts 
The next step was finding the most suitab 

method of synthesis. A literature search showed thi 
the most popular type of synthesizer today is an elal 
oration of the phase-locked loop (PLL). Fig. 1 shov 
the block diagram of such a system. In this, the VC 
(voltage-controlled oscillator) is made to run at 
times the reference frequency, fR, which is normal 
fixed. Because of loop feedback, changing the divic 
ratio, N, also changes the VCO frequency to mainta 
the frequency relationship shown. 

Because of its apparent simplicity, this kind of sy 
thesizer seemed like an ideal approach for my desig 
but, after studying the logic required, some serio 
complications were obvious. The need for an i-f sh 
to go from transmit to receive made the design a rt 

I mess. 

ey Tom Cornell, KSLHA, RR2, Box 531 
Greentown, Indiana 46939 
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Several synthesizer schematics showed a different 
approach that looked like it had real promise; fig. 2 
shows the basic block diagram. The design freedom 
introduced by choice of crystal frequency allows the 
same variable divider ratio to be used in both transmit 
and receive. This results in great simplification of the 
overall synthesizer system. 

practical design 
This section will cover the more important design 

considerations. 

VCO. The simplest form of VCO is a varactor-tuned 
oscillator, aiid $common circuit is shown in fig. 3. 
While a VCO can be developed by trial and error, it is 
much easier to calculate tank circuit values using the 
equations shown in the Appendix of this article. 

DC CONTROL VOLTAGE 
r / 

PROFRAM V A R I A B L E  
Di  V lDER 

I N P U T  - N 

LOW- PASS 
F i L  TER 

REFERENCE L = fe 
O S C I L L A  TOR 

f 2 N f R  

fig. 1. Block diagram of a simple synthesizer using a phase- 
locked loop. 

Assuming a receiver i-f of 10.7 MHz, the minimum 
and maximum VCO frequencies are: 

f,,, = 147.995/3  = 49.33166 MHz 

fmin = (1 46.000 - 10 .7 ) /3  = 45.1 MHz 

After picking some varactors (Motorola MV-2209) 
and suitable end point voltages, I was able to begin 
using the equations. 

C,,, = 5OPF (1 V) Cmin = 28 pF (6V) 

Letting C l  = 330 pF and C2 = 33 pF and assuming 
3 pF of transistor and stray capacitance, the total 
fixed capacitance, T,  was 33 pF. The equations then 
gave Cp = 88.2 pF and L = 0.19  pH.  The circuit 
was built using these values and worked just about 
exactly as intended. 

Oscillator/mixer. Design of the oscillator/mixer 
has quite an impact on the variable divider, and, after 
much study I decided on: 

i f  PHASE 1 / O F T E S T O R  

fig. 2. Diagram of a mixing-type synthesizer where the same 
divide ratio can be used for either transmit Or receive, with 
the change in frequency accomplished by shifting the crys- 
tal oscillator frequency. 

N at 146.000 MHz = 400 

fxtal (TX) = 48 MHz 

Nut  147.995MHz = 799 

fxtal (RX)  = 48 - i - f /3  

These numbers are a good illustration of synthesizer 
operation, and it might help your understanding if 
you plug them into the equation shown in fig. 2. 

After selecting these points, design of the oscilla- 
tor and mixer was relatively uncomplicated. A dual- 
gate MOSFET with an untuned output circuit was 
selected as the mixer, and two separate oscillators 
were used for receive and transmit. 

Variable divider. The variable divider design has a 
lot to do with the complexity of a synthesizer circuit, 
and an intelligent choice is very important. Some of 
the divider requirements have already been covered, 
and the remaining important characteristic is speed. 
For this kind of synthesizer, the highest divider speed 
is: 

fi,(max) = N,,, x fR = 1331.66 kHz 

After studying the above requirements and the 
data sheets of a number of prospective devices, I 
chose the RCA CD4059 as the most suitable. This IC 
is a CMOS, 5-stage, BCD-programmable counter 
which has exactly the capability needed in this 
design. Additional factors favoring this choice were 
the inherent properties of CMOS. This logic family 
offers greater circuit density than TTL. It also con- 
sumes far less power, which incidentally means that 
there will be much less high-frequency energy pro- 
duced to cause interference in other parts of the syn- 
thesizer. 

Phase detector. A second CMOS IC, the CD4046, 
was selected as the phase detector. This is a special 
purpose device designed specifically for such an 
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fig. 3. Schematic diagram of the basic VCO oscillator. The 
computations for the component values are shown in the 
appendix. 

application. In addition to the phase detector, the 
CD4046 has a lock detection circuit that will be 
described later. 

Lowpass filter. To keep the phase detector switch- 
ing products from frequency modulating the VCO, a 
lowpass filter is inserted in the tuning line to the VCO. 
Because of its inherent phase shift, this filter is also 
to a large degree responsible for determining the PLL 
stability. And, while there are formulas for calculat- 
ing filter values, I felt that the complex relationships 
involved would dictate some "cut and try" anyway, 
so that was the design approach I used. A circuit 
from another synthesizer was used as the starting 
point, and experimentation helped to determine the 
final values. 

Fig. 4 shows the basic circuit. R1 and R2 together 
with C1 establish the main cutoff frequency, which 
must be somewhat less than the system reference 
frequency. C2 and C3 must be several times smaller 
than C1 to avoid instability and are included to add to 
the filtering action. R3 dampens the filter to control 
overall synthesizer system stability. My design 
method was to listen to VCO harmonics on an fm 
receiver and to make a sudden change in synthesizer 
frequency. R3 was then adjusted until the system 
demonstrated stable transient behavior. 

Reference-frequency circuit. The reference fre- 
quency of a synthesizer is normally equal to the 
channel spacing. For this design, the spacing is 5 kHz 
and the reference frequency is 513 kHz, since the 
VCO operates at one-third the output frequency. For 
reasons of stability and accuracy, crystal control is 
usually considered a must. 

After looking at several alternatives, I chose a crys- 
tal frequency of 2.56 MHz and a CD4060 CMOS oscil- 
latorldivider IC to generate the 5-kHz signal. A 
CD4027 dual J-K flip-flop was then used to divide by 
three to get 513 kHz. 

System tests. When all of the preceding synthesizer 
circuits were hooked together, Murphy put in his first 
appearance. Switching from receive to transmit 
invariably causes the loop to drop out of lock, and 
output signal purity was awful. The first problem 
resulted from something I overlooked; transmit1 
receive switching caused the input frequency to the 
variable divider to jump by i-fl3, which could exceed 
the reliable counting speed of that IC. Adding a fre- 
quency-shifting circuit to the VCO to retune the tank 
for the receive and transmit ranges solved the 
problem. 

A buffer amplifier was placed between the VCO 
and mixer because it was found that the crystal oscil- 
lator was the cause of spurs in the VCO output: and 
the oscillator signal was getting to the VCO through 
the mixer. Purity now measured better than 60 dB, 
so I figured the design was adequate. After finishing 
the rest of the circuits, doing printed circuit artwork, 
building the synthesizer and hooking it up to my rig, I 
learned that Murphy doesn't give up very easily! The 
oscillatorltripler of my rig's receiver degraded purity 
to only 55 dB. Since the crystal oscillator was still the 
source of unwanted signals, lowering the output of 
the crystal oscillator was the logical way to reduce 

FROM R 1  R2 
PHASE 

TO 

DETECTOR 
O VCO 

fig. 4. Schematic diagram of the lowpass filter that is insert- 
ed between the phase detector and the VCO. 

the spurs. Unfortunately, this change resulted in 
insufficient drive to the variable divider, and new cir- 
cuit boards were required to add the extra amplifier 
between the mixer and divider needed to bring the 
level back up. But the effort was worth it. Purity at 
the synthesizer output improved to about 75 dB, and 
at the receiver mixer 65 dB. 

Output divider. To obtain the various output fre- 
quencies needed from this synthesizer, I made the 
logical choice of a divider stage driven by the VCO. Of 
the frequencies listed earlier, only f l18 presented any 
problems. The others could easily be derived by 
dividing the VCO frequency by 2, 4, or 8. Not provid- 
ing an f/18 output did seem to be a compromise of 
the original requirements, but the improvement in 
circuit simplicity looked like a desirable trade-off, 
especially since only one rig that I knew of (Regency 
HR-2B) used fl18. Builders are still encouraged to 
consider this synthesizer design even though they 
may have to substitute for a small portion of the cir- 
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cuitry in order to get the precise frequencies. 

operation 
This section will briefly describe the function of the 

major circuit elements shown in fig. 5. The VCO is 
composed of 0 3  and surrounding components. CR1 
is the tuning varactor. Three buffer amplifiers and 
U6, the output divider, follow up the VCO. Buffer 0 4  
acts as a squaring amplifier to convert the sinewave 
VCO output to a squarewave suitable to drive NAND 
gate buffers U5D and U5B. U5D amplifies the f13 
VCO signal, and U5B isolates this output from U6 and 
its back-fed divider products. Any of the four divider 
oiitpiits from U6, as kvell as f13 from U5D, can be 
jumper-selected as the synthesizer receive and trans- 
mit output frequencies. NAND gates U5A and U5C 
actually supply these outputs to the transceiver. 

To the left of the VCO are 02 (the MOSFET isola- 
tion buffer) and 0 1  (the VCO frequency-shifting tran- 
sistor). During receive, 01  is turned on and places 
C14 across the VCO tank. A TTL logic-level signal at 
the Q1 collector also serves to turn off the transmit 
output during receive. 

Below 0 1  are the two crystal oscillators, which 
together with mixer 07  were added to simplify the 
variable divider design. Either Q5 or 0 6  is turned on 
by application of supply voltage. LC tanks are in 
series with both crystals to allow slight adjustment of 
actual oscillator frequency. 

The mixer output signal is amplified by 08  and 0 9  
to an adequate level to drive U1, the variable divider. 
As shown, U1 looks deceptively simple; actually, it is 
very busy inside. The divide ratio is loaded from the 
switch inputs, U l  counts down N pulses to zero, pro- 
duces a single output pulse, and then reloads the 
divide ratio to begin the cycle again. 

All the frequency selector switches are shown in 
two groups below U1. Diode OR-gates between the 
transmit and receive switches isolate the two groups 
of switches and allow selection of transmit or receive 
operation by mere application of supply voltage. 
Toggle switches are used for both MHz and 5-kHz 
ranges, since they are all that is necessary and are 
much cheaper than thumbwheels. 

To the right of U1 is the phase detector, U2. This 
IC provides a tuning voltage for the VCO at pin 13 
that is filtered by the lowpass filter composed of R23, 
R24, R25, C27, C28, and C29. At pin 1 of U2 is the 
lock-detector output, which is normally high when 
the PLL is locked and goes low in a series of pulses 
when out of lock. 

010 and 01  1 amplify and stretch the lock detector 
pulses of U1 to produce a continuous logic-level sig- 
nal that both lights the UNLOCKED indicator and 
shuts off the synthesizer transmit output. C26 serves 
to slightly delay the turn-on of 010 so that slight dis- 

turbances of the loop don't shut down the trans- 
mitter. 

ICs U3 and U4 generate the synthesizer reference 
frequency. U4 contains a crystal oscillator running at 
2.56 MHz and a divide-by-512 circuit (in this applica- 
tion) to produce 5 kHz. U3 then divides this frequen- 
cy by three to produce 513 kHz. C23 allows for exact 
adjustment of oscillator frequency. 

In the power supply, three-terminal regulators U7 
and U8 provide 5 and 8 volts respectively. Control 
gates 012 and 013 are driven by the transceiver 
push-to-talk line and select either receive or transmit 
operation of the synthesizer by providing logic supply 
voitayes. Tile input LC filter, i 8  and C49, serves to 
protect the synthesizer from transients and noises 
from the car's electrical system. 

construction 
The two  synthesizer circuit boards may be 

assembled in any order, with the exception of the 
CMOS IC's which should be saved to the last to avoid 
damage from static electricity. (See figs. 6 and 7 ,  
respectively, for the circuit board pattern and parts 
placement diagram.)" Clip a ground wire from the 
soldering iron to the ground copper of the board 
when soldering these ICs. 

Fig. 8 shows construction of the VCO coi1.t Since 
this coil form was chosen for reasons of mechanical 
rigidity, you will need to cover the completed wind- 
ing with 0-dope or airplane cement to  ensure coil 
stability. Tighten the shield can to the base by mak- 
ing small impressions on at least two sides of the can 
into the plastic base with a center punch. 

The plastic-molded coils used in the crystal oscilla- 
tors may prove hard to find, and you can probably 
substitute most any good-quality coil forms of suit- 
able size. Information on the number of turns is 
shown in the parts list. 

L8, the supply filter choke can be made, or a suit- 
able commercial part used. To make the choke, cut 
the heads off some small-diameter nails and tape 
them together to form a core roughly 30-mm (1 114- 
inch) long by 5-mm (3116-inch) in diameter. Wind a 
coil of about one-hundred turns of no. 22-26 AWG 
(0.6-0.4 mm) wire over the core. Finish by covering 
with electrical tape. Form the leads to f i t  the circuit 
board and mount to the board with ordinary string or 
wire wrapped over the body of the coil. 

Install jumpers to select the correct output fre- 
quencies for your rig. For receive, connect a small 
piece of insulated wire from pin 2 of U5 to one of the 
divider outputs. For transmit, the jumper goes from 

"The circuit boards and many components to build the synthesizer are 
available from Radiokit, Box 429, Hollis, New Hampshire 03049. 

tThe vco coil form is a standard 10-mm i-f transformer form. If you are 
unable to find such a part, it may be purchased from the author for $1.00. 
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fig. 5. Schematic diagram of the CMOS synthesizer (oppo- 
site). The individual portions of this schematic are discussed 
in the text. All small-valued capacitors are NPO ceramics. 
Power supply is seen above; parts list is below. 

L4 11 112 turns 6.5 mm (1 14 inch) diameter, slug-tuned, close- 
spaced molded plastic form 

L5 10 112 turns, same as L4 

L8 see text 

T I  5 112 turns, tap at 2 turns, no. 32 AWG (see fig. 8).  

T2 6 112 turns, tap at 1 314 turns, spaced 1 wire diameter, no. 26 
AWG (0.4-mm) wire, plastic-molded 6.5 mm (114-inch) 
diameter form, J-iron core 

T3 same as T2 except aluminum core 

Y1 f = (48-i-f13) MHz, see text (44.4333 MHz, i-f = 10.7), 
same as Y2 except frequency 

Y2 48.000 MHz, series mode, third overtone, 0.0025 per cent 
tolerance, HC-181U case 

Y3 2.5600 MHz, parallel mode, fundamental, 32-pF load, HC-61U 
case with wire leads, 0.005 per cent tolerance 

pin 9 of U5 to a divider output. Note that the receive 
frequencies actually contain an i-f offset and are real- 
ly ( f  - i-f)/3, ( f  - i-f)/6, etc. If the f /3 receive option is 
used, install jumper J1 as shown in fig. 7 .  This will 
turn off U6 during receive and eliminate some low- 
level subharmonic spurs U6 produces. If f /3 is not 
used for receive, install jumper J2 instead to allow U6 
to operate in both transmit and receive. 

Temporarily install interconnecting wires between 
the two boards to allow circuit alignment. Connect 
the following: 5 volts, 8 volts, 8 volts RX, VCO tuning 
voltage (coax), and the VCO buffer output (coax). 
The synthesizer will operate on 146.000 MHz in this 
condition. 

alignment 
Alignment of the synthesizer requires the following 

equipment: a dc voltmeter (VTVM or high-input 
impedance), and a-m/fm radio (a portable set is 
fine), the diode detector probe shown in fig. 9 , and 
a regulated power supply (preferably current limited). 
Other useful equipment includes a frequency counter 
(50 MHz, high-input impedance), a grid-dip meter, 
and a general-coverage receiver. 

Connect the synthesizer to a 12-volt supply; it 
should draw approximately 125 mA. Next, check the 
5- and &volt supplies, which should be within 5 per 
cent of the correct vaiue. Test the 8V-RX and 8V-TX 
lines. With the push-to-talk line open, 8V-RX should 
read 8 volts and 8V-TX about a volt. Grounding the 
push-to-talk input should bring the 8V-TX up to 8 
volts and drop 8V-RX to zero. 

Next, some kind of check on the 2.56-MHz oscilla- 
tor should be made. There are several possibilities, 
including connecting the diode probe to  pin 7 of U4 
(dc output voltage should be around 6.5 volts); 
measuring the same point with the counter (it should 
be 160.000 kHz, adjust with C23); and listening with 
the a-m/fm receiver (antenna near U4) at 640 or 1280 
kHz, or listening with the communications receiver at 
2.560 MHz. Alignment can be by the counter or by 
comparing one of the U4 divider products (1.28 MHz, 
640 kHz, etc.) with a known frequency such as an 
a-m radio station. 

The easiest method for testing the receive crystal 
oscillator is to hold a grid-dip meter near T2 as the 
slug is adjusted. An fm receiver tuned to  the second 
harmonic of the oscillator can also be used, as well as 
the diode detector probe connected across R37. 
Adjust the slug of T2 for maximum output and then 
turn it toward the top of the coil until the dc volt- 
meter connected to the diode probe reads 0.25 volts. 
Ground the push-to-talk line, and then make the 
same adjustment and check on the transmit crystal 
oscillator and T3. If you are able to use an aluminum 
slug in T3, remember that, compared with an iron 
slug, it works backwards. 

If the oscillators refuse to run, temporarily bypass 
the base to ground with a 0.001-to-0.002 pF capaci- 
tor. You can then find out what the free-running fre- 
quency of the oscillator is and make corrections in T2 
or T3 or the value of C39 or C42. If you can adjust the 
oscillator in this condition to the crystal frequency, 
then crystal control should work, too. 

If you have a high-impedance counter available, 
connect it across R37. Adjust the slugs of L4 and L5 
to fine-tune the frequency of each oscillator. Without 
a counter, you may be able later to arrange some 
type of on-the-air check to adjust frequency. 

Measure the VCO tuning voltage with your dc volt- 
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fig. 6. Foil pattern for the synthesizer board (above) and the VCO board (below). 

meter and ground the push-to-talk input. If the volt- a tuning voltage of 1.0 volt and verify operation by 
age is 8 volts, turn the slug of T I  toward the top of listening to the VCO's second harmonic on the fm 
the can. If the voltage is, instead, zero, turn the slug radio at 90.2 MHz. 
into the coil. ~ d j u s t f o r  a final reading of 1.0 volt. At 
this point, you should be able to hear the VCO har- 
monic at about 97.3 MHz on the fm receiver. 

If the tuning voltage cannot be adjusted, the prob- 
lem may be one of several things. A high tuning volt- 
age is caused by a high VCO coil inductance, and a 
low voltage by low inductance. If slug adjustment is 
insufficient, the coil turns may need to be changed; 
the turns can be spread apart or squeezed together. 
As an alternative, C10 can be changed slightly to get 
the right tuning range. A dead VCO, mixer, crystal 
oscillator, or mixer output amplifier will also cause 
the tuning voltage to go to 8 volts. 

Once the VCO works correctly in transmit, remove 
the ground from the push-to-talk line. Adjust C14 for 

final construction 
The synthesizer boards may now be boxed to your 

preference. My experience has indicated two possi- 
ble critical areas: the VCO board will very likely 
require a complete shield to keep transmitter rf away 
from the VCO. For the same reason, wires between 
the two circuit boards should be kept away from the 
power/control wires entering the box from the trans- 
ceiver. Once the unit is assembled, I usually recom- 
mend a touch-up alignment of the VCO and crystal 
oscillators to compensate for any stray capacitance 
added by the case. When the frequency selector 
switches have been connected, you will have your 
first opportunity to check full operation of the syn- 
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fig. 7 .  Component placement diagrams for the synthesizer board (above) and the vCO board (below). 

thesizer by listening to i t  on the fm radio or your 2- Next, connect the power and push-to-talk lines 
meter rig. from your rig to the synthesizer. Shielded cable is 

connecting your rig 
Fig. 10 shows the circuits I used to couple the syn- 

thesizer to my rig's receive and transmit oscillators. 
Install these right at the crystal sockets of your rig, 
drill holes, and mount two coax connectors on the 
rear of your rig. Connect up the entire system using 
coax cable. Make sure the inductor tunes to the 
transmit crystal frequency with the capacitors of 
your oscillator circuit, and adjust the resistor (470 
ohms in fig. 10) to  keep the transmit oscillator from 
running on its own (you will be mighty unpopular on 
2 meters if it does). 

strongly recommended for this purpose. 
The synthesizer and transmitter should now be 

thoroughly tested in the transmit mode, first on  a 
dummy load and then on an antenna. Any rf that 
gets into the VCO can cause instability and flickering 
or illumination of the LED indicator. The dummy load 
check will determine if your rig is feeding rf back 
from its oscillators into the synthesizer. This condi- 
tion may be corrected by insertion of a lowpass filter, 
having a cutoff frequency just above the synthesiz- 
er's output frequency, in one or both of the synthe- 
sizer output lines. The antenna test is somewhat 
more complicated in that certain antenna types, 
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especially the gutter-mount and magnet-base variety 
can cause appreciable ground currents to flow on the 
coax. The solution in these cases is wire rerouting 
away from the synthesizer and possibly within the 
synthesizer, and use of additional shielded wires plus 
the VCO shield. 

additional possibilities 
The simple BCD programming of this synthesizer 

makes it easily adaptable to some interesting fre- 

6 
SLUG IN TOP END 

fig. 8. Detailed diagram of the VCO coil. The form is a stan- 
dard 10-mm shielded slug-tuned form. 

quency control methods. Replacing the switches 
with an up-down counter will allow scanning as well 
as LED frequency readout. A memory can be used to 
store favorite channel frequencies, or a microproces- 
sor can be added for all kinds of control functions 
including scanning all channels, a group of channels, 
or those you preset. Your imagination is the limit. 

When this synthesizer was developed, I intended 
to build at least one unit to cover 150 to 159.995 MHz 
to  tune some of the vhf mobile channels, That is the 

SYNTHESIZER 

RECEIVE 

fig. 10. Diagrams of the interface circuits between the syn- 
thesizer and the rig's receive and transmit crystal oscil- 
lators. 

lems in construction, please feel free to write me, but 
do enclose an SASE. 

I'd like to offer my thanks to those who helped me 
in this project: Dib, KSHLG, and Tom, W91J, for their 
encouragement, counsel, and interest in the project; 
to Russ, KSAYD, for his valuable ideas on logic and 
synthesizer design; and to Bill, WASGUY, for his 
mechanical help and engraving of the front panel. 

appendix 

2 
a = fmax 

fmin 

b = (1 - a )  [ T(Cmax + CmiJ  + Cmax emin] 
(1 - a )  T +  Cmax- aCmjn  

fig. 9. Schematic diagram of an rf diode probe suitable for 
tuning the synthesizer. CT = T +  C p  Cmax 

c p  + Cmax 

reason for the two jumpers beneath U1. Although 
I've not had time yet to try this, expanded coverage CT = total tank C a t  fmk 
might appeal to you. This design will, therefore, per- 
mit operation over the expanded 2-meter band as L = 

1 

proposed by the FCC. (2rfrniJ2 CT 

final comments - - 25330.34 p H  f i n  MHz 

I hope that this article has proven valuable to you. Ifrnid2CT CT in pF 
Should you have questions about the design or prob- ham radio 
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environmental 
aspects of 

antenna radiation 
How to calculate 

approximate near-field 
radiation levels 

to meet existing 
environmental standards 

A t  present there's a great deal of interest and con- 
troversy regarding non-ionizing electromagnetic radi- 
ation and its effect on the environment. This issue, of 
course, affects Amateur Radio. Suggestions have 
been made that all nonionizing electromagnetic radi- 
ation be eliminated from residential areas, or that 
such radiation be limited to levels that would make 
Amateur Radio operation impossible. 

Some groups, in a wave of hysteria, are attempt- 
ing to make all radiation illegal. As in most situations 
of this type, when one looks at the facts, the picture 
becomes clearer. 

In a report by the U.S. General Accounting Office 
dated March 29, 1978,' it states that 10 mWlcm2 is 
the maximum level to which a human should be 
exposed for 6 minutes per hour, and that 1 mWIcm2 
is the maximum continuous exposure. In other 
words, to be completely safe, one should stay at 
levels of 1 mWlcm2 or less. These levels are recom- 
mended by the American Natio'nal Standards Insti- 
tute (ANSI) for frequencies between 10 MHz through 
the microwave region. 

analysis 
I have calculated the approximate separation dis- 

tances between the radiation source (Amateur 
antennas) and humans to meet the recommended 
levels in reference 1. These data are shown in figs. 
1A through I D  for four Amateur antennas: half 
wave, quarter wave, eighth wave, and sixteenth 
wave. Parametric curves show the input power to 
the antenna at two field-strength levels, 1 mWlcm2 
and 10 mW/cm2. 

Looking at fig. I A ,  one can see that if an Amateur 

operates on 7 MHz using a half-wave antenna with 
100 watts input, the antenna must be at least 4.6 
meters (15 feet) from any human to keep the field 
strength at i mWicm' or less. At a power of I k\N 
input to the antenna, the field at 4.6 meters (15 feet) 
increases to 10 mWlcm2. Thus it's necessary to 
move the antenna a distance of 7.3 meters (24 feet) 
from any human to reduce the field to 1 mWlcm2. 

If the antenna has 10 dB gain in one direction, the 
equivalent antenna input would be 10,000 watts 
instead of 1000 watts. The field at 7.3 meters (24 
feet) would increase to 10 mWlcm2 in the direction 
of the antenna gain. 

The apparent free-space field strength near any 
antenna can be approximated by: 

where L = length of antenna (meters) 

Pant = power input to antenna 
(watts at Z,,,) 

Zan, = input impedance of antenna (ohms) 

X = wavelength in meters (300/fMHz) 

K =  3(aT)2+ (values in table I) 

r = distance from the antenna (meters) 

f = frequency 

After the apparent free-space field strength has been 
calculated in wattslmeter2 it can be converted to 
mWlcrn2 by multiplying the calculated value by 0.1. 
In other words, 100 Wlm2 is the same as 10 
mW/cm*. If the field strength in volts/meter is 
desired, the following expression can be used: 

~ f i ~ l d  = .\/1201r(Pfild W / m 2 )  uolts/meter (2) 

y John Abbott, KGYB, P.O. Box 66, Newhall, 
alifornia 91322 
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fig. 1. Separation distance as a function of frequency for recommended input power to four Amateur antennas: (A)  one-half wave- 
length; (B) one-quarter wavelength; IC) one-eighth wavelength; and (Dl one-sixteenth wavelength. 

where 120a is the impedance of free space. Using 
this expression, 10 mWIcm* is the same as 194 
voltslmeter field intensity. 

Kvalues (eq. 1) are shown in table 1 as a function 
of r A ,  the ratio of the distance from the antenna in 
meters to the wavelength in meters. Using this table 
and eq. 1 for Pfield, it's possible to calculate the fields 
at various distances from an antenna to obtain the 
apparent free-space field intensity. Otherwise, use 
fig. 1 to make sure that your antenna is always at a 
separation distance with less than 1 mWIcm2 field 
intensity. (A mathematical derivation of eq. 1 is avail- 
able from ham radio upon receipt of a self-addressed 
stamped envelope). 

practical considerations 

There should be no problem for most Amateurs in 
installing an antenna away from houses and areas 
occupied by humans, except for the 160- and 80- 
meter bands. In these cases it may be necessary to 
limit power input to the antenna if necessary dis- 
tances can't be maintained. The real difficulty lies in 
the operation of handheld portables above 25 MHz. If 
adequate separation from the body is maintained, it 
will be difficult to talk into a handheld unit. You'll 
have to decide if the risk is worth the exposure. 

Mobile operation above 25 MHz should be no 
problem if simple precautions are followed. Tables 2 
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table 1. Proximity coefficient K as a funct ion of the ratio of 
distance f rom antenna, r ,  t o  wavelength, X. 

ratio of distance f rom 
antenna, r, t o  wavelength, X 

r i h  

0.01 
0.015 
0.02 
0.04 
0.06 
0.08 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.60 
0.70 
0.80 
0.90 
1 .oo 
1.20 
1.40 
1.60 
1.80 
2.00 
2.50 
5.00 

proximity coefficient, 
K 

81,000,000.000 
7,170,000.000 
1,282,000.000 

20,620.0061 
1,890.000 

364.700 
103.000 
12.300 
3.110 
1.186 
0.640 
0.388 
0.252 
0.187 
0.135 
0.089 
0.0596 
0.0452 
0.0346 
0.0272 
0.01872 
0.01368 
0.0104 
0.0080 
0.00654 
0.00416 
0.001028 

and 3 show a summary of approximate operating dis- 
tances that should prevent overexposure for most 
Amateur installations. 

I'd like to emphasize that, in this article, I make no 
attempt to account for the shielding effects of build- 
ings or the susceptibility of humans to radiation at 
any given frequency. The field levels are simply cal- 
culated at each frequency shown. It may well be that 
1 mW/cm* is more of a hazard at 420 MHz than at 
1.8 MHz. Such matters will have to be explored by 
medical research. 

The data presented here will allow Amateurs to 
estimate field-strength levels from the antennas 
described in a manner that will meet present recom- 
mended criteria. Furthermore, the data will provide 
ammunition with which to fight pressure groups who 
are trying to abolish Amateur Radio! 

addendum 
The effects of radiation from electronic equipment 

on the environment has become a hot issue of late. 
The FCC has issued a Notice of Inquiry (NOI), General 
Docket 79-144 (June 15, 1979) which states in para- 
graph 33: 
"It may be desirable for the Commission to consider 
the need for applying to the subjects of its jurisdic- 

tion one of the existing safety criteria, such as the 10 
milliwatt per square centimeter (10 mW/cm2) short- 
term exposure limit used by ANSl and OSHA . . ." 

Furthermore, ANSl is considering reducing this 
level to 1 mVIJlcm2, What does all this mean to Ama- 
teur Radio? The answer is presented in the article 
above. 

If you are concerned you'll want to file comments 
to the FCCJNOI mentioned above before the 
December 15, 1979 deadline. 

hr report has been publishing material on this sub- 
ject since early March, 1979. The following excerpts 
from hr report* are for those wishing more back- 
ground information: 

PROHIBITION OF RADIO TRANSMISSIONS in res~dential 
areas is being considered by the Oregon State Senate. Sen- 
ate Bill 423, sponsored by Senator Ted Hallock of Portland, 
proposes sharply restricting all electromagnetic emissions 
in residential areas. 
In Testimony Favoring the bill Merrie Buel, government 
affairs coordinator for the Oregon Environmental Council, 
said that medical studies "have found that persons living 
next to electromagnetic sources often experience serious 
health effects, including rashes, headaches, dizziness and 
tingling sensations." 
Power Transformers and transmission lines as well as radio 
and TV transmitters would be curtailed under the bill's pro- 
vis~ons, though Senator Hallock and members of the Sen- 
ate Committee on Environment and Energy have been dis- 
cussing removing transmission lines from its coverage. 
As Written the bill would become effective January 1, 
1983, after which violations of the standards established for 
it would be a misdeameanor punishable by a $250 fine. 
However, Ms. Buel termed the $250 fine "merely a slap on 
the hand," stating that her group felt that "endangering 

table 2. Approximate operat ing distances between an 
antenna and humans for 1 mW/cmzor less exposure. 

antenna length and minimum separation 
meters (ft.) 

w i th  100 W antenna input for 0.1 mWIcm2 
field 

or 1000 W antenna input for 1 mW1cmzfield 
frequency half quarter eighth sixteenth 

(MHz) wave wave wave wave 

1.8 16.8 13.7 11 .O 8.5 
(55) (45) (36) (28) 

3.5 13 .O 9.1 7.0 5.5 
(36) (30) (23) (18) 

7.0 7.3 5.8 4.6 3 7 
(24) (19) (15) (12) 

14.0 4.9 4.0 3.0 2.4 
(16) (13) (10) (8) 

21 .O 4.0 3.0 2.4 1.8 
(13) (10) (8) (6) 

28.0 3.7 2.7 2.1 1.5 
(12) (9) (7) (5) 

"hr report is published by Communications Technology, Inc., Greenville, 
New Hampshire 03048. 
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1 table 3. Approximate operating distances between portablelmobile antenna and humans. I 
Antenna length and min imum separation, 

"Maximum exposure at 10 r n ~ l c m ~  should be limited to 6 minutesihr. 

c m  (in.) 
wi th  10 W or 1 W antenna input for 10 mW/cm2* 

(divide power by 10 for 1 mWlcm2 field) 

people's health should be considered a much more serious 
offense." Furthermore, she said, the OEC wants the bill to 
become law much sooner since, "we suggest that the 
sooner electromagnetic radiation is under control, the safer 
the public health." (HRR 245, March 16, 1979). 

frequency 
(MHz) 

EFFECTS OF CB ANTENNA RADIATION on the bodies of 
nearby people is being investigated by the Department of 
Heath, Education and Welfare. The first study, published in 
a 24-page booklet titled "Measurement of Electromagnetic 
Fields in Close Proximity of CB Antennas," discusses 
bumper, trunk lid and rooftop-mounted mobile antennas as 
well as those on hand-held units. Near field radiation distri- 
bution of each type is presented graphically, in an attempt 
to determine what hazard, if any, radiation presents. 

half wave quarter wave eighth wave sixteenth wave 
10W 1W 1OW 1W 10W 1W ?OW 1W 

The Study Concludes: "The health implications (of CB 
antenna radiation) are not clear at this time. The Bureau of 
Radiological Health is continuing to investigate this mat- 
ter." HEW is obviously quite concerned with the effects of 
RF on the population, and with Amateurs running 200 
times the power of CBers on frequencies from 1.8 MHz 
through millimeter wavelengths, our operations are sure to 
come under careful scrutiny as well - if they haven't 
already. (HRR 247, March 30, 1979). 

AMATEUR RADIO WAS ATTACKED as "one of the mairr 
non-ionizing radiation hazards in the United States" at an 
April 9-10 meeting of the Subcommittee on Public Health 
Aspects of Energy, in New York. The group is an arm of the 
New York Academy of Medicine's Committee on Public 
Health, reports KGYB, who has an article on the effects of 
Amateur RF radiation on family and neighbors coming out 
in ham radio magazine later this year. (HRR 253, May 18, 
1979). 

RF RADIATION HAZARDS are the subject of a new FCC 

Notice of Inquiry, General Docket 79-144, agreed to by the 
commissioners earlier this month. Although the Comrnis- 
sion noted that promulgation of RF radiation health and 
safety standards is the responsibility of health and safety 
agencies, it also recognized that it would have to consider 
radiation exposure standards adopted by other Federal 
agencies in its licensing activities. 
Full Text Of This Potentially very important NOI, which is 
reported to contain a number of questions on specific areas 
of concern, hasn't yet been released. With the environment 
currently a hot public issue, this NO1 could easily become a 

crucial one for Amateur Radio as well as most other radio 
services. 
Comment Date for Docket 79-144 is December 15, with 
Reply Comments due March 15 of next year. (HRR 258, 
June22, 1979). 

ANOTHER FCC PROPOSAL that could affect Amateur 
Radio is in General Docket 79-163, which proposes changes 
in the Commission's environmental impact rules. A t  pres- 
ent those rules offer some leeway with respect to prospec- 
tive stations that could have a "Major Impact" on the envi- 
ronment when the actual impact would seem less signifi- 
cant. Under the proposed tighter restrictions, it appears 
formal impact statements would be required of many more 
applicants, probably including a number of Amateurs, and 
the Commission would then have to prepare and distribute 
a written environmental assessment for each such case. 
In  A Dissenting Statement to the proposed change, Com- 
missioner Washburn makes the point that environmental 
impact is not the Commission's business and to make it so 
would add to their already heavy workload and thus 
increase licensing delays. 
Comments On Docket 79- 163 are due by August 1. (HRR 
260, July 6, 1979). 

HIGH LEVELS OF RF RADIATION have been detected by 
the FCC in its test of some popular personal computers. 
Tests of computers manufactured by Atari, Apple, Com- 
modore, Heath, Southwest Technical, and Radio Shack 
have reportedly shown that, in most cases rf radiation 
levels far exceed allowable Class 1 TV limits. 
With The Popularity of home computers sharply on the 
rise, the FCC plans to use the data it's collected to set up 
new rules governing all computers that could be used in the 
home. It will probably be several months before the FCC 

decides what action to take and files a notice of proposed 
rule-making. (HRR261, page2, July 13, 1979). 

references 
1. Efforts by the Environmental Protection Agency to Protect the Public 
from Environmental Non-Ionizing Radiation Exposure, U.S.  General 
Accounting Office, Report CED 78-79. March 29, 1978. 
2. Richard A.  Tell, "Broadcast Radiation: How Safe is Safe?", Spectrum, 
IEEE, August, 1972, pages 43-51. 
3.  Reference Data for Radio Engineers, Chapter 25, "Antennas," Howard 
W .  Sarns & Co., Inc., Fifth Edition, pages25-I through 25-3. 
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the Hellschreiber 
a rediscovery 

European Amateurs 
are using 

a teleprinting system 
made from 

World-War I I surplus - 
will it replace RITY? 

The Hellschreiber is a teleprinting machine based 
on a principle entirely different from that of the RTTY 
teleprinter. The Hell sytem (named after its inventor, 
Dr. Rudolf Hell) could have been invented with the 
requirements of the Radio Amateur in mind, but 
strangely enough the Hell system has never been ful- 
ly accepted by the Amateur fraternity. The reason 
may be that an enormous number of used RT7 ' 

machines flooded the market at low prices after 
World War II. 

Hell and RTTY existed simultaneously for a long 
time for both military and commercial use. However, 
Hellschreibers have now disappeared, mainly as a 
result of the introduction of protected RTTY systems 
with automatic-request and error-correcting circuits. 
Most hams have probably never heard of the Hell 
system as a means of communications. 

the Hellschreiber 
What is the Hellschreiber? In contrast to the RTTY 

machine, in which received pulses determine the 
character to be printed, the Hellschreiber uses the 
transmitted pulses to directly write images of charac- 
ters on paper tape. Thus, Hell writing could be con- 
sidered a simple form of facsimile, covering seven 
image lines per character, with seven elements per 
line. 

Not only has this system of printing character 
images some very important advantages to offer, but 
the simple way in which the Hell teleprinter works is 
extraordinarily elegant. The thread of a fast-turning 
worm shaft wipes, with high speed, transversely 
across a slowly moving paper tape. This worm thread 
is wet with printing ink. Every time the paper is 

By Hans Evers, PABCX (DJBSA), Am 
Stockberg 15, D-5165 Huertgenwald, West 
Germany 

28 december 1979 



How The Hellschreiber Works 

A. Imagine a fast turning worm shaft above a relatively B. The thread on this worm shaft is kept wet  w i th  printing 
slow-moving paper tape: ink: 

C. Under the paper is a mechanism that taps the paper 
against the worm shaft by means of an electromagnet: 

PA PER 

FROM RADIO 
R X  " A F O U T "  

ELECTROMAGNET 

,,' INK PAD 

D. What is printed on the paper depends 
upon the rhythm and the length of time 
the electromagnet is actuated. For exam- C' ' , j 
pie, if the paper is just tapped, one gets: 

What you see are the little dots where the 
paper touched the fast-turning worm \ 

shaft. I f  the thread sweeps fast over the '1 c 
paper, and if  the electromagnet pushes a 

<a 
bit longer, a little line is printed: 

I f  the tape is tapped in  rhythm wi th the 
revolutions of the worm shaft, a sequence > o , , , , ,  < 

, I , , "  

1111,,,, of little dots is printed: \ 

E. Thus, all sorts of simple images can be written; for instance, all the characters of the alphabet: 

F. Or, if necessary, the characters of anybody else's alphabet, such as Greek, Arabic, or Chinese: 

G. What happens if  the worm-shaft speed is not quite correct? Nothing serious; the lines of the Hell text threaten to  run off the 
paper tape: 

This provides a simple method for determining the correct speed. If, for example, the lines show a tendency to  drop, the motor 
speed must be increased until the lines run straight again. But whatever happens, the text remains legible. 
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Hell writing. This enlargement shows, how each character 
takes the space of seven image lines. As a result of the rela- 
tiveiy siow-moving tape, the characters haiig ~lighi lv  Wdei. 

tapped agai~st  the turning wcrm shaft, little lines are 
formed across the paper tape. Several of these lines 
together form a character. 

The Hellschreiber of the World War II Wehrmacht 
type we're using runs somewhat slower than the 
RTTY machine: 2 '/2 characters per second. Neverthe- 
less, a respectable 25 words per minute is achieved. 
This CW terminology is not misplaced, as Hell and 
CW have much in common. In fact, given a certain 
bandwidth, the reliability of Hell communications 
approaches that of CW. 

QRM proof? 
During World War II the Hellschreiber proved its 

reliability. Users recognized that a Hellschreiber 
could be the only link between an isolated military 
unit and its headquarters. When all other means of 
communications failed, often the Hellschreiber man- 
aged to get the message through, even when only 
barbed wire and an earth connection were available 
as a signal path. 

Amateur applications 
Our Hell QSOs occur on 80 meters (over here, the 

official RTTY segment is between 3575-3625 kHz). 
It's difficult to think of a better part of the radio spec- 
trum for putting the Hell system to the test because 
of the high QRM level in this portion of the band. 

In this context I'd like to mention an interesting 
side effect. Our modest prrt, prrt, prrt Hell signals 
apparently tend to provoke fury among some hams, 
who seem to be convinced that the unusual sounds 
are caused by commercial stations. This turns our lit- 
tle Hell channel into the center of zero-beating and 
QRZ-blaring stations. This intentional interference 
does, however, provide us with an invaluable oppor- 
tunity to test the communications system under 
highly adverse conditions and is, therefore, to some 
extent, not unwelcome. 

Of course, the interfering transmitter determined 
to  cause serious trouble by tuning carefully zero-beat 
with our Hell signals may eventually manage to tem- 

course, that the signal is stronger than ours. By 
maneuvering with tuning, bandwidth, and threshold 
level it's possible to get through. We might lose con- 
tact for a moment; however, contact is restored 
through the foggy QRM clouds on our printouts, and 
we pick up the text as soon as the characters become 
distinguishable again. This sort of working on the 
threshold is possible with Hell: The text, even under 
the worst conditions, is never subject to errors of a 
substitution-oi-characters rype. The character may, 
however, be difficult to  read because of mutilation. 

Hell versus R l T Y  
Under certain circumstances the communications 

reliability of Hell can be even better than that of CW. 
The received Hell signal is printed in its original form. 
At the moment of reception no decision has to be 
made such as, "Did I hear correctly?" Thus wrong 
decisions are avoided. The Hell printer enables the 
reader to decide later on, at his ease, what was actu- 
ally sent by the distant station. 

Some examples are shown of radio Hell-communi- 
cations in which the printer obviously has great 
trouble in keeping the text intelligible because of a 
high noise level or heavy QRM. The examples con- 
tain considerably more information than can be 
deciphered on first sight. If you really take the trouble 
to read the text, you immediately realize to what the 
Hellschreiber owes its superior qualities: it calls in the 
services of a computer, i e . ,  our human ability to rec- 
ognize pictures in a chaos of little specks and lines. 

Printing mechanism of the Hellschreiber. The ink pad (felt 
roll) has been lifted to show the worm shaft. The paper tape 
is slowly moved by the transport capstan. The electromag- 
net (not visible) taps the paper tape from below against the 

porarily destroy our communications, provided, of fast turning worm shaft. 
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AMPLIFIER, 
AF FILTER 

ELECTROMAGNET I 
PAPER SUPPLY 

The Feldfernschreiber. Hellschreiber of the German Wehr- 
macht (1938) as used on a large scale during World War Il. I t  
is with this type of machine that such remarkable results 
were obtained on the Amateur bands. 

The Hell system is less sensitive to interference 
than RTTY because the Hellschreiber prints the inter- 
fering clutter as well as the desired text. This may 
sound paradoxical, but it becomes understandable if 
you realize that a teletype printer must translate its 
received signal into a character before it can decide 
which key must be pressed. It cannot count upon the 
services of a "computer." Thus, with RTTY, a s i~g le  
interfering rf spike may result in a wrong decision, 
turning out a character that has no resemblance 
whatever to the actual character transmitted. The 
unprotected teletype character can't warn the reader 
that it is in error; it can't even indicate that a certain 
amount of doubt existed during the moment of its 
selection! 

The Hellschreiber, on the other hand, requires no 
such decisions. The machine just prints, complete 
with all the received interference. But (and this is the 
important distinction) although the interference may 
give the image of the characters an untidy appear- 
ance, the Hellschreiber is not capable of changing it. 
In other words, the Hellschreiber simply leaves to the 
boss the problem of sorting out the text from the rub- 
bish and doesn't try to disguise the difficult reception 
conditions. 

This is the explanation for the rather amazing fact 
that you may read Hell text from signals that are only 
barely audible through an overwhelming amount of 
QRM; indeed, that it's even possible to decipher Hell 
signals received under the noise level. No wonder 
we're highly enthusiastic about this fantastic system. 

experience with Hell 
For three years, almost every week, our little inter- 

national Hell group (five Dutch, one German, one 
French, one British) make our regular Hell QSO of an 
hour or so, using one of the most crowded portions 
of the 80- and 40-meter bands. Our Hellschreibers are 
ex-Wehrmacht printers, some of them 40 years old 
and in fact valuable museum pieces. 

As with CW and RTTY, the modest bandwidth 
requirements of Hell are a great advantage. They are 
determined by the shortest pulses contained in the 
signal, being 8.16 ms. This produces a speed of 122.5 
baud, requiring a minimum bandwidth of 61 Hz. Even 
in an overcrowded band it's possible, with a sharp 
CW filter, to remove most of the QRM or, in case of 
telephony interference, to keep the bulk of the 
speech sidebands out of the picture. 

Watching a Hellschreiber printer in operation, you 
can't help being impressed by its imperturbability: 
While the radio receiver produces the most frighten- 
ing sort of QRM noises, the machine swallows it all. 
Quietly, apparently hardly disturbed by it all, it goes 
on spelling out its characters. Often the QRM is so 
bad that you need a Hellschreiber to establish that 
there's still a Hell signal in the air. 

Transmitter section of the original Hellschreiber. The coded 
drum turns one revolution per character. Every time a key is 
pressed, one turn of the drum produces a series of pulses by 
the contact with one series of lamellas. 
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Between transmitter and receiver a certain amount 
of synchronization is needed, which requires a 
means of regulating receiver-motor speed. Not that 
this synchronization is very critical; contrary to what 
you might expect from a synchronous image-line 
system, the good old Hell machine is not so easily 
disturbed by the wrong motor speed. The only thing 
that might happen is that the written text might drop 
over the edge of the paper. The text remains legible, 
however, and, *while continiiii;g to read the text, you 
correct the motor speed by hand until the text prints 
correctly along the plane of the paper strip. It is this 
reliable, almost undisturbable, character of the Hell- 
schreiber that makes it such a fine instrument for 
Amateur Radio communications. 

The CW-like disposition of Hell signals permits 
break-in. Spaces don't produce signals (the tape just 
runs without printing), so it's possible to cut in 
between words of the distant station's text. You can 
even keep watch on the QRM situation between 
transmitted words. 

Hell is economical with transmitted energy. With 
considerable fewer marks than spaces in its signals, 
and without start and stop pulses, the average out- 
put is about 25 per cent of the maximum output. This 
low duty cycle permits increased transmitting power. 

quo vadis? 
It's possible to make a Hellschreiber yourself - 

something that can't be said for any ordinary tele- 

Home made Hellschreiber. 
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Reception of Hell signals under extreme conditions. 

1. Very weak signal, drowning in the noise. On first sight it's 
unusable; however, our ability to recognize pictures in a 
chaos of little specks permits us to read the text into the 
noise. 

2. Interference by a strong SSB telephony signal on the 
same channel. (Text: "Do you also believe that the other 
boys are there".) 
3. Hell signal exactly zero-beat with equally strong 14-wpm 
CW signal. (Text: "but as you know the situation is".) 

printer. The actual printer consists of only a simple 
mechanism. This is another advantage of the Hell- 
schreiber. The receiving part is easy to build and may 
be a good starting point. After gaining some experi- 
ence with receiving Hell QSOs, you can decide 
whether it is worthwhile building a Hell transmitter. 

We have already built some mechanical Hell print- 
ers. Of course, electronics have advanced consider- 
ably since 1938, and the dimensions of our modern 
Hellschreiber can no longer be compared with those 
of that bulky German design. We now have small 
electric motors with solid-state speed regulation and 
we can use refinements such as coils with ferrite 
cores to pick Hell signals out of overwhelming QRM. 
Accurately defined Schmitt-triggers are available for 
separating signals of different levels. 

You could even go as far as PABWV, who has 
developed a microprocessor displaying received sig- 
nals as a slowly moving line of characters, complete 
with interfering pulses (thus fully maintaining all qual- 
ities of the Hell system) on an oscilloscope screen. 

The transmitter part, "pulse machine," is some- 
what more complex to build. In the original Hell- 
schreiber the transmit pulses were produced by a 
coded drum requiring some mechanical refinements. 
But a solid-state solution exists here. It was PA0WV 
again who built the first clock-plus-matrix system 
that can be hidden under a small keyboard, produc- 
ing all characters in complete silence. 

A converter isn't required for receiving Hell sig- 
nals. The Hellschreiber can be plugged directly into 
the headphone jack of any radio receiver (or any tele- 
phone line, for that matter). The transmitter output 
plugs into the KEY jack of any CW transmitter, 
that's all. 
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log-periodic antenna design 

The LP is a useful antenna 
for Amateur applications - 

it provides constant gain 
and a low VSWR 

over a wide frequency range 

The log-periodic (LP) array is a moderate-gain 
antenna useful for many Amateur applications. It has 
the desirable characteristics of constant gain and low 
VSWR over a wide frequency range. It's very forgiv- 
ing of construction and design tolerances. Accord- 
ingly it doesn't require fancy test equipment or inter- 
minable pruning to achieve satisfactory operation. 
Minor errors may result in somewhat reduced gain 
but won't markedly affect the basic radiation pattern 
or front-to-back ratio. Once a design has been com- 
pleted, it's seldom necessary to make adjustments 
after the antenna has been erected. 

This article deals with the design of LP antennas 
using simple formulas that can be worked on any 4- 
function calculator. Also given is a simplified 
approach using only tables and elementary arithme- 
tic, which allows you to design single or multiband 
LPs to fit into an available space. Examples shown 
are for wire antennas. For vhf arrays using tubing, 
appropriate changes should be made to obtain the 
effective element length. Robert Carrell presented an 
excellent paper, "The Design of Log-Periodic Dipole 
Antennas," which is in the IEEE International Con- 
vention Record for 1961. Data for the article here 
was, in a large part, derived from that paper. 

The design gains shown here are approximate and 
may seem low to many readers. They are given as 
the free-space pattern gain with reference to a dipole 
(dBd). Many antenna designs are quoted as dB 

abo-ve isotropic tdSit and sometimes inc!ude ground 
reflection gain over a perfect reflecting surface. Such 
approaches are misleading and can yield numbers 
anywhere from 2.2 to 8 dB higher over a dipole. 

Amateur applications 
The LP is particularly useful in split-band operation 

such as working DX on 40 or 75 meters, where the 
frequency separation of U.S. and foreign bands is 
frequently greater than the bandwidth of many other 
types of antennas, such as Yagis. 

In many areas of the world, material such as tele- 
scoping aluminum tubing is difficult and expensive to 
obtain. The LP, either in a fixed configuration or rota- 
table in a design using forward V-shaped horizontal- 
wire elements supported by a shaped stress-line dia- 
mond, may be built from simple available materials: 
wire, bamboo, and nylon line. YV5DLT, Ansel 
Eckels, has built several of the latter configuration 
that have worked very well. 

In all probability the number of Amateur bands will 
increase in the not too distant future; new bands 
have been proposed at 10.1, 18.1, and 25.25 MHz. 
An LP can be designed to cover 10-30 MHz, with per- 
formance and size making it comparable to many 
current triband beams. At  least two Amateur manu- 

I facturers (KLM and Telrex) have a practical-size LP 
rotatable array that comes close to meeting this 

1 requirement. Alternatively, a multiband Yagi cover- 
ing six bands would be quite a mechanical challenge. 
Unless extreme care is taken in trap design, it would 
be quite lossy. 

For those who operate in the vhf bands, a single 
LP can yield good performance from 50 MHz through 
432 MHz. After many years and many other design 
approaches, the LP has become the standard config- 
uration for most TV antennas. 

Don Bostrom, N61C, in the DXpedition to Wallis 
Island in 1974, used a homemade LP with good suc- 

By P. A. Scholz, WGPYK, and George E. 
Smith, W4AEO. Mr. Scholz's address is 12731 
Jimeno Avenue, Granada Hills, California 91344, 
Mr. Smith can be reached at 1816 Brevard Place, 
Camden, South Carolina 29020 
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4 RADlA TION cess. It was a vertically polarized 5-element wire 
array for 10, 15, and 20 meters. 

Compared with the Yagi, the LP will usually have 
somewhat lower gain. However, it does have a signif- 
icant advantage in bandwidth and maintains its front- 
to-back characteristics over the entire design fre- 
quency. A properly designed LP working through a 

FEED balun will allow a solid-state transmitter to operate 
efficiently over a wide frequency range without an 
antenna tuner. For example, a 7-element wire beam 
covering the low end of 80 meters to the high end of 
40 meters, and with a good match, can be erected in 
a space roughly 43 meters square (140 feet square) 
and will have a gain of about 6 dB. 

ELEMENT NUMBER description 
The basic LP consists of a number of dipoles 

arranged in a plane (fig. 1A). The element lengths, - - 
- 250 L, and the relative spacing, a, are arranged in a geo- 

metric progression with a taper factor, T. Each ele- 
ment is connected to the feeder in an alternating 
manner. The feedline is transposed between each set 

- I50 of elements as the easiest method with wire elements 
and as an intra-element feedline. 

The array operates as a backward-wave antenna; 
radiation is in the direction of the feed. Propagation 
velocity is about 0.35. The free-space pattern in the 
plane at right angles to  the elements is similar to  a 
cardioid: egg-shaped in the radiation direction in the 

7 6  5 4 3 .? plane of the elements. The LP operates over a fre- 
ELEMENT NUMBER quency band defined by the longest element, about 

L P ' POWERCELL" 
X/2 long at the lowest frequency, and the shortest 
element, about XI4 at the highest frequency. The 
gain is constant over this frequency interval; there- 
fore the beam width in E and H planes is constant in 
free space. Over real ground, the elevation beam 
maxima will change in angular position with frequen- 
cy because the effective height in wavelengths will 
change. 

Many configurations have been discussed in ham 
0 2  - 

radio and other literature. These include the inverted 
- 

I I 
T monopole, which is a vertically polarized ground- 

7 6  5 4 3 2 I plane array; a configuration using inverted V ele- 
ELEMENT NUMBER ments; and truncated LPs, which use fewer than the 

0 optimum number of elements. 

fig. 1. A 7-element LP antenna (A) with equations defining 
taper factor, 7, in terms of element length. L, and element- characteristics 
spacing relationships, s,, S, . . . S,. Characteristics are Power to the elements is maximum in the reaion 

.a 

shown in (B).  Upper curve: voltage, current. and phase a t  an where the elements are somewhat less than XI2 
arbitrary frequency higher than lowest desired operating 
frequency, f,. Lower curve: approximate power distribu- long. This is called the "LP cell" (fig. IB ) .  The cell at 

tion, illustrating the "LP cell," which occurs in the region a particular frequency encompasses the longest ele- 
where the elements are less than x/Z long. ment, X/2, and a few shorter elements. The shortest 
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THICKNESS RATIO. q / d  

41 s 
15 .2 .3 .4 5 6 .7 8 910 2 3 4 5 6 7 8 9 1 0  I2 

RELATIVE CHARACTERISTIC IMPEDANCE 
OF A DIPOLE ELEMENT, Z0/Ro 

fig. 2. Data for the LP intra-array feedline design. The 
"natural" dipole impedance is selected from curve (A), 
which shows the average characteristic impedance of a 
dipole, 2, = 120 ( V  n L/d-2.25). (B) shows relative feeder 
impedance as a function of dipole impedance with spacing 
factor, a, as a parameter. 

element is approximately XI4 long. 
The array will operate as an antenna at frequencies 

lower than that defined by the longest element of 
Xl2; however, the front-to-back ratio will degrade 
rapidly, and the gain will be impaired. 

For large taper factors (7 near unity) many ele- 
ments are within the cell and the array has high gain. 
For small taper factors only a very few elements will 
be within a cell, and the gain will be much lower. 
Table 1 shows how the gain for an optimum-gain 
design varies as a function of the frequency range 
and number of elements. 

feed system 

venient feedline impedance can be used with a balun 
at the antenna to obtain a low VSWR (fig. 2). Air die- 
lectric should be used to prevent excessive phase 
shift within the array feed. Any other dielectric 
increases the spacing factor, a, in a complex manner. 
From tests run by W4AE0, the driving point impe- 
dance for low-frequency arrays at XI4 high is on the 
order of 225 ohms, with an intra-array feedline char- 
acteristic impedance of 450 ohms. Typically the intra- 
array feedline is formed from 14 AWG (1.6-mm) wire 
spaced for a feedline impedance of about 450 ohms. 
This, with a 4:1 balun, results in a close match to 52- 
ohm coax. 

array gain considerations 
For each value of taper factor, 7, there is a corres- 

ponding value of spacing factor, a, which yields max- 
imum gain (fig. 3). Smaller-than-optimum spacing 
factors may be used with consequent loss of gain but 
without pattern degradation. Larger-than-optimum 
values of spacing factor cause undesirable lobes. The 
optimum spacing factor, a, is approximately 0.19 
times the taper factor, T. 

Some commercial rotatable or space-saving arrays 
have spacing factors as low as 0.03. For example, 
one may build an array covering 7-30 MHz on a 10- 
meter (33-foot) boom (sixteen elements, T = 0.895; 
a = 0.03). It would have about 5.5 dBd gain over 
this band. With the optimum spacing factor of 0.17, 
the gain would increase to 7.3 dBd, but the boom 
length would become 59.5 meters (195 feet). Thus by 
compromising gain for bandwidth you can build an 
effective, very broadband array with a practical 
boom length. This may be more desirable than stack- 
ing severai potentially interacting Yagi arrays. 

mathematical design 
Here's a design approach for LP antennas using 

simple mathematics that can be worked on a 4-func- 
tion calculator. It is presented to show how the basic 
design is evolved. 

Definition of terms. All of the LP design terms 
needed for calculator implementation are as follows: 

fH = highest desired operating frequency 

fL = lowest desired operating frequency 

B = fH = desired frequency ratio 
f~ 

B, = structure bandwidth; ratio of length of 
longest-to-shortest element 

The LP at low frequencies is usually fed by coax B,, = array bandwidth of active region (amount by 

through a balun. The LP feedpoint impedance, unlike which B, is reduced to obtain usable band- 

that of other antennas, is a function of the natural width; B = (2) 
dipole impedance and the spacing factor, a. A con- 
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0 22 -- Bs = B X B,, 
GAIN, d 8 d  

\ / O P T I M U M U  
5. Calculate array length: 

TAPER FACTOR, T 

fig. 3. Relative spacing, o, as a function of taper factor, T, 
with contours of constant gain, dBd, as a parameter. 
Circled values are used in a simplified LP design approach 
as described in the text. 

T = taper factor 

u = spacing factor 

Xo = free-space wavelength 

- - 984 
joO in meters; in feet 

~ M H ~  ~ M H Z  

XL = free-space wavelength at lowest f re- 
quency 

XI = antenna wavelength using wire 

- - -  286 in meters; 2LE in feet 
~ M H ~  ~ M H ~  

(XI is 5 per cent less than the free-space number 
because of end effects.) 

L = element length 

= array length 

S1 = spacing of first two elements 

dBd = gain above dipole, approximately 2.2 dB 
below isotropic gain (dBi) 

design steps for log-periodic antenna 
f~ 1. Select desired band ratio, B = - 
f~ 

2. Select an initial set of values for T, the taper; and 
a, the element spacing factor from fig. 3. 
Spacing of first element = a x  XL 
Other elements spaced at T x previous S 

3. Calculate array bandwidth, B,,: 
B,, = 1.1 + ljr0.8 (I - T)  a1 

6.  Calculate number of elements, N: 

log B N = 1 + - - - and round to next largest 
1 

log 

number, 

7. Calculate new length 
gr = rounded N 

N 

simplified design approach 
Design of an LP array using the basic equations 

above is arduous, since the designer has little feel for 
the size of the array until he's made one or more iter- 
ations. Furthermore, most first tries won't equate to 
an integral number of elements. Accordingly, a com- 
puter program was written to yield initial data on key 
array characteristics and in terms of antennas wi th an 
integral number of elements, table 1. This table 
allows an antenna design based on desired param- 
eter such as number of elements, length, and gain. 
The following example of antenna design uses the 
curves of fig. 3 and table 1, 

A three-band LP antenna isdesired covering 14-29 
MHz. Length is about 15 meters (50 feet). Proceed as 
follows: 

1. B = !% = 2 = 2.1 (desired frequency ratio) 
f~ 14 

2. Desired length is 15 meters (50 feet) 
300 XL = - = 21.4 meters (70 feet) 
14 

Length = --- l5 - - 0.71X 
21.4 

3. From table 1 choose ( B  = 21, and R I X  = 0.87, 
or R = 0.87X. The desired length is slightly shorter 
t o  stay on the correct, or lower, side of the optimum 
spacing factor, a. 

N = 10, Q/X = 0.87, T = 0.875, 
a/X = 0.155, gain = 7 d B  

4. From fig. 3 proceed as follows: 

a. Modify a of 0.155 by the ratio 
0.71 desired 0 , 8 7 ~ a b l e l ~  = 0.82x0.155 = 0.13 = u' 4. Calculate structure bandwidth, B,: 
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b. Draw a vertical line through T = 0.875 (see ex- s2 = 2.8  x T,  etc .  
ample in fig. 3) .  L1 = 10.2 meters  (33.4 feet)  

c. Draw a horizontal line through a = 0.155. L2 = 10.2 X 7, etc .  
d. Optimiim gain occurs a: the ~n:ersection i7.0 

N 
dB). 

1 

L, i n  meters ( f t )  

10.2 (33.41 

S,  In meters l f t f  

2.8 19.2) 

e. Modify by drawing a horizontal line through 2 
,, 

g' = 0.23 to intersect vertical Through " 

4 
T = 0.875. 5 

f. A new gain occurs, =6.7 dB (down only 0.3 6 
7 

dB from optimum). 8 

element parameters 

fL = MHz, fH = 29 MHz, 

T = 0.875, a' = 0.13 

for a wire antenna, X/2 

9 3.5 111.5) 0 9 (3 2) 
10 3.0 \ I O . O t  -- - - 

array length 15.5 meters (51 f t l  

conclusion 
We have presented design details for a log-period- 

ic antenna using simple mathematical formulas. We 
have also given a simplified approach to LP antenna 
design using tables and elementary arithmetic. The 
LP antenna certainly has a place in Amateur Radio. It 
has advantages of bandwidth which Yagi and quad 
antennas don't have. A well-designed LP will provide 

L = - - -  14' - 10 2 meters (33 4 fee t )  a t f ~  
~ M H Z  

S I  = a'*hL = 0 .13X21 .4  

= 2 .8  meters  (9.2 f ee t )  

acceptable forward gain and front-to-back ratio over 
table 1. Number  o f  e lements and  array length w i t h  o p t i m u m  
taper and spacing. a wide band of frequencies. The LP can be designed 

with wire elements for lower frequencies - another 
1 one-band operat ion ( B  = I ) "  advantaae when aluminum tubinq is hard to obtain. 

gain over 
- - 

N , / A  T u/X BS d ipo ledBd  
An LP antenna can be designed to cover 10-30 MHz 

4 0.34 0.79 0.142 2.02 5.9 
with performance and size comparable to that of 

5 0.52 0.88 0.155 1.67 7.0 many current triband beams. 
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appendix 
17 1.32 0.89 0.160 6.57 7.0 
24 2.03 0.925 0.170 5.97 8.3 intra-array feedline design 

The characteristic impedance of the feedline is a function of the 
natural dipole impedance, Z,, and the spacing factor, a. The 

*B desired band ratio (harmonic number) = fi! For an array covering natural dipole impedance is related to the length-to-diameter ratio 
28 / L  

14, 2 1 , 2 8 M H z ,  B = ' = - = 2 
of the elements. The optimum intra-array feedline impedance is 

/ L  I 4  determined as follows: 
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a. Select the desired driving impedance, R o  

b. Determine the mean spacing factor o"  = - 
\ 

c. Determine the natural dipole impedance: 

Z ,  = 120 1 C. n 2 - 2.25). or from fig. A l ,  where is length- d 
to- diameter ratio 

d. Calculate 
R 0 

z e. Determine R % ,  the intra-array feedline modifier, M. 

or from fig. A l ,  
0 

2-  WIRE LINE 

Zo = R o  X M 
2 0  

I-04 
Zo = 276 loglo  rJ for 2-wire line or O d 

0 
4-WIRE L INE  T 

where D = center-to-center spacing, and d = wire diameter. 

If a non-optimum intra-array feedline impedance is used, the 
antenna VSWR will vary considerably with frequency, in a some- 
what periodic manner. 

design example 

Array parameters: 

T = 0.875 u = 0 13 

R o  = 200 ohms (wi th 4:l balun from 52 ohms) 

Mean spacing factor 

Natural dipole impedance using no. 14 AWG (1.6-mm) wire: 

1 - 1 2 x 2 1  - - - 3938; since Z ,  varies as log,, 

P . 
the mean 2 is usually sufficiently accurate 

Fromfig.  A l ,  Z ,  = 72 ohms, and 

Feedline impedance from fig. A l :  

- 1 - I 
8 x 0.139 x 3.6 + JpcmmcniJ  + = 

= 0.245+ 1 93 = 1.28 

Zo = M R o  = 1.28X200 = 255ohms 

ham radio 
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compact and clean 
L-band local oscillators 

A clean, L-band 
local-oscillator system 

featuring spurious rejection 
greater than 30 dB 

with simple test equipment 

The recent popularization of microstripline con- 
struction for Amateur uhf equipment' has made it 
relatively simple for countless experimenters to build 
state-of-the-art multipliers, amplifiers, mixers, filters, 
and the like directly from magazine construction arti- 
cles. A major exception, unfortunately, has been in 
the area of microwave local oscillator chains. Most 
will agree that the LO is the weak link in just about 
every microwave transmitter, receiver, or converter. 
Local oscillators generally require extensive tweaking 
on costly spectrum analyzers, even then often falling 
short of the required calibration tolerance, stability, 
and spectral purity. And, since a spurious or drifting 
LO can negate all the benefits of the very finest low- 
noise front end or ultra-linear power amplifier, it is 
evident that the LO requires a great deal of attention. 
I've been making an effort in recent months to take 
some of the mystique out of local oscillator design 
and construction. In this article I shall present the 
results of that effort - a high-stability, crystal-con- 

CRYSTAL-  B U F F E R  
CONTROLLED AMPLIFIER 

fig. 1. Block diagram of a module LO system for L band. 
Each block represents a physically separate stage, individu- 
ally boxed and interconnected by short lengths of coaxial 
cable. 

U H F  LO CHAIN 

trolled LO for 1 . I  :h:o~:gh 1.6 GHz that is vnly 
6.4 x 10 cm (2.5 x 4 inches) and employs microstrip- 
line construction (with absolutely no coils to wind). It 
can be built for about $70 in parts, and can be com- 
pletely aligned with only a VOM and a diode detector. 

The basic approach that numerous expermenters 
(myself included) have used for L-band local-oscilla- 
tor chains over the past several years is blocked out 
in fig. 1. I implemented this system modularly, with 
each of the blocks representing a separate, shielded 
box, the various modules being interconnected via 
coaxial cable. The basic 400-MHz oscillator is a ver- 
sion of my recently published uhf LO chain,;! driving 
a diode tripler built on a microstrip bandpass filter 
board.3 In order to make up the power lost in the pas- 

DIODE OUTPUT 
T R I P L E R  BANOPASS 

X 3  f F l L r E R  

IOOMHZ -, 2 0 0 M H z  4 0 O M H z -  4 0 0 M H z  
/ / 2 m W  2 m W  

bTi 
6mW 

IPOOMHz 
iOmW 

TRIPLER L 5 - 7 / C 8 - I 0  3 - P O L E  Jl 
BANDPASS OUT 

FILTER 

1 2 0 0  MHz 
----O O U T  

5 m  W 

fig. 2. Block diagram of the microstrip local oscillator. 

sive multiplier, a buffer amplifier is employed.4 The 
final microstrip filter keeps all spurious frequency 
components down better than 40 dB with respect to 
the desired output. 

The modular LO chain has some major drawbacks. 
It is physically large, since each stage must occupy 
its own separate enclosure to achieve acceptable 
spurious rejection. The cost of jumper cables, coax 
connectors, and die-cast aluminum boxes can be 

By H. Paul Shuch, NGTX, Microcomm, 14908 
Sandy Lane, San Jose, California 95124 
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R5 
+I2 VDC O - 
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designation description 

C01-03 miniature ceramic disc capacitor, 0.01 pF 

C04- 10 ceramic piston trimmer capacitor, Triko 202-08M, 1- 
5 PF 

Cl l -12 chip capacitor, ATC type JOB, 100 pF 

C13-15 ceramic feedthrough capacitor, Erie 2404-000- 
X5UO-102P, lo00 PF 

C16 ceramic trimmer capacitor, 9-35 pF 

DO1 zener, 9.1 V +  5%, 400 mW. IN52393 

JOT SMA receptacle, E. F. Johnson 142-0298-001 

LO1 -07 

0 0  1 -03 

R01 

R02, 06, 07 

R03 

R04-05 

RFCOl 

YO1 

microstrip inductor (PC artwork LO-1200-601) 

uhf silicon bipolar transistor, Motorola MRF-901 

carbon composition resistor, 180 ohm 10% 1/4 watt 

carbon composition resistor, 470 ohm 10% 1 / 4  watt 

carbon composition resistor, 330 ohm 10% 114 watt 

carbon composition resistor, 10 ohm 10% 1 / 4  watt 

0.33 pH molded choke, Nytronics mini-ductor 

crystal oscillator assembly, International Crystal OE- 
5,90 to 130 MHz (output frequency + 12) 

fig. 3. Schematic diagram of the L-band local oscillator. C1, C2, and C3 are miniature ceramic disc capacitors. C4 through C10 are 
Triko 202-08M. 1-5 pF ceramic piston trimmers. ATC type lOOB chip capacitors are used for C11 and C12. A l l  resistors are % wat t ,  
10 per cent tolerance. The r f  choke is a Nytronics Mini-ductor. The crystal oscillator assembly should be i n  the frequency range 
of 90 t o  130 MHz, depending upon the desired output frequency (LO output frequency divided by 12). 

prohibitive. Plus, the use of a passive multiplier fol- 
lowed by a buffer amplifier is a crude and inefficient 
way to generate the required 5 to 10 mW of LO 
output. 

I toyed with the idea of integrating the LO chain 
onto a single board, but became convinced that first 
it would be necessary to develop a reliable active 
multiplier circuit to take the place of the diode tripler 
and buffer amplifier modules. For a time I considered 
the push-pull tripler approach which Wade had used 
in his 1296-MHz LO,5 but in studying the spectrum 
analyzer photos from his article, I noticed a few 
potential difficulties. Wade's output filter had the 
advantage of requiring no tuning whatever, but it 
afforded only about 20 dB of spurious rejection. His 
active multiplier, though far easier to tune than my 
diode triplers, appeared to offer about the same 
degree of conversion loss. Since I was seeking multi- 
plier gain of not less than unity, I decided to try a sin- 
gle-ended active tripler followed by a tunable, 3-pole 
microstrip filter to keep the spurs down. 

What finally produced acceptable results was an 
active parametric multiplier, a circuit technique I had 

employed in an earlier 1296-MHz converter.6 The 
secret is to place a series tank circuit, which reso- 
nates at the desired output frequency, in the base 
lead of a standard class-C common-emitter multi- 
plier. This throws the base into a negative-resistance 
region at the stage's output frequency, enhancing 
the gain of the desired frequency multiple relative to 
that of the other multiples. The result is an improve- 
ment in the multiplier's spurious rejection without 
resorting to harmonic-cancelling circuits like push- 
pull and push-push. 

With the active multiplier and an output filter tacked 
onto the end of one of my 400-MHz LO chains, I 
found I was getting as much output, with as clean a 
signal as my modular LO had yielded. Plus, it took up 
only half the space, and without the various coaxial 
jumpers between stages. Fig. 2 shows the block dia- 
gram of the new LO, and the complete schematic is 
shown in fig. 3. 

circuit description 
Refer to fig. 3 and the accompanying parts list. 

The stages to the left of 03  are essentially the same 
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fig. 4. Full-size artwork for the printed circuit board. The 
reverse side remains unetched, acting as a groundplane. 

+ # 2 7  9 P L C S  

$ # 1 I 3 P L C S  - 1) 56 23 PLCS 

@ EYELETS 5 PLCS + # 4 9  3 PLCS 

as those used in my uhf LO, except for a few compo- 
nent substitutions. Oscillator module Y1 is a high- 
stability, crystal overtone oscillator producing - 3 
dBm (112 mW) of output near 100 MHz. This assem- 
bly requires a regulated + 9 volt supply, which is fur- 
nished by Zener diode CRI. The output port of Y1 
exhibits dc continuity to ground, this continuity 
being essential in providing a bias return for the fol- 
lowing stage. 

At the input to  01, common-emitter class-C 
double stage, C16 is used to resonate Yl's output 
inductive link, creating a double-tuned, interstage 
transformer between the oscillator stage and the first 
multiplier. The output circuit for 01  consists of 
microstripline inductor L1 resonated by C4 at 200 
MHz. 

Collector current for Q1 is limited to 10 mA at R2. 
This resistor, along with C2 and C13, provide power 
supply decoupling for the first multiplier stage. 

02 serves as a second class-C common-emitter 
doubler. Its input is fed via C3, which is tapped down 
on L1 for impedance matching. R3 provides base 
bias return. The collector is shunt-fed by R6, with a 

fig. 5. Drilling diagram for the etched side of the circuit 
board. In  addition to the etched side, the three locations 
marked with arrows are also countersunk on the ground- 
plane side. 

collector current of approximately 15 mA. The out- 
put circuit for 0 2  consists of two microstripline 
inductors (L2, L3) resonated at 400 MHz by two pis- 
ton trimmers (C5 and C6). Inductive coupling between 
filtering poles, provided by RFC1, suppresses higher- 
order harmonics at the output of the second doubler. 
The conversion gain of each doubler - exclusive of 
any filter losses - is on the order of + 6 dB. 

As mentioned previously, tripler 03  operates as a 
parametric multiplier. The input is applied via a low- 
pass filter consisting of microstripline inductor L4 
and piston trimmer C7. The series inductance of C7 is 
such that it self-resonates at the desired output fre- 
quency, maximizing gain at that particular frequency 
by driving the base impedance of 03  negative. For 
this reason, use only the specified capacitor at C7. 
Shunt collector feed for the active tripler is via R7, 
with dc decoupling provided by R5 and C15. Collec- 
tor current for Q3 is on the order of 15 mA, and the 
stage operates at approximately 3-dB gain. 

The output of 0 3  is capacitively coupled via C12 
into a 3-pole output filter consisting of microstripline 
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fig. 6. Component placement diagrams for the microstripline and groundplane sides 

inductors L5, L6, and L7, resonated at 1.2 GHz by 
piston trimmers. Coupling between filter poles is a 
result of the proximity of the piston trimmer stators; 
hence, spacing between filter poles is critical. 

The final t 10 dBm (10-mW) LO output is available 
on connector J1. This level is suitable for driving 
most transmit and receive diode balanced mixers. 

construction 
Assembling the LO is relatively simple, since all cir- 

cuitry is mounted on a single printed circuit board 
and the bulk of the critical components are imple- 
mented as etched microstriplines. The circuit should 
be etched on fiberglass-epoxy circuit laminate 1.5 
mm (0.063 inch) thick, clad on both sides with 1 
ounce per square foot copper. One side of the board 
is etched in accordance with the artwork supplied in 
fig. 4, the other side remaining fully clad and serving 
as a groundplane. It is essential that the pattern of 
the printed circuit artwork be followed exactly (photo 
etching is recommended), since the dimensions of 
the microstriplines are critical and the placement of 

the circuits on the board determines the degree of 
spectral purity achieved. In fact, the layout of the 
board was changed several times during the develop- 
ment phases in order to optimize performance and 
ease of tuning. 

After the board is etched, it should be drilled as in 
fig. 5. Be sure to remove a small portion of ground- 
plane metallization from around the holes that will 
accommodate the center pin J1 and the output and 
power pins of oscillator Y1. Neglecting this crucial 
step will result in these pins being shorted to ground, 
which will obviously have a detrimental effect upon 
circuit performance! Note that five of the microstrip- 
line inductors (L2, 3, 5, 6, and 7) must be grounded 
through the board. This is best accomplished, as out- 
lined in reference 3, with eyelets 0.5-mm in diameter 
set with a punch and soldered on both sides of the 
board. 

When mounting components on the printed circuit 
board, you will find it helpful to refer to the p b t a -  
graphs, the schematic diagram in fig. 3, the layout 
drawings shown in fig. 6, and perhaps to reference 
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2. 1 personally find it easiest to install J1 first, solder- 
ing the five pins to their respective pads on the 
microstripline side of the printed circuit board and 
then running a smooth bead of solder around the 
body of the connector, securing it electricaliy and 
mechanically to the groundplane side. Next, I install 
feedthrough capacitors C13, 14, and 15. Here I pre- 
pare a smail solder preform (1 ttirn of multi-core sol- 
der wrapped around the body of the capacitor just 
under the flange!, position the capacitor in its mount- 
ing hole, and apply heat to the flange from above. 
The solder preform will flow, filling the space 
between the flange and the groundplane. This tech- 
nique prevents excess solder from accumulating on 
the groundplane side of the printed circuit board. 

Installing the resistors and capacitors according to 
the layout diagram is relatively easy. Do not  install 
power decoupling resistors 94 and R 5  a t  this time; 
they will be added during the tune-up sequence. 
When installing the three transistors, note that the 
raised dot on the plastic package indicates the collec- 
tor lead. The base lead emerges from the opposite 
side of the transistor package, with the two emitter 
leads appearing at right angles to the collector and . . - - - 
base. Bend the two emitter leads of each transistor 
down sharply before installing the transistors in their 
hoies. That way the emitter leads can protrude 
through to the groundplane side, where they will be 
bent over and soldered directly to ground. 

When installing oscillator stage Y1, care should be 
taken to prevent traces on the oscillator's printed cir- 
cuit board from shorting to the groundplane of the 
LO main circuit board. I recommend installing a thin 
insulating washer between the oscillator can and the 
groundplane. 

The only additional advice I might offer in micro- 
stripline projects is that it is not unusual for compo- 
nent leads to be laid on and soldered directly to print- 
ed circuit board traces or pads, rather than running 
the component leads through holes in the board. For 
this reason, it is generally helpful to preform and pre- 
trim the component leads prior to installation. 

tune up and test 
I cannot overemphasize the importance of employ- 

ing a systematic, orderly approach in tuning up local- 
oscillator chains. Tuning for maximum smoke (a 
favorite Amateur pastime) is a surefire way to make 
one or more of the multiplier stages oscillate (see fig. 
7). Further, since the LO chain was designed to pro- 
vide maximum user flexibility, it may be built for a 
fairly wide range of frequencies and applications. As 
a consequence, each of the resonant circuits has a 
relatively wide tuning range, and it is entirely possible 
to tune up any one of the multiplier stages on the 

wrong multiple, if maximum apparent output power 
is the only criterion. 

In fact, whether a microwave spectrum analyzer is 
available or not, it's a good idea to pre-align the vari- 
ous piston trimmers to the appropriate part of the 
spectrum. This is easier than it may sound. If the 
intended output frequency is below about 1.3 GHz, 
adjust all seven of the piston trimmer capacitors to 
maximum capacitance iscrews all the way in). If the 

fig. 7. Aligning microwave LO chains for maximum output 
power often results in a spurious output spectrum. In this 
case, the LO was tuned for maximum output. The numerous 
spurs near the desired output are not harmonically related 
to the crystal frequency. This suggests that they are the 
result of one of the active stages going into self-oscillation. 
The horizontal scale is 0 to 2 GHz, with a vertical calibration 
of 10 dB/cm. 

intended output frequency is above about 1.4 GHz, 
adjust all piston trimmers for minimum capacitance 
(screws almost all the way out). And, if the oscillator 
is intended to operate between about 1.3 and 1.4 
GHz, pre-adjust all piston trimmers at about mid- 
range. Now, as you proceed with the alignment pro- 
cedure, it should not be necessary to adjust any of 
these capacitors by more than a couple of turns. 
Keep this in mind, because if you find yourself 
adjusting the trimmers more than just a little, you're 
probably enhancing the wrong frequency com- 
ponent. 

The approach I recommend for tuning this L-band 
LO requires no test equipment other than a VOM and 
a diode detector (or some other means of monitoring 
relative rf power). It is based upon the principle that, 
as a class-C multiplier stage is tuned, the signal level 
applied to the next stage (hence the next stage's col- 
lector current) will vary. By knowing what kind of 
variations to expect and by monitoring stage current 
closely, it is possible to tune the LO chain to produce 
an output spectrum such as that shown in fig. 8. But 
it is necessary to monitor the various stage currents 
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separately, to  be sure you're observing proper multi- 
plier action and not oscillation. 

With the piston trimmers pre-adjusted as outlined, 
the next task in aligning the L-band LO is to get the 
oscillator stage oscillating. On the side of the crystal 
oscillator can is a small access hole, behind which is 
found the ceramic trimmer capacitor which reso- 
nates the oscillator's collector tank circuit. This trim- 
mer is pre-adjusted at the factory to ensure that the 
oscillator will start each time power is applied; it 
should not be adjusted at this time. Rather, it should 
be possible to optimize drive to the first multiplier 
stage merely by adjusting C?6, which, you'll recall, 
resonates the oscillator stage's output coupling link. 

Apply a well-regulated voltage between + 12 and 
+ 13 volts to feedthrough capacitor C13. This pow- 
ers both the oscillator stage and the first doubler. 
Monitor the current drawn by these two stages as 
C16 is adjusted through its range. Since the sum of 
the current drawn by the oscillator stage and its zen- 
er regulator will remain constant at between 16 and 
22 mA (depending upon the power supply potential), 
any variation in current as C16 is adjusted represents 
the collector current of Q1. There is a point in C16's 
tuning range where the current at C13 will rise 
smoothly to about 10 mA above its minimum value 
(that is, 26 to 32 mA, total), and this is the point to 
adjust C16. Now, momentarily remove V,, from C13. 
If the current returns to the previous value, all is well. 
If on the other hand 0 1  appears not to be drawing 
any current (that is, total current at C13 decreases to 
between 16 and 22 mA), then the oscillator stage is 
not starting smoothly and it will be necessary to re- 
adjust Y l ' s  trimmer. Do so carefully; it should be 
necessary to rotate the trimmer only about ten 
degrees one way or the other, and the current should 
rise again, indicating oscillation. Now, repeak C16 for 
the proper rise in current, and again remove and re- 
apply power. The adjustments of C16 and the oscilla- 
tor's trimmer capacitor are somewhat interactive, so 
repeat the above procedure until the oscillator starts 
reliably each time power is applied. 

Once the adjustment of C16 and the oscillator trim- 
mer is completed, do not under any circumstances 
change their settings while aligning the balance of 
the local-oscillator chain. I usually paint a dot of nail 
polish on C16 to lock it down and tape over the 
access hole in the side of Y1, lest I be tempted to 
backtrack and screw things up completely! Remem- 
ber, the objective is to perform a reasonably clean LO 
alignment without the use of any costly test equip- 
ment, so don't jump sequence. 

The easiest way to resonate the collector tank of 
the first multiplier stage is to monitor the current 
drawn by second doubler, 02. Apply operating 

potential to feedthrough capacitors C13 and C14, 
and this time monitor the current drawn at C14. This 
current should peak smoothly at 10 to 12 mA while 
adjusting C4 no more than two or three turns from its 
preset position. 

Adjusting the interstage circuitry between the sec- 
ond doubler and the parametric tripler is perhaps the 
trickiest part of aligning this LO because there are 
three separate trimmer capacitors and the adjust- 

fig. 8. This photograph shows the output spectrum of the L- 
band LO system after being aligned as described in the arti- 
cle. Spurious rejection of close to 30 dB was achieved with 
the simple test equipment called for in the article. 

ments are all interactive. Note that at this point the 
only clue you have to proper alignment is the collec- 
tor current drawn by Q3, so watch it closely. Apply 
operating potential to all three feedthrough capaci- 
tors (C13, 14, and 15), this time monitoring current at 
C15. First, adjust C7, slightly, just to the point that a 
few milliamperes of current flow through C15. Now, 
carefully adjust both C5 and C6 to maximize this cur- 
rent. As before, a peak should occur before the trim- 
mers have been adjusted very far frorn their preset 
positions. Once a peak has been found with C5 and 
C6 both set at approximately the same point, re- 
adjust C7 slightly. A t  this point, C4 (the collector 
tank of the first multiplier) may be adjusted ever so 
slightly to maximize current at C15. Now, back to  C5 
and C6 again, then C7 if necessary, and so on until 
the current at C15 settles in at about 15 mA. Note 
that when you're done, both C5 and C6 should have 
their tuning screws protruding by about the same 
amount. 

All that remains is to align the output bandpass fil- 
ter. An rf-diode detector can be connected to  the 
output connector, the dc from the diode assembly 
being fed to a sensitive microammeter as an indica- 
tion of relative rf output. Any other method of meas- 
uring relative rf power (bolometer bridge, calorim- 
eter, or similar) may also be employed. The object is 
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fig. 9. Example of the output spectrum after aligning the 
local-oscillator chain with a microwave spectrum analyzer. 
In  this case, all spurs are down greater than40 dB. 

to adjust C8, C9, and C10 simultaneously for maxi- 
mum indicated output (the three trimmer capacitors 
should all track relatively closely). Keep monitoring 
the current at C15. If it jumps abruptly, the tripler 
stage is self-oscillating. I t  can be tamed down by 
slightly adjusting C7 until current at C15 returns to its 
proper value. 

With C8, C9, and C10 all peaked at approximately 
the same setting (not too far, you hope, from the 
preset position) and output power maximized, one 
last adjustment to C7 is in order. Adjust this capaci- 
tor for the maximum output level obtainable without 
causing an increase in the current at C15. At this 
point, you may be tempted to go back and repeak all 
the other trimmer capacitors in the circuit; resist that 
temptation. You can only disrupt what would in all 
likelihood be a very clean output spectrum, such as 
that shown in fig. 8. 

Of course, if you are fortunate enough to have 
access to a microwave spectrum analyzer, adjusting 
the trimmer capacitors ever so slightly can indeed 
clean up the output spectrum still further (see fig. 9). 
But this should be attempted only after the current- 
sensitive tuning method has been completed and 
decoupling resistors R4 and R5 installed. 

One final thought. Those super-purists fortunate 
enough to possess a complete laboratory of micro- 
wave test equipment will doubtless notice that any 
tuning adjustment can potentially affect output pow- 
er, spectrum, and frequency. Thus, you may wish to 
simultaneously monitor all three parameters during 
alignment. Fig. 10 is the lab setup I use in aligning 
these LO chains. The key to the success of this 
method is the resistive three-way power divider, 
which applies equal samples of the LO'S output sig- 
nal to the counter, spectrum analyzers, and power 
meter. The divider is built simply from four 27-ohm, 

118-watt, carbon-composition resistors, arranged 
symmetrically in a small shielded box which supports 
four coaxial connectors. 

parts procurement 
Readers of my construction articles frequently 

write asking if I can supply a complete kit of parts for 
a glven project. Linfor~unateiy, i habe neither t he  
time nor the inclination to get into that business. But 
i am not heedless of the plight of the h c ~ e  censtruc- 
tor, and as much as possible like to help identify (or 
sometimes create) sources for some of the less-com- 
%or? components. 

For example, I have in the past endeavored to 
make etched, drilled, and plated circuit boards avail- 
able at cost, for the benefit of those experimenters 
who prefer not to fabricate their own. This project is 
no exception. I will supply the boards for $10 each, 
postpaid anywhere in the U.S. or Canada ($1 1 else- 
where). 

In a previous article, I mentioned a source of sup- 
ply for the Triko trimmer capacitors I employ in this 
and other modules. Unfortunately, I later discovered 
that the importer had a $50 minimum order require- 
ment. Thus, I have recently obtained a quantity ship- 
ment of the piston trimmer capacitors used in the LO 
chain, and will gladly supply them to Amateurs in 
sets of seven pieces (the quantity needed for each 
LO chain) at $10.50 per set postpaid in the U.S. or 
Canada, $1 1.50 elsewhere. 

DIGITAL 
FREQUENCY 

COUNTER 

SPECTRUM 
ANALYZER 

VARIABLE 
POWER 

SUPPLY 

CHAIN I 
BOLOMETER 

Jl 

RESlSTlVE 
3-WAY 
POWER 
DlVlDER 

MICROWAVE 
POWER 
METER 

fig. 10. Test configuration for monitoring power, frequency, 
and output spectrum simultaneously during alignment o f  
the LO chain. 

The crystal oscillator assembly designated Y1 is 
available only from lnternational Crystal Manufactur- 
ing Company. I recently spoke to Mr. Royden Free- 
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land, himself a ham and microwave experimenter, 
and he assures me that this module will be sold to 
individual experimenters in single quantities. Be sure 
to allow six to  eight weeks for delivery, as the units 
employ custom-ground crystals. 

The MRF-901 transistors used for 01, Q2, and 0 3  
are available from Motorola Semiconductor Com- 
pany. When I first used this particular transistor in a 
1296-MHz preamp a few years ago, the price was $9 
each. Quantity production and improved yield 
brought the price down to $4.30 in 1977, and to an 
unbelievable $1.45 today. At that price, I'd recom- 
mend against trying to substitute any other tran- 
sistor. 

The rest of the components used in the LO are, for 
the most part, garden-variety. Though not necessari- 
ly available at your corner Radio Shack, they should 
nonetheless be obtainable by most experimenters 
after a bit of scrounging. 

Of course, there are always those who need a 
microwave LO but prefer not to do the scrounging, 
building, tuning, and testing themselves. To such 
individuals I am able to offer a completely built, 
tuned, and tested Model LO-1200 Oscillator Module, 
packaged in an enameled die-cast aluminum box, 
operating at your specified frequency between 1150 
and 1555 MHz, for $160 postpaid. Foreign orders 
please add $5 additional postage. This offer is 
extended to licensed Radio Amateurs only (state 
your call when ordering), and is restricted to units 
used for personal, noncommercial applications only. 
All orders for printed circuit boards, capacitors, or 
complete LOs must be prepaid in U.S. dollars, and all 
inquiries must be accompanied by a stamped, self- 
addressed envelope. 

Frankly, I hope nobody takes me up on the above 
offer. I'd rather design gear than build it for others, 
and, besides, you're missing out on quite a feeling of 
accomplishment if you buy your gear ready-made. 
After all, it is the homeconstructor to whom this arti- 
cle is dedicated. 

Happy building! 
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vhf preamplifiers 

A survey of 

today's devices and techniques 
for building 

a truly low-noise preamp 
for vhf reception 

The vhf converters and preamplifiers of ten and 
fifteen years ago are inadequate by today's stan- 
dards. This article presents the results of my experi- 
ence with many low-noise preamps using modern 
devices and techniques, all of which have been built 
and tested as a part of a program to update my vhf 
station. The problems of wide dynamic range and in- 
termodulation distortion are not addressed in this 
article. 

analysis 
Consider a typical vhf receiver (fig. 1). The receiv- 

er consists of X stages, where X is some number. 
Each stage has a noise figure, NFx, and therefore a 
stage noise factor, Fx. Each stage has a gain, Gx, 
which may be an actual gain or it may be a loss as in 
the feedline, attenuator/filters, or even in the mixer. 
Noise figure, NF, is expressed in dB; noise factor, F, 
is nondimensional. NFand Fare related by 

NF = 10logF 

F = log-  1 ( N F / l O )  (1 1 

The most common error in analyzing system noise 
performance is to lump noise figures and noise fac- 
tors - a simple but bold dB symbol after each noise 
figure helps to differentiate the noise figure numbers 
from noise factors. 

It's well knownl-4 that the system noise factor, 
Fs,,, as presented by the receiver at the antenna, is 
influenced to some extent by the noise factors and 
gains of the following stages: 

The "gain" of passive elements, such as the feedline 
and interstage networks (and often the mixer), is ac- 
tually a loss. That is, a negative gain occurs, which is 
expressed in dB. When converted into a numerical 
ratiofor use in eq. 2 this "gain" will be less than unity. 

Thus a feedline with a 2.2 dB loss has a ratio of 
1.66, which means that about 39.7 per cent of the 
input power is lost in the feedline. The gain, in this 
case, is - 2.2 dB,  or 1/1.66 = 0.6. Noise figure in 
this portion of the system is essentially equal to the 
loss, NFo = Go, and noise factor Fo = log-  
(- Go/lO). Therefore Fo = 1.66 and Go = 0.6. 

Similarly, a double-balanced mixer has a negative 
gain. A double-balanced mixer is a passive circuit to 
which rf signals and LO inputs are supplied. It uses 
nonlinear elements (diodes) to derive the i-f signal. 
However, the double-balanced mixer has a noise 
figure about 1-3 dB greater than the conversion loss. 
Thus a typical balanced mixer with a conversion loss 
of, say, 6 dB (numerical loss = log-  1 (6/10) = 3.98) 
has a numerical conversion gain Gc = 1/3.98 = 
0.25 but may have a noise figure of 8 dB, or a noise 
factor of 6.3. The noise figure is greater than mixer 
conversion loss. 

system noise factor: 
some simplifications 

Several simplifications to eq. 2 can be made. Each 
interstage network can be considered as a portion of 
the rf amplifier output circuit preceding the inter- 
stage circuit. The noise factor, F4, of the subsystem 
following the first stage can be neglected if the first i- 
f has a gain, Gs, of at least 100 120 dB). 

The effects of the feedline (Go and Fo) can be 
removed if the first rf amplifier is placed directly at 
the antenna, and if the first rf amplifier has a gain, 
G I ,  at least 10 dB greater than the losses in the fol- 
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lowing interstage network and feedline ( G A  and Gh, 
fig. 2A). 

Thus the receiving system (fig. 2B), for noise con- 
siderations, can be reduced to: 

a) A low-noise preamp at the antenna, which may 
contain input and output filters as well as the feedline 
to the second rf amplifier, and which may have an 
overall stage noise factor, Fj and stage gain, G;. 

b) The second rf amplifier with noise factor and gain 
of F2 and G2. 

C) The freauency conversion stage Far image and 
noise rejection it includes a bandpass filter as part of 

should have at least 10 dB more gain than the noise 
figure (in dB) of the subsequent portion of the sys- 
tem. However, the noise figure of the subsequent 
portion is predominantly established by the noise 
figure in its first stage. Therefore, this stage should 
have a reasonable noise figure even if adjusted for 
maximum gain. Thus, if the noise factor presented 
by the conversion stage is Fi2 = 10 (or NFi2 = 10 
dB), the second amplifier stage should have a target 
gain, G2, of (10 dB + N f i 2 )  = 20 dB and a relatively 
low noise factor, Fz. 

!f, after the second rf amplifiei stage is buiit and 
tested, the noise factor, Fil ,  of the second rf ampli- 

ANTENNA 0 SUBSYSTEM I 
LOCAL 

OSCILLATOR 

fig. 1. Typical vhf receiver used in the analysis. 

an interstage network. It has a noise factor, F;, and a fier/frequency-conversion/i-f system is measured, 
stage gain (or loss) of Gk. for example, as FiI = 2 (NF& = 3 dB) the require- 

d) I-f amplifier, which has an input noise factor, F;. 
ments for the first preamplifier stage are that the 
gain, G;,  be equal to 10 dB+ NF.61 ( = 13 dB) ,  with -- 

The system noise factor, Fie, is now the smallest noise factor, F;, (and noise figure) 
achievable at that gain for minimizing the total sys- 

(F2-1)+ (Fk-1) + (F;-Ij  Fi0 = F; + ------ (3) tem noise factor, Fie. The actual value of the system 
G; G; G2 G;G2G; noise factor/noise figure will depend on the device 

noise factor and selected far the preamplifier stage. 

noise figure background information on devices 
The system noise factor establishes the overall 

receiving-system signal sensitivity; a low noise factor 
(and, therefore, a low noise figure) is desirable above 
100 MHz. Occasions arise when low noise figures are 
also desirable below 100 MHz, as in an extremely 
quiet location for 50-MHz operation. Accordingly, an 
evaluation of low-noise amplifier stages for 30, 50, 
144,220, and 432 MHz is useful. 

Many receiving systems may use more than one 
preamplifier. In the systems of figs. 1 and 2, first and 
second preamplifiers are used between antenna and 
mixer. Regardless of the number of preamplifier 
stages between antenna and mixer, the general rule 
is to first adjust the first stage (at the antenna) for 
minimum noise figure, and then adjust the remaining 
stages, between the first preamplifier stage and the 
mixer stage, for maximum power gain. However, as 
shown by the system noise-factor equations, even 
the remaining rf amplifier stages should have reason- 
ably tow noise figures. 

As mentioned, the rule of thumb is that each stage 

What devices are available for low-noise vhf pre- 
amplifier use, and what performance can be achieved? 
To give a proper perspective, consider first a short 
history of low-noise vhf preamplification. 

About twenty years ago, in 1958, the predomi- 
nantly used vhf bands were 50 and 144 MHz. Little 
was done, except by a few adventurous Amateurs, 
with the higher frequency bands. The "low" noise 
figures then achievable were about 4 dB on 50 MHz, 
typically with cascade-connected triode vacuum 
tubes such as the twin triodes of the 6827 variety. 
About 5 dB was obtained with single triode vacuum 
tubes such as the 6AM4 on 144 MHz. 

Serious experimenters tried to obtain type 58421 
417A triodes, which could be used to achieve 3-dB 
noise figures up to about 250 MHz and about 5-dB 
noise figures at 432 MHz. A better low-noise tube for 
432 MHz was the gold-plated 416B, which was occa- 
sionally available as pullouts from microwave relay 
transmitters. The problems of using pullouts, partic- 
ularly at the relatively high current levels required for 
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low noise figure operation and the high cost and low 
availability of special-purpose tubes, deterred wide- 
spread Amateur use. Many 432-MHz and most 1296- 
MHz mixers were of the diode-mixer type, with no 
preamplification used in many 432-MHz and almost 
all 1296-MHz Amateur receivers. 

Between about 1958 and 1963, vacuum-tube tech- 
nology progressed to introduce the Nuvistor,@ a min- 
iature ceramic-metal tube best typified by the 6CW4, 
which had the high transconductance and low inter- 
electrode capacitance necessary for high-gain, low- 
noise preamplification. Noise figures of 3 dB at 50, 
144, and 220 MHz were possible, by 1963, in a host 
of commercially available vhf converters, transvert 
ers, and at least one complete receiver (the Clegg 
Interceptor, for 6 and 2 meters). Versions of the 
Nuvistor,@ would even yield 3-5 dB noise figures at 
432 MHz, and a few commercial converters and pre- 
amplifiers were offered. 

With the advent of relatively inexpensive, relatively 
low-noise preamps, interest in 220 MHz increased, 
although not as rapidly as in 432-MHz operation. 
Interest in 432 MHz was greater because the output 
of a 2-meter transmitter could be tripled for operation 
on 432 MHz, whereas a completely new transmitter 
had to be built for 220 MHz. 

Parametric amplifiers were noted for very low 
noise operation but weren't very popular because of 
the need for a pump oscillator above 1 GHz and for 
special components. 

Solid-state devices. Early silicon transistors did 
not, in 1963, appear to have any advantage over the 
new vacuum tubes. Consequently they saw limited 
use. However, in another five years, by 1968, the 
pressure of the commercial home-entertainment 
market forced development of relatively inexpensive 
and relatively low-noise silicon transistors. Several 
transistor types became available at sufficiently low 
cost for Amateur use. The 2N3819 family was often 
used for i-f amplifiers. The 2N3823 was specified for 
rf amplification to more than 150 MHz. Devices such 
as the Motorola MPF-102 family, the 2N2857, and 
the 2N4416 appeared. Germanium transistors, nota- 
bly the 2N1742 and the Philco T2028, were available 
with even better noise figures than most silicon 
devices. Transistorized preamplifiers and converters 
were built with noise figures of 2 dB on 10 and 6 
meters, 3 dB on 2 meters and 220 MHz, and 4-5 dB 
on 432 MHz. The use of vacuum tubes in Amateur 
vhf receiving gear diminished and all but ceased. 

By 1973 a host of solid-state devices were available 
for vhf receiver use. Silicon devices, with better per- 
formance vs temperature characteristics than germa- 
nium devices, had, in this period, also achieved bet- 

ter noise figures than their germanium counterparts. 
Best remembered of that group were the devices 

available from KMC Transistors and from Fairchild 
Microwave Transistors. The KMC devices (now 
available under different device numbers from Micro- 
wave Associates) were capable of less than 2 dB 
noise figure at 144 and 220 MHz. With selected 
devices a 2-dB noise figure could be achieved at 432 
MHz. If the preamplifier configuration and matching 
network were chosen and built with care, some of 
the FMT devices, such as the FTvii 4575, reference 5, 
were capable of even better performance, but cost 
was generally prohibitive. The availability of the best 
FblT devices apparently ceased, as !ater batches of 
these devices were rumored to have poor noise 
figures, compared with the earlier batches, and a 
"lost recipe" was widely rumored as the cause. 
Solid-state low-noise vhf preamplifiers, were, how- 
ever, firmly entrenched by this time. 

Devices available today. As this is written, some 
twenty years after the 6BZ7 and 417A era, noise fig- 
ures of 1 dB are easily obtained on the vhf Amateur 
bands. I built and tested forty-four preamplifiers to 
ascertain the performance that might be expected 
with a wide range of devices. Not all devices avail- 
able to Amateurs were tested. Financial considera- 
tions limited this program to building units only with 
devices donated by various sources (including many 
engineers who wished to have a device evaluated 
and who arranged for these transistors to be made 
available to me). Results are shown in table 1 by 
band and in order of increasing noise figure. Table 1 
also lists 

a1 The minimum noise figure, M: 

which is indicative of the minimum noise figure 
obtained with a cascade connection of several such 
stages. 

bl The return loss, R, through the preamplifier from 
output to input, which is a measure of preamplifier 
stability and should be at least 8 dB greater than the 
forward gain, G, (reference 5). 

C) A performance ratio factor, P, indicative of the 
noise figure vs preamplifier cost, which is changing 
between units of the same noise figure because of 
device price. 

All preamplifiers in this article require a low-noise 
active device and a pair of matching networks. The 
input matching network matches the device input 
impedance to the antenna impedance (50 ohms). 
Device input impedance may be different, for mini- 
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fig. 2. System block diagrams to illustrate how simplifications can be made to the system noise factor, F,,o (eq. 2). The system is 
divided into two parts: antenna and station. Sketches A and B are used in the text to explain the derivation of the simplified sys- 
tem noise factor, F's,o (eq. 3). 

mum noise-figure operation, from the data sheet 
values typically given for maximum gain operation. 
The output matching network matches the device 
output impedance to 50 ohms. 

device choice 
Choice of a suitable device should, in general, be 

governed by the manufacturer's data sheet. It not 
only lists expected noise figure and associated gain 
(at that noise figure) at some optimum bias level 
(generally stated in terms of V,, and I, for a bipolar 
transistor, or the equivalent VdS and Id for an FET 
device), but also gives 

and second, even potentially unstable devices can be 
used if care is taken in matching-network design. In 
this respect, the use of a collector resistance of rela- 
tively low value is often helpful and may be found in 
many of the low-noise preamplifiers discussed in 
later portions of this article. 

bias voltage 
The bias voltage and current figures on a device 

data sheet should always be considered as nominal 
values and should always be varied to  achieve best 
noise figure, assuming that a noise figure test setup 
is available. 

I've tuned several identical preamplifiers contain- 
a) Rf parameters for determining stability and match- ing devices taken from the same shipment. / found 
ing-network design. 

b) A frequency range in which best operation of a 
device may be expected. 

These data are advisory - they are typical values, 
which may be determined by testing a group of 
devices. They may not always be obtained for all 
devices of that type but are good starting points. 

stability 
If the selected device will operate in the desired 

frequency range, its stability is always the most im- 
portant consideration. Nothing is achieved if a low- 
noise preamplifier is unstable with the input or output 
impedances found in the system, Instability may 
result in oscillation and may produce birdies, block- 
ing, or other undesirable results. 

Tests for stability are well covered elsewhere. 
However, two concepts should be kept in mind: 
First, the device should be stable over a wide fre- 
quency range, including the frequency of interest, 

0 0  30 4 0  5 0  6 0 7 0  805?0100 2 0  2CO 3 0 0  4 0 0  5 0 0  

FREQUENCY frnH2) 
i 0  METERS 6 METERS 2 METERS 2 2 0  METERS 4 3 2  METERS 

AMATEUR BAND 

fig. 3. Noise figure as a function of frequency with several 
devices as a parameter. Note the apparent "useful frequen- 
cy band" effect, particularly with the dgfet and the U310. 
Note also the lower frequency limitations shown by devices 
such as NE22235 and MP-1006. 
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that, while almost identical noise figures and gains 
were achieved, each device had to be biased differ- 
ently. For example I built and tested four units using 
NE64535s at 432 MHz; each unit was initially adjust- 
ed for data-sheet bias values of 8 volts V,, and 7 mA 
I,. All units were then adjusted for minimum noise 
figure in a test setup using a precision automatic 
noise figure indicator and noise source: 

ultimate NF (dB) 
(Y method, 

unit +0.3dB; - O.ldB) "ce I c 

1 0.86 8.6 7.5 
2 0.84 7.9 6.4 
3 0.91 8.1 10.0 
4 0.90 4.9 5.0 

Most device data sheets give rf characteristics in 
terms of S-parameters for gain amplification. While 
S-parameter design may be new to many Amateurs, 
several very good articles have appeared.9-13 The 
design procedures are relatively easy for devices that 
are unconditionally stable; i.e., having a stability fac- 
tor, K,  greater than unity at the frequency of interest. 
However, if the device is only conditionally stable ( K  
less than 1) and the input and output S-parameters 

Lq- e t + m  e!F l iAt? if7 

T 2 5 -  10 
CORE 

I 
I CRI 

f I 2 v  15mA 
R 4  

3 3 0 0  IN9 !4  

fig. 4. Preamplifiers for 30 and 50 MHz. (A) shows a circuit 
using the MRF-904, which has very wide bandwidth. (B) is a 
pictorial layout of the MRF-904 unit. In (C) a 2N5109 is used. 
which has a 1.7-dB noise factor. Many other devices are 
usable at this frequency (see text). 

(Sll and SZ2) are less than 1, a low-inductance resistor 
(between 50-200 ohms) may often be used as a col- 
lector load to provide a stable preamplifier config- 
uration.14 

Many data sheets don't give noise-related informa- 
tion. Most particularly, the optimum source reflec- 
tion coefficient, I',,, is often missing. This is the 
parameter that should govern the entire design of a 
low-noise preamplifier.15-16 Given r,,, the input 
matching network is designed to transform the noise 
matched input impedance, derived from r,,, to the 
antenna impedance (generally 50 ohms). The output 
matching circuit may be designed once the device 
output impedance, for the device input connected to 
the optimum noise-match impedance, is known. 
Thus, both S and optimum-noise parameters should 
be known. 

device frequency range 
The range of device operation should be carefully 

determined from the data sheet. Many devices 
appear to be designed for a specific application and, 
in meeting those application requirements, have 
parameters that limit the useful frequency range. As 
an example, the dual-gate FET (DGFET) of table 1 is 
an experimental device designed for a noise figure of 
less than 2 dB over the frequency range of the com- 
mercial fm broadcast band. A low noise figure is 
obtained near this band at 50 and 144 MHz, while the 
noise figure at 30 and 220 MHz is very high. These 
latter frequencies were of no interest to the device 
designer, so the device characteristics are relatively 

54 december 1979 



uncontrolled at these frequencies. Note also the believe the antenna pattern and pointing accuracy 
noise figure (fig. 3) for the NE22235 and NE64535 are of greater concern than noise figure in this appli- 
devices, which are intended for use at 1-4 GHz and cation. 
0.5-4 GHz respectively. The noise figure curves show 
that these two devices were designed for optimum 
noise figure at frequencies above about 500 MHz. On 
the other hand, from the noise figure curves of fig. 3, 
devices such as the MRF9011904 were apparently 
designed for broadband application use from dc 
through the vhf range. 

Device data sheets frequently give a circuit in 
which the device is tested, and which often makes a 
good starting point for design of an Amateur circuit. 
As the frequency increases, care must be taken in 
circuit layout. Short lead lengths and high-quality 
components (of types intended for vhf, uhf, or 
microwave use) are required. 

band-by-band discussion 

30-MHz. This band is primarily of interest for either 
OSCAR downlink or as an intermediate frequency for 
microwave equipment, such as the Microwave Asso- 
ciates Gunnp1exers.m In i-f preamplifier application, 
the preamplifier design following the microwave mix- 
er (generally a diode having 6-10 dB of conversion 
loss and noise figure) will be an important factor in 
establishing the overall receiver noise figure. 

The MA42001-509, as used in WIHR's two-stage 
i-f amplifier,l7 certainly has the lowest noise figure of 
units thus far built and tested. However the cost 
(about $16.50 at the time of writing) of the two 
devices required for each such preamplifier must be 
balanced against the small loss in system sensitivity if 
you use a single-stage i-f preamplifier with a less- 
expensive 2N5109 or MRFSOI device. Use of older 
devices, such as the 2N4416 and MPF102, is not 
advised; preamplifiers using these devices have been 
found to be only conditionally stable, even with 
heavily loaded output circuits. 

The MRF-904 is of particular interest. Apparently it 
was designed from minimum noise figure when 
inserted into a 50-ohm system. As shown in fig. 4A, 
matching networks aren't required on either input or 
output of this transistor in a %-ohm system. Coup- 
ling capacitors C1 and C6 provide dc isolation be- 
tween input and output feedlines and the device bias 
circuit. This preamplifier has a very wide bandwidth, 
as no input or output filtering is used. Output filtering 
is usually provided by the receiver or converter. The 
need for, and degree of, input filtering is established 
by a particular use and location. 

For the OSCAR down-link application almost any 
of the devices yielding less than a 2-dB noise figure 
should be acceptable, especially in front of a 10- 
meter receiver having a noise figure of 6-10 dB. I 

50 MHz. The background noise at 50 MHz is high 
enough so that a system noise figure of less than 
about 2 dB is unnecessary. Most of the devices 
tested achieved this noise figure for a single-stage 
preamplifier. The noise contribution of succeeding 
stages (existing converter and the like) will dictate 
the preamplifier gain and also indicated that a first- 
stage noise figure somewhat lower than 2 dB is 
required if the 2-dB system noise figure is to be 
achieved. 

For example, 1 presently use a %-MHz converter 
with a single 6CW4 rf amplifier preceding a mixer (a 
remnant of earlier 1960s equipment not yet replaced). 

FOR NE64535  470 

I I A D J U S T  SPACING FOR TURNS B E S T N F  AND 

fig. 5. Preamp for 144 and 220 MHz using the MRF-901, 
NE02135 or NE22235. Design is similar to that by WBBLUA 
(reference 18). 

The converters have input noise figures between 3.5 
and 4.5 dB. If the highest expected converter noise 
figure (4.5 dB) is taken for worst-case analysis, and if 
a single-stage rf preamplifier with at least 14.5 dB 
(equal to 10 dB plus the maximum noise figure of the 
following stage, 4.5 dB) is to be used, then, by the 
noise-figure equation, Fs = FI + (F2 - l ) / G l r  where 
the value of F2 = log- I (4.5/10),  with GI = log- 1 

( 1 4 . 5 / 1 0 )  and Fs = l o g - 1  ( 2 . 0 / 1 0 ) .  Thus 
Fs = 1.585; F2 = 2.818, and G I  = 28.184. These 
values are substituted into the equation and give 

1.585 = Fl+ (2.818- 1)/28.184 = F I +  0.065 
Therefore, Fl = 1.585-  0.065 = 1.52, and the pre- 
amplifier noise figure, NFl, should be no greater than 
10 log (1.520) = 1.82 dB.  

Devices tested at 50 MHz that are usable for this 
particular applicatiion include MA42001 (0.95 dB NF, 
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K = 18.92); NE02135 (1.55 dB NF, K = 19.08); 
MRF-901 (1.67 dB NF, K = 16.87); KD6003 (1.7 dB 
NF, K = 22.88); and 2N5109 (1.7 dB NF, 
K = 16.62). An example of a preamp using the 
2N5109 is shown in fig. 4B. 

Other factors, dependent on your needs, may now 
be considered, such as circuit simplicity, resistance 
to overload, and preamplifier bandpass character- 
istics. 

Note that many of the lo&-noise preamplifier cir- 
cuits are broadband; a high-Q input circuit will add 
~ndesi ied noise before the desired signa!~ can be 
amplified by the device. Of course, if use is intended 
in an environment near other rf sources, then input 
filtering may be mandatory to prevent receiver over- 
load. The amount of input bandpass filtering is deter- 
mined on a case-by-case basis, although use of low- 
intermodulation-producing, and therefore overload- 
tolerant devices, such as the 2N5109 provides some 
leeway in achieving the desired result. I prefer to 
place a separate low-insertion-loss filter such as a 
helical resonator or interdigital filter, having steep 

S H I E L D  ( S T E P  I )  S H I E L D I S T E P Z )  

FOILS TO ONE SIDE RUN AFTER FOIL WRAP THROUGH 
THROUGH HOLE AND SOLDER 
TO OTHER SIDE 

fig. 6. Details of preamp shield construction. 

skirts and high out-of-band loss, before the first pre- 
amplifier. Such filters have a varying impedance out- 
side the passband of interest, so this reactance may 
cause a potentially unstable preamplifier to oscillate. 

If a 50-MHz i-f system is used with higher frequen- 
cy (microwave) equipment, the i-f amplifier noise fig- 
ure may, depending on its total noise figure contribu- 
tion, require a very low noise configuration using a 
device such as the MA42001. However, use of such a 
low-noise-figure preamplifier would usually be 
expected only when no additional rf amplification is 
inserted between the antenna and the higher-fre- 
quency mixer. 

Devices are available for low-noise preamplifiers 
for the bands up to at least 3300 MHz. Image-rejec- 
tion considerations at even higher bands, above 5650 
MHz, dictate the use of i-fs higher than 50 MHz, so 
little is gained by using low-noise 50-MHz i-f ampli- 
fiers following a microwave mixer. Exceptions always 
occur - one is a %-MHz i-f with the mixer portion of 
a 10-GHz GunnplexeP transceiver in which a low- 
noise-figure device, such as the MA42001, would be 

advisable. Additional information for 50-MHz pream- 
plifiers is shown in figs. 4 through 7 .  

144 and 220 MHz. The 2-meter band has a suffi- 
ciently low background noise to allow very low- 
noise-figure preamplifiers to be used to advantage. 
The frequencies of the 2- and 1 % meter bands are 
relatively close (less than one octave apart). S~milar 
device and circuit design and selection criteria are 
valid. Furthermore, the 2-meter band is a common i-f 
for 1296 and 2304 MHz converters, wherein low- 
noise-figure i-f amplifiers may be used to advantage. 
The same 2-meter preamplifier may be used bemeen 
a 2-meter receiver and either a 2-meter antenna or 
the i-f output of a 1296- or 2304-MHz mixer. 

For truly low noise figures, the NE64535. priced at 
about $17, provides a I-dB noise figure in a relatively 
simple circuit. This device is potentially unstable at all 
Amateur bands of interest; therefore, the collector 
circuit (fig. 5) is heavily loaded with a 100-ohm, 118- 
watt resistor. 

The design is similar to that of WB5LUA (reference 
18), but with added shielding between the device 
base and collector terminals. This shielding must be 
properly designed, because with improper shielding, 
the preamplifier exhibits a strong tendency towards 
oscillation, as noted by WB5LUA in his article. While 
the 432-MHz preamplifier of that article did not 
require shielding, at the lower frequencies of 144 and 
220 MHz, the greater forward gain of these devices 
makes full shielding mandatory. 

The preamplifiers are built in a box (fig. 7 )  formed 
of double-sided PC board with a double-sided PC- 
board shield (fig. 61, into which a small hole is drilled. 
The hole diameter is slightly larger than the device 
package dimension between the opposed emitter 
leads. The edges of both copper-clad sides of the 
shield are soldered to the bottom and two side walls 
of the basic enclosure. Most important, at least two 
small strips of copper foil, as found in most hobby 
shops, are passed through the hole and soldered on 
each side of the shield. 

The opposed pair of emitter leads are soldered to 
the copper foil straps on the input side of the shield 
after the collector lead is passed through the hole in 
the field (see figs. 6 and 7 ) .  Thus, the base and emit- 
ter leads are on the input-circuit side of the shield, 
and the collector lead extends through the shield to 
the output-circuit side of the box. Failure to use the 
copper foil straps under the emitter leads, or solder- 
ing the emitter leads to the output-circuit side of the 
shield, will invariably cause oscillation, even with a 
resistive collector load. 

Note particularly the use of ferrite beads, low- 
inductance coaxial feed-through capacitors, and the 
0.05 pF low-frequency bypass capacitors in parallel 
with the feed-throughs, to prevent oscillations at fre- 
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quencies removed from the frequency to which the 
preamplifier is tuned. Also note the biasing arrange- 
ment. A zener between transistor collector and base 
is not recommended because zeners are themselves 
oftel-i used as noise sources. Thus, even if bypassed, 
they will inject noise. 

As previously stated, arrangement is made for 
adjusting both the voltage and current a t  the device 
collector; noise figure is affected by these param- 
eters. The zener limits the maximum V,, to  avoid 
device burnout; the actual V,, value, adjusted for 
minimum noise figure, is less than the zener voltage. 

The preamplifier may be initially tuned for maxi- 
mum gain but should be finally tuned using a noise 
generator. A vacuum-tube noise generator, such as 
one using a 5722 tube, is discouraged: voltage spikes 

fig. 7 .  Isometric drawing showing internal construction 

of sufficient amplitude to destroy the transistor may 
be present. 

A semiconductor noise generator is preferred, if 
available. If a precision noise-figure test set isn't 
available, you'll find that the units of this preamplifier 
are close to  minimum noise figure when adjusted for 
maximum gain, at the manufacturer's suggested 
optimum bias level of 8 volts and 7 mA. 

Slightly higher noise figures can be achieved with 
a variety of lower-cost devices, as listed in table 1. 
Of particular interest is the 2-meter preamplifier using 
the U310, which is unconditionally stable in  a 
grounded-gate configuration.ls I t  has tuned input 
and output circuits, achieving a relatively narrow 
bandpass characteristic. The narrow bandpass char- 

highest-frequency Amateur band at which point-to- 
point wiring techniques have been found to  be gen- 
erally usable. So it's included as the highest frequen- 
cy band at which vhf-type preamplifiers may be 
easily built. 

The listings of table 1 illustrate that high-frequen- 
cy versions of the 144- and 220-MHz preamplifiers 
~reviouslv discussed do. indeed, give performance 
unheard of twenty years ago. The best performance 
is, however, obtained by using microwave gallium 
arsenide field effect transistors (GaAs fet) devices 
such as the NE2448320 or MSC-H001.7 Because of 
the inordinately high cost and great susceptibility to 
tiamage of these devices, they are used mainly by 
moonbounce operators. The NE64535 or one of the 
MRF901 or NE02135 devices in a 432-MHz preampli- 
fier if followed by a converter with a 3-dB input noise 
figure, will fulfill the needs of most operators of this 
band. The preamplifier must be installed at the 
antenna to realize this increase in sensitivity. 

Values are shown for 432-MHz operation in the 
figures for 144-220 MHz preamplifiers having circuits 
directly extendable to 432-MHz. Fig. 7 is a typical vhf 
preamplifier layout that can be adapted to most, if 
not all, of the preamplifiers discussed in this article. 

further construction hints 
I've tried both point-to-point and PC-board con- 

struction (fig. 8). Because full shielding of the pre- 
amplifier is desirable in addition to bias-lead filtering, 
PC technique is more costly and time consuming. 
Furthermore, if a double-sided PC board is used, 
with the unetched ground side as part of the shield- 
ing enclosure, the microstripline impedances of the 
circuit traces will have unexpected effects, particu- 
larly at 432 MHz. Unless the preamplifier is specific- 
ally designed to use microstripline (which will be 
considerably larger than a point-to-point wired pre- 
amplifier at 432 MHz), the low noise figure of 
modern-day transistors won't be realized. 

Microstripline design generally assumes matching 
at least the resistive component of the input impe- 
dance to the data-sheet-specified device impedance. 
Because the device you use may have a slightly dif- 
ferent impedance, optimum match can only be 
approached but never fully achieved. The illustrated, 
discrete-component, input-matching circuits allow 
adjustment for a range of resistive and reactive com- 
ponents of antenna and device impedances. 

acteristic prevents preamplifier intermodulation and in summary 
blockage problems caused by strong signals in the 

This article illustrates that truly low-noise vhf 
aircraft, business, and other adjacent bands. 

receiving preamplifiers can be built at the present 
432 MHz. This band may, to the purist, be consid- time. Many of the preamplifiers built as part of this 
ered above the vhf frequencies. However, it is the program have been tested not only on the lab bench 
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OUT 

IN 

B +  

fig. 8. A "universal" PC board for vhf rf preamps, (A) usable 
to225 MHz. Stripline effects above about 300 MHz may seri- 
ously affect operation of 432-MHz preamps if  a two-sided 
board is used (reverse side as a ground plane). (B)  through 
(El show, respectively. circuits for a jfet, common source; 
jfet. common gate; dgfet, common source; and a bipolar 
transistor. common emitter. (Note that the arrow on the 
board points from input to output.) 
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but  also under contest conditions by W2SZ/1 in 
various vhf and uhf contests over the past two years. 
Additional preamplifiers are constantly being built as 
new devices are received. And, depending on the 
results eventually derived from such new preampli- 
fiers, an update may be forthcoming. Preamplifiers 
for 1296 and 2304 MHz are also being built and evalu- 
ated An article covering these preamplifiers will be 
written when a suff~clently large number have been 
evaluated. 

I t  should be kept in mind that all noise-figure meas- 
urements, especially those below about 2 dB, are not 
absolute but are relative indications of noise perform- 
ance ot the devices resled. The same test setup vvith 
circuits designed and built by one person may or may 
not result in the same answers obtained by others 
using identical circuits and procedures. 
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repair 
bench- 

George Wilson, WIOLP 

variable high-voltage supply 

This workbench supply fulfills a need for test volt- 
ages in the 50-500 volt range. I t  can be built using 
mostly junkbox parts. It's particularly useful in 
reforming high-voltage electrolytic capacitors. 

The title of this article originally was "The Care and 
Feeding of Electrolytic Capacitors." When it came 
time to take pencil in hand it appeared that the power 
supply needed to condition electrolytic capacitors 
has wider application and, hence, the more general 
(if less exciting) title. The supply described is meant 
to be used for light-duty experimental work. Its occa- 
sional utility on the workbench makes it a good 
investment of the construction time and cost for 
parts. 

circuit description 
This is a high-voltage supply. Variable-voltage sup- 

plies for the range between zero and 50 volts are easi- 
ly built wi th solid-state devices and have been 
described in the literature. The supply described here 
covers 50-500 Vdc. Output voltage adjustment t o  
amounts less than 50 volts is touchy. So if you're 
interested in a power supply for lower voltages it's 
best to use one specifically designed for the purpose. 

The circuit (fig. 1) is an ac voltage regulator (simi- 
lar to those used in light dimmers and universal 
motor controllers) followed by a high-voltage trans- 
former, rectifier and filter system. High-voltage sili- 

con rectifiers are used. Vacuum-tube rectifiers would 
require a separate filament transformer and switch to 
provide constant voltage to the filaments. An  LC fil- 
ter is used to provide relatively ripple free dc. The 
choke also helps protect the 450-volt filter capacitor 
from current spikes. Note that this capacitor will be 
working close to its voltage rating at times. A 50-ohm 
5-watt resistor can be substituted for the choke if you 
can't locate a suitable choke. 

A separate ac switch is used rather than one con- 
nected to the voltage-control pot, which allows set- 
ting a voltage and turning the supply off and on with- 
out changing the set voltage. The bleeder resistor is 
primarily a safety device to help limit the voltage out- 
put (under light or no-load conditions) and to dis- 
charge the filter capacitor when the supply is turned 
off. 

The component values in the ac voltage regulator 
circuit have been selected to provide relatively good 
voltage control over the 50-500 volt range. The triac 
circuit does not excel at the lower end of its control 
range, but its simplicity and low cost make it other- 
wise attractive. 

(A) Author's experimental version of the variable high-volt- 
age supply. The size and layout of yours will depend on the 
parts you can obtain, Note the separate on-off switch to 
allow voltage to be turned off and on without disturbing the 
variable setting. Terminal strips to mount small parts is rec- 
ommended. A bottom plate will add safety. Don't omit the 
fuse. A low-value fuse is a good way to protect the circuit 
you're working on - a panel fuse mount will allow easy 
replacement. 
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TRANSFORMER 
115 V PRIMARY 
7 5 0  V 
CENTER TAPPED 
SECONDARY 
(SEE TEX T I  

SLIDE O R  / 8- 15 HENRIES 

0 1°F.  4 0 0 V  I 5 O k  

DISC or PAPER F:,":: 

-- 

I R A D I O  SHACK 2 7 6 - 1 0 0 1 1  
* C R I  . B I L A T E R A L  TRIGGER 

HEP R - Z O O 2  

* l C R 2 ,  C R 3 .  I N 4 0 0 7  I N 5 0 6 2 ,  E T C  1 0 0 0  P l V  
/ A  ( R A D I O  SHACK 2 7 6- 1 1 1 4 1  

f ig. 1. Variable high-voltage supply. 

symbol 

C 1 

C2 

C3 

CR1 

CR2, CR3 

F 

L 

Q 

R1 

R2 

R3, R4 

T 

part  

capacitor 

capacitor 

capacitor 

bilateral trigger 

diode 

fuse 

choke 

triac 

potentiometer 

resistor 

resistor 

transformer 

description 

0.01 pF, 400 V disc or paper 

0.01 pF, 400 V disc or paper 

20 pF, 450 V electrolytic 

HEP R-2002 

1N4007, 1N5062, etc. 1000 
PIV 1 Ampere (Radio Shack 
276-1 114) 

1 Ampere 

8-15 Henries (see text) 

200-volt triac (Radio Shack 
276-1 001 ) 

150k audio taper 

lOk 0.5 watt 

lOOk 2 watt 

115-volt primary, 750-volt 
center tapped secondary 
(see text) 

Except for the transformer and choke, the compo- 
nents should be relatively easy to obtain. The best 
source for the transformer and choke is an old TV set 
or a flea market. The semiconductors may be Radio 
Shack or Motorola HEP devices. An audio taper pot 
is suggested for smooth low-voltage control; a linear 
control is acceptable. The maximum voltage may be 
limited by adding a resistor in series with the wiper 
end of the pot. Take care not to exceed the filter 
capacitor rating by more than a few volts. 

uses 
The supply can be used for experimental tube and 

transistor circuits calling for voltages within its range. 

Current output is limited by the transformer or the 
choke you can obtain. The supply is particularly use- 
ful in reconditioning (or reforming) electrolytic 
capacitors. If you're reactivating an old piece of 
equipment or using capacitors from the junkbox, it's 
always best (and frequently necessary) to  reform the 
electrolytic capacitors before applying full voltage. If 
reforming is neglected, the capacitor may short 
(completely or partially) internally. This causes heat- 
ing and promotes further shorting and eventual 
capacitor destruction. Reforming is accomplished by 
allowing the voltage across the capacitor to  increase 
slowly to its rated value. This can be done by increas- 
ing the voltage slowly by means of the voltage con- 
trol. Capacitor polarity must be observed: The posi- 
tive side of the capacitor must go to the positive side 
of the supply. 

A better method of reforming electrolytics is to  
allow them to reform through a high resistance. This 
may be done by connecting the capacitor to the sup- 
ply through a 100k resistor (fig. 2). The resistor limits 
the current to less than 5 mA even if a shorted 450- 
volt capacitor is connected. A 2-watt resistor is 
recommended when reforming capacitors with work- 
ing voltages above 300 volts. The current through 
the series resistor (and the power dissipated by it) will 
decrease rapidly if the capacitor can be reformed. 

To use the setup in fig. 2, set the supply voltage 
( A  to C) to the capacitor's rated voltage using a volt- 
meter. Then, with a high-impedance voltmeter con- 
nected to points B and C, measure the voltage 
across the capacitor. This voltage should increase 
slowly until the capacitor reforms completely. At this 
time the voltage across the supply ( A  to C) will be 
essentially equal to the voltage across the capacitor 
(B to C ) .  

As in all high-voltage devices, be careful when 

I I 
SUPPLY I """" I 

I 1- ; 
fig. 2. Circuit for reforming electrolytic capacitors. Proce- 
dure is described i n  the text. 

assembling and using this device. Dangerous volt- 
ages are present. Make sure you use well-insulated 
clip leads in experimental setups and follow the old 
adage: "Keep one hand in your pocket when work- 
ing with high voltages." 

ham radio 

december 1979 63 



any-state ni-cad charger 
The advantage of 
constant-potential 

and constant-current 
charging techniques 

are incorporated 

into this circuit 

Have you ever wanted to connect your hand-held 
to a charger and walk away, knowing the charger will 
charge the battery as quickly as possible, then 
automatically become a trickle charger to keep the 
battery charged until you need it again? Here's a cir- 
cuit that does exactly that. 

ni-cad battery charging 
Before describing the charger, a brief review of ni- 

cad battery-charging technique is in order. There are 
two basic charging methods: constant potential and 
constant current. 

Constant-potential charging. This is the most 
rapid method and requires no adjustment to the 
charger during the charge period. This method re- 
quires a charger capable of delivering high currents, 
because at the start of the charge, the battery has a 
very low internal impedance. This high-current 
charge tapers off exponentially as a function of 
charge time (fig. 1). The constant-charge voltage 
should be set at 1.55 times the number of cells in the 
battery. 

A fully discharged ni-cad can be completely re- 
charged by this method in one hour, although the 
charge should be continued for three hours or until 
the current stabilizes for one-and-a-half hours.? 

The major disadvantage of the constant-potential 
charger is the high initial charge current. Not only 

does this require a voltage supply with high-current 
capability, but it's also possible to damage the bat- 
tery being charged because of the high initial power 
being dissipated by the individual cells. 

The usual method used to prevent cell damage 
with constant-potential charging is to monitor the 
temperature of a cell of the battery being charged 
and reduce the current to keep the temperature at 

T I M E  

, fig. 1. Constant-potential charging of ni-cads at 1.55 volts 
per cell. This method requires a charger capable of deliver- 
ing high current. 

some predetermined value. This is the system used 
with Motorola's "rapid charge" batteries and 
charger. The Motorola NLN-6900A rapid-charge bat- 
tery has a thermistor that gives the charger battery 
temperature information. 

Constant-current charging. The constant-current 
method requires a charging source of dc with a volt- 
age of at least 1.8 times the number of cells in the 
battery. A simple constant-current charger is shown 
in fig. 2. To maintain constant current, the rheostat 
will require adjusting during the charge as the battery 
counter emf increases. 

Practical values of charging current are usually 

B~ Bill Bretz, WAGTBC, Hewlett Packard, 
11300 Lomas Boulevard, N. E., Albuquerque, 
New Mexico 87123 
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fig. 2. Simple constant-current charger. Constant current is 
maintained by adjusting the rheostat during the charge 
period. 

selected to accomplish a full charge in three to seven 
hours. A l - A h  battery might thus be charged at any 
current rate between 500 and 200 mA, since it is 
necessary to put more energy back into the battery 
than was taken out. A good working figure is to ad- 
just the charging time so that the battery receives at 
least 30 per cent more energy than the discharge, 
measured in ampere hours. Cell voltage versus time 
is shown in fig. 3. 

The major disadvantage of constant-current 
charging is that if the charge current is not ter- 
minated when the battery reaches full charge, the 
cell must dissipate power no longer needed for 
charging. This causes cell temperature to rise and 
also causes loss of electrolyte. The most common 
method of circumventing this problem is to charge 
the battery at a constant current of 10-20 per cent of 
its ampere-hour capacity for a minimum of twelve 
hours. Overcharging the battery at 10-20 per cent is 
not usually harmful (although not good) to the bat- 
tery as long as there is ample electrolyte in the cell. 

design 
The charger shown in fig. 4 is a constant-current, 

constant-potential battery charger that has the ad- 

T I M E  

fig. 3. Cell voltage as a function of time using the constant- 
current charging method. 

vantages of both the systems described above and 
the disadvantages of neither. With this charger, the 
current is initially constant at a reasonably high level 
until the battery nears full charge, at which time the 
current decreases and the charger becomes a con- 
stant-potential charger. 

R3, R1, 0 1 ,  and CR1 form a constant-current 
source with R1 controlling the amount of current 
flowing in Q l  emitter. This is the major source of 
charging current for the battery. When the potential 
across the battery reaches the point where CR2 and 
02 turn on, 02 starts pulling away Q l ' s  supply of 
base current, which reduces the current from the 
current source, so that the potential across the bat- 
tery is constant. 

A practical charger for a 200-mAh, 12-volt nickel- 
cadmium battery is shown in fig. 5. This circuit 
charges the battery at 75 mA until the battery is 
charged, then reduces the current to a trickle rate. It 

SUPPLY + U N D E R  B A T T E R Y  + ~ r ~ f -  CHARGE 

fig. 4,  Basic design of the constant-current, constant-poten- 
tial ni-cad battery charger. which has all the advantages of 
both techniques and the disadvantages of neither. 

will completely recharge a dead battery in  four hours 
and the battery can be left in the charger indefinitely. 
To set the shut-off point, connect a 270-ohm, 2-watt 
resistor across the charge terminals and adjust the 
pot for 15.5 volts across the resistor. 

The circuit shown in fig. 6 is built into the base of 
my HT-220 Omni charger. This circuit is built around 
the original Motorola power transformer and fur- 
nishes a constant-current charge of 200 m A  (45 per 
cent of capacity). The charging lamp becomes a sim- 
ple pilot lamp for the charger. The original "charge- 
trickle" switch now functions as an on-off switch for 
the charger. The pot is set for a voltage of 18.6 volts 
with a 240-ohm, 2-watt resistor across the charge 
terminals. 

To modify this circuit to  furnish different charge 
currents, the value of R 1  may be determined by: 

RL = 5 volts 
current desired 

The constant-potential voltage can be determined by 
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IN4001 

+24VOCO - U O+ BATTERY 
TO BE 

fig. 5. Practicai charger ior a 200-niilliempere-ha1!r, 12-va!t 
ni-cad battery. 

muitiplying rhe number of cells by 1.55, The con- 
stant-potential voltage can be set by putting a load 
on the charger that pulls about one-half the desired 
maximum current and adjusting the pot for the 
desired voltage across this load. The supply voltage 
to the charger should be approximately two times the 
desired constant potential. This circuit will work for 

IN4001 
U 18h 

n w 

BRN 

2 1 5 4 9 6  

CHARGE 

fig. 6. Circuit of author's charger, which is built into the 
base of an HT-220 Omni charger. Transformer T l  is the origi- 
nal Motorola power transformer. 

batteries in the 6-18 volt range with no changes. The 
I maximum current available is 250 rnA; however, this 

could be increased by adding a Darlington connec- 
tion to 01. 

references 
1. NICAD Sintered Plate Nickel Cadmium Storage Batteries Installation and 
Care. Booklet 527, Nicad Division, Gould-National Batteries, Inc., 1959, 
page 3. 
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ham radio 
cumulative 
antennas and 
transmission lines 
general 
Antenna control. automatic azimuthJe!evl!lon 

for satellite communications 
WA3HLT p. 26, Jan 75 
Correction p. 56, 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. 56, 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 p. 62, May 76 

Antenna gain and directivity 
W2PV p. 12, Aug 79 

Antenna gain, measuring 
K6JYO p. 26, Jul 69 

Antenna wire, low-cost copper (HN) 
W2EUQ p. 73, Feb 77 

Anti-QRM methods 
W3FQJ p. 50, May 71 

Bridge for antenna measurements, simple 
W2CTK p. 34, Sep 70 

Cubical quad measurements 
W4YM p. 42, Jan 69 

Dipole center insulator (HN) 
WAlABP p. 69, May 69 

Diversity receiving system 
W2EEY p. 12, Dec 71 

Dummy load and rf 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, lowpass, for 10 and 15 
W2EEY p. 42, Jan 72 

Gain calculations, simplified 
W 1 DTV p. 78, May 76 

Gain vs antenna height, calculating 
WB6IFM p. 54, Nov 73 

Gin pole, simple lever for raising masts 
WA2ANU p. 72, May 77 

Ground current measuring on 160.meters 
WQKUS p. 46, Jun 79 

Ground screen, alternative to radials 
WBUGP p. 22, May 77 

Grounding, safer (letter) 
WA5KTC p. 59, May 72 

Ground rods (letter) 
W7FS p. 66, May 71 

Ground systems, vertical antenna 
W'ILR p. 30, May 74 

Headings, beam antenna 
W6FFC p. 64, Apr 71 

Horizontal or 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 (C&T) 
W 1 DTY p. 50, Jun 76 

Lightning protection 
K9MM p. 18, Dec 76 
Comments, W6RTK p. 6, Jul 79 
Comments, W2FBL p. 6, Jui 79 
Letter: K9MM p. 12, Dec 79 

Line-of-sight distance, caiculating 
WB5CBC p. 56, Nov 76 

Measurement techniques for antennas and 
transmission lines 
W40Q p. 36, May 74 

Measuring antenna gain 
K6JYO p. 26, Jul 69 

Mobile mount, rigid (HN) 
VE7ABK p. 69, Jan 73 

Power in reflected waves 
Woods p. 49, Oct 71 

Reflected power, some reflections on 
VE3AAZ p. 44, May 70 

Refiectometers 
KlYZW p. 65, Dec 69 

Rf power meter, low-level 
W5WGF p. 56, Oct 72 

Sampling network, rf - the milli4rap 
W6QJW p. 34, Jan 73 

Scaling antenna elements 
W7ITB p. 56, Jul 79 

Smith chart, how to use 
WlDTY p. 16, Nov 70 
Correction p. 76, Dec 71 

Smith chart, numerical 
W6MQW p. 104, Mar 76 

Standing-wave ratios, importance of 
W2HB p. 26, Jul 73 
Correction (letter) p. 67, May 74 

Time-domain reflectometry, practical 
experimenter's approach 
WAQPIA p. 22, May 71 

T.R switch 
'K3KMO p. 61, Apr 69 

Voltage.probe antenna 
W 1 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. 26, May 73 
Antenna potpourri 

W3FQJ p. 54, May 72 
Antenna systems for 60 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 

Beverage antenna for 40 meters 
KG6RT p. 40, Jul 79 

Bobtail curtain array 
W8YFB p. 61, May 77 

Bobtail curtain array, forty-meter 
VElTG p. 58, Jul 69 

Coaxial dipole antenna, analysis of 
W 2 W  p. 46, Aug 76 

Coaxial dipole, multiband (HN) 
W4BDK p. 71, May 73 

Coilinear, six-element for 
WQY BF p. 22, May 76 

Compact antennas for 20 meters 
W4ROS p. 38, May 71 

Compact loop antenna for 80 and 40 meters 
W6TC p. 24, Oct 79 

Converted-vee, 60 and 40 meter 
W6JKR p. 16, Dec 69 

Corner-fed loop, low frequency 
ZL1 BN p. 30, Apr 76 
lnstallat~on mod~fiea 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 

Cubical-quad antennas, unusual 
WlDTY p. 6, May 70 

Cubical quad, improved low-profile, three band 
WlHXU p. 25. May 76 

Cubical quad, three-band 
WlHXU p. 22, Jul 75 

Curtain antenna (HN) 
W4ATE p. 66, May 72 

Delta loop, top4oaded 
W 1 DTY p. 57, Dec 76 

Dipole, all-band tuned 
ZS6BT p. 22, Oct 72 

Dipole antennas on non-harmonic 
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 
W6NIF p. 46, Feb 69 

Double bi-square array 
W6FFF p. 32, May 71 

Dual-band antennas, compact 
W6SAI p. 18. Mar 7C 

DX antenna, single-element 
W6FHM p. 52, Dec 72 
Performance (letter) p. 65, Oct 72 

Folded umbrella antenna 
WB511R p. 38, May 7C 

Four.band wire antenna 
W3FQJ p. 53, Aug 7': 

Ground-plane antenna: history and development 
K2FF p. 26, Jan 7 i  

Ground-plane, muitiband (HN) 
JAlQlY p. 62, May 71 

Ground plane, three-band 
LA1 El p. 6, May 7: 
Correction p. 91, Dec 7: 
Footnote (letter) p. 65, Oct 7: 

Ground systems for vertical antennas 
WD6CBJ p. 31, Aug 7s 

High-frequency amateur antennas 
W2WLR p. 28, Apr 61 

High-frequency diversity antennas 
WZWLR p. 28, Oct 61 

Horizontal-antenna gain at selected vertical 
radiation angles 
W7LR p. 54, Feb 71 

Horizontal antennas, optimum height for 
W7LR p. 40, Jun 7, 

Horizontal antennas, vertical radiation patterns 
WA9ROY p. 58, May 7, 

Inverted-vee antenna (letter) 
WB6AQF p. 66, May 7 

Inverted-vee antenna, modified 
W2KTW p. 40, Oct 7 

Inverted-vee installation, improved 
low-band (HN) 
W9KNI p. 68, May 71 

Inverted V or delta loop, how to add to tower 
K4DJC p. 32, Jul 71 

Large vertical, 160 and 180 meters 
W71V p. 8, May 7! 

Log-periodic antenna, 14, 21 and 28 MHz 
W4AEO p. 18, Aug 7 
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og.periodic antennas, 7-MHz 
W4AEO p. 16, May 73 

og-periodic antennas, feed system for 
W4AEO p. 30, Oct 74 

og-periodic antennas, graphical design method for 
W4AEO p. 14, May 75 

og-periodic antennas, verticai monopole, 
3.5 and 7.0 MHz 
W4AEO p. 44, Sep 73 

og-periodic beams, improved (letter) 
W4AEO p. 74, May 75 

og-periodic beam, 15 and 20 meters 
W4AEO p. 6, May 74 

og periodic design 
WGPYK, W4AEO p. 34, Dec 79 

og-periodic feeds (letter) 
W4AEO p. 66, May 74 

og-periodic, three-band 
W4AEO p. 28, Sep 72 

ongwire antenna, new design 
K4EF p. 10, May 77 

ongwire multiband antenna 
W3FQJ p. 28, Nov 69 

oop antennas 
W40Q p. 18, Dec 76 

oop receiving antenna 
W21MB p. 66, May 75 
Correction p. 58, Dec 75 

oop-yagi antennas 
VK2ZTB p. 30, May 76 

ow-band antenna problem, solution to 
WBYFB p. 46, Jan 78 

ow-mounted antennas 
W3FQJ p. 66, May 73 

lobile antenna, helically wound 
ZEGJP p. 40, Dec 72 

loblle color code (letter) 
WB6JFD p. 90, Jan 78 

lono-loop antenna (HN) 
W8BW p. 70, Sep 69 

lultiband antenna system 
VK2AOU p. 62, May 79 

luitiband dipoles for portable use 
W6SAI p. 12, May 70 

lultiband vertical antenna system 
W0NCU p. 28, May 78 

hased antenna (letter) 
Thacker, Jerry p. 6, Oct 78 

hased array, design your own 
K l  AON p. 78, May 77 

hased array, electrically-controiled 
W5TRS p. 52, May 75 

hased vertical array, fine tuning 
W4FXE p. 48, May 77 

hased vertlcal array, four-element 
WBHXR p. 24, May 75 

!uad antenna, modified 
ZFlMA p. 68, Sep 78 

luad antenna, multiband 
DJ4VM p. 41, Aug 69 

luad antenna, repairs (HN) 
K9MM p. 87, May 78 

luads vs Yagis revisited 
N6NB p. 12, May 79 
Comments, WBGMMV, N6NB p. 80, Oct 79 

eceiving antennas 
K6ZGQ p. 56, May 70 

atellite antenna, simple (HN) 
WA6PXY p. 59, Feb 75 

electlve antenna system minimizes 
unwanted signals 
W5TRS p. 28, May 76 

elective receiving antennas 
W5TRS p. 20, May 78 

hunt-fed tower (HN) 
N8HZ p. 74, Nov 79 

hunbfeed systems for grounded verticai 
radiators, how to design 
W40Q p. 34, May 75 

imple antennas for 40 and 80 
W5RUB p. 16, Dec 72 

loping dipoles 
W5RUB p. 19, Dec 72 
Performance (letter) p. 76, May 73 

mall beams, high performance 
G6XN p. 12, Mar 79 

mall-loop antennas 
W4YOT p. 36, May 72 

tressed quad (HN) 
W5TlU p. 40, Sep 78 

tub bandswitched antennas 
W2EEY p. 50, Jui 69 

uitcase antenna, high-frequency 
VK5B1 p. 61, May 73 

aiioring your antenna, how to 
KH6HDM p. 34, May 73 

elephone-wire antenna (HN) 
K9TBD p. 70, May 76 

Traps and trap antennas 
W8FX p. 34, Aug 79 

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 

Unidirectionai antenna for the low-frequency bands 
GW3NJY p. 61, Jan 70 

Verticai antenna for 40 and 75 meters 
W6PYK p. 44, Sep 79 

Verticai antenna radiation patterns 
W7LR p. 50, Apr 74 

Vertical antenna, low-band 
W4lYB p. 70, Jul 72 

Vertical antenna, portable 
WABNWL p. 48, Jun 78 

Vertical antenna, three-band 
W9BQE p. 44, May 74 

Vertical antennas, improving performance of 
K6FD p. 54, Dec 74 

Vertical antennas, performance characteristics 
W7LR p. 34, Mar 74 

Vertical beam antenna, 80 meter 
VEITG 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 

Verticai radiators 
W4OQ p. 16, Apr 73 

Verticai, 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 broadband antennas 
N6RY p. 44, May 79 

3.5MHz phased horizontal array 
K4JC p. 56, May 77 

3.5-MHz sloping antenna array 
W2LU p. 70, May 79 

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 verticai antenna 
W8TYX p. 60, Jun 77 

14-MHz delta-loop array 
N2GW p. 16, Sep 78 

160-meter loop, receiving 
K6HTM p. 46, May 74 

180-meter vertical, shortened (HN) 
W6VX p. 72, May 76 

160 meters with 40-meter vertical 
W2IMB p. 34, Oct 72 

vhf antennas 
Antennas for satellite communications, simple 

K4GSX p. 24, May 74 
Antenna-performance measurements 

using celestial sources 
W5CQlW4RXY p. 75, May 79 

Circularly-polarized ground-plane antenna for 
Satellite communications 
K4GSX p. 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 

Coilinear antenna, four element 440-MHz 
WA6HTP p. 38, May 73 

Coliinear, six meter 
K4ERO p. 59, Nov 89 

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 

Folded whip antenna for vhf mobile - Weekender 
WB2iFV p. 50, Apr 79 

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 
KGRIL, W6SAI 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, hlo~! 78 

Matching techniques for vhfluhf antennas 
WlJAA p. 50, Jul 76 

Microwave antenna, Low-cost 
K6HIJ p. 52, Nov 69 

Mobile antenna, ma~net-mount 
WIHCI p. 54, Sep 75 

Mobile antenna, sixmeter (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) 
WGOAL p. 67. May 76 

Oscar az-el antenna system 
WAINXP 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, finding the focal 
length (HN) 
WA4WDL p. 57, Mar 74 

Parabolic reflector, 16-foot homebrew 
WB610M p. 8, Aug 69 

Quad-yagi arrays, 432- and 1296-MHz 
W3AED p. 20, May 73 
Short circuit p. 58, Dec 73 

Simple antennas, 144-MHz 
WA3NFW p. 30, May 73 

Switch, antenna for 2 meters, solid-state 
K2ZSQ p. 48, May 69 

Two-meter fm antenna (HN) 
WB6KYE p. 64, May 71 

Vertical antennas, truth about 38-wavelength 
K0DOK p. 48. May 74 
Added note (letter) p. 54, Jan 75 

Whip, 518-wave, 144-MHz (HN) 
VE3DDD p. 70, Apr 73 

Yagi antennas, how to design 
WlJR p. 22, Aug 77 

Yagi uhf antenna simplified (HN) 
WA3CPH p. 74, Nov 79 

Yagi, 1296-MHz 
W2CQH p. 24, May 72 

7-MHz attic antenna (HN) 
W2lSL p. 68, May 76 

lo-GHz dielectric antenna (HN) 
WA4WDL p. 80, May 75 

144-MHz verticai, 518-wavelength 
K6KLO p. 40, Jul 74 

144-MHz antenna, 518-wavelength built from 
CB mobile whip (HN) 
WB4WSU p. 67, Jun 74 

144-MHz collinear uses PVC pipe mast (HN) 
KBLLZ p. 66, May 76 

144-MHz mobile antenna (HN) 
W2EUQ p. 80, Mar 77 

144-MHz mobile antenna 
WD8QIB p. 68, May 79 

144.MHz vertical mobile antennas, 114 and 
3 8  wavelength, test data on 
WPLTJ, W2CQH p. 46, May 76 

144.MHz, 51&wavelength vertical 
WlRHN p. 50, Mar 76 

144-MHz, 518-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 
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1296-MHz Yagi array 
W3AED 

Quadrifilar toroid (HN) Coax connectors, repairing broken (HN) 
p. 40, May 75 W9LL p. 52, Dec 75 WOHKF p. 66, Jun 70 

Stub-sw~tched, stub-matched antennas Coaxial cable IC&T) 

matching and tuning 
Active antenna coupler for VLF 

Burhans, Ralph W. p. 46, Oct 79 
Antenna bridge calculations 

Anderson, Leomard H. p. 34, May 78 
Antecna bridge ca!cula!iora (!ettsr) 

W5OJR p 6, A u ~  78 
Antenna coupler for three-band beams 

ZS6BT p. 42, May 72 
Antenna coupler, six-meter 

KIRAK p. 44, Jul 74 
Ai,ier,i\d ~.:,~ecJaiiib ::ai,$fi):i:':ei 'Gi ,eCelr8:s 3HN, 

W6NIF p. 70, Jac 7C 
Antenna instrumentation, simple, (repair bench) 

K41PV p. 71, Jul 77 
Antenna matcher, one-man 

W4SD p. 24, Jun 71 
Antenna tuner adjustment (HN) 

WA4MTH p. 53, Dec 75 
Antenna tuner, automatic 

WAOAQO p 36, Nov 72 
Antenna tuner, medium-power toroidal 

WBZZSH p. 58, Jan 74 
Antenna tuner for optimum power transfer 

WPWLR p. 28, May 70 
Antenna tuners 

W3FQJ o. 58. Dec 72 
Antenna tuning units 

W3FQJ p. 58, Jan 73 
Balun, adjustable for yagi antennas 

W6SAi p. 14, May 71 
Balun, Simplified (HN) 

WAOKKC p. 73, Oct 69 
Broadband balun. simple and efficient 

WIJR p. 12, Sep 78 
Broadband reflectometer and power meter 

VK2ZTB, VK2ZZQ p 28, May 79 
Couplers, random-length antenna 

WZEEY p. 32, Jan 70 
Dummy loads 

W4MB p. 40, Mar 76 
Feeding and matching techniques for 

vhfiuhf antennas 
WlJAA p. 54, May 76 

Gamma-match capacitor, remotely controlled 
K2BT p. 74, May 75 

Gamma-matching networks, how to design 
W71TB p. 46, May 73 

Impedance bridge, low-cost RX 
W8YFB p 6, May 73 

Impedance-matching baluns, open-wire 
W6MUR p. 46, Nov 73 

1mpedance.matching systems, designing 
W7CSD p. 58, Jul 73 

Johnson Matchbox, imoroved 

WPEEY 
Swr alarm clrcuits 

WZEEY 

, , 
p. 34, Jan 69 W I DTY p. 50, Jun 76 

Coaxial cable, checking (letter) 
o. 73. Aor 70 W2OLU o. 68. Mav 71 . . ,  

Swr bridge 
WBPZSH p. 55, Oct 71 

Swr bridge and power meter, integrated 
W6DOB P. 40, May 70 

Swr b r~dge read~ngs (HN) 
W6FPO p 63 Aug 73 

Swr inalcator aural tor tne vlsuaily 
handicapped 
K6HTM p 52 May 76 

Swr meter 
WB6AFT p 68, Nov 78 

Sa, -8:ei 
VV6VSV p 6, Oct 7C 

Swr meter, improving (HN) 
W5NPD p 68, May 76 

Swr, what IS your? 
N40E p 68, Nov 79 

T Network impedance matchlng to coaxlal feedi~nes 
W6EBY p 22, Sep 78 

Transmatch, five-to-one 
W71V u. 54. May 74 

Transmission lines. grid dipping (HN) 
W2OLU p. 72. Feb 71 

Transmission lines, uhf 
WAPVTR p. 36, May 71 

Uhf coax connectors (HN) 
WOLCP p. 70, Sep 72 

towers and rotators 
Antenna and rotator preventive maintenance 

WAIABP p. 66, Jan 69 
Antenna and tower restrictions 

W71V p. 24, Jan 76 
Antenna guys and structural solutions 

W6RTK p. 33, Jun 78 
Antenna mast, build your own tilt-over 

W6KRT p. 42, Feb 70 
Correction p. 76. Sep 70 

Antenna positlon display 
AE4A p. 18, Feb 79 

Az.el antenna mount for satellite 
communications 
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-22, fixina a stickv 

Coaxial cable connectors (HN) 
WAIABP p 71, Mar 69 

Coaxial-cable fitt ings type F 
KPMDO p 44. May 71 

Coaxial connectors can generate r f i  
WlDTY p 48 Jun76 

Coax~ai reeotnrougn uanei (dN1 
W3URE p 70 Apr 69 

Coax~al i ~ n e  loss, measuring wlth 
reflectometer 
W2VCl p 50 May 72 

Zaax L,n -2s' U4 
Y6BiJ p 'a Oct 69 

Coaxial transmission I~nes, underground 
WOFCH p 38, May 70 

Connectors for CATV coax cable 
W l l l M  p 52, Oct 79 

Impedance transformer non-synchronous (HN) 
W5TRS p 66, Sep 75 
Comments, W3DVO p 63, May 76 

Match~ng transfurmers mulitijie quarter have 
K3BY p 44 Nov 18 

Matchlng 75-ohm CATV hardllne 
to  50-ohm system 
KIXX p 31 Sep 78 

Open wlre feedthrough ~nsulator (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 caiculator for 
W5TRS p. 40. Nov 76 

Transmitireceive switch, solid-state vhf.uhf 
W4NHH p. 54, Feb 78 

Tuner, receiver (HN) 
WA7KRE p. 72, Mar 69 

Tuner, wall-to-wall antenna (HN) 
WPOUX p. 56, Dec 70 

Uhf microstrip swr bridge 
W4CGC p. 22. Dec 72 

VSWR indicator, computing 
WBSCYY p. 58, Jan 77 
Short c~rcu i t  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 to 50-ohm systems 
KlXX p. 31, Sep 78 

K41nV p 45, JUI 79 vVA1ABP p 34, Sun 71 
Short circuit p 92, Sep 79 Rotator for medium-slzed beams 

Loads affect of mismatched transmitter K2BT P 48, May 76 
audio 

W5JJ p. 60. Sep 69 
Matching, antenna, two-band with stubs 

W6MUR p. 18, Oct 73 
Matching complex antenna loads 

to  coaxial transm~sslon iines 
WB7AUL p. 52, May 79 

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 transmltter, loading 
W4Y B p. 46, May 72 

RX noise bridge, improvements to 
WGBXI, W6NKU p. 10. Feb 77 
Comments p. 100, Sep 77 

Noise bridge construction (letter) 
OHZZAZ p. 8, Sep 78 

Noise bridge, antenna 
WBZEGZ p. 18, Dec 70 

Noise bridge, antenna (HN) 
K8EEG p. 71, May 74 

Norse bridge calculations with 
TI 58159 caiculators 
WD4GRI p. 45, May 78 

Nolse brldge for impedance measurements 
YAIGJM p. 62, Jan 73 
Added notes p. 66, May 74; p. 60, Mar 75 
Comments, W6BXI p. 6, May 79 

Omega-matching networks, des~gn of 
W71TB p. 54, May 78 

Phase meter, rf 
VEZAYU, Korth p.  28, Apr 73 

Rotator, T-45, Improvement (HN) 
WA0VAM 

Stress analysis of antenna systems 
W2FZJ 

Telescoping tv masts (HN) 
WAOKKC 

Tilt-over tower uses extension ladder 
W5TRS 

Tower guying (HN) 
KQMM 

Tower, homemade tilt-over 
WA3EWH 

Tower, wind-protected crank-up 
(HN) 

Towers and rotators 
K6KA 

Wind ioading on towers and antenna 
structures, how to  calculate 
K4KJ 
Added note 

p. 64, Sep 71 

p. 23, Oct 71 

p. 57, Feb 73 

p. 71, May 75 

p 98, Nov 77 

p. 28, May 71 

p. 74, Oct 69 

p 34, May 76 

p. 16, Aug 74 
p. 56, Jul 75 

transmission lines 
Antenna-transmission line analog, part 1 

W6UYH p. 52, Apr 77 
Antenna-transmission line analog, part 2 

W6UYH p. 29, May 77 
Balun, coaxial 

WAORDX p. 26, May 77 
Coax cable dehumidifier 

K4RJ p. 26, Sep 73 
Coax cable, repairing water damage (HN) 

W5XW p. 73, Dec 79 

Active filters 
K6JM 

Audio agc principles and practice 
WA5SNZ 

Audio CW filter 
W7DI 

Audio filter, tunable, for weak-signal 
communications 
K6HCP 

Audio filters, aligning (HN) 
W4ATE 

Audio filters, inexpensive 
W8YFB 

Audio filter mod (HN) 
K6HIL 

Audio mixer (HN) 
W6KNE 

Audio module, a complete 
K4DHC 

Audio-oscillator module, Cordover 
WB2GQY 
Correction 

Audio-power integrated circuits 
W3FQJ 

Audio transducer (HN) 
WAlOPN 

Binaural CW reception, synthesizer for 
WGNRW 
Comment 

Distortion and splatter 
K5LLI 

Duplex audio-frequency generator 
with AFSK features 
WB6AFT 

p. 70, Feb 78 

p. 28, Jun 71 

p. 54, Nov 71 

p. 28, Nov 75 

p. 72, Aug 72 

p. 24, Aug 72 

p. 60, Jan 72 

p. 66, Nov 76 

p. 18, Jun 73 

p. 44, Mar 71 
p. 80, Dec 71 

p. 64, Jan 76 

p. 59, Jul 75 

p. 46, Nov 75 
p. 77, Feb 77 

p. 44, Dec 70 

p. 66, Sep 79 
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Tape head cleaners (letter) 
ynamic microphones (CBT) K4MSG p. 62, May 72 
W 1 DTY p. 46, Jun 76 Tape head cleaning (letter) 

ilter for CW, tunable audio Buchanan p. 67, Oct 72 
WAlJSM p. 34, Aug 70 Variable-frequency audio filter 

ilter-frequency translator for CW reception, W4VRV p. 62, Apr 79 
integrated audio Voice-operated gate for carbon microphbnes 
WPEEY p. 24. Jun 70 W6GXN p. 35, Dec 77 

ilter, iowpass audio, simpie 
OD5CG p. 54, Jan 74 

ilter, simple audio 
W4NVK p. 44, Oct 70 

iiter, tunable peak-notch audio 
WPEEY p. 22, Mar 70 

ilter, variable bandpass audio 
W3AEX p. 36, Apr 70 

~ain control IC for audio signal processing 
Jung p. 47, Jul 77 

iang agc circuit for ssb and CW 
WlERJ p. 50, Sep 72 

ieadphone cords (HN) 
W2OLU p. 62. Nov 75 

ieadphones, dual-impedance (HN) 
AB9Q p. 60, Jan 79 

npedance match, microphone (HN) 
W5JJ p. 67, Sep 73 

icreased flexibility for the MFJ Enterprises 
CW filters 
K3NEZ p. 58, Dec 76 

itercom, simple (HN) 
W4AYV p. 66, Jui 72 

licrophone preamplifier with agc 
Bryant p. 28, Nov 71 

licrophone, using Shure 401A with Drake TR-4 (HN) 
G3XOM p. 68, Sep 73 

licrophones, muting (HN) 
W61L p. 63, Nov 75 

iotch filter, tunable RC 
WA5SNZ p. 16, Sep 75 
Comment p. 78, Apr 77 

Isciliator, audio, IC 
W6GXN p. 50, Feb 73 

lsciilator-monitor, solid-state audio 
WAlJSM p. 48, Sep 70 

'hone patch 
W6GRG p. 20, Jul 71 

Ire-emphasis for ssb transmitters 
OHZCD p. 38, Feb 72 

IC active filters using op amps 
W41Y B p. 54, Oct 76 

IC active filters (letter) 
W6NRM p. 102, Jun 78 

leceivers, better audio for 
K7GCO p. 74, Apr 77 

If clipper for the Collins S-line 
KNYO p. 18, Aug 71 

If speech processor, ssb 
W2MB p. 18, Sep 73 

ipeaker-driver module, IC 
WAZGCF p. 24, Sep 72 

ipeech amplifiers, curing distortion 
Allen p. 42, Aug 70 

ipeech clipper, lC 
K6HTM p. 18, Feb 73 
Added notes (letter) p. 64, Oct 73 

ipeech clippers, rf 
G6XN p. 26, Nov; p. 12, Dec 72 
Added notes p. 58, Aug 73; p. 72, Sep 74 

ipeech ciipping in single-sideband equipment 
KlYZW o. 22. Feb 71 

commercial equipment 
Alliance rotator improvement (HN) 

K6JVE p. 68, May 72 
Alliance T-45 rotator Improvement (HN) 

WAQVAM p. 64, Sep 71 
Atlas 180, improved vfo stability (HN) 

K6KLO p. 73, Dec 77 
Autek filter (HN) 

K6EVQ. WA6WZQ p. 63, May 79 
CDR AR-22 rotator, fixing a sticky 

WAIABP p. 34, Jun 71 
Cleanup tips for amateur equipment (HN) 

Fisher p. 49. Jun 78 
Clegg 278, Smeter for (HN) 

WA2YUD p. 61, Nov 74 
Collins KWM.2, updating 

W6SAI p. 48, Sep 79 
Collins KWM.ZKWM-PA modifications (HN) 

W6SAl p. 80, Aug 76 
Collins KWM2 transceivers, improved reliability (HN) 

W6SAI p. 81, Jun 77 
Coliins 13390 rf transformers, repairing (HN) 

WA2SUT p. 81, Aug 76 
Collins receivers. 300-Hz crystai fiiter for 

WlDTY p. 58, Sep 75 
300-Hz crystai fiiter for Coliins receivers 

WlDTY p. 58, Sep 75 
3WHz crystal filter for Coliins receivers 

W l  DTY p. 58, Sep 75 
300-Hz crystal filter for Collins receivers (letter) 

G3UFZ p. 90, Jan 78 
Coliins S-line, improved frequency readout for the 

WlGFC p. 53, Jun 76 
Collins Wine backup power suppiy (HN) 

NlFB p. 78, Oct 79 
Collins S-line monitoring (HN) 

NlFB p. 78, Aug 79 
Collins S-line power suppiy mod (HN) 

W61L p. 61, Jui 74 
Collins S-line receivers, improved selectivity 

W6FR p. 36, Jun 76 
Collins S-line, reducing warm-up drift 

W6VFR p. 46, Jun 75 
Coliins S-line, rf clipper for 

K6JYO p. 18, Aug 71 
Correction p. 80, Dec 71 

Coliins S-line spinner knob (HN) 
W6VFR p. 69, Apr 72 

Collins S-line, syllabic vox system for 
W0lP p. 29, Oct 77 

Collins Wine transceiver mod (HN) 
W6VFR p. 71, Nov 72 

Collins 32S.series ALC meter improvement (HN) 
W6FR p. 100, Nov 77 

Coliins 32s-3 audio (HN) 
K6KA p. 64, Oct 71 

Collins 32s cooling (HM) 
N1FB D. 74. Nov 79 

Collins 75A4, increased selectivity for (HN) 
W 1 DTY p. 62, Nov 75 

Collins 75A-4 modifications (HN) 
W4SD p. 67, Jan 71 

Collins 75A4 noise limiter 
W 1 DTY p. 43, Apr 76 

Collins 75A4 PTO, making it perform like new 
W3AFM p. 24, Dec 74 

Coliins 75A-4 receiver, improving overload 
response in 
W6ZO p. 42, Apr 70 
Short circuit p. 76, Sep 70 

Collins 75s frequency synthesizer 
W6NBi p. 8, Dec 75 
Short circuit p. 85, Oct 76 

Coilins 75s receiver, (HN) 
NlFB p. 94, Oct 78 

Coiiins 75s-series crystal adapter (HN) 
K l  KXA p. 72, Feb 77 

Collins R-388(51J), inter.band 
calibration stability (HN) 
W5OZF p. 95, Sep 77 

Coliins R390A, improving the product detector 
W7Di p. 12, Jui 74 

Collins R390A modifications 
WAPSUT p. 58, Nov 75 

Coliins R392, improved ssb reception with (HN) 
VE3LF p. 86, Jul 77 

Comdei speech processor, increasing the versatility 
of (HN) 
W6SAI p. 67, Mar 71 

Cornell.Dubilier rotators (HN) 
K6KA p. 82, May 75 

Drake gear, simpie tune-up (HN) 
W7DIM p. 79, Jan 77 

Drake R-4 receiver frequency synthesizer for 
W6NBI p. 6, Aug 72 
Modification (letter) p. 74, Sep 74 

Drake R4C backlash, cure for (HN) 
W3CVS p. 82, May 79 

Drake R-4C, cleaner audio for (HN) 
K l  FO p. 68, Nov 78 

Drake R-4B and TR-4, 
split-frequency operation 
WBBJCQ p. 66, Apr 79 

Drake R-4C, electronic bandpass tuning in 
Hornet p. 58, Oct 73 

Drake R-4C, new audio amplifier for 
WBWGP, K8RRH p. 48, Apr 79 

Drake R-4C, new product detector for (HN) 
WBWGP p. 94, Oct 78 

Drake TR-4, using the Shure 401A 
microphone with (HN) 
G3XOM p. 68, Sep 73 

Drake TR-22C sensitivity improvement (HN) 
K70R p. 78, Oct 79 

Drake T-4X transmitters, improved tuning 
on 160 meters (HN) 
WliBI, WlHZH p. 81, Jan 79 

Eimac chirp and drift (HN) 
W5OZF p. 68, Jun 70 

Feedline loss, calculating with a single 
measurement at the transmitter (HN) 
K9MM p. 96, Jun 78 

Galaxy feedback (HN) 
WA5TFK p. 71, Jan 70 

Genave transceivers, S-meter for (HN) 
K9OXX p. 80, Mar 77 

Hallicrafters HT-37, improving 
W6NIF p. 78, Feb 79 

ipeech clipping (letter) Collins 32S, improved stability for (HN) Hallicrafters HT-37, increased sideband suppression 
W3EJD p. 72, Jul 72 NlFB p. 83, May 79 W3CM p. 48, Nov 69 

ipeech compressor (HN) Collins 32s-1 CW modification (HN) Ham-M modification (HN) 
Novotny p. 70, Feb 76 WlDTY p. 82, Dec 69 WPTQK p. 72, May 76 

ipeech processing, principles of Correction p. 76, Sep 70 Ham-M rotator automatic position control 
ZLl BN p. 28, Feb 75 Collins 75s CW sidetone (HN) WB6GNM p. 42, May 77 
Added notes p. 75, May 75; p. 64, Nov 75 NlFB p. 93, Apr 79 Ham-M rotator torque loss (HN) 

ipeech processing technique, split audio band Collins 32s-1, updating WlJR p. 85, Jun 79 
W l  DTY o. 30. Jun 76 NlFB D. 76. Dec 78 Short circuit P. 92, Sep 79 

ipeech processor, audio-frequency 
K3PDW 
Short circuit 

ipeech processor for ssb, simpie 
K6PHT 

ipeech processor, iC 
V K9G N 

ipeech processor, logarithmic 
WA3FlY 

ipeech processor, split-band (letter) 
WA2SSO 

ipeech systems, improving 
K2PMA 

IC active filters using op amps 
W4lYB 

. . . . 
Coliins 51J, modifying for ssb reception 

p. 48, Aug 77 W6SAI p. 66, Feb 78 
p. 68, Dec 77 Collins 51J product detector (letter) 

K5CE p. 6, Oct 78 
p. 22, Apr 70 Collins 51J PTO restoration 

W6SAI p. 36, Dec 69 
p. 31, Dec 71 Collins 516F.2 high-voltage regulation (HN) 

N l  FB p. 85, Jun 79 
p. 38, Jan 70 Collins 516F-2 solid-state rectifiers (HN) 

NlFB p. 91, Feb 79 
p. 6, Dec 79 Collins 70E12 PTO repair (HN) 

W6BlH p. 72, Feb 77 
p. 72. Apr 78 Collins 70K.2 PTO, correcting 

mechanical backlash (HN) 
D. 54, Oct 76 K9WEH p. 58, Feb 75 

Ham-3 rotator, digital readout for 
K1 DG p. 56, Jan 79 

Hammariund HQ215, adding 160-meter coverage 
W2GHK p. 32, Jan 72 

Heath HD.10 keyer, positive lead keying (HN) 
W4VAF p. 68, Nov 78 

Heath HD-1982 Micoder for low-impedance operation 
Johnson, Wesley p. 86, May 78 

Heath HG-100 vfo, independent keying of (HN) 
K4BRR p. 67, Sep 70 

Heath HM-2102 wattmeter, better balancing (HN) 
VE6RF p. 56, Jan 75 

Heath HM-2102 vhf wattmeter, high power 
calibration for (HN) 
W9TKR p. 70, Feb 76 

iquelch, audio.actuated Collins 75A4 avc mod (letter) Heath HM-2102 wattmeter mods (letter) 
K4MOG p. 52, Apr 72 W9KNl p. 63, Sep 75 K3VNR p. 64, Sep 75 

iynthesizer-filter, binaural Collins 75A4 hints (HN) Heath HO-10 as RTTY monitor scope (HN) 
W6NRW p. 52, Nov 76 W6VFR p. 68, Apr 72 K9HVW p. 70, Sep 74 
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Heath HR-2B external speaker and tone pad (HN) 
N l F B  D. 89. Nov 78 

Heath HW-7 mods, keying and receiver 
blanking (HN) 
WA5KPG p. 60. Dec 74 

Heath HW-12 on MARS (HN) 
K8AUH p. 63, Sep 71 

Heath HW-16 keying (HN) 
W7DI p. 57, Dec 73 

Heath HW-16, low.impedance headphones 
for (HN) 
WN6WJR p. 88. Ju! 77 

Heath HW.16, vfc operations for 
WB6MZN p. 54, Mar 73 
Short circuit p. 58, Dec 73 

Heath HW-17A, perking up (HN) p. 70, Aug 70 
rieat?. H'$t.:s, rmlL>a,f,~at,c,7~ tr ,r3 ,  

WASPWX p. 66, Mai  7: 
Heath HW-100. HW.101, grid.current monitor for 

K4MFR p. 46, Feb 73 
Heath HW-100 incremental tuning (HN) 

K1GUU p. 67, Jun 69 
Heath HW-100 tuning knob, loose (HN) 

VE3EPY p. 68, Jun 71 
Heath HW-101 sidetone control (HN) 

AD9M p 79, Jul 19 
Heath HW-101, uslng with a separate receiver (HN) 

WAIMKP p. 63, Oct 73 
Heath HW-202, adding prlvate-line 

WA8AWJ p. 53, Jun 74 
Heath HW-202, another look at the fm channel 

scanner for 
K7PYS p. 68, Mar 76 

Heath HW-202 lamp replacement (HN) 
W5UNF p. 83, Sep 76 

Heath HW-2036 antenna socket (HN) 
W3HCE p. 80, Jan 79 

Heath HW2038; Lever actlon switch illumination (HN) 
W21FR p. 99. Jui 78 

Heath HW2036, outboard LED frequency display 
WB8TJL p. 50. Jui 78 

Heath HW-2036, updating to the HW.2036A 
WBGTMH, WA6ODR p. 62, Mar 79 

Heath HWA-2036-3 crowbar circuit (HN) 
W3HCE p. 88, Nov 78 

Heath IM-11 vtvm, convert to IC voltmeter 
K6VCI p. 42. Dec 74 

Heath intrusion alarm (HN) 
Rossman p. 81, Jun 77 

Heath Micoder improvements 
WlOLP p. 42, Nov 78 

Heath Micoder matching (letter) 
WB8VUN p 8, Sep 78 

Heath SB-100, usina an outboard receiver with (HN) 
K4GMR p. 68, Feb 70 

Heath SB-102 headphone operation (HN) 
K1 KXA P. 87. Oct 77 

Heath SB-102 modifications (HN) 
W2CNQ p 58, Jun 75 

Heath SB-102 modifications (HN) 
W2CNG p. 79, Mar 77 

Heath 88-102 modifications (HN) 
W2CNQ p. 78, Mar 77 

Heath SB.102 modifications (letter) 
WlJE p. 110, Mar 78 

Heath SB-102, rf speech processor for 
W61VI p. 38, Jun 75 

Heath SB-102, receiver incremental tuning for (HN) 
K1 KXA p. 81, Aug 76 

Heath SB-102. WWV on (HNl , , 
K1 KXA 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 
K1 RAK p. 38, Nov 71 

Heath SB-200 CW modification 
K6Y B p. 99, Nov 77 

Heath SB-303, 10-MHz coverage for (HN) 
WlJE p 61, Feb 74 

Heath SB-400 and SB-401, lmprovlng alc 
response in (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 
K2BYM 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) 
WA4VYL p. 54, Jun 73 

Heathkit Micoder adapted to low.im~edance 
input (HN) 
WB2GXF p. 78, Aug 79 

Heathkit HW-8, increased break-in delay (HN) 
K6Y B p. 84, Jun 79 

Heathklt SB-series equipment, heterodyne 
crystal switching (HN) 
K1 KXA p 78, Mar 77 

Heath ten-minute timer 
K6KA p. 75, Dec 71 

Heathkit Sixer, spot switch (HN) 
WA6FNR p. 84, Dec 69 

Heathkit, noise limiter for (HN) 
W7CKH p. 67, Mar 71 

Heathkit HW202, fm channel scanner for 
W7BZ p. 41. Feb 75 

Henry 2K4 and 3KA !inears. electron~c 
bias switching 
WICBy p. 75. Aug 78 

Hy-Gain 400 rotator, improved Indicator 
system for 
h 4 F S  0 .  6ii. M a y  78 

HF'-35 caicuiatoi, herboaid i ieaning (HNj 
Anderson, Leonard H. p. 40. Jui 78 

ICOM-22A wiring change (HN) 
K l  KXA p. 73, Feb 77 

ICOM IC-22s. using below 146 MHz (HN) 
W l l B l  p. 92, Apr 79 

ICOM IC-230, adding splinter channels (HN) 
WAlOJX p. 82, Sep 76 

!CS, drilling template for ( H N l  
WAPWDL, WB4LJM p 78, Mar 77 

Johnson Matchbox. improved 
K4IHV p. 45. Jul 79 
Short circuit p. 92, Sep 79 

Kenwood TR7500, preprogrammed (HN) 
W9KNI p. 95, Oct 78 

Kenwood TS-520 CW filter modification (HN) 
W7ZZ p. 21, Nov 75 

Kenwood TS-520, TVI cure for (HN) 
W3FUN p. 78, Jan 77 

Knlght.kit inverterlcharger review 
W 1 DTY p. 64, Apr 69 

Knight-kit two-meter transceiver 
W l  DTY p. 62, Jun 70 

Measurements Corporat~on 59 grid-dip 
oscillator improvements 
W6GXN p. 82, Nov 78 

Micro Mart RM terminal modification (HN) 
WA5VQK p. 99, Jun 78 

Mini-mitter II 
W6SLQ p. 72, Dec 71 

Mini-m~tter I1 modifications (HN) 
K l  ETU p. 64, Apr 76 

Motorola channel elements 
WB4NEX p. 32, Dec 72 

Motorola Dispatcher, converting to 12 volts 
WBGHXU p. 26, Jul 72 
Short circuit p. 64, Mar 74 

Motorola fm receiver mods (HN) 
VE4RE p. 60. Aug 71 

Motorola P.33 series, Improving 
WB2AEB p. 34, Feb 71 

Motorola receivers, op-amp relay for 
W6GDO p. 16, Jui 73 

Mororoia voice commander, lmprovlng 
WQDKU p. 70, Oct 70 

Motrac Receivers (letter) 
K5ZBA p. 69, Jul 71 

National NCL-2000, using the Drake T.4XC (HN) 
K5ER p. 94, Jan 78 

Regency HR transceivers, signal-peaking 
indicator and generator for (HN) 
W8HVG p. 68, Jun 76 

Regency HR-2, narrowbandlng 
WA8TMP p.44, Dec 73 

Regency HR.212, channel scanner for 
WAtSJK p. 28, Mar 75 

R-392 receiver mods (HN) 
KH6FOX p. 65, Apr 76 

SEE linear amplifier tips (HN) 
WA6DCW p. 71, Mar 69 

SB3011401, Improved sidetone operation 
WlWLZ p. 73, Oct 69 

Signal One review 
WINLB p. 56. May 69 

Spurious causes (HN) 
K6KA p. 66, Jan 74 

Standard 826M, more power from (HN) 
WB6KVF p. 68, Apr 75 

Swan television interference: an 
effective remedy 
W2OUX p. 46, Apr 71 

Swan 160X birdie suppression (HN) 
W6SAI p. 36, Oct 78 

Swan 250 Carrier suppression (HN) 
WB8LGA p. 79, Oct 76 

Swan 350, curing frequency drift 
WA6IPH p. 42, Aug 79 

Swan 350 CW monitor (HN) 
K l  KXA p 63, Jun 72 
Correction (letter) p. 77, May 73 

Swan 350. receiver incremental tuning (HN) 
K l  KXA p. 64, Jul 71 

Swan 350 and 400, RTTY operation (HN) 
WB2MIC p. 67. Aug 69 

Swan 250, update your (HN) 
K8ZHZ p. 84, Dec 69 

Telefax transceiver conversion 

K W M R  p. 16, Apr 74 
Ten-Tec Argonaut, accessory package for 

W7BBX p. 26, Apr 74 
Ten Tec Hor:zon:? aodic modif,cation (HN) 

WB9RKN p. 79, Oct 79 
Ten-Tec KR-20 keyer, stabilization of (HN) 

W3CRG p. 69, Jul 76 
Ten-Tec RX10 communicators receiver 

WINLB 
T.r- 

p. 63, Jun 71 
,auk i lequen~:.  i ! a t i ~ : ~ l ~  .nN, 
WB2MCP p. i 0 ,  Api 69 

Yaesu sideband swilching (HN) 
WZMUU p. 56, Dec 73 

Yaesu spurious signals (HN) 
K6KA p. 69, Dec 71 
Units affected (letter) p. 67, Oct 73 

Yaesu FT101 clarifier (letter) 
KINUN p. 55, Nov 75 

YaPsu FT 2279 memorizer !mprovr< rrem-ry 1HNl 
WA2DHF p. 79. Aug 79 

construction 
techniques 
AC line cords (letter) 

W6EG p. 80, Dec 71 
Aluminum tubing, clamping (HN) 

WA9HUV p. 78, May 75 
Anodize dyes (letter) 

W4MB p. 6, Sep 79 
Anodizing aluminum 

VE7DKR p. 62, Jan 79 
Comments, WA9UXK p. 8, Nov 79 

Antenna insulators, homemade (HN) 
W7ZC p. 70, May 73 

APC trimmer, adding shaft to (HN) 
W 1 ETT p. 68, Jul 69 

Blower.to-chassis adapter (HN) 
K6JYO p. 73, Feb 71 

BNC connectors, mounting (HN) 
W9KXJ p. 70, Jan 70 

Cabinet construction techniques 
W7KDM p. 76, Mar 79 

Capacitors, custom, now to make 
WBBESV p. 36, Feb 77 

Capacitors, oil-filled (HN) 
WPOLU p. 66, Dec 72 

Center insulator, dipole 
WAIABP p. 69, May 69 

Circuit boards with terminal inserts (HN) 
W3KBM p. 61, Nov 75 

Cliplead carousel (HN) 
WBlAQM p. 79, Oct 79 

Coaxial cable connectors (HN) 
WAIABP p. 71, Mar 69 

Coax connectors, repairing broken (HN) 
WOHKF p. 66, Jun 70 

Coax relay coils, another use (HN) 
KQVQY p. 72, Aug 69 

Coils, self-supporting 
Anderson p. 42, Jul 77 

Cold galvanizing compound (HN) 
W5UNF p. 70, Sep 72 

Color coding parts (HN) 
WA7BPO p. 58, Feb 72 

Component marking (HN) 
WlJE p. 66, Nov 71 

Crystal switching, remote (HN) 
WA8Y BT p. 91, Feb 79 

Drill guide (HN) 
W5BVF p. 68, Oct 71 

Drilling aluminum (HN) 
W61L p. 67, Sep 75 

Enclosures, homebrew custom 
W4YUU p. 50, July 74 

Etch tank (HN) 
W3HUC p. 79, Jan 77 

Exploding diodes (HN) 
VE3FEZ p. 57, Dec 73 

Ferrite beads 
W5JJ p. 48, Oct 70 

Files, cleaning (HN) 
Walton p. 66, Jun 74 

Ferrite beads, how to use 
KlORV p. 34, Mar 73 

Grounding (HN) 
W9KXJ p. 67, Jun 69 
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Heat sinks, homemade (HN) 
WAOWOZ p 69, Sep 70 

Hornebrew art 
WOPEM p. 56, Jun 69 

Hot etching (HN) 
K8EKG p. 66, Jan 73 

Hot wire strlpper (HNI 
W8DWT p. 67, Nov 71 

IC hoiders (HN) 
W3HUC p. 80, Aug 76 

IC lead former (HN) 
W5iCV p. 67, Jan 74 

lndlcator circult, LED 
WB6AFT p. 60, Apr 77 

Inductance, toroidai coil (HN) 
W3WLX p. 26, Sep 75 

Inductors. graphical aid for winding 
W7POG p. 41, Apr 77 

Lightning protection (letter) 
K9MM p. 12, Dec 79 

Magnetic flelds and the 7360 (HN) 
W7DI p. 66, Sep 73 

Metallzed capacitors (HN) 
W8Y FB p. 82, May 79 

Metric conversions for screw and wire sizes 
, . . - -. . 
v v i v t ~  p. ti/, Sep 75 

Microcircuits, visuai atds for working on 
K9SRL p. 90, Jul 78 

Miniature sockets (HN) 
Lawyer p. 84, Dec 69 

Minibox, cutting down to size (HN) 
W2OUX p. 57, Mar 74 

Mobile instailation, putting together 
W0FCH p. 36, Aug 69 

Mobile mount bracket (HN) 
W4NJF p. 70, Feb 70 

Modular converter, 144-MHz 
W6UOV p. 64, Oct 70 

Neutralizing tip (HN) 
ZE6JP p. 69, Dec 72 

Noisy fans (HN) 
W8I U F p. 70, Nov 72 
Correction (letter) p.  67, Oct 73 

Nuvistor heat sinks (HN) 
WAOKKC p. 57, Dec 73 

Parasitic suppressor (HN) 
WA9JMY p. 80, Apr 70 

Phone plug wiring (HN) 
NIFB p. 85, Jun 79 

Printed-circuit boards, cleaning (HN) 
W5BVF p. 66, Mar 71 

Printed-circuit boards, how to clean 
K2PMA 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 
Comments, W5TKP p. 6, Jun 79 

Printed-circuit standards (HN) 
W6JVE p. 58, Apr 74 

Printed-circuit tool (HN) 
W2GZ 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 
KIEUJ 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 lettering (HN) 
W8CL p, 69, Jan 73 

Screwdriver, adjustment (HN) 
WAOKGS 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 tip (HN) 
Lawyer p. 68, Feb 70 

Soldering tip cleaner (HN) 
W3HUC p. 79, Oct 76 

joldering tips 
WA4MTH p. 15, May 76 

Thumbwheei swltch modification (HN) 
VE3GDX p. 56, Mar 74 

Toroids, plug-in (HN) 
K8EEG p. 60, Jan 72 

Transfer ietters (HN) 
WA2TGL p. 78, Oct 76 

Transformers, repairing 
W6NIF p. 66. Mar 69 

Trimmers (HN) 
W5LHG p. 76, Nov 69 

Uhf coax connectors (HN) 
WOLCP p. 70, Sep 72 

Uhf hardware (HN) 
W6CMQ p. 76, Oct 70 

Underwrtter's knot (HN) 
WIDTY p. 69, May 69 

Vectorboard tool (HN) 
WAIKWJ p 70, Apr 72 

Volume controls, nosy ,  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 

Wlrlng and grounding 
W I EZT p. 44, Jun 69 

Workbench, electronic 
WIEZT p. 50, Oct 70 

digital techniques 
Baslc rules and gates 

Anderson, Leonard H. p. 76, Jan 79 
Counters and weights 

Anderson, Leonard H. p. 66, Aug 79 
Digiscope 

W B K L H  p. 50, Jun 79 
Down counters 

Anderson, Leonard H. p. 72, Sep 79 
Flip-flop internal structure 

Anderson, Leonard H. p. 86, Apr 79 
Gate arrays for pattern generation 

Anderson, Leonard H. p. 72, Oct 79 
Gate structure and logic families 

Anderson, Leonard H. p. 66, Feb 79 
Multivibrators and analog input interfacing 

Anderson, Leonard H. p. 78, Jun 79 
Packet radio, introduction to 

VE2BEN p. 64, Jun 79 
Propagation delay and flip-flops 

Anderson, Leonard H. p. 82, Mar 79 
Self-gating the 82590174S196 decade counter (HN) 

W9LL p. 82, May 79 
Talking digital clock 

K9KV p, 30, Ocl 79 

features and fiction 
Alarm, burgiar-proof (HN) 

Eisenbrandt p. 56, Dec 75 
Binding 1970 issues of ham radio (HN) 

WlDHZ p. 72, Feb 71 
Brass pounding on wheels 

K6QD p. 58, Mar 75 
Catalina wireless, 1902 

W6BLZ p. 32, Apr 70 
Fire protection in the ham shack 

Darr p. 54, Jan 71 
First wireless in Alaska 

W6BLZ p. 48, Apr 73 
Haliicrafters history 

W6SAI p. 20, Nov 79 
Ham Radio sweepstakes winners, 1972 

WINLB p. 58, Jul 72 
Ham Radio sweepstakes winners, 1973 

WINLB p. 68, Jul 73 
Ham Radio sweepstakes winners, 1975 

WINLB p. 54, Jul 75 
Hellschreiber, a rediscovery 

P A K X  p. 28, Dec 79 
Jammer problem, solutions for 

UX3PU p. 56. Apr 79 
Comments p 6. Sep 79 

Nostalgia w ~ t h  a vengance 
WGHDM 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 
D. 58. Oct 76 

Use your old magazines 
Foster p. 52, Jan 70 

Wlreless Point Loma 
W6BLZ p. 54, Apr 69 

1929-1941. the Goiden years of amateur radio 
W6SAI p. 34, Apr 76 

1979 world administrative radio conference 
W6APW p. 48, Feb 76 

fm and repeaters 
Amateur fm, ciose look at 

W2Y E p. 46, Aug 79 
Antenna and controi-link calculations 

for repeater licensing 
W7PUG p. 58, Nov i 3  
Short circuit p. 59, Dec 73 

Antenna design for omnidirecttonal 
repeater coverage 
N9SN p. 20, Sep 79 

Antennas, simple, for two-meter fm 
WA3NFW D. 30. Mav 73 

Antenna, two-meter fm (HN) 
WB6KYE p. 64, May 71 

Antenna, 518-wavelength, twometer 
K6KLO p. 40, Jui 74 

Antenna, 518 wavelength two-meter, 
build from CB mob~le  whips (HN) 
WB4WSU p. 67, Jun 74 

Automatically controlled access 
to open repeaters 
WBGRG p. 22, Mar 74 

Autopatch system for vhf fm repeaters 
WBGRG p. 32, Jul 74 

Base station, two-meter fm 
W9JTQ p. 22, Aug 73 

Carrier-operated relay 
KOPHF, WAOUZO p. 58, Nov 72 

Carrier-operated relay and call monitor 
VE4RE p. 22, Jun 71 

Cavity filter, 144.MHz 
WISNN p 22, Dec 73 

Channel scanner 
W2FPP p. 29, Aug 71 

Channels, three from two (HN) 
VE7ABK p. 68, Jun 71 

Charger, fet-controlled for nicad batteries 
WAWY K p.  46, Aug 75 

Collinear antenna for two meters, nine- 
element 
W6RJO p. 12, May 72 

Collinear array for two meters. 4-element 
WB6KGF p. 6, May 71 

Command function debugging c i rcu~t  
WA7HFY p. 84, Jun 78 

Continuous tuning for fm 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 
WGGXN p. 22, Jun 76 

Deviation measurement (letter) 
K5ZBA p. 68, May 71 

Deviation measurements 
W3FQJ p. 52, Feb 72 

Deviation, measuring 
N6UE p. 20, Jan 79 

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 
WAWYK D. 67. Oct 75 

D~stortion in fm systems 
W5JJ p. 26, Aug 69 

Encoder, comblned dig~tal  and burst 
K8AUH p. 48, Aug 69 

European vhf.fm repeaters 
SM4GL p. 80, Sep 76 

External frequency programmer (HN) 
WB9VWM p. 92, Apr 79 

Filter, 455-kHz for fm 
WAWYK p. 22, Mar 72 

Fm demodulator uslng the phase-iocked loop 
KL7IPS P. 74, Sep 78 
Comments 
Anderson, Leonard H p. 6, Apr 79 
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Fm demodulator, TTL 
W3FQJ p. 66, Nov 72 

Fm receiver frequency controi (ietter) 
W3AFN p. 65, Apr 71 

Fm techniques and practices for vhf amateurs 
W6SAI p. 8, Sep 69 
Short circuit p. 79, Jun 70 

Fm transmitter, solid-state two-meter 
W6AJF p. 14, Jui 71 

Fm transmitter, Sonobaby, 2 meter 
WAWZO p. 8, Oct 71 
Short circuit p. 96, Dec 71 
Crystal deck for Sonobaby p. 26, Oct 72 

Folded whip antenna for vhf mobile - Weekender 
WB2IFV p. 50, Apr 79 

Frequency meter, two-meter fm 
W4JAZ p. 40, Jan 71 

Shorl circu!! p. 72. Aor :i 
Frequency synthesizer, inexpensive 

all-channel, for two-meter fm 
WGQA p. 50, Aug 73 
Correction (letter) p. 65, Jun 74 

Frequencysynthesizer, one-crystal 
for two-meter fm 
W0MV p. 30, Sep 73 

Frequency synthesizer, for two-meter fm 
WB4FPY 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 76 

High performance vhf fm transmitter 
WA2GCF 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, Jui 69 

I-f system, multimode 
WA2lKL p. 39, Sep 71 

Indicator, sensitive rf 
WB9DNI p. 38, Apr 73 

Interface problems, fm equipment (HN) 
W9DPY p. 58, Jun 75 

interference, scanning receiver (HN) 
K2YAH p. 70, Sep 72 

Logic oscillator for multi-channel 
crystal controi 
WlSNN p. 46, Jun 73 

Magnet mount antenna, portable (HN) 
WB2YYU p. 67, May 76 

Mobile antenna, magnet-mount 
WlHCI p. 54, Sep 75 

Mobile antennas, vhf, comparison of 
W4MNW p. 52, May 77 

Mobile operation with the Touch-Tone pad 
WQLPQ p. 58, Aug 72 
Correction p. 90, Dec 72 
Modification (letter) p. 72, Apr 73 

Mobile rig, protecting from theft (C&T) 
W 1 DTY p. 42, Apr 76 

Modulation standards for vhf fm 
W6TEE p. 16, Jun 70 

Monitor receivers, two-meter fm 
WB5EMi p. 34, Apr 74 

Motorola channel elements 
WB4NEX p. 32, Dec 72 

Motorola fm receiver mods (HN) 
VE4RE p. 60, Aug 71 

Motoroia P.33 series, improving the 
WB2AEB p, 34, Feb 71 

Motorola voice commander, improving 
W0DKU p. 70, Oct 70 

Motrac receivers (letter) 
K5ZBA p. 69, Jui 71 

Multimode transceivers, fm-ing on uhf (HN) 
W6SAI p. 98, Nov 77 

Ni-cad charger, any-state 
WA6TBC p. 66, Dec 79 

Phaselocked loop, tunable, 26 and 50 MHz 
WlKNl p. 40, Jan 73 

Phase modulation principles and techniques 
VEZBEN p. 26, Jul 75 
Correction p. 59, Dec 75 

Power amplifier, rf 220.MHz fm 
K7JUE p. 6, Sep 73 

Power arnpiifier, rf, 144 MHz 
Hatchett p. 6, Dec 73 

Power arnpiifier, rf, 144-MHz fm 
W4CGC p. 6, Apr 73 

Power amplifier, two-meter fm, 10-watt 
WlDTY p. 67, Jan 74 

Power supply, regulated ac for mobile 
fm equipment 
WA8TMP p. 26, Jun 73 

Preamplifier for handi-talkies 
WB21FV 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 
WABAWJ p. 53, Jun 74 

Push.to.taik for Styleline telephones 
WlDRP p. 18, Dec 71 

Receiver alignment techniques, vhf fm 
K4lPV p. 14, Aug 75 

Receiver for six and two meters, 
multichannel fm 
WlSNN p. 54, Feb 74 

Receiver for two meter, fm 
W9SEK p. 22, Sep 70 
Short circuit p. 72, Apr 71 

Receiver isolation, fm repeater (HN) 
W 1 DTY p. 54, Dec 70 

Receiver, modular fm communications 
KBAUH p. 32, Jun 69 
Correction p. 71. Jan 70 

Receiver, modular, for two-meter im 
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 fm 
K8AUH p. 34, Nov 71 

Receiver, vhf fm 
WA2GCF p. 6, Nov 72 

Receiver, vhf fm 
WA2GCF p. 8, Nov 75 

Receiver, vhf fm (letter) 
K81HQ p. 76, May 73 

Receivers, setup using hf harmonics (HN) 
K9MM p. 89, Nov 78 

Relay, operational-amplifier, for 
Motoroia receivers 
W6GDO p. 16, Jul 73 

Remote base, an alternative to repeaters 
WAGLEV, WA6FVC p. 32, Apr 77 

Repeater channel spacing (letter] 
WB6JPI p. 90, Jan 78 

Repeater control with simple timers 
W2FPP p. 46, Sap 72 
Correction p. 91, Dec 72 

Repeater decoder, multi-function 
WA6TBC p. 24, Jan 73 

Repeater installation 
W2FPP p. 24, Jun 73 

Repeater jammers, tracking down 
W4MB p. 56, Sep 78 

Repeater kerchunk eliminator 
WB6GTM p. 70, Oct 77 

Repeater linking, carrier-operated relay for 
K0PH F p. 57, Jul 76 

Repeater problems 
VE7ABK p. 38, Mar 71 

Repeater, receiving system degradation 
K5ZBA p. 36, May 69 

Repeater transmitter, improving 
W6GDO p. 24, Oct 69 

Repeater shack temperature, remote checking 
ZL2AMJ p. 84, Sep 77 

Repeaters, singie.frequency fm 
W2FPP p. 40, Nov 73 

Reset timer, automatic 
W5ZHV 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 fm 
WA2GCF p. 26, Nov 74 

Scanning receiver modifications, vhf fm 
WA5WOU p. 60, Feb 74 

Scanning receivers for two-meter fm 
K4iPV p. 28, Aug 74 

Sequential encoder, mobile fm 
W3JJU p. 34, Sep 71 

Sequential switching for Touch-Tone 
repeater control 
WBGRG p. 22, Jun 71 

Repeater interference: some corrective actions 
W4MB p. 54, Apr 76 

Simple scope monitor for vhf fm 
WIRHN p. 66, Aug 78 

Single-frequency conversion, vhfluhf 
W3FQJ p. 62, Apr 75 

Singie.sideband fm, introduction to 
W3EJD p. 10, Jan 77 

Single-tone decoder 
WA2UMY p. 70, Aug 76 

S-meter, audible, for repeaters 
ZL2AMJ p. 49, Mar 77 

S-meter for Ciegg 278 (HN) 
WA2YUD p. 61, Nov 74 

Solar powered repeater design 
WB5REAIWB5RSN p 26. Dec 78 

Squelch-audio ampiifier for 
fm receivers 
WB4WSU p. 68, Sep 74 

Squelch circuit, another (HN) 
WB4WSU p. 78, Oct 76 

Squeish circuits !r?r transistor rad'cs 
WB4WSU p. 36. Dec 75 

Subaudibie tone encoders and decoders 
W8GRG p. 26, Jul 78 

Synthesized channel scanning 
WAWZO p. 68, Mar 77 

Synthesized two-meter fm transceiver 
WlCMR, KllJZ p. 10, Jan 76 
Letter, W5GQV p. 78, Sep 76 

Synthesizer. 144 MHz. 800-channei 
K4VB, WA4GJT p. 10, Jan 79 

Synthesizer, 144-MHz CMOS 
K9LHA p. 14, Dec 79 

Telephone controller, automatic for 
your repeater 
KBPHF, WAWZO p. 44, Nov 74 

Telephone controller for remote repeater 
operation 
KQPHF, WAWZO p. 50, Jan 76 
Precautions (letter) p. 79, Apr 77 

Test set for Motoroia radios 
KOBKD p. 12, Nov 73 
Short circuit p. 58, Dec 73 
Added note (letter) p. 64, Jun 74 

Time-out warning indicator for fm repeater users 
K3NEZ p. 62, Jun 76 

Timer, simple (HN) 
W3CiX p. 58, Mar 73 

Tone-aiert decoder 
W8ZXH p. 64, Nov 78 

Tone.burst generator (HN) 
K4COF p. 58, Mar 73 

Toneburst generator for repeater accessing 
WA5KPG p. 68, Sep 77 
Short circuit p. 94, Feb 79 

Tone-burst keyer for fm repeaters 
W6GRG p. 36. Jan 72 

Tone encoder and secondary frequency 
oscillator (HN) 
KBAUH p. 66, Jun 69 

Tone encoder, universal for vhf fm 
W6FUB p. 17, Jui 75 
Correction p. 58, Dec 75 

Tone generator, IC 
Ahrens p. 70, Feb 77 

Tone generator, IC (HN) 
W6IPB p. 88, Mar 79 

Touch-tone circuit, mobiie 
K7QWR p. 50, Mar 73 

Touch-tone decoder, IC 
W3QG p. 26, Jul 78 

Touch-tone decoder, multi-function 
KQPHF, WAWZO 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 
K2YAH 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, twometer fm 
W9SEK p. 6, Apr 72 

Tunable receiver modification for vhf fm 
WB6VKY p. 40, Oct 74 

Twometer synthesizer, direct output 
WB2CPA p. 10, Aug 77 
Short circuit p. 68, Dec 77 

144-MHz synthesizer, direct output 
WB2CPA p. 10, Aug 77 

144-MHz synthesizer, direct output (letter) 
WB6JPI p. 90, Jan 76 

Upldown repeater-mode circuit for 
two-meter synthesizers, 600 kHz 
WB4PHO p. 40, Jan 77 
Short circuit p. 94, May 77 
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Verticai antennas, truth about 516-wavelength 
KQDOK p. 46, May 74 
Added note (letter) p. 54, Jan 75 

Weather monitor receiver, retune to 
two-meter fm (HN) 
W3WTO p. 56. Jan 75 

Whrp. 516-wave, 144 MHz (HN) 
VE3DDD p. 70, Apr 73 

144-MHz digital synthes~zers, readout display 
WB4TZE p. 47, Jul 76 

144-MHz fm exciter, high performance 
WA2GCF p. 10, Aug 76 

144-MHz mobile antenna (HN) 
W2EUQ p. 80, Mar 77 

144-MHz VertlCal mobile antennas, 114 and 
516 wavelength, test data on 
WPLTJ, W2CQH p. 46, May 76 

144-MHz, 518-wavelength vertical antenna 
WlRHN p. 50, Mar 76 

144-MHz 518-wavelength, verticai antenna 
for mobile 
K4LPQ p. 42. May 76 

144-MHz synthesizer, direct output 
WBZCPA p. 10, Aug 77 

144-MHz synthesizer, direct output (letter) 
WB6JPI p. 90, Jan 78 

220 MHz frequency synthesizer 
W6GXN p. 8. Dec 74 

150-MHz preamplifier and converter 
WAPGCF p. 40, Jul 75 

integrated circuits 
Sctive filters 

K6JM p. 70, Feb 78 
Smplifiers, broadband IC 

W6GXN p. 36. Jun 73 
4ppiications, potpourri of IC 

W1 DTY, Thorpe p. 8, May 69 
4udio-power lCs 

W3FQJ p.  64, Jan 76 
3alanced modulator, an integrated.circuit 

K7QWR p. 6, Sep 70 
:mos logic circuits 

W3FQJ p. 50, Jun 75 
2MOS programmable divide-by-N counter (HN) 

W7BZ p. 94, Jan 78 
:ounter gating sources 

K6KA p. 48, Nov 70 
:ounter reset generator (HN) 

W3KBM p. 68, Jan 73 
: L logic circuit 

W 1 DTY p. 4, Mar 75 
Iigital counters (letter) 

WIGGN p. 76, May 73 
Iigital ICs, part i 

W3FQJ p. 41, Mar 72 
)igital ICs, part II 

W3FQJ p. 58, Apr 72 
Correction p. 66, Nov 72 

)igital mixers 
WB81FM p. 42, Dec 73 

)igital multivibrators 
W3FQJ p. 42, Jun 72 

)igital oscillators and dividers 
W3FQJ p. 62, Aug 72 

)igital readout station accessory, part I 
K6KA p. 6, Feb 72 

)igital station accessory, part I i 
K6KA p. 50, Mar 72 

)igital station accessory, part I l l  
K6KA p. 36, Apr 72 

iivide-by-n counters, high-speed 
WlOOP p. 36, Mar 76 

:lectronic counter dials, IC 
K6KA p. 44, Sep 70 

lectronic keyer, cosmos IC 
WBZDFA p. 6, Jun 74 
Short circuit p. 62, Dec 74 

mitter-coupled logic 
W3FQJ p. 62, Sep 72 

xar XR-205 waveform generator as capacitance 
meter (HN) 
W6WR D. 79. Jul 79 

lip-flops 
W3FQJ 

lop-flip, using (HN) 
W3KBM 

p. 60, Jul 72 

p. 60, Feb 72 
unctlon generator, IC 
W l  DTY p 40, Aug 71 

unctlon generator, IC 
K4DHC p 22, Jun 74 

aln control LC for audlo slgnal processing 
Jung p 47, Jul 77 
: 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 

integrated circuits, part II 
W3FQJ p. 58, Jul 71 

lntegrated circuits, part I l l  
W3FQJ p. 50, Aug 71 

I L logic clrcults 
W1 DTY p. 4, Nov 75 

Logic families. IC 
W6GXN p. 26, Jan 74 

Logic monitor (HN) 
WASSAF 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 circuit p. 58, Dec 73 

Low-cost linear iCs 
WA7KRE p. 20, Oct 69 

Mlssent ID 
K6KA p. 25, Apr 76 

Modular modulos 
W9SEK p. 63, Aug 70 

Multi-function integrated circuits 
W3FQJ p. 46, Oct 72 

National LM373, using in ssb transceiver 
W5BAA p. 32, Nov 73 

Op amp challenges the 741 
WA5SNZ p. 76, Jan 78 

Op amp (741) circuit design 
WA5SNZ p. 26, Apr 76 

Operational amplifiers 
WB2EGZ p. 6, Nov 69 

Phase.locked loops, IC 
W3FQJ p. 54, Sep 71 

Phase-locked loops, IC, experiments with 
W3FQJ p. 58, Oct 71 

Plessey SL6OO-series ICs, how to use 
G8FNT p.26, Feb73 

Removing ICs (HN) 
W6NIF p. 71, Aug 70 

Seven-segment readouts, multiplexed 
W5NPD p. 37, Jul 75 

Socket label for ICs (HN) 
WA4WDL, WB4LJM p. 94, Jan 78 

Ssb detector, IC (HN) 
K4ODS p. 67, Dec 72 
Correction (letter) p. 72, Apr 73 

Ssb equipment, using TTL ICs in 
G4ADJ p. 16, Nov 75 

Surplus ICs (HN) 
W4AYV p. 68, Jui 70 

Sync generator, IC, for ATV 
W0KGl p. 34, Jul 75 

Transceiver, 9-MHz ssb, IC 
G3ZVC p. 34, Aug 74 
Circuit change (letter) p. 62, Sep 75 

TTL oscillator (HN) 
WB6VZM p. 77, Feb 78 

TTL sub-series ICs, how to select 
WAISNG p. 26, Dec 77 

UIART, how it works 
Titus p 58, Feb 76 

Using ICs with single-polarity 
power supplies 
WPEEY p. 35, Sep 69 

Using integrated circuits (HN) 
W9KXJ p. 69, May 69 

Voltage regulators 
W6GXN D. 31. Mar 77 

Voltage regulators, IC 
W7FLC p 22 Oct 70 

Voltage-regulator ICs, adjustable 
WB9KEY p 36, Aug 75 

Voltage-regulator ICs, three termlnal 
WB5EMi p 26, Dec 73 
Added note (letter) p 73, Sep 74 

Vtvm, convert to an lC voltmeter 
K6VCI p 42, Dec 74 

555 tlmer operational characterlstlcs 
WB6FOC p 32, Mar 79 

keying and control 
Accu-keyer speed readout 

K5MAT p 60, Sep 79 
ACCU-Mlll.)teyboard ~nterface for the Accu-Keyer 

WN9OVY p 26, Sep 76 

ASCII-to-Morse code translator 
Morley. Scharon p. 41, Dec 76 

Automatic beeper for station control 
WAGURN p. 36, Sep 76 

Biquad bandpass filter for CW 
NODE p. 70, Jun 79 
Short circuit p. 92, Sep 79 
Comments p.  6, Nov 79 

Break-in circuit, CW 
W6SY K p. 40, Jan 72 

Break-in control system, IC (HN) 
W9ZTK p. 68, Sep 70 

Bug, solid-state 
K2FV p. 50, Jun 73 

Carrier-operated relay 
KQPHF, WAQUZO p. 58, k v  72 

CMOS keyer. simple 
HB9ABO p. 70, Jan 79 

Cmos keying circuits (HN) 
WBZDFA p. 57, Jan 75 

Code speed. cou.nter 
K8TT p. 86, Feb 79 

Constant pitch monitor for cathode or gr~d-block 
keyed transmitters (HN) 
K4G M R p. 100, Sep 76 

Contest keyer (HN) 
K2UBC p. 79, Apr 70 

Contest keyer, programmable 
W7BBX p. 10, Apr 76 

CW break-in, quieting amplifiers for 
WIDE p. 46, Jan 79 

CW operator's PAL 
WZYE p. 23, Apr 79 

CW reception, enhancing through a 
simulated-stereo technique 
WAIMKP p. 61, Oct 74 

CW regenerator for interference-free 
communications 
Leward, WBPEAX p. 54, Apr 74 

CW signal processor 
W7KGZ p. 34, Oct 78 
Comments, VE3CBJ p. 6, Jun 79 

CW sldetone (C&T) 
WlDTY p. 51, Jun 76 

Dasher 
KH6JF p. 68, Mar 79 

Deluxe memory keyer with 3072-bit capacity 
W3VT p. 32, Apr 79 
Short circuit p. 92. Sep 79 

Differential keying circuit 
W41YB p. 60, Aug 76 

Electronic hand keyer 
K5TCK p. 36, Jun 71 

Electronic keyer 
OK31A p. 10, Apr 78 

Electronic keyer, cosmos IC 
WB2DFA p. 6, Jun 74 
Short circuit p. 62, Dec 74 

Electornic keyer, IC 
VE7BFK p. 32, Nov 69 

Electronic keyer notes (HN) 
Z L l  BN p. 74, Dec 71 

Electronic.keyer package, compact 
W4ATE p. 50, Nov 73 

Electronic keyer with random-access memory 
WB9FHC p. 6, Oct 73 
Corrections (letter) p. 58, Dec 74 

p. 57, Jun 75 
Improvements (letter) p. 76. Feb 77 
Increased felxibility (HN) p.  6 2  Mar 75 

Electronic keyer, 8043 IC 
W6GXN p. 8, Apr 75 

Electronic keyers, simple IC 
WA5TRS p. 38, Mar 73 

End-of-transmission K generator 
G8KGV p. 58, Oct 79 

Grid-block keying, simple (HN) 
WA4DHU p. 78, Apr 70 

Improving transmiiter keying 
KeKA p. 44, Jun 76 

Key and vox clicks (HN) 
K6KA p. 74, Aug 72 

Keyboard electronic keyer, the code mill 
W6CAB p. 98, Nov 74 

Keying, paddle, Siamese 
WA5KPG p. 45, Jan 75 

Keyer modification (HN) 
W9KNI p. 80, Aug 76 
Comments p. 94, Nov 77 

Keyer mods, micro-TO 
DJ9RP p. 68, Jul 76 

Keyer paddle, portable 
WA5KPG p. 52, Feb 77 

Keyer with memory (letter) 
Hansen, William p. 6, Dec 79 

Keying the Heath HG-108 vfo (HN) 
K4BRR p. 67, Sep 70 
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Key toggle 
W6NRW 

Latch circuit, dc 
W0LPQ 
Correction 

Memo-key 
WA7SCB 

Memory accessory, programmable 
for electronic keyers 
WA9LUD 

MI~I-paddle 
KGRIL 

Morse generator, keyboard 
W7CUU 

Morse sounder, radio controlled (HN) 
K6QEQ 

Oscillators, electronic keyer 
WAGJNJ 

Paddle, eiectron~c keyer (HN) 
KL7EVD 

Paddle for electronic keyers 
ZS6AL 

Paddle, homebrew keyer 
W3NK 

Programmable accessory for electronic 
(HN) 
K9WGNIWWSL 

Push-to-talk for Styleline telephones 
WlDRP 

RAM keyer update 
K3NEZ 

Relay activator (HN) 
K6KA 

Relays, surplus (HN) 
WPOLU 

Relay, transistor replaces (HN) 
W3NK 

Relays, undervoltaae (HN) 
WZOLU 

Remote keylng your transmitter (HN) 
WA3HOU 

Reset timer, automatic 
W5ZHV 

Sequential switching (HN) 
W5OSF 

Step-start circuit, high-voltage (HN) 
W6VFR 

Suppression networks, arc (HN) 
WA5EKA 

Time base, calibrated electronic keyer 
WlPLJ 

Timer, ten-minute (HN) 
DJ9RP 

Transistor switching for 
electronic keyers (HN) 
WBQBQ 

Transmitireceive switch PIN diode 
W9KHC 

Typewriter-type electronic keys, 
further automation for 
W6PRO 

Vox, IC 
WPEEY 

Vox keying (HN) 
VE71G 

Vox. versatile 
W9KIT 
Short circuit 

p. 50, Mar 79 

p. 42, Aug 75 
p. 58, Dec 75 

p. 58, Jun 72 

p 24, Aug 75 

p 46, Feb 69 

p 36, Apr 75 

p 66, Oct 71 

D 44 JLlr i G  

p 68, Sep 72 

p. 28, Apr 78 

p. 43, May 69 
keyers 

p. 81, Aug 78 

p. 18, Dec 71 

p. 60, Jan 76 

p. 62, Sep 71 

p. 70, Jul 70 

p. 72, Jan 70 

p. 64, Mar 71 

p. 74, Oct 69 

p. 54, Oct 74 

p. 63, Oct 72 

p. 64, Sep 71 

p. 70, Jul 73 

p. 39, Aug 75 

p. 66, Nov 76 

p. 66, J u r ~  74 

p. 10, May 76 

p. 26, Mar 70 

p. 50, Mar 69 

p. 83, Dec 69 

p. 50, Jui 71 
p. 96, Dec 71 

measurements and 
test equipment 
Absorption measurements, using your 

signal generator for 
WPOUX 

Ac current monitor (letter) 
WB5MAP 

AC powe:.!ine mcni!or 
WPOLU 

AFSK generator, crystal-controlled 
K7BVT 

AFSK generator, phase-locked loop 
K7ZOF 

A-m modulation monitor, vhf (HN) 
K7UNL 

Antenna bridge calculations 
Anderson, Leonard H. 

Antenna bridge calculations (letter) 
W5OJR 

Antenna gain, measuring 
KGJYO 

Antenna matcher 
W4SD 

Antenna and transmission line 
measurement techniques 
W40Q 

p. 79, Oct 76 

p. 61, Mar 75 

p. 46, Aug 71 

p. 13, Jul 72 

p. 27, Mar 73 

p. 67, Jui 71 

p. 34, May 78 

p. 6, May 78 

p. 26, Jul 69 

p. 24, Jun 71 

p. 36, May 74 

Automatic noise-figure measurements 
Repair Bench 
W6NBI p. 40, Aug 78 

Base step generator 
W B4Y DZ p. 44, Jul 76 

Bridge for antenna measurements, simple 
WZCTK p. 34, Sep 70 

Bridge, noise, for impedance measurements 
YAlGJM p. 62, Jan 73 
Added notes p. 66, May 74; p. 60, Mar 75 

Bridge, rf noise 
WBPEGZ P. 18. Dec 70 

Broadband reflectometer and power meter 
VKPZTB, WBPZZQ p. 28, May 79 

Calibrating ac scales on the vtvm, icvm 
and fet voltmeter 
v'J7Xa ;i. 48, Sep 76 

Caiibrator, piug-in IC 
K6KA p. 22, Mar 69 

Capacitance measurements with a 
frequency counter - Weekender 
Moran, John p. 62, Oct 79 

Capacitance meter 
Mathieson, P. H. p. 51, Feb 78 

Capacitance meter, digital 
K4DHC p 20. Feh 74 

Capacitance meter, direct.reading 
ZL2AUE p. 46, Apr 70 

Capacitance meter, direct-reading 
W6MUR p. 48, Aug 72 
Short circuit p. 64, Mar 74 

Capacitance meter, direct-reading 
WA5SNZ p. 32, Apr 75 
Added note p. 31, Oct 75 

Capacitance meter, direct reading. for 
electrolytlcs 
W9DJZ p. 14, Oct 71 

Capacitance meter, simplified 
WA5SNZ p. 78, Nov 78 

Coaxial cable, checking (letter) 
WZOLU p. 68, May 71 

Coaxial-line loss, measuring with a 
reflectometer 
W2VCl p. 50, May 72 

Continuity bleeper for circuit tracing 
G3SBA p. 67, Jul 77 

Converter, mosfet, for receiver 
instrumentation 
WASZMT p. 62, Jan 71 

Counter, compact frequency 
K4EEU p. 16, Jui 70 
Short circuit p. 72, Dec 70 

Counter gating sources 
K6KA p. 48, Nov 70 

Counter readouts, suvitchlng (HN) 
K6KA p. 66, Jun 71 

Counter reset generator (HN) 
W3KBM p. 68, Jan 73 

Counters: a solution to the readout problem 
WA0GOZ p. 66, Jan 70 

CRT intensifier for RTlY 
K4VFA p. 18, Jul 71 

Crystal checker 
W6GXN p. 46, Feb 72 

Crystal test oscillator and signal 
generator 
K4EEU p. 46, Mar 73 

Cwstal-controlled freauencv markers IHN) . , , . 
W A ~ W D K  p. 64, Sep 71 

Cubical quad measurements 
W4Y M p. 42, Jan 69 

Decade standards, economical (HN) 
W4ATE p. 66, Jun 71 

Deviation, measuring 
N6UE p. 20, Jan 79 

Digital counters (letter) 
WlGGN p. 76, May 73 

Digital readout station accessory, part i 
K6KA p. 6. Feb 72 

Digital station accessory, part II 
K6KA p. 50, Mar 72 

Digital station accessory, part 1!1 
K6KA p. 36, Apr 72 

Diode noise source for receiver noise measurements 
W6NBI p. 32, Jun 79 

Diode tester 
W6DOB p. 46, Jan 77 

Dip-meter converter for VLF 
W4YOT p. 26, Aug 79 

Dummy load and rf wattmeter, low.power 
W2OLU p. 56, Apr 70 

Dummy load low-power vhf 
WBSDNI p. 40, Sep 73 

Dummy loads 
W4MB p. 40, Mar 76 

Dynamic transistor tester (HN) 
VE7ABK p. 65, Oct 71 

Electrolytic capacitors, measurement of (HN) 
W2NA p. 70, Feb 71 

Fm deviation measurement (letter) 
K5ZBA p. 66, May 71 

Fm devlatlon measurements 
W3FQJ p 52, Feb 72 

Fm frequency meter, two-meter 
W4JAZ p 40, Jan 71 
Short circult p 72, Apr 71 

Frequencies, counted (HN) 
K6KA p 62, Aug 74 

Erequency callbrator general coverage 
vV5UQS D 28 Dec 71 

Frequency calibrator, how to design 
W3AEX p. 54, Jul 71 

Frequency counter, miniature 
KSWKQ p. 34, Oct 79 

F:eque::cy cou:??ei, mcL'if* f ~ .  +ref! 
counting to 100 MHz 
WAlSNG o. 26. Feb 78 , . 

Frequency counter, CMOS 
W20KO p. 22, Feb 77 
Short circuit p. 94, May 77 

Frequency counter, front-ends for a 500-MHz 
K4JIU p. 30, Feb 78 

Frequency counter, how to improve the 
accuracy of 
WlRF p. 26, Oc? 77 

Frequency counter, high-impedance preamp 
and pulse shaper for 
I4YAF p. 47, Feb 78 

Frequency counter, simple (HN) 
WPQBR p. 81, Aug 78 

Frequency counter, simplifying 
WlWP p. 22, Feb 78 
Short circuit p. 94, Feb 79 

Frequency counters, uhi  and microwave 
W6NBI p. 34, Sep 79 

Frequency counters, understanding and using 
WGNBI p. 10, Feb 78 

Frequency counters, high-sensitivity 
preamplifier for 
WlCFl p. 80, Oct 78 

Frequency counter, 50 MHz, 6 digit 
WBPDFA p. 18, Jan 76 
Comment p. 79, Apr 77 

Frequency-marker standard using cmos 
W41YB p. 44, Aug 77 

Freauencv measurement of received 

p. 38, Oct 73 
Frequency measurement, vhf, with 

h f  receiver and scaler (HN) 
W3LB p. 90, May 77 

Frequency meter, crystal controlled (HN) 
W5JSN p. 71, Sep 69 

Frequency scaler, divide-by-ten 
K4EEU p. 26, Aug 70 
Short circuit 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 
Prescaler, improvements for 
W6PBC p. 30, Oct 73 

Frequency scaler, uhf (11C90) 
WB9KEY p. 50, Dec 75 

Frequency scaler, 500-MHz 
WGURH D. 32. Jun 75 

Frequency scalers, 1200-MHz 
WB9KEY p. 38, Feb 75 

Frequency-shift meter, RTTY 
VK3ZNV p. 33, Jun 70 

Frequency standard (HN) 
WA7JIK p. 69, Sep 72 

Frequency standard, universal 
K4EEU p. 40, Feb 74 
Short circuit p. 72, May 74 

Frequency synthesizer, high-frequency 
KPBLA p. 16, Oct 72 

Function generator, IC 
W 1 DTY p. 40, Aug 71 

Function generator, IC 
K4DHC p. 22, Jun 74 

Functionlunits indicator using LED displays 
K0FOP p. 58, Mar 77 

Gallon-size dummy load 
W4MB p. 74, Jun 79 

Gate-dip meter 
W3WLX p. 42, Jun 77 

Grid-dip meter, no-cost 
W8YFB p. 87, Feb 78 

Grid-dip oscillator, solid-state conversion of 
W6AJZ p. 20, Jun 70 

Harmonic generator (HN) 
W5GDQ p. 76, Oct 70 

I-f alignment generator 455-kHz 
WA5SNZ p. 50, Feb 74 
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sweep generator 
K4DHC p. 10. Sep 73 
pedance bridge (HN) 
W6KZK p. 67, Feb 70 
pedance bridge, low-cost RX 
W8YFB p. 6, May 73 
pedance bridge measurement 
errors and corrections 
K4KJ p. 22. May 79 
pedance, measuring with swr bridge 
WB4KSS p. 46, May 75 
pulse generator, pulse-snap diode 
Siegal, Turner p, 29, Oct 72 
!ermodulation-distortion measurements 
on ssb transmitters 
W6VFR p. 34, Sep 74 
C, R bridge, universal 
W6AOI p. 54, Apr 76 
iearity meter for ssb amplifiers 
W4MB p. 40, Jun 76 
ie-voltage monitor (HN) 
WA8VFK p. 66, Jan 74 
Current monitor mod (letter) p. 61, Mar 75 
tgic monitor (HN) 
WA5SAF p. 70, Apr 72 
correction p. 91, Dec 72 
~g ic  probe 
K9CW p. 83, Feb 79 
~g ic  test probe 
VE6RF p. 53, Dec 73 
~g ic  test probe (HN) 
Rossman p. 56, Feb 73 
Short circuit p. 58, Dec 73 
ster amplifiers, calibrating 
W40HT p. 80, Sep 78 
ster amplifier, electronic 
WA9HUV p. 38, Dec 76 
ster interface, high-impedance 
Laughlin p. 20, Jan 74 
?ters, testing unknown (HN) 
WlONC p. 66. Jan 71 
crowave marker generator, 3cm band (HN) 
WA4WDL p. 69, Jun 76 
Iliammeters, how to use 
W4PSJ p. 48, Sep 75 
mitorscope, miniature 
WA3FIY p. 34, Mar 69 
mitorscope, RTTY 
W3CIX p. 36, Aug 72 
~ l t i -box  (HN) 
W3KBM p. 66, Jul 69 
Jltiplexed counter displays (HN) 
KlXX p. 87, May 76 
Jltitester (HN) 
W 1 DTY P. 63. May 71 
)ise bridge, antenna (HN) 
K8EEG p. 71, May 74 
)ise bridge calculations with 
TI 56159 calculators 
WD4GRI p. 45, May 76 
)ise figure measurements 
W6NBI p. 40, Aug 78 
Comments 
WB5LHV, W6NBI p. 6, Aug 79 
)ise-figure measurements for vhf 
WB6NMT p. 36, Jun 72 
)ise figure, vhf, estimating 
WA9HUV p. 42, Jun 75 
)ise generator, 1296-MHz 
W3BSV p. 46, Aug 73 
icillator, audio 
W6GXN p. 50, Feb 73 
icillator, frequency measuring 
W6IEL p. 16, Apr 72 
Added notes p. 90, Dec 72 
;Cillator, two-tone, for ssb testing 
W6GXN p. 11, Apr 72 
;cilloscope calibrator (HN) 
K4EEU p. 69, Jul 69 
;cilloscope, putting i t  to work 
Allen p. 64, Sep 69 
;cilloscope, troubleshooting amateur 
gear w ~ t h  
Allen D. 52, Auq 69 
icilloscope voltage callbrator 
W6PBC p. 54, Aug 72 
ak envelope power, how to measure 
W5JJ p. 32, Nov 74 
lase meter, rf 

Prescaler, 1-GHz, for frequency counters 
WGNBI p. 84, Sep 78 

Probe, sensitive rf (HN) 
W5JJ p. 61, Dec 74 

Q measurement 
G3SBA p. 49, Jan 77 

Radio Shack meters, internal resistance 
Katzenberger p. 94, Nov 77 

Reflectometers 
KlYZW p. 65, Dec 69 

Regenerative detectors and a wideband amplifier 
W8Y FB p. 61, Mar 70 

Repairs, thinking your way through 
Allen p. 58, Feb 71 

Resistance standard, simple (HN) 
WZOLU p. 65, Mar 71 

Resistance values below 1 ohm, measuring 
W4OHT p. 66, Sep 77 

Resistance values below 1 ohm, 
measuring (letter) 
WlPT p. 91, Jan 78 

Resistance values, measuring below 1 ohm 
W4OHT p. 66, Sep 77 

Resistor decades, versatile 
W4ATE p. 66, Jui 71 

Rf current readout, remote (HN) 
W4ATE p. 87, May 76 

Rf detector, sensitive 
WB9DNI p. 38, Apr 73 

Rf power meter, lowlevel 
W5WGF p. 58, Oct 72 

Rf slgnal generator, solld-state 
VE5FP p. 42, Jul 70 

Rf wattmeter, accurate low power 
WA4ZRP p. 38, Dec 77 

RTTY monitor scope, solid-state 
WBPMPZ p. 33, Oct 71 

RTTY signal generator 
W7ZTC p. 23, Mar 71 
Short circuit p. 96, Dec 71 

RTTY test generator (HN) 
W3EAG p. 67, Jan 73 

RTTY test generator (HN) 
W3EAG p. 59, Mar 73 

RTTY test generator 
WB9ATW p. 64, Jan 76 

RX impedance bridge 
W2CTK p. 34. Sep 70 

RX impedance bridge, low-cost 
W6YFB P. 6, May 73 

RX noise bridge, improvements to 
WGBXI, W6NKU p. 10, Feb 77 
Comments p. 100, Sep 77 

Noise bridge construction (letter) 
OHPZAZ 

Safer suicide cord (HN) 
K6JYO 

Sampling network, rf - the milli-tap 
W6QJW 

Signal generator, tone modulated for 
two and six meters 
WA8OlK 

Signal generator, wide range 
W6GXN 

Slotted line, how to use (repair bench) 
W6NBI 

Slow-scan tv test generator 
K4EEU 

Spectrum analyzer, dc-100 MHz 
W6URH 
Short c~rcuit 
Short circuit 

Spectrum analyzer for ssb 
W3JW 

Spectrum analyzer, four channel 
W91A 

p. 8, Sep 78 

p. 64, Mar 71 

p. 34, Jan 73 

p. 54, Nov 69 

p. 18, Dec 73 

p. 58, May 77 

p. 6, Jul 73 

p. 16, Jun 77 
p. 69, Dec 77 
p. 94, Feb 79 

p. 24, Jul 77 

p. 6, Oct 72 
Spectrum analyzer, microwave 

N6TX p. 34, Jul 78 
Spectrum analyzer tracking generator 

W6URH p. 30, Apr 78 
Spectrum analyzers, understanding 

WA5SNZ p. 50, Jun 74 
Ssb, signals, monltorlng 

W6VFR p. 35, Mar 72 
Sweep generator, how to use 

Allen p. 60, Apr 70 
Sweep response curves for low-frequency I-f's 

Allen p. 56, Mar 71 
Switch-off flasher iHNI 

Swr indicator, aural, for the visually handicapped 
K6HTM p. 52, May 76 

Swr indicator, how to use (repair bench) 
W6NBI p. 66, Jan 77 

Swr measuring at high frequencies 
DJPLR p. 34, May 79 

Swr meter 
W6VSV p. 6, Oct 70 

Swr meter 
WB6AFT p. 68, Nov 78 

Swr meter, improving (HN) 
W5NPD p. 68, May 76 

Swr meters, direct reading and expanded scale 
WA4WDK p. 28, May 72 
Correction p. 90, Dec 72 

Tester for 6146 tubes (HN) 
WGKNE p. 81, Aug 78 

Test-equipment mainframe 
W4MB D. 52. Jul 79 

Test probe accessory (HN) 
W2lMB p. 89, Jul 77 

Testing power tubes 
K41PV p. 60, Apr 78 

Time-base oscillators, improved callbration 
WATLUJ, WA7KMR p. 70, Mar 77 

Time-domain reflectometry, experimenter's 
approach to 
WA0PlA p. 22, May 71 

Toroid permeability meter 
W6RJO p. 46, Jun 77 

Transconductance tester for fets 
W6NBI p. 44, Sep 71 

Transistor and diode tester 
ZLPAMJ p. 65, Nov 70 

Transistor curve tracer 
WA9LCX p. 52, Jul 73 
Short circuit p 63, Apr 74 

Transistor tester, shirt pocket 
W0MAY p. 40, Jul 76 

Transmitter tuning unit for the blind 
W9NTP p. 60, Jun 71 

Trapezoidal monitor scope 
VE3CUS p. 22, Dec 69 

Turn-off timer for portable equipment 
W5OXD p. 42, Sep 76 

TVI locator 
W6BD p. 24, Aug 78 

Uhf tuner tester for tv sets (HN) 
Schuler p. 73, Sep 69 

Vacuum tubes, testing high-power (HN) 
WZOLU p. 64, Mar 72 

Vhf prescaler 
W8CHK p. 92, Jun 78 

Vhf pre-scaler, improvements for 
W6PBC p. 30, Oct 73 

Voltage calibrator for digital voltmeters 
W6NBI p. 66, Jul 78 
Short circuit p. 94, Feb 79 

Voltmeter callbrator, precis~on 
Woods, Hubert p. 94, Jun 76 

Vornlvtvm, added uses for (HN) 
W7DI p. 67, Jan 73 

VSWR bridge, broadband power.tracking 
KlZDl p. 72, Aug 79 

VSWR indicator, computing 
WB9CYY p. 58, Jan 77 
Short circuit p. 94, May 77 

Vtvm modification 
W6HPH p. 51, Feb 69 

Vtvm, convert to an IC voltmeter 
K6VCI p. 42, Dec 74 

Wavemeter, indicating 
W6NIF p. 26, Dec 70 
Short circuit p. 72, Apr 71 

Weak-signal source, stable, variable-output 
K6JYO p. 36, Sep 71 

Weak-s~gnal source, 144 and 432 MHz 
K6JC p. 58, Mar 70 

WWV receiver, simple regenerative 
WA5SNZ p. 42, Apr 73 

WWV-WWVH, amateur applications for 
W3FQJ p. 53, Jan 72 

WWVB signal processor 
W9BTI p. 28, Mar 76 

Zener tester, lowvoltage (HN) 
K3DPJ p. 72, Nov 69 

1.5 GHz prescaler, divide by 4 
N6JH p. 88, Dec 78 

, , 
VEZAYU, Korth p. 28, Apr 73 Thomas p. 64, Jul 71 
~wer meter, rf Swr bridge 
K8EEG P. 26, Oct 73 WBZZSH P. 55, Oct 71 microprocessors, 
lwer meter, rf, how to use (repair bench) Swr bridge and power meter, integrated 
W6NBI p. 44, Apr 77 W6DOB p. 40, May 70 

computers and 
e-scaler, vhf (HN) Swr bridge (HN) 
W6MGI p. 57, Feb 73 WA5TFK p. 66, May 72 

calculators 
escaler, vhf, for digital frequency counters Swr bridge readings (HN) Accumulator 110 versus memory 110 
K4GOK p. 32, Feb 76 W6FPO p. 63, Aug 73 WB4HYJ, Rony, Titus p. 64, Jun 76 
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CW keyboard, Microprocessor controlled 
WBPDFA p. 81, Jan 78 

CW trainerlkeyer using a single-chip microcomputer 
N6TY p. 16, Aug 79 

Data converters 
WA1 MOP p. 79, Oct 77 

Decision, how does a microcomputer make a 
WB4HYJ, Titus, Rony p. 74, Aug 76 

Device-select pulses, generating inputloutput 
WB4HYJ, Titus, Rony p. 44. Apr 76 

Digital keyboard entry system 
NZYKINZGW p. 92. Sep 78 

ii6a rnciroproie5sois fit ~ n t c  scheme of 
computers and controllers 
WB4HYJ, Rony, Titus p. 36, Jan 76 

IC tester using the KIM-1 
W3GUL p. 74, Nov 78 

i ~ p ~ t ' ? i ~ t " : J *  lei. '-? ,&.ha+ i s  19 

VVB4HYJ. Rony T:!uS u .  50. Fee 76 
lnterfacing a digital multimeter with 

an 8080-based microcomputer 
WBIHYJ, Rony, Titus p. 66, Sep 76 

lnterfacing a 10-bit DAC (Microprocessors) 
Rony, Titus, WB4HYJ p. 66, Apr 78 

internal registers, 8080 
Rony, Titus, WB4HYJ p. 63, Feb 77 

lnterrrupts, microcomputer 
WB4HYJ, Rony. Titus p. 66. Dec 76 

lntroduction to  microprocessors 
WB4HYJ. Rony, Titus p. 32, Dec 75 
Comments, WB4FAR p 63, May 76 

Logical instruct~ons 
Titus, WB4HYJ, Rony p. 63, Jul 77 

MOV and MVI 8080 instructions 
Titus, WB4HYJ. Rony p. 74, Mar 77 

Register pair instruction 
Rony, Titus, WB4HYJ p. 76, Jun 77 

Software UARIT, interfacing a 
WB4HYJ, Rony, Titus p. 60, Nov 76 

Substitution of software for hardware 
WB4HYJ, Rony, Titus p. 62. Jul 76 

UARIT, how it works 
Titus p. 58. Feb 76 

Vectored interrupts 
WB4HYJ, Rony, Titus p 74, Jan 77 

Video display, simple 
VK3AOH p 46, Dec 78 

8080 logical instructions 
WBIHYJ, Rony, Titus p. 89, Sep 77 

8080 microcomputer output instructions 
WB4HYJ, Rony, Titus p. 54, Mar 76 

miscellaneous 
technical 
Active bandpass filters 

WB6GRZ p. 49, Dec 77 
Short circuit p. 94, Feb 79 

Admittance, impedance and circuit analysis 
Anderson p 76, Aug 77 
Short circuit p. 94, Feb 79 

Alarm, wet basement (HN) 
W2EMF p. 68, Apr 72 

Antenna masts, design for pipe 
W3MR p. 52, Sep 74 
Added design notes (ietter) p. 75, May 75 

Antennas and capture area 
K6MIO p. 42, Nov 69 

Bandpass filter design 
K4KJ p. 36, Dec 73 

Bandpass filters for 50 and 144 MHz, etched 
W5KHT p. 6, Feb 71 

Bandpass fiiters. single-pole 
W6HPH p. 51. Sep 69 

Bandpass filters, top-coupled 
Anderson p. 34, Jun 77 

Bandspreading techniques for resonant circuits 
Anderson p. 46, Feb 77 
Short circuits p. 69, Dec 77 

Batteries, selecting for portable equipment 
WB0AlK p. 40, Aug 73 

Bipolar-fet amplifiers 
W6HDM p. 16, Feb 76 
Comments, Worcester p. 76, Sep 76 

Broadband amplifier, bipolar 
WB4KSS p. 58, Apr 75 

Broadband amplifier uses mospower fet 
Oxner p. 32, Dec 76 

Broadband amplifier, wide-range 
W6GXN p. 40, Apr 74 

Bypassing, rf, at uhf 
WB6BHI p. 50, Jan 72 

Calculator-aided circuit analysis 
Anderson p. 38, Oct 77 

Calculator, hand-held electronic, its 
function and use 
W4MB p. 18, Aug 76 

Calculator, hand-held electronic, 
solving problems with it 
W4MB p. 34, Sep 76 

Capacitors, 011-filled (HN) 
W20LU p. 66, Dec 72 

Clock, 24-hour d ig~ ta l  
K4ALS p. 51, Apr 70 
Short circuit p. 76, Sep 70 

Coil-winding data. vhf and uhf 
K3SVC p. 6,  Apr 71 

Communications receivers, designing 
for strong-signal performance 
Moore p. 6, Feb 73 

Commutating filters 
WSGYN D 54 Seo 79 

Com~urer-atded i l rcr i l t  arialys*s 
K1 ORV p. 30, Aug 70 

Contact bounce eliminators (letters) 
W71V p. 94, Nov 77 

Crystal filters, monolithic 
DKlAG p. 28, Nov 78 

Digital clock, low-cost 
WA6DYW p. 26. Feb 76 

Digita! mixer, introduction 
WB8lFM p. 42, Dec 73 

Digital readout system, simplified 
W601S 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: their derivation and h!story 
WB6EYV p. 30, Aug 76 

Electrolytic capacitors, re-forming 
the oxide layer (HN) 
K9MM p. 99, Jul 78 

Ferrite beads 
W5JJ p. 48, Oct 70 

Ferrite beads, how to use 
KIORV p. 34, Mar 73 

Fet biasing 
W3FQJ p. 61, Nov 72 

Field-strength meter and volt-ohmmeter 
WB6AFT p. 70, Feb 79 

Filter preamplifiers for 50 and 144 
MHz, etched 
W5KHT p. 6, Feb 71 

Filters, active for direct-conversion receivers 
W7ZOI D. 12, Apr 74 

Fire extinguishers (letter) 
WSPGG p. 68, Jul 71 

Fire protection 
Darr p. 54, Jan 71 

Fire protection (letter) 
K7QCM p. 62, Aug 71 

Fm techniques 
WSSA! p. 8. Sep 69 
Short circuit p. 79, Jun 70 

Four-quadrant curve tracerlanalyzer 
WlQXS p. 46, Feb 79 

Frequency counter as a synthesizer 
DJZLR p. 44, Sep 77 

Freon danger (letter) 
WA5RTB p 63, May 72 

Frequency.lock loop 
WA3ZKZ p. 17, Aug 78 

Frequency multipliers 
W6GXN p. 6, Aug 71 

Frequency multipliers, transistor 
W6AJF p. 49, Jun 70 

Frequency synchronization for scatter-mode 
propagation 
KPOVS p. 26, Sep 71 

Frequency synthesis 
WA5SKM p. 42, Dec 69 

Frequency synthesizer, high.frequency 
K2BLA p. 16, Oct 72 

Frequency synthesizer sidebands, filter 
reduces (HN) 
K1 PCT p. 80, Jun 77 

Frequency synthesizers. how to deslgn 
DJZLR p. 10, Jul 76 
Short circuit p. 85, Oct 76 

Gamma-matching networks, how to design 
W71TB p. 46, May 73 

Glass semiconductors 
WIEZT p. 54, Jul 69 

Graphical network solutions 
WINCK, WZCTK p. 26, Dec 69 

Gridded tubes, vhf-uhf effects 
W6UOV p. 8, Jan 69 

Grounding and wiring 
W I EZT p. 44, Jun 69 

Ground plow 
W 1 EZT p. 64, May 70 

Gyrator: a synthetic inductor 
W B 9 A W  p. 96, Jun 78 

Harmonic generator, crystal-controlled 
W l K N l  p. 66, Nov 77 

Harmonic output, how to predict 
Utne p. 34, Nov 74 

Heatsink problems, how to solve 
WASSNZ p. 46, Jan 74 

Hf synthesizer, higher resolution for 
N4ES p 34. A u U 8  

Hybrids and couplers, hf 
WZCTK p. 57, Jul 70 
Short circuit p. 72, Dec 70 

Hydroelectric station. amateur 
KEWY p 50 Sec 77 

Impedance bridge measuiernent 
errors and corrections 
K4KJ p. 22, May 79 

Impedance-matching systems, designing 
W7CSD p. 58, Jul 73 

Impedance measurements using an SWR meter 
K4QF p. 80, Apr 79 

inductors, how to  use ferrlte and 
powdered-iron for 
W6GXN p. 15, Apr 77 
Correction p. 63, May 72 

Infrared communications (letter) 
KZOAW p. 65, Jan 72 

injection lasers (letter) 
Mims p. 64, Apr 71 

Injection lasers, high power 
Mims p. 28, Sep 71 

lntegrated circults, part I 
W3FQJ p. 40, Jun 71 

lntegrated circuits, part II 
W3FQJ p. 58, Jul 71 

lntegrated circults, part I l l  
W3FQJ p. 50, Aug 71 

Interference, hi-fi (HN) 
K6KA p 63, Mar 75 

Interference problems, how to solve 
ON4UN p. 93, Jul 78 

Interference, rf 
W 1 DTY p. 12, Dec 70 

Interference, rf (letter) 
G3LLL p. 65, Nov 75 

Interference, rf 
WA3N FW p. 30, Mar 73 

Interference, rf, coaxial connectors can generate 
W I DTY p. 48, Jun 76 

Interference, rf, i ts  cause and cure 
G3LLL p. 26, Jun 75 

Intermittent voice operation of power 
tubes 
W6SAI p. 24, Jan 71 

Isotropic source and practical antennas 
K6FD p 32, May 70 

Laser communications 
W4KP.E p. 28, Nov 70 

LC circuit calculations 
W2OUX p. 68, Feb 77 

LED experiments 
W4KAE p. 6, Jun 70 

Lightning protection for the amateur station 
K9MM p. 18, Dec 78 
Comments 
WGRTK, WBPFBL p. 6, Jul 79 

Lighthouse tubes for uhf 
W6UOV p. 27. Jun 69 

Local-oscillator waveform effects 
on spurious mixer responses 
Robinson, Smith p. 44, Jun 74 

Lowpass filters for solid-state linear amplifiers 
WAWYK p. 38, Mar 74 
Short circuit p. 62, Dec 74 

L.networks, how to  deslgn 
W7LR p. 26, Feb 74 
Short circui p. 62, Dec 74 

Lunar-path nomograph 
WA6NCT p. 28, Oct 70 

Marine installations, amateur, on small boats 
W3MR p. 44, Aug 74 

Matching networks, how to design 
Anderson, Leonard H. p. 44, Apr 78 

Matching techniques, broadband, for 
transistor rf amplifiers 
WA7WHZ p. 30, Jan 77 

Microprocessors, introduction to 
WBIHYJ, Rony, Titus p. 32, Dec 75 

Microwave rf generators. solid-state 
WlHR p. 10, Apr 77 

Microwaves, getting started in 
Roubal p. 53, Jun 72 

Microwaves, lntroduction 
WICBY p. 20, Jan 72 
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Mini-mobile 
K9UQN p. 58, Aug 71 

Mismatched transmitter loads, affect o f  
W5JJ p. 60, Sep 69 

Mnemonics 
W6NIF p. 69, Dec 89 

Multi-function integrated circuits 
W3FQJ p. 46. Oct 72 

Network, the ladder 
W2CHO D. 48. Dec 76 

Networks, transmitter matching 
W6FFC p. 6, Jan 73 

Neutralizing small-signal amplifiers 
WA4WDK p. 40, Sep 70 

Noise bridge for impedance measurements 
YAIGJM p. 62, Jan 73 
Comments, W6BXI p. 6, May 79 

Noise figure, meanlng of 
K6M10 p. 26, Mar 69 

Operational amplifiers 
WBPEGZ p. 6, Nov 89 

Passive lumped constant 90-degree 
phase-difference networks 
K6ZV p. 70, Mar 79 

Phase detector, harmonic 
LhlSTRS p. 40. Aug 74 

Phase-locked loops 
WB6FOC p. 54. Jul 78 

Phase-locked loops, IC 
W3FQJ p. 54, Sep 71 

Phase-locked loops, IC, experiments with 
W3FQJ p. 58, Oct 71 

Phase-shift networks, design criteria for 
G3NRW p. 34, Jun 70 

Pi network design 
W6FFC p. 6, Sep 72 

Pi network design 
Anderson, Leonard H. p. 36, Mar 76 
Comments 
Anderson, Leonard H. p. 6, Apr 79 

Pi network design and analysls 
W2HB p. 30, Sep 77 
Short circuit p. 68, Dec 77 

Pi network inductors (letter) 
W71V p. 78, Dec 72 

Pi networks, series-tuned 
WPEGH p. 42, Oct 71 

Power amplifiers, high-efficiency rf 
WB8LQK p. 8, Oct 74 

Power dividers and hybrids 
WIDAX p. 30, Aug 72 

Power supplies, survey of solid-state 
W6GXN p. 25, Feb 70 

Power, voltage and impedance nomograph 
W2TQK p. 32, Apr 71 

Printed-circuit boards, photofabrication of 
Hutchinson p. 6, Sep 71 

Prograrnmabie calculator simplifies 
antenna design (HN) 
W3DVO p. 70, May 74 

Programmable calcu!ators, using 
W3DVO p. 40, Mar 75 

Proportional temperature control for crystal 
ovens 
VE5FP p. 44, Jan 70 

Pulse-duration modulation 
W3FQJ p. 65, Nov 72 

Q factor, understanding 
W5JJ p. 16, Dec 74 

Quartz crystals 
WB2EGZ p. 37, Feb 79 

Radiation hazard, rf 
W1 DTY p. 4, Sep 75 
Correction p. 59, Dec 75 

Radio communications links 
W 1 EZT p 44, Oct 69 

Radio observatory, vhf 
Ham p. 44, Jul 74 

Radio-frequency interference 
WA3NFW p. 30, Mar 73 

Radio sounding system 
KL7GLK p. 42, Jul 78 

?adlotelegraph translator and transcriber 
W7CUU, K7KFA p. 8, Nov 71 
Eliminating the matrix 
KH6AP p. 60, May 72 

?ating tubes for linear amplifier service 
WGUOV, W6SAI p. 50, Mar 71 

3C active filters using op amps 
W4YIB p. 54, Oct 76 
Comments, W6NRM p. 102, Jun 78 
Short circuit p. 94, Feb 79 

3eactance problems, nomograph for 
W6NIF p. 51, Sep 70 

iesistor performance at high frequencies 
KlORV p. 36, Oct 71 

iesistors, frequency sensitive (HN) 
W8YFB p. 54, Dec 70 

Resistors, frequency sensitive (letter) 
W5UHV p. 68, Jul 71 

Rf amplifier, 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 exposure 
WA2UMY p. 26, Sep 79 

Rf power-detecting devices 
K6JYO p. 28, Jun 70 

Rf power transistors, how to use 
WA7KRE p. 8. Jan 70 

Rf interference, suppression in telephones 
K6LDZ p. 79, Mar 77 

Rf radiation, environmental aspects o f  
K6Y B p. 24, Dec 79 

Safety circuit, pushbutton switch (HN) 
KSRFF, WAIFHB p. 73, Feb 77 

Safety in the ham shack 
Darr, James p. 44, Mar 69 

Satellite communications, first step to 
K l  MTA p. 52, Nov 72 
Added notes (letter) p. 73, Apr 73 

Satellite signal polarization 
KH6IJ p. 6, Dec 72 

Signal detection and communication 
in the presence of white noise 
WB6IOM p. 18, Feb 69 

S~lverlsilicone grease (HN) 
W6DDB p. 63, May 71 

Simple formula for microstrlp impedance (HN) 
WlHR p. 72, Dec 77 

Smith chart, how to use 
WlDTY p. 16, Nov 70 
Correction p. 76, Dec 71 

Solar energy 
W3FQJ p. 54, Jul 74 

Speech clippers, rf, performance o f  
G6XN p 26, Nov 72 

Square roots, finding (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 of 
W2HB p. 26, Jul 73 
Correction (letter) p. 67, May 74 

Stress analysis of antenna systems 
WZFZJ p. 23, Oct 71 

Synthesizer design (letters) 
WBZCPA p. 94, Nov 77 

Synthesizer system, simple (HN) 
AA7M p. 78, Jui 79 

Talking digital readout for amateur transceivers 
N9KV p. 58, Jun 79 

Temperature sensor, remote (HN) 
WAINJG p. 72, Feb 77 

Tetrodes, external-anode 
WGSAI p. 23, Jun 69 

Thermometer, electronic 
VK3ZNV p. 30, Apr 70 

Thyristors. introduction to 
WA7KRE p. 54, Oct 70 

Toroidal coil inductance (HN) 
W3WLX p. 26, Sep 75 

Toroid coils, 88-mH (HN) 
WAINJG p. 70, Jun 76 

Toroids, calculating inductance of 
WB9FHC p. 50, Feb 72 

Toroids, plug-in (HN) 
K8EEG p. 60, Jan 72 

Transistor amplifiers, tabulated 
characteristics o f  
W5JJ p. 30, Mar 71 

Trig functions on a pocket calculator (HN) 
W9ZTK p. 60, Nov 75 

Tube shields (HN) 
W9KNI p. 69, Jul 76 

Tuning, Current-controlled 
KPZSQ p. 38, Jan 69 

TVI locator 
W6BD p. 23, Aug 78 

Vacuum-tube amplifiers, tabulated 
characteristics of 
W5JJ p. 30, Mar 71 

Warning lights, increasing reliability of 
W3NK p. 40, Feb 70 

White noise diodes, selecting (HN) 
W6DOB p. 65, Apr 76 

Wideband amplifier summary 
DJPLR p. 34, Nov 79 

Wind generators 
W3FQJ p. 24, Jul 76 

Wind loading on towers and antenna 
structures, how to calculate 
K4KJ p. 16, Aug 74 
Added note p. 56, Jul 75 

Y parameters, uslng in rf amplifier design 
WA0TCU p. 46, Jui 72 

24-hour clock, digital 
WB6AFT p. 44, Mar 77 

novice reading 
Ac power line monitor 

WPOLU p. 46, Aug 71 
Amplifiers, tube and transistor. 

tabulated characteristics of 
W5JJ p. 30, Mar 71 

Antenna, bobtail curtain for 40 meters 
VEITG p. 58, Jul 69 

Antenna, bow tie for 80 meters 
W9VMQ p. 56, May 75 

Antenna, converted vee for 80 and 40 
W6JKR p. 18, Dec 69 

Antenna couplers, simple 
WPEEY p. 32, Jan 70 

Antenna ground system installat~on 
W 1 EZT p. 64, May 70 

Antenna, long wire, multiband 
W3FQJ p. 28, NOV 69 

Antenna, multiband phased vertical 
WA7GXO p. 33, May 72 

Antenna systems for 40 and 80 meters 
K6KA p. 55, Feb 70 

Antenna, top-loaded 80-meter vertical 
VElTG p. 48, Jun 69 

Antenna tunbng u n ~ t s  
W3FQJ p. 58, Dec 72, p. 58, Jan 73 

Antenna, unidirectional for 40 meters 
GW3NJY p. 61, Jan 70 

Antenna, 80-meter vertical 
VEITG p. 26, May 70 

Antenna, 80 meters, for small lot 
W6AGX p. 28, May 73 

Antennas, dipole 
KH6HDM p. 60, Nov 75 

Antennas, low elevation 
W3FQJ p. 66, May 73 

Antennas, QRM reducing recelvlng types 
W3FQJ p. 54, May 71 

Antennas, simple dual-band 
W6SAI p. 18, Mar 70 

Antennas, simple for 80 and 40 meters 
W5RUB p. 16. Dec 72 

Audio agc principles and practice 
WA5SNZ p. 28, Jun 71 

Audio filter, tunabie 
WAIJSM p. 34, Aug 70 

Audio filters, inexpensive 
WBYFB p. 24, Aug 72 

Audio module, solidstate receiver 
K4DHC p. 18, Jun 73 

Batteries, selecting for portable equipment 
WB0AlK p. 40. Aug 73 

Battery power 
W3FQJ p. 56, Aug 74, p. 57, Oct 74 

COSMOS integrated circuits 
W3FQJ p. 50, Jun 75 

CW audio filter, simple 
W7DI p. 54, Nov 71 

CW audlo fllter, simplest 
W4VNK p. 44, Oct 70 

CW monitor, simple 
WA9OHR p. 65, Jan 71 

CW reception. improved through simulated stereo 
WAIMKP p. 53, Oct 74 

CW transceiver, low-power for 40 meters 
W7BBX p. 16, Jul 74 

Detectors, regenerative 
W8YFB p. 61, Mar 70 

Diode detectors 
W6GXN p. 28, Jan 76 

Dipoles, multiband for portable use 
W6SAI p. 12, May 70 

Dummy load and rf wattmeter 
W2OLU p. 56, Apr 70 

Feedpoint impedance characteristics of 
practical antennas 
W5JJ p. 50, Dec 73 

Filter, tunable for audio selectivity 
W2EEY p. 22, Mar 70 

Fire protection in the ham shack 
Darr p. 54, Jan 71 

Frequency spotter, crystal controlled 
W5JJ p. 36, Nov 70 

ICs, basics of 
W3FQJ p. 40, Jun 71, p. 58, Jul 71 
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ICs, digital, basics 
W3FQJ p. 41, Mar 72, p. 58, Apr 72 

ICs, digital flip-flops 
W3FQJ p. 60, Jul 72 

ICs, digital multivibrators 
W3FQJ p. 42, Jun 72 

ICs, digital, oscillators and dividers 
W3FQJ p. 62, Aug 72 

Interference, hi-fi 
G3LLL p. 26, Jun 75 

Interference, radio frequency 
WA3NFW p. 30, Mar 73 

Man-made interference, how :o find 
W 1 DTY p. 12, Dec 70 

Meters, how to use 
W4PSJ p. 48, Sep 75 

Morse code, speed standards for 
'dEziK o 58, Ab? iJ 

Mosfet circuits 
W3FQJ p. 50, Feb 75 

Preamplifier, 21 MHz 
WA5SNZ p. 20, Apr 72 

Printed-circuit boards, how to make your own 
K4EEU p. 58, Apr 73 

Printed-circuit boards, low cost 
WBYFB p. 16, Jan 75 

Q factor. understanding 
W5JJ p. 16, Dec 74 

Radio communicatins links. basics of 
WIEZT p. 44, Oct 69 

Receiver frequency calibrator 
W5UQS p. 28, Dec 71 

Receiver, regenerative for WWV 
WA5SNZ p. 42. Apr 73 

Receivers, direct-conversion 
W3FQJ p. 59, Nov 71 

Rectifiers, improved half-wave 
Bailey p. 34, Oct 73 

Safety in the ham shack 
Darr p. 44, Mar 69 

Semiconductors, charge flow in 
WB6BlH p. 50, Apr 71 

Semiconductor diodes, evaluating 
W5JJ p. 52, Dec 71 

S-meters, circuits for 
K6SDX p. 20, Mar 75 

Speaker intelligibility, improving 
WA5RAQ p. 53, Aug 70 

Swr bridge 
WB2ZSH p. 55, Oct 71 

Towers and rotators 
K6KA p. 34, May 76 

Transistor power dissipation, how to determine 
WN9CGW p. 56, Jun 71 

Transmitter keying, improving 
K6KA p. 44. Jun 76 

Transmitter, low-power, 80-meter 
W3FQJ p. 50, Aug 75 

Transmitter, multiband low power with vfo 
K8EEG p. 39, Jul 72 

Transmitter power levels 
WA5SNZ p. 62, Apr 71 

Troubleshooting, basic 
James p. 54, Jan 76 

Troubleshooting by voltage measurements 
James p. 64, Feb 76 

Troubleshooting, resistance measurements 
James p. 58, Apr 76 

Troubleshooting, thinking your way through 
Allen p. 58, Feb 71 

Tuneup, off-the-air 
W4MB p. 40, Mar 76 

Underground coaxial transmission line, 
how to install 
WOFCH p. 38, May 70 

CW monltor 
WPEEY 

CW monltor, slmple 
WA9OHR 

CW transcelver operation wlth 
transmit-receive offset 
WlDAX 

DXCC check Ilst, slmple 
WPCNQ 

Fluorescent l~ght,  portable (HN) 
K8BYO 

Pea! circle charts (HNI 
K6KA 

Great clrcle maps 
N5KR 

ldent~flcatlon tlmer (HN) 
K9UQN 

Nidca; 7% JS- ,YU' c i: 
Foster 

Morse code, speed standards for 
VEZZK 
Added note (letter) 

Protective material, plastic (HN) 
W6BKX 

Replays, Instant (HN) 
W6DNS 

S~deband locatton (HNI 
K6KA 

Spurbous s~gnals (HN) 
K6KA 

Tun~ng w ~ t h  ssb gear 
WOKD 

Zulu tlme (HN) 
K6KA 

p. 46, Aug 69 

p. 65, Jan 71 

p. 56, Sep 70 

p. 55, Jun 73 

p.62, Oct 73 

u. 62. Oct i 3  

p. 24, Feb 79 

p.  60, Nov 74 

p 52. Jan 70 

p. 68, Apr 73 
p. 68, Jan 74 

p. 58, Dec 70 

p. 67, Feb 70 

p. 62, Aug 73 

p. 61, Nov 74 

p. 40, Oct 70 

p. 58, Mar 73 

oscillators 
AFC circuit for VFOs 

K6EHV p. 19, Jun 79 
Audio oscillator, NE566 IC 

WIEZT p. 36, Jan 75 
Blocking oscillators 

W6GXN p. 45, Apr 69 
Clock oscillator. TTL (HN) 

W9ZTK p. 56, Dec 73 
Colpitts oscillator design technique 

WB6BPI p. 78, Jul 78 
Short circuit p. 94, Feb 79 

Crystal oscillator, frequency adjustment of 
W9ZTK p. 42, Aug 72 

Crystal oscillator, high stability 
W6TNS p. 36, Oct 74 

Crystal oscillators 
W6GXN p. 33, Jul 69 

Crystal oscillator, simple (HN) 
WZOUX p. 96, Nov 77 

Crystal oscillators, stable 
DJ2LR p. 34, Jun 75 
Correction p. 67, Sep 75 

Crystal oscillators, survey of 
VKPZTB p. 10, Mar 76 

IC crystal controled oscillators (letter) 
W7EKC p. 91, Jan 78 

Crystal oven, simple (HN) 
Mathieson p. 66, Apr 76 

Crystal ovens, precision temperature control 
K4VA p. 34, Feb 78 

IC crystal controlled oscillators 
VKPZTB p. 10, Mar 76 

Crystal switching (HN) 
K6LZM p. 70, Mar 69 

Crystal test osciilator and signal 
generator 

Oscillator, electronic keyer 
WA6JNJ p. 44, Jun 70 

Oscillator, Franklin (HN) 
W5JJ p. 61, Jan 72 

Oscillator, frequency measuring 
W6IEL p. 16, Apr 72 
Added notes p. 90, Dec 72 

Oscilator, gated (HN) 
WB9KEY p. 59, Jul 75 

Oscillator-monitor, audio 
WAIJSM p. 48, Sep 70 

Oscillator. ohase.locked 
VE5FP P. 5, Mar 71 

Oscillator, two-tone, for ssb testing 
W6GXN p. 11, Apr 72 

Oscillators (HN) 
W I DTY p. 68, Nov 69 

Cs~ i ' la tc rc  -iirp for C ' R ~ ~ V  INN) 
WSYFB p. 5:. 3ec 70 

Oscillators, repairing 
Allen p. 69, Mar 70 

Oscillators, resistance.capacitance 
W6GXN p. 18, Jui 72 

Overtone crystal oscillators without Inductors 
WA5SNZ p. 50, Apr 78 

Quadrature-phased local oscillator (letter) 
K6ZX p. 62. Sep 75 

Quartz crystals (letter) 
WB2EGZ p. 74, Dec 72 

Regulated power supplies, designing 
K5VKO p. 58, Sep 77 

Stable vfo (C&T) 
W I DTY p. 51, Jun 76 

TTL crystal oscillators (HN) 
WUVA p. 60, Aug 75 

TTL oscillator (HN) 
WB6VZW p. 77, Feb 78 

UHF local-oscillator chain 
N6TX p. 27, Jul 79 

Vco, crystal-controlled 
WB6IOM p. 58, Oct 69 

Versatile audio oscillator (HN) 
W7BBX p. 72, Jan 76 

Vfo buffer amplifier (HN) 
W3QBO p. 66, Jul 71 

Vfo design, stable 
WlCER p. 10, Jun 76 

Vfo design using characteristic curves 
l2BVZ p. 36, Jun 78 

Regulated power supplies, designing 
K5VKO p. 58, Sep 77 

Vfo, digital readout 
WB81FM p. 14, Jan 73 

Vfo for solid.state transmitters 
W3QBO p. 36, Aug 70 

Vfo, high stability 
W8YFB p. 14, Mar 69 

Vfo, high.stability, vhf 
OHPCD p. 27, Jan 72 

Vfo, multiband fet 
K8EEG p. 39, Jui 72 

Vfo, stable 
K4BGF p. 8, Dec 71 

Vfo transistors (HN) 
WlOOP p. 74, Nov 69 

Vxo design, practical 
K6BIJ p. 22, Aug 7C 

Voltage-tuned mosfet oscillator 
WA9HUV p. 26, Mar 7E 

1-MHz oscillator, new approach 
WA2SPl p. 46, Mar 7E 

5-ampere power supply, adjustable 
NIJR p. 50, Dec 71 

Vertical antennas, improving efficiency K4EEU p. 46, Mar 73 
K6FD p. 54, Dec 74 Crystals, overtone (HN) 

Vfo for 40 and 80 meters GBABR 
WRORD o. 36. Auo 70 Drift-correction circuit for free 

P. 72. Aug 72 power supplies 
- - ,  -- - 

Vfo, stable solid-state running oscillators AC current monitor (letter) 
K4BGF p. 8, Dec 71 PAOKSB p. 45, Dec 77 WB5MAP p. 61, Mar 75 

Wiring and grounding Goral oscillator notes (HN) AC power supply, regulated, for mobile 
WlEZT D. 44, Jun 69 K5QIN p. 66, Apr 76 fm equipment 

Workbench, electronics 
W 1 EZT 

operating 
Beam antenna headings 

WGFFC 
Code practice stations (letter) 

WB4LXJ 
Code practice (HN) 

WPOUX 
Computers and ham radio 

W5TOM 

Hex inverter vxo circuit 
p. 50, Oct 70 WPLTJ p. 50, Apr 75 

Local oscillator, phase locked 
VE5FP p. 6, Mar 71 

Monitoring oscillator 
W2JIO p. 36, Dec 72 

Multiple band master-frequency oscillator 
K6SDX p. 50, Nov 75 

p. 64, Apr 71 Multivibrator, crystal-controlled 
WNPMQY p. 65, Jul 71 

p. 75, Dec 72 Noise sideband performance in oscillators, 
evaluating 

p. 74, May 73 DJPLR p. 51, Oct 78 
Oscillator, audio, IC 

p. 60, Mar 69 W6GXN p. 50, Feb 73 

WABTMP p. 28, Jun 7: 
Adjustable 5-ampere supply 

N1JR p. 50, Jan 72 
All-mode-protected power supply 

KZPMA p. 74, Oct 7; 
Arc suppression networks (HN) 

WA5EKA p. 70, Jul 7: 
Batteries, selecting for portable equipment 

WA0AlK p. 40, Aug 7: 
Battery drain, auxiliary, guard for (HN) 

WIDTY p. 74, Oct 71 
Battery power 

W3FQJ p. 56, Aug 74 
Charger, fet-controlled, for nicad batteries 

WAUYK p. 46, Aug 7! 
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~nstant-current battery charger for Regulated power supplies, designing (letter) 
portable operailon W9HFR ,. 110, Mar 78 receivers and 
K5PA p. 34, Apr 78 Regulated power supply, 500-watt 
mverter, 12 to 6 volt (CaT) WA6PEC p. 30, Dec 77 converters 
W 1 DTY 
lrrent limitinq (HN) 

p, 42, Apr 76 Short circuit p. 94, Feb 79 
Reaulated solid-state hioh-voltaae 

W0LPQ p. 70, Dec 72 
lrrent limiting (letter) 
K5MK0 p. 66, Oct 73 
:-dc converter, low-power 
W5MLY p. 54, Mar 75 
: power supply, regulated (C&T) 
WlDTY p. 51, Jun 76 
ode surge protection (HN) 
WA7LUJ p. 65, Mar 72 
Added note p. 77, Aug 72 
y-cell life 
W 1 DTY p. 41, Apr 76 
~al-voltage power supply (HN) 
WlOOP p. 71, Apr 69 
Short circuit p. 80, Aug 69 
ial-voltage power supply (HN) 
W5JJ p. 68, Nov 71 
ament transformers, miniature 
Bai!ey p. 66, Sep 74 
gh-current regulated dc supply 
NBAKS p. 50, Aug 79 
power (HN) 
W3KBM p. 68, Apr 72 
power supply, adjustable (HN) 
vV3HB p. 95, Jan 76 
regulated power supply 
vV2FBW p. 50, Nov 70 
regulated power supply 
tV9S E K p. 51, Dec 70 
itantaneous-shutdown high-current 
'egulated supply 
NGGB p. 81, Jun 78 
rstrons, reflex power for (HN) 
N6BPK p. 71, Jul 73 
ie-voltage monitor (HN) 
NA8VFK p. 66, Jan 74 
2urrent monitor mod (letter) p. 61, Mar 75 
ad protection, scr (HN) 
N5OZF p. 62, Oct 72 
w-value voltage source (HN) 
NA5EKA p. 66, Nov 71 
w-voltage dc power supplies - Repair Bench 
<41PV p. 38, Oct 79 
N voltage, variable bench power supply 
weekender) 
N6NBI p. 58, Mar 76 
#bile power supplies, troubleshooting 
Wen p. 58, Jun 70 
bile power supply (HN) 
NN6DJV p. 79, Apr 70 
bile Supply, low-cost (HN) 
Y4GEG p. 69, Jul 70 
torola Dispatcher, converting to 
2 volts 
YB6HXU p. 26, Jul 72 
:ad battery care (HN) 
YlDHZ p. 71, Feb 76 
cad charger, any-state 
YA6TBC p. 66, Dec 79 
:kel-cadmium batteries, time-current charging 
VlOLP D. 32. Feb 79 
erational power supply 
YAZIKL p. 8, Apr 70 
srvoltage protection (HN) 
V1 AAZ p. 64, Apr 76 
>t-lamp life (HN) 
VPOLU p. 71, Jul 73 
arity inverter, medium current 
.aughlin p. 26, Nov 73 
Ner supplies for single sideband 
belt p. 38, Feb 69 
~er-supply hum (HN) 
V8Y FB p. 64, May 71 
ver supply, improved (HN) 
V4ATE p. 72, Feb 72 
ver supply, precision 
V7SK p. 26, Jui 71 
ver supply protection for your solid-state 
ircuits 
V5JJ p. 36, Jan 70 
ver suppiy troubleshooting (repair bench) 
;4i PV p. 78, Sep 77 
cision voltage supply for 
hase-locked terminal unit (HN) 
VA6TLA p. 60, Jul 74 
tection for solid-state power suppiies (HN) 
U3NK p. 66, Sep 70 
:tifier, half-wave, improved 
:ailey p. 34, Oct 73 
lulated power supplies, how to design 
.5VKQ p. 58, Sep 77 

power supply 
W6GXN p. 40, Jan 75 
Short circuit p. 69, Apr 75 

Regulated 5-volt supply (HNI 
W6UNF p. 67, Jan 73 

SCR-regulated power supplies 
W4GOC p. 52, Jul 70 

Selenium rectifiers, replacing 
WlDTY p. 41, Apr 76 

Servicing power suppiies 
W6GXN p. 44, Nov 76 

Solar energy 
W3FQJ p. 54, Jul 74 

Solar power 
W3FQJ p. 52, Nov 74 

Solar power source, 36-volt 
W3FQJ p. 54, Jan 77 

Stepstart circuit, high-voltage (HN) 
W6VFR p. 63, Sep 7 i  

Storage-battery QRP power 
W3FQJ p. 64, Oct 74 

Super regulator, the MPClOOO 
W3HUC p. 52, Sep 76 

Survey of solid.state power supplies 
W6GXN p. 25, Feb 70 
Short circuit p. 76, Sep 70 

Transformers, high-voltage, repairing 
W6NIF p. 66 Mar 69 

Transformers, miniature (HN) 
W4ATE p. 67, Jul 72 

Transient eliminator (CaT) 
W 1 DTY p. 52, Jun 76 

Transients, reducing 
W5JJ p. 50, Jan 73 

Variable high.voltage supply 
WlOLP p. 62, Dec 79 

Variable power supply for transistor work 
WA4MTH p. 66, Mar 76 

Variable-voltage power supply, 1.2 amps 
WB6AFT p. 36, Jui 78 

Vibrator replacement, solid.state (HN) 
K8RAY p. 70, Aug 72 

Voltage regulators, IC 
W7FLC p. 22, Oct 70 

Voltage-regulator ICs, adjustable 
WB9KEY p. 36, Aug 75 

Voltage-regulator iCs, threeterminal 
WB5EMl p. 26, Dec 73 
Added note (letter) p. 73, Sep 74 

Voltage regulators, boosting bargain (HN) 
WA7VVC p. 90, May 77 

Voltage regulators, IC 
W6GXN p. 31, Mar 77 

Voltage safety valve 
W2UVF p. 78, Oct 76 

Wind generators 
W3FQJ p. 50, Jan 75 

propagat ion 
Artificial radio aurora, scattering 

characteristics of 
WB6KAP p. 18, Nov 74 

Calculator-aided propagation predictions 
N4UH p. 26, Apr 79 
Comments p. 6, Sep 79 

Echoes, long delay 
WB6KAP p. 61, May 69 

Ionospheric E-layer 
WB6KAP p. 58. Aug 69 

Ionospheric science, short history of 
WB6KAP p. 58, Aug 89 

Scatter-mode propagation, frequency 
synchronization for 
K20VS p. 26, Sep 71 

Solar cycle 20, vhfer's view of 
WA51YX p. 46, Dec 74 

Sunspot numbers 
WB6KAP p. 63, Jul 69 

Sunspots and solar activity 
WB6KAP p. 60, Jan 69 

Tropospheric.duct vhf communications 
WB6KAP p. 88, Oct 69 

6-meter sp0radic.E openings, predicting 
WA9R AQ p. 36, Oct 72 
Added note (letter) p. 69, Jan 74 

general 
Antenna impedance transformer for 

receivers (HN) 
W6NIF p. 70, Jan 70 

Antenna tuner, miniature receiver (HN) 
WA7KRE p. 72, Mar 69 

Anti-QRM methods 
W3FQJ p. 50, May 71 

Attenuation pads, receiving (letter) 
K0HNQ p. 69, Jan 74 

Audio agc amplifier 
WA5SNZ p. 32, Dec 73 

Audio agc principles and practice 
WA5SNZ p. 28, Jun 71 

Audio filter for CW, tunable 
WAlJSM P. 34, Aug 70 

Audio iiiier-ireauencv rransiator for Cfl . . 
reception 
WZEEY 

Audio filter mod (HN) 
p. 24, Jun 70 

K6HIU p. 60, Jan 72 
Audio filter, simple 

W4NVK p. 44, Oct 70 
Audio filters, CW (letter) 

6Y5SR p. 56, Jun 75 
Audio filters for ssb and CW reception 

K6SDX p. 18, Nov 76 
Audio-filters, inexpensive 

W8YFB p. 24, Aug 72 
Audio filter, tunable peak-notch 

WPEEY p. 22, Mar 70 
Audio filter, variable bandpass 

W3AEX p. 36, Apr 70 
Audio, improved for receivers 

K7GCO p. 74, Apr 77 
Audio module, complete 

K4DHC p. 18, Jun 73 
Bandspreading techn~ques for resonant clrcuits 

Anderson p. 46, Feb 77 
Short circuits p. 69, Dec 77 

Bandspreading techniques for resonant circuits 
Anderson, Leonard H. p. 46, Feb 77 

Bandspreading techniques for 
resonant circuits (letter) 
W0EJO p. 6, Aug 78 

Bandspreading techniques (letter) 
Anderson, Leonard H. p. 6, Jan 79 

Batteries, how to select for portable 
equipment 
WA0AlK p. 40, Aug 73 

Bfo multiplexer for a multimode detector 
WA3YGJ p. 52, Oct 75 

Broadband jfet amplifiers 
N6DX p. 12, Nov 79 

Calibrator crystals (HN) 
K6KA p. 66, Nov 71 

Calibrator, plug-in frequency 
K6KA p. 22, Mar 69 

Calibrator, simple freauency-divider . . 
using mos ICS 
WGGXN p. 30, Aug 69 

Communications receivers, design ideas for 
Moore p. 12, Jun 74 

Communications receivers, designing 
for strong-signal performance 
Moore p. 6, Feb 73 

Converting a vacuum-tube receiver to 
solid-state 
WlOOP p. 26, Feb 69 

Counter dials, electronic 
K6KA p. 44, Sep 70 

Crystal-filter design, practical 
PY2PEC p. 34, Nov 76 

CW fiiter, adding (HN) 
WPOUX p. 66, Sep 73 

CW monitor, simple 
WA9OHR p. 85, Jan 71 

CW processor for communications receivers 
W6NRW p. 17, Oct 71 

CW reception, enhancing through a 
simulated-stereo technique 
WAlMKP p. 61. Oct 74 

CW reception, noise reduction for 
WPELV p. 52, Sep 73 

CW regenerator for interference-free 
communications 
Leward, Libenschek p. 54, Apr 74 

CW selectivity with crystal bandpassing 
WPEEY p. 52, Jun 69 

decernber 1979 Or/l 117 



CW transceiver operatlon with transmit-receive 
offset 
WIDAX p. 56, Sep 70 

Detector, reciprocating 
WISNN p. 32, Mar 72 
Added notes p. 54, Mar 74; p. 76, May 75 

Detector, single-signai phasing type 
W B9CYY p. 71, Oct 76 
Short circuit p. 68, Dec 77 

Detector, superregenerative, optimizing 
Ring p. 32, Jul 72 

Detectors fm survev of 
'W6GXN i;. 22, JG~: 7E 

Digital display 
N3FG p. 40, Mar 79 
Comments p. 6, Jul 79 

Digital frequency d~splay 
'$Jp2wvr " 2f 31)" 75 

Digjtar readout Jciversai 
WB81FM p. 34, Dec 78 

Digital vfo basics 
Earnshaw p. 18, Nov 78 

Diode detectors 
W6GXN p. 28, Jan 76 
Comments p. 77. Feb 77 

Direct.converslon receivers (HN) 
, 8 8 -  l u z H L  2 100, Sep 78 

Dlverslry recelvlng system 
W2EEY p. 12, Dec 71 

Diversity reception 
K4KJ p. 48, Nov 79 

Double-balanced mixer, active, high- 
dynamic range 
DJ2LR p. 90, NOV 77 

Dynamic range, measuring 
WB6CTW p 56, Nov 79 

Filter alignment 
W7UC p. 61, Aug 75 

Filter, varl-Q 
WlSNN p. 62, Sep 73 

Frequency calibrator, how to design 
W3AEX p. 54, Jul 71 

Frequency calibrator, receiver 
W5UQS p. 28, Dec 71 

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~rcui t  p. 72, May 74 

Hang agc c~rcui t  for ssb and CW 
WIERJ p. 50, Sep 72 

Headphone cords (HN) 
WZOLU p. 62, Nov 75 

I-f amplifier design 
DJ2LR p. 10. Mar 77 
Short circait p. 94, May 77 

I-f detector receiver module 
K6SDX p. 34, Aug 76 

I-f system, multimode 
WA2lKL p. 39, Sep 71 

I-f transformers, problems and cures - Weekender 
K41PV p. 56, Mar 79 

Image suppression (HN) 
W6NIF p. 68, Dec 72 

Intelligibility of commun~cations receivers, 
improving 
WA5RAQ p. 53, Aug 70 

Interference, electric fence 
K6KA p. 68. Jul 72 

Interference, hi-f i  (HN) 
K6KA p. 63, Mar 75 

Interference, rf 
W 1 DTY p. 12. Dec 70 

Interference. rf 
WA3NFW p. 30, Mar 73 

Interference, rf, i ts cause and cure 
G3LLL p. 26, Jun 75 

lntermodulation distortion, reducing 
in high-frequency receivers 
WB4ZNV p. 26, Mar 77 
Short circuit p. 69, Dec 77 

Local oscillator, phase-locked 
VE5FP p. 6, Mar 71 

Local-oscillator waveform effects 
on spurious mixer responses 
Robinson, Smith p. 44, Jun 74 

Mixer, crystal 
W2LTJ p. 38, Nov 75 

Monitor receiver modification (HN) 
WZCNQ p. 72, Feb 76 

Noise blanker 
K4DHC p. 38, Feb 73 

Noise Blanker 
W5QJR p. 54, Feb 79 

Noise blanker design 
K7CVT p. 26, Nov 77 

Noise blanker, hot-carrier d~ode 
W4KAE p. 16, Oct 69 
Short circuit p. 76, Sep 70 

Noise blanker, IC 
WPEEY p. 52, May 69 
Short circuit p. 79, Jun 70 

Noise effects in receiving systems 
DJ?LR p 34, NO" 77 

Noise figure, the real meaning of 
K6MIO p. 26, Mar 69 

Phase-locked 9-MHz bfo 
W7GHM p. 49. Nov 78 

Phsselorked !!r-cnnverter 
'iViGH M i: 2% N c v  79 

Phase-shift networks, design criteria 
G3NRW p. 34, Jun 70 

Power-line noise 
K4TWJ p. 60, Feb 79 

Preamplifier, wideband 
W 1 AAZ p. 60, Oct 76 

Product detector, hot.carrier diode 
YE3GFN p. 12. Oct 69 

Radlo-direction finder 
W6JTT p. 38, Mar 70 

Radio-frequency interference 
WA3NFW p. 30, Mar 73 

Radiotelegraph translator and transcriber 
W7CUU, K7KFA p. 8, NOV 71 
Eliminating the matrix 
KH6AP p. 60, May 72 

Receiver spurious response 
Anderson p. 82. Nov 77 

Receivers - some problems and cures 
WBWGP, K8RRH p. 10, Dec 77 
Ham notebook p. 94, Oct 78 
Short c i rcu~t  p. 94, Feb 79 

Receiving RTTY, automatic frequency 
control for 
W5NPO p. 50, Sep 71 

Reciprocating detector as fm discrim~nator 
WISNN p. 18, Mar 73 

Reciprocating-detector converter 
WISNN p. 58, Sep 74 

Resurrecting old receivers 
K4iPV p. 52, Dec 76 

Rf.agc amplifier, high.performance 
WAIFRJ p. 64, Sep 78 

Rf amplifiers for communications receivers 
Moore p. 42. Sep 74 

Rf amplifiers, isolating parallel currents In 
G3lPV p. 40, Feb 77 

Rf amplifier, wideband 
WB4KSS p. 58, Apr 75 

Selectivity and gain control, improved 
VE3GFN p. 71, Nov 77 

Selectivity, recelver (letter) 
KAUV p. 68. Jan 74 

Sensitivity, noise figure and dynamic range 
W 1 DTY p. 8, Oct 75 

Signals, how many does a receiver see? 
DJZLR p. 58, Jun 77 
Comments p. 101, Sep 77 

S-meters, solid-state 
KGSDX p. 20, Mar 75 

Spectrum analyzer, four channel 
W91A p. 6, Oct 72 

Squelch, audio-actuated 
K4MOG p. 52. Apr 72 

Ssb signals, monitoring 
W6VFR p. 36, Mar 72 

Superhet t rack~ng calculations 
WA5SNZ p. 30, Oct 78 

Superregenerative detector, optimizing 
Ring p. 32, Jul 72 

Superregenerative receiver, improved 
JAIBHG p. 48, Dec 70 

Threshold-gateilimiter for CW reception 
W2ELV p. 46, Jan 72 
Added notes (letter) 
W2ELV p. 59, May 72 

Troubleshooting the dead receiver 
K41PV p. 56, Jun 76 

Vacuum-tube receivers, updating 
W6HPH p. 62, Dec 78 
Short circuit p. 73, Dec 79 

VIf converter (HN) 
W3CPU p. 69, Jul 76 

Weak signal reception in CW receivers 
ZS6BT p. 44, Nov 71 

Wideband amplifier summary 
DJPLR p. 34, Nov 79 

WWV receiver, five-frequency 
W6GXN p. 36, Jul 76 

high-frequency receivers 

Bandpass filters for receiver preselectors 
W7ZOI p. 18, Feb 75 

Bandpass tunlng, electronic, in the Drake R-4C 
Horner p. 58, Oct 73 

BC-1206 for 7 MHz, converted 
W4FIN p. 30, Oct 70 
Short circuit p. 72, Apr 71 

Collins receivers, 300-Hz crystal filter for 
w lnrv  o 56 Seo 75 

Collins receivers (letter) 
G3UFZ p. 90, Jan 78 

Collins 75A-4 hints (HN) 
WGVFR p. 68, Apr 72 

Collinq 75A-A modifications (HNI 
i l i"Cr,  
V V Y O U  :, 67 Ja"? 

Communications receiver, flve 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 circuit D. 58. Dec 73 

Comrnun!cat~ons receivers, miiliature 
design ideas for 
K4DHC p. 18, Apr 76 

Communications receiver, m~niaturized 
K4DHC p. 24, Sep 74 

Communications receiver, optimum design for 
DJPLR p. 10, Oct 76 

Communications receiver, solid-state 
ISTDJ p. 32, Oct 75 
Correction p. 59, Dec 75 

Companion receiver, all-mode 
WlSNN 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 

Dig~tally programmable high-frequency 
communications receiver 
WA9HUV p. 10, Oct 7E 
Comments 
Foot, WA9HUV p. 8, Apr 75 

Direct-conversion receivers 
W3FQJ p. 59, Nov 71 

Direct-conversion receivers 
P A E E  p. 44, Nov 7 i  

Direct-conversion receivers, improved 
selectivity 
K6BIJ p. 32, Apr 7; 

Direct.converslon receivers, 
simple active filters for 
W7ZOI p. 12, Apr 7r 

Double-conversion hf receiver wlth 
mechanical frequency readout 
Perolo p. 26, Oct 7t 

Fet converter for 10 to 40 meters, second- 
generation 
VE3GFN p. 28, Jan 7( 
Short circuit p. 79, Jun 71 

Frequency synthesized local.oscillator system 
W7GHM p. 60, Oct 71 

Frequency synthesizer for the Drake R-4 
W6NBI p. 6, Aug 7: 
Modification (letter) p. 74, Sep 7. 

General coverage communications receiver 
WGURH p. 10, Nov 7 

Gonset converter, solid-state modification of 
Schuler p. 58, Sep 6' 

Hammarlund HQ215, adding 160-meter 
coverage 
WPGHK p. 32, Jan 7 

Heath SB-650 frequency d~splay, using 
with other receivers 
K2BY M p. 40. Jun 7 

High dynamic range receiver input stages 
DJ2LR p. 26, Oct 7 

High.frequency DX receiver 
WBPZVU p. 10, Dec 7 

incremental tuning to your 
transceiver, adding 
VE3GFN p. 66, Feb 7 

Low-noise 30-MHz preamplifier 
WIHR p. 38, Oct 7 
Short circuit p. 94, Feb 7 

Monitoring oscillator 
W2JIO p. 36, Dec 7 

Multiband high-frequency converter 
KGSDX p. 32, Oct 7 
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)oard recelver with the SE-100, 
, ~ n g  an (HN) 
lGMR p. 68. Feb 70 
-ioad response in the Col l~r ls 75A-4 
ceiver, improving 
6ZO P.  42, Apr 70 
iort circuit p. 76, Sep 70 
;ins-type ssb receiver 
A0JYK p. 6. Aug 73 
tort circuit p. 58, Dec 73 
jded note (ietter) p. 63, Jun 74 
mplifier, em~tter-tuned, 21 MHz 
A5SNZ p. 20, Apr 72 
mplifier, low-noise high-gain transistor 
2EEY o. 66, Feb 69 
elector, general-coverage (HN) 
50ZF p. 75. Oct 70 
, soild.state 
5TKP p. 20, Aug 69 
skver incremental tuning for the 
van 350 (HN) 
l KXA p. 64, Jul 71 
?iver, reciprocating detector 
I S N N  p. 44, Nov 72 
,rrec!ion (letter) p. 77, DPC 72 
?iver, versatile solid-state 
I PLJ p. 10, Jul 70 
siving RTTY with Heath SB receivers (HN) 
3HVW p. 64, Oct 71 
procating detector 
I S N N  p. 68, Oct 78 
nplif iers, selective 
iBlJ p. 58, Feb 72 
snerative detectors and a wideband 
iplif ier for experlmenters 
8YFB p. 61, Mar 70 
r' monitor receiver 
lEEU p. 27, Dec 72 
r' receiver-demodulator for net 
jeration 
I7BRK p. 42, Feb 73 
n 350 CW monitor (HN) 
i KXA p. 63, Jun 72 
hesizer, high resolution hf (letter) 
12LR p. 6, Jan 79 
sceiver selectivity improved (HN) 
'3BWD p. 74, Oct 70 
?r overload, eliminating (HN) 
L3GFN p. 66, Jan 73 
tenuators for (letter) p. 69, Jan 74 
d receiver 
~ d o r ,  Jr. p. 28, Feb 77 
d receiver, fixed-tuned 
GGXN p. 24, Nov 69 
d receiver, regenerative 
A5SNZ p. 42, Apr 73 
d receiver, simple (HN) 
A3JBN p. 68, Jul 70 
lort circuit p. 72, Dec 70 
d receiver, simple (HN) 
A3JBN p. 55, Dec 70 
II.WWVH, amateur applications for 
3FQJ p. 53, Jan 72 
eter receiver with digitai readout, part 1 
iSDX p. 48, Oct 77 
eter receiver with digital readout, part 2 
iSDX p. 56, Nov 77 
neter receiver, simple 
BFPO p. 44, Nov 70 
AHz receiver 
3TN0 p. 6, Dec 69 
42 direct-conversion receiver 
8YBF p. 16, Jan 77 
i z  recelver 
iSDX p. 12, Apr 79 
Iz  ssb receiver and transmitter, simple 
i3GSD p. 6, Mar 74 
lort circuit p. 62, Dec 74 
b4Hz converter 
3KD p. 74, Apr 79 

f receivers 
~d converters 
verters for six and two meters, mosfet 
'BZEGZ p. 41, Feb 71 
lo r t  circuit p. 96, Dec 71 
led preamplifier for vhf-uhf 
'AQRDX p. 36, Jul 72 
?r-preamplifiers for 50 and 144 MHz 
ched 
'5KNT p. 6, Feb 71 
channel scanner 
'PFPP p. 29, Aug 71 

Fm communications receiver, modular 
KBAUH p 32, Jun 69 
Correction p. 71, Jan 70 

Fm receiver frequency control (letter) 
W3AFN p. 65. Apr 71 

Fm receiver performance, comparison of 
VE7ABK p. 68, Aug 72 

Fm receiver, multichannel for six and two 
WlSNN p. 54, Feb 74 

Fm receiver, tunable vhf 
K8AUH p. 34, Nov 71 

Fm receiver. uhf 
WA2GCF p. 6, Nov 72 

Fm repeaters, receiving system 
dearadation in 
~ 5 2 6 ~  p. 36, May 69 

HW-17A, perking up (HN) 
WBPEGZ p. 70, Aug 70 

improving vhfluhf receivers 
W1 JAA p. 44, Mar 76 

lnterdigitai preamplifier and comb.line 
bandpass filter for vhf and uhf 
W5KHT p. 6, Aug 70 

Interference, scanning receiver (HN) 
K2Y4H p, 70, Sep 72 

Monitor receivers, two-meter frn 
WB5EMi p. 34. Apr 74 

Overload problems with vhf converters, 
solvlng 
WlOOP p. 53. Jan 73 

Receiver alignment techniques, vhf fm 
K4IPV p. 14, Aug 75 

Receiver, modular two-meter fm 
WAPGFB p. 42, Feb 72 

Receiver, vhf fm 
WA2GCF p. 8, Nov 75 

Receiving converter, vhf four-band 
W3TQM p. 64, Oct 76 

Scanning receiver for vhf fm, improved 
WAZGGF p. 26, Nov 74 

Scanning receiver modifications, 
vhf fm (HN) 
WA5WOU p. 60, Feb 74 

Scanning receivers for two-meter fm 
K41PV p. 28, Aug 74 

Six-meter converter, improved 
K l  BQT p. 50, Aug 70 

Squelch-audio amplifier for fm receivers 
WB4WSU p. 68, Sep 74 

Ssb mini-tuner 
K1 BQT p. 16, Oct 70 

Terminator, 50-ohm for vhf converters 
WA6UAM p. 26, Feb 77 

Vhf fm receiver (letter) 
W81HQ p. 76, May 73 

Vhf receiver scanner 
K 2 U G  p. 22, Feb 73 

Vhf superregenerative receiver, low-voltage 
WA5SNZ p. 22, Jul 73 
Short circuit p. 64, Mar 74 

26-30 MHz preamplifier for sateiiite 
reception 
WIJAA p. 48, Oct 75 

50-MHz preamplifier, improved 
WA2GCF p. 46, Jan 73 

144-MHz converter (HN) 
KQVQY p. 71, Aug 70 

144-MHz converter (letier) 
WQLER p. 71, Oct 71 

144-MHz converter, hot-carrier diode 
K8CJU p. 6, Oct 69 

144-MHz converter, modular 
W6UOV p. 64, Oct 70 

144-MHz converters, choosing fets for (HN) 
K6JYO p. 70, Aug 69 

144-432 MHz GaAs fet preamp 
JHlBRY p. 38, Nov 79 

144-MHz preamp, iow-noise 
W 1 DTY p. 40, Apr 76 

144-MHz preamp, super (HN) 
K6HCP p. 72, Oct 69 

144-MHz preamplifier, improved 
WA2GCF p. 25, Mar 72 
Added notes p. 73, Jul 72 

220-MHz mosfet converter 
WBPEGZ p. 28, Jan 69 
Short circuit p. 76, Jul 69 

432.MHz converter,, low-noise 
K6JC p. 34, Oct 70 

432 MHz preamp (HN) 
W I DTY p. 66, Aug 69 

432 MHz preamplifier and converter 
WA2GCF p. 40, Jul 75 

1296-MHz converter, solid-state 
VK4ZT p. 6, Nov 70 

1296-MHz, double-balanced mixers for 
WA6UAM p. 6, Jul 75 

1296-MHz preamplifier 
WA6UAM p. 42, Oct 75 

1296-MHz preamplifier, low-noise 
WAPVTR p. 50, Jun 71 
Added note (letter) o 65, Jan 72 

2304-MHz converter, soiid.state 
K2JNG, WA2LTM, WA2VTR p. 16. Mar 72 

2304-MHz preamplifier, solid-state 
WA2VTR p. 20, Aug 72 

receivers and converters, 
test and troubleshooting 
Rf and i-f amplifiers, troubleshooting 

Allen p. 60, Sep 70 
Weak-signal source, variable-output 

K6JYO p. 36, Sep 71 
Weak.signal source, 144 and 432 MHz 

K6JC p. 58, Mar 70 

RTTY 
Active bandpass filter for RTTY 

W4AYV p. 46, Apr 79 
AFSK, digitai 

WA4VOS p. 22, Mar 77 
Short circuit p. 94. May 77 

AFSK generator (HN) 
F8KI p. 69, Jul 76 

AFSK generator and demoduiator 
WB9ATW p. 26. Sep 77 

AFSK generator, crystal-controlled 
K7BVT p. 13, Jui 72 

AFSK generator, crystal-controlled 
W6LLO p. 14, Dec 73 
Sluggish oscillator (letter) p. 59, Dec 74 

Audio-frequency keyer, simple 
WZLTJ p. 56. Aug 75 

Audio-frequency shift keyer 
KH6FMT p. 45, Sep 76 

Audio-frequency shift keyer, slmple (C&T) 
W1 DTY p. 43, Apr 76 

Audio-shift keyer, continuous-phase 
VE3CTP p. 10, Oct 73 
Short circuit 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 
K4EEU p. 37, Dec 72 

CRT Intensifier for RTTY 
K4VFA p. 18, Jui 71 

Carriage return, adding to the automatic 
iine-feed generator (HN) 
K4EEU p. 71, Sep 74 

Cleaning teleprinters (HN) 
W8CD p. 86, May 78 

Coherent frequency.shift key~ng, need for 
K3WJQ p. 30, Jun 74 
Added notes (letter) p 58, Nov 74 

Crystal test oscillator and signal generator 
K4EEU p. 46, Mar 73 

CW memory for RTTY identif~cation 
W6LLO p. 6, Jan 74 

Digital reperflTD 
WE9ATW p. 58, Nov 78 

DT-500 demodulator 
KgHVW, K40AH, WB4KUR p. 24, Mar 76 
Short circuit 0. 85. Oct 76 

DT-600 demodulator 
KgHVW, K40AH, WB4KUR p. 8, Feb 76 
Letter, K5GZR D. 78. Seo 76 
Short circuit b. 85, 0 d t  76 

Dual demodulator terminal unit 
KB9AT D. 74. Oct 78 
Comments 
WBGPMV, KB9AT 

Duplex audio-frequency generator 
with AFSK features 
WB6AFT 

Electronic speed conversion for RTTY 
WA6JYJ 
Printed circuit for 

Electronic teleprinter keyboard 
WQPHY 

Frequency-shift meter, RTTY 
VK3ZNV 

Line-end indicator, IC 
W20KO 

Line feed, automatic for RTTY 
K4EEU 

p. 6, Oct 79 

p. 66, Sep 79 
teleprinters 

p. 36, Dec 71 
p. 54, Oct 72 

p. 56, Aug 78 

p. 53, Jun 70 

p. 22, Nov 75 

p. 20, Jan 73 
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Mainline ST-5 autostart and antispace 
K2YAH p. 46, Dec 72 

Mainline ST-5 RTTY demodulator 
W6FFC p. 14, Sep 70 
Short circuit p. 72, Dec 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 p. 8, Jan 75 

Message generator R V Y  
W6OXP. W8KCQ 6 30. Fe5 74 

Modulator-demodulator for vhf operation 
W6LLO p. 34, Sep 78 

Monitor scope, phase-shift 
W3ClX p. 36, Aug 72 

Monitor scope, RTTY, Heath 
H0.10 and SB-610 as (HN) 
K9HVW p. 70, Sep 74 

Monitor scope, RTTY, solid-state 
WBZMPZ p. 33, Oct 71 

Performance and slgnai-to-noise ratlo 
of low.frequency shift RTTY 
K6SR p. 62, Dec 76 

Phase-coherent RTTY modulator 
K5PA p. 26, Feb 79 

Phase-locked loop AFSK generator 
K7ZOF p. 27, Mar 73 

Phase-locked loop RTTY terminal unit 
W4FQM p. 8, Jan 72 
Correction p. 60, May 72 
Power supply for p. 60, Jui 74 
Optimization of the phase- 
locked terminal unit p. 22, Sep 75 
Update, W4AYV p. 16, Aug 76 

Precise tuning with ssb gear 
W0KD 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, Oct 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 
WB6IMP p. 36, Sep 72 

RTTY for the blind (letter) 
VE7BRK p. 76, Aug 72 

RTTY introduction to 
K6JFP p. 38, Jun 69 

RTTY line.length indicator (HN) 
WZUVF p. 62, Nov 73 

RTTY reception with Heath SB receivers (HN) 
K9HVW D. 64. Oct 71 

Seicom 
KSHVW, WB4KUR, K4EID p. 10, Jun 78 

Serial converter for &level teleprinters 
VE3CTP p. 67. Aug 77 
Short circuit p. 68, Dec 77 

Signal Generator, RTTY 
W7ZTC p. 23, Mar 71 
Short circuit p. 96, Dec 71 

Simple c~rcuit  replaces jack patch panel 
K4STE p. 25, Apr 76 

Speed control, electronic, for RTTY 
W3VF p. 50, Aug 74 

ST-5 keys polar relay (HN) 
W0LPD 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 in 
W6JTT p. 38, Jui 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 D. 59. Mar 73 

Test-message generator, RTTY 
KSGSC, K9PKQ p 30, Nov 76 

Tlmeldate prlntout 
W0UT p 18, Jun 76 
Short clrcult p 66, Dec 77 

Voltage s ~ ~ p p i y  preclslon tor 
pnase-locked terminal unit (HN) 
WA6TLA p 60, Jui 74 

satellites 
Amsat-Oscar D 

WBPK, G3ZCZ p. 16, Apr 76 
Antenna accuracy in sateliite tracking systems 

N5KR p. 24, Jun 79 
Antenna control, automatic azimuthlelevation 

for satellite communications 
WA3HLT p. 26. Jan 75 
Correction p. 58, Dec 75 

Antenna, simple sateilite (HN) 
WA6PXY p. 59, Feb 75 

Antennas, simple, for sateliite 
communications 
K4GSX p. 24, May 74 

Az-el antenna mount for satellite 
communications 
W2LX p. 34, Mar 75 

Calcu-puter, OSCAR 
W9CGI p. 34, Dec 78 

Circularly-polarized ground-plane 
antenna for sateliite communications 
K4GSX p. 26, Dec 74 

Communications, first step to satellite 
KIMTA p. 52, Nov 72 
Added notes (letter) p. 73, Apr 73 

Future of the amateur sateilite service 
KZUBC p. 32, Aug 77 

Medical data relay via Oscar 
K7RGE p. 67, Apr 77 

Oscar antenna (C&T) 
W 1 DTY o. 50. Jun 76 

Oscar antenna, mobile (HN) 
W6OAL p. 67, May 76 

Oscar az-el antenna system 
WAlNXP p. 70, May 78 

Oscar tracking program, HP-65 
calcuiator (letters) 
WA3THD p. 71, Jan 76 

Oscar 7, communications techniques for 
G3ZCZ D. 6. Aor 74 . . 

Programming for automated sateilite 
communication 
KP4MO p. 68, Jun 78 

Receiving preamplifier for OSCAR 8 Mode J 
KIRX and Puglia p. 20, Jun 78 

Satellite communications on 10 meters (letter) 
G310R p. 12, Dec 79 

Sateilite tracking - pointing and 
range with a pocket calcuiator 
Ball, John A. p. 40, Feb 78 

Signal poiarizatlon, satellite 
KH6iJ p. 6, Dec 72 

Trackina the OSCAR satellites  armo on. WA6UAP p. 16, Sep 77 
28-30 MHz preamplifier for satellite 

receotion 
WlJAA p. 48, Oct 75 

432-MHz OSCAR antenna IHN) 
p. 58, Jui 75 

semiconductors 
Antenna bearings for geostationary 

satellites, calculating 
N6TX p. 67, May 78 

Antenna switch for meters, solid-state 
KZZSQ p. 48, May 69 

Avalanche transistor circuits 
W4NVK p. 22, Dec 70 

Charge flow in semiconductors 
WB6BIH p. 50, Apr 71 

Converting a vacuum-tube receiver to 
solid-state 
WlOOP p. 26, Feb 69 
Short circuit p. 76, Jui 69 

Diodes, evaluating 
W5JJ p. 52, Dec 71 

Dynamic translstor tester (HN) 
VE7ABK p. 65, Oct 7' 

European semiconductor numbering system (C&T) 
W I DTY p. 42, Apr 7t 

Fet bias probiems simplified 
WA5SNZ p. 50, Mar 71 

Fet biasing 
W3FQJ p. 61, Nov 7: 

Fetrons, solid-state replacements for tubes 
W l  DTY p. 4, Aug 7: 
Added notes p. 66, Oct 73; p. 62, Jun 71 

Frequency multipliers 
W6GXN P. 8. Aug 7' 

Frequency multipliers, transistor 
W6AJF p. 49, Jun 7( 

GaAs fieid-effect transistors, introduction 
WAZZZF p. 74, Jan 71 

Glass semiconductors 
WIEZT p 56, Jul 6< 

Gr~d-dip osc~llator, soi~d-state conversion of 
W6AJZ p. 20. Jun 7( 

Heatsink problems, how to solve translstor 
WA5SNZ p. 46, Jan 7r 

Impulse generator, snap diode 
Siegai, Turner p. 29, Oct 7: 

Injection lasers, high power 
Mims p. 28, Sep 7. 

injection lasers (letter) 
Mims p. 64, Apr 7' 

Linear power amplifier, high power solid-state 
Chambers p. 6, Aug 71 

Linear translstor amplifier 
W3FQJ p. 59, Sep 7' 

Matching techniques, broadband, for 
transistor rf amplifiers 
WA7WHZ p. 30, Jan 7; 

Microwave amplifier design, solid state 
WA6UAM p. 40, Oct 7t 

Mobile converter, solid.state modification of 
Schuler p. 58, Sep 61 

Mosfet circuits 
W3FQJ p. 50, Feb 7! 

Mosfet power amplifier, 160 - 6 meters 
WAIWLW p. 12, Nov 71 

Mosfet transistors (HN) 
WB2EGZ p. 72, Aug 6! 

Mospower fet (letter) 
W3QQM p. 110, Mar 71 

Motorola fets (letter) 
WlCER p. 64, Apr 7 

Neutralizing small-signal amplifiers 
WA4WDK p. 40, Sep 71 

Noise, zener-diode (HN) 
VE7ABK p. 59, Jun 7! 

Parasitic oscillations in high-power 
transistor rf amplifiers 
W0KGl p. 54, Sep 71 

Pentode replacement (HN) 
W 1 DTY p. 70, Feb 71 

Power dissipation ratings of translstors 
WN9CGW p. 56, Jun 7 

Power fets 
W3FQJ p. 34, Apr 7 

Power transistors, parailelling (HN) 
WA5EKA p. 62, Jan 7: 

Predicting close encounters: 
OSCAR 7 and OSCAR 8 
K2UBC p. 62, Jui 7' 

Protecting solid-state devices from 
voltage transients 
WB5DEP p. 74, Jun 7; 

Relay, transistor replaces (HN) 
W3NK p. 72, Jan 71 

Rf power detecting devices 
K6JYO p. 28, Jun 71 

Rf power transistors, how to use 
WA7KRE p. 8, Jan 71 

Snap diode impulse generator 
Siegal, Turner p. 29, Oct 7 

Surplus translstors, ~dentifying 
WZFPP p. 38, Dec 71 

Switching inductive loads with 
solidetate devices (HN) 
WAGROC p. 99, Jun 7, 

Thyristors, introduction to 
WA7KRE p. 54, Oct 71 

Transconductance tester for field-effect 
transistors 
W6NBI p. 44, Sep 7 

Transistor amplifiers, tabulated 
characteristics of 
W5JJ p. 30, Mar 7 

Transistor and diode tester 
ZLPAMJ p. 65, Nov 71 

Transistor breakdown voltages 
WA5EKA p. 44, Feb 7 

Transistors for vhf transmitters (HN) 
WlOOP p. 74, Sep 6 
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nnsistor testing 
Alien 
matt diodes (letter) 

P. 62, Jul 70 Speech clipper, IC 
K6HTM -r--- - - . - ,  

WA7NLA p. 72, Apr 72 
o transistors (HN) 
WlOOP p. 74, Nov 69 
Darameters in rf design, using 
WAQTCU p. 46, Jul 72 
ner tester, low voltage (HN) 
K3DPJ p. 72. Nov 69 

'ingle sideband 
 lanced modulator, integrated-circuit 
K7OWR p. 6, Sep 70 
 lanced modulators, dual fet 
W3FQJ p. 63, Oct 71 
)mmunications receiver, phasing-type 
WAWYK p. 6, Aug 73 
?tector, ssb, IC (HN) 
K40DS p. 67, Dec 72 
Correction p. 72, Apr 73 
)uble-balanced modulator, broadband 
WA6NCT c. 6.  M3r 70 
ectronic bias switching for linear 
amplifiers 
W6VFR p. 50, Mar 75 
iters, ssb (HN) 
K6KA p. 63, Nov 73 
equency dividers for ssb 
W7BZ p. 24, Dec 71 
tng agc circuit for ssb and CW 
WlERJ p. 50, Sep 72 
termittent voice operation of power tubes 
W6SAI p. 24, Jan 71 
!ermoduiation-distortion measurements 
on ssb transmitters 
W6VFR p. 34, Sep 74 
iear ampiifier design 
W6SAI 
Part 1 p. 12, Jun 79 
Part 2 p. 34, Jul 79 
Part 3 p. 58, Aug 79 
iear amoiifier. five-band conduction- 
cooled 
W9KIT p. 6, Jui 72 
iear amolifier, five-band kilowatt 
W40Q 
Improved operation (letter) 
iear ampiifier, homebrew five-band 
W71V 
iear amplifier performance, improvir 
W4PSJ 
iear amplifier, 100-watt 
IN6WR 
iear, five.band hf 
N7DI 
)ear for 60-10 meters, high-power 
N6HHN 
short circuit 
learity meter for ssb ampiifiers 
N4MB 
)ears, three bands with two (HN) 
N4NJF 

p. 14, Jan 74 
p. 59, Dec 74 

p. 30, Mar 70 
'9 

p. 68, Oct 71 

p. 28, Dec 75 

p. 6, Mar 72 

p. 56, Apr 71 
p. 96, Dec 71 

p. 40, Jun 76 

p. 70, Nov 69 
nituner, ssb 
<1BQT p. 16, Oct 70 
bdifying the Heath SB-200 amplifier 
'or the new 8873 zero-bias triode 
N6UOV p. 32, Jan 71 
ak envelope power, how to measure 
N5JJ p. 32, Nov 74 
ase-shift networks, design criteria for 
23NRW p. 34, Jun 70 
wer supplies for ssb 
3elt p. 38, Feb 69 
?cise tuning with ssb gear 
NQKD p. 40, Oct 70 
?-emphasis for ssb transmitters 
3H2CD p. 38, Feb 72 
ting tubes for linear amplifier service 
N6UOV. W6SAI D. 50. Mar 71 
clipper'for the Collins S-line 
(6JYO 
.etter 
speech processor, ssb 
N2MB 
leband location (HN) 
(6KA 
id-state circuits for ssb 
3e1t 
id-state transmitting converter 
44.MHz ssb 
V6NBI 
jhort circuit 
sech process, logarithmic 
olA3FiY 

p. 18, Aug 71 
p. 68, Dec 71 

p. 18, Sep 73 

p. 62, Aug 73 

p. 18, Jan 69 
for 

p. 6, Feb 74 
p. 62, Dec 74 

p. 38, Jan 70 

D. 18, Feb 73 
television 

Added notes (letter) p. 64. Oct 73 
Speech clipper, rf, construction 

G6XN p. 12, Dec 72 
Speech clippers, rf, performance of 

G6XN 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 

S~eech ~rocessina. or~ncioles of - .  . 
' Z L ~ B N  p. 28, Feb 75 

Added notes p. 75, May 75; p. 64, Nov 75 
Soeech orocessor for ssb 

' KGPHT p. 22. Apr 70 
Speech processor, ssb 

VK9GN p. 31. Dec 71 
Speech splatter on single sideband 

W4MB p. 28, Sep 75 
Ssb generator, phasing-type 

W7CMJ p. 22, Apr 73 
Added commects (!etter) p. 85. N o v  73 

Ssb generator, 9.MHz 
W9KIT p. 6, Dec 70 

Ssb phasing techniques, review 
VK2ZTB p. 52, Jan 78 
Short circuit p. 94, Feb 79 

Ssb phasing techniques, review (letter) 
WB9YEM p. 82. Aug 78 

Phasing networks (letter) 
W2ESH p. 6, Nov 78 

Speech processor, split-band 
N7WS p. 12, Sep 79 

Ssb transceiver, IC, for 80 meters 
VE3GSD p. 48, Apr 76 

Switching and linear amplification 
W3FQJ p. 61, Oct 77 

Syllabic vox system for Drake equipment 
W6RM p. 24, Aug 76 

Transceiver, high-frequency with digital readout 
DJ2LR p. 12, Mar 78 

Transceiver, 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, using LM373 iC 
W5BAA p. 32, Nov 73 

Transceiver, 3.5-MHz ssb 
VE6ABX p. 6, Mar 73 

Transmitter alignment 
Alien 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 
WAWYK p. 8, Jun 75 

Transmitting mixers, 6 and 2 meters 
K2lSP p. 8, Apr 69 

Transverter, low-power, high-frequency 
WBRBR 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 D. 96. Dec 71 

144-MHz linear, 2 kW 
WGUOV, W6Z0, K6DC 

144-MHz low.drive kilowatt linear 
W6HHN 

144-MHz transverter, the TR-144 
KlRAK 

432 MHz rf power amplifier 
KGJC 

432-MHz ssb converter 
K6JC 
Short circu~t 

432.MHz ssb, practical approach to 
WA2FSO 

1296-MHz ssb transceiver 
WA6UAM 

p. 26, Apr 70 

p. 26, Jul 70 

p. 24, Feb 72 

p. 40, Apr 70 

p. 48, Jan 70 
p. 79, Jun 70 

p. 6, Jun 71 

p. 6, Sep 74 

Broadcast quality television camera 
WABRMC p. 10, Jan 78 

Callsign generator 
WB2CPA p. 34, Feb 77 

Camera and monitor, sstv 
VESEGO, Watson p. 38, Apr 69 

Caption device for SSTV 
G3LTZ o. 61. Jul 77 

Color tv, slow-scan 
W4UMF, WBBDQT p. 59, Dec 69 

Computer, processing, sstv pictures 
W4UMF p. 30, Jui 70 

Disolav SSTV Dictures on a fast-scan TV 
K ~ A E P  ' p. 12, JUI 79 

Fast-scan camera converter for sstv 
WA9UHV p. 22, Jui 74 

Fast- to slow-scan conversion, tv 
W3EFG, W3YZC p. 32, Jul 71 

Frequency-selective and sensitivity- 
controlled sstv preamp 
DKl BF p. 36, Nov 75 

Interlaced sync generator for ATV camera control 
WABRMC p. 10, Sep 77 

Slow-scan television 
WA2EMC p. 52, Dec 69 

Slow-to-fast-scan television converters, 
an introduction 
K4TWJ p. 44, Aug 76 

Sync generator for black-and-white 525-line TV 
K4EEU p. 79, Jul 77 

Sync generator, IC, lot  ATV 
WQKGl p. 34, Jul 75 

Sync generator, sstv (letter) 
W1 IA 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 circuit p. 94, May 77 

50 years of television 
WlDTY, K4TWJ p. 36, Feb 76 
Letter, WA~JFP 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 
WABAIK 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 
WB81FM p. 34, Dec 78 

Digital vfo basics 
Earnshaw p. 18, Nov 78 

Efficiency of linear power amplifiers, 
how to compare 
W5JJ p. 64, Jul 73 

Electronic bias switching for linear 
amplifiers 
W6VFR p. 50, Mar 75 

Fail-safe timer, transmitter (HN) 
K9HVW p. 72, Oct 74 

Filter converter, an upldown 
W5DA p. 20, Dec 77 

Filters, ssb (HN) 
K6KA p. 63, Nov 73 

Frequency multipliers 
W6GXN p. 6, Aug 71 

High-voltage fuses in linear amplifiers (HN) 
K9M M p. 76, Feb 78 

Intermittent voice operation of power 
tubes 
W6SAI p. 24, Jan 71 

Key and vox clicks (HN) 
K6KA p. 74, Aug 72 

Linear power amplifiers (letter) 
KB5EY, W6SAI p. 6, Dec 79 
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Lowpass filters for solid-state linear amplifiers 
WAUYK p. 38, Mar 74 
Short circuit p. 62, Dec 74 

Matching techniques, broadband, for 
transistor rf amplifiers 
WA7WHZ p. 30, Jan 77 

Multiple tubes in parallel grounding grid (HN) 
W7CSD p. 60, Aug 71 

National NCX-500 modification for 15 meters (HN) 
W A l  KYO p. 87, Oct 77 

Networks, transmitter matching 
W6FFC p 6. Jan 73 

Neutrallz~ng t ~ p  (HN) 
ZE6JP p. 69, Dec 72 

Parasitic oscillations in high-power 
transistor rf amplifiers 
W0KGI p. 54, Sep 70 

Paizsitls sup2res';or (9%) 
WA9JMY p 80. Apr 70 

Pi network design 
Anderson, Leonard H. p. 36, Mar 78 
Comments p. 6, Apr 79 

Pi network design aid 
W6NIF p. 62, May 74 
Correction (letter) p. 58, Dec 74 

Pi-network design, high-frequency 
power amolifiet 
W6FFC p 6, Sep 72 

Pi networks (letter) 
W6NIF p. 6, Oct 78 

Pi-network inductors (letter) 
W71V p 78, Dec 72 

Pi-network rf choke (HN) 
W6KNE p. 98, Jun 78 

Pi networks, series tuned 
WZEGH p. 42, Oct 71 

Power attenuator, all-band 10-dB 
KICCL p. 68, Apr 70 

Power fets 
W3FQJ p. 34, Apr 71 

Power tube open fiiament pins (HN) 
W9KNi p. 69, Apr 75 

Pre-emphasis for ssb transmitters 
OH2CD p. 38, Feb 72 

Quartz crystals (letter) 
WBPEGV p. 12, Dec 79 

Relay activator (HN) 
K6KA p. 62, Sep 71 

Rf leakage from your transmitter, preventing 
K9M M 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 
W B6ZY E p. 78, Sep 76 

Step-start circuit, high-voltage (HN) 
W6VFR p. 64, Sep 71 

Swr alarm circuits 
WPEEY p. 73, Apr 70 

Temperature alarms for high-power amplifiers 
WZEEY D. 48. Ju! 70 

Transmitter power levels, some 
observations regarding 
WA5SNZ p. 62, Apr 71 

Transmitter, remote keying (HN) 
WA3HDU p. 74, Oct 69 

Transmitter-tuning unit for the blind 
W9NTP p. 60, Jun 71 

Vacuum tubes, uslng odd-ball types in 
linear amplifiers 
W5JJ p. 58, Sep 72 

Vfo, digital readout 
WB8lFM p. 14, Jan 73 

high-f requency 
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 p. 18, Jul 77 
CW transceiver, low-power 20-meter 

W7ZOI p. 8, Nov 74 
CW transmitter, half-watt 

K0VQY p. 69, Nov 69 
Driver and final for 40 and 80 meters, 

sol~d-state 
W3QBO p. 20, Feb 72 

Electronic bias switch for negatively-biased 
power amplifiers 
WA5KPG p. 27, Nov 76 

Field-effect transistor transmitters 
K2BLA p. 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 
K2BLA p. 16, Oct 72 

Grounded-grid 2 kW PEP ampiifier, 
high frequency 
W6SAI p. 6, Feb 69 

Heath HW-101 transceiver, using with 
a separate receiver (HN) 
WAIMKP p. 63, Oct 73 

Linear arnpiifier design 
W6SAI 
Part 1 p. 12, Jun 79 
Part 2 p. 34, Jul 79 
Part 3 p. 58, Aug 79 

Lineav amt i t ie r  five-bane 
W7iV p. 30. Mar 70 

Linear amplifier, five-band conduction-cooled 
W9KIT p.8, Jul 72 

Linear amplifier 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 p. 38, Apr 78 

Linear, five-band hf 
W7DI p. 6, Mar 72 

Llnear, 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 p. 70, Nov 69 

Lowpass filter, high-frequency 
W2OLU p. 24, Mar 75 
Short circuit p. 59, Jun 75 

Modifying the Heath SB.200 amplifier for 
the new 8873 zero-bias triode 
W6UOV p. 32, Jan 71 

Mosfet power ampiifier, for 160. 6 meters 
WAIWLW p. 12, Nov 78 

Phase-locked loop, 28 MHz 
WlKNi  p. 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 
W5BAA p. 32, Nov 73 

Ssb transceiver, 9-MHz, iC 
G3ZVC p. 34, Aug 74 
Circuit change (letter) p. 62, Sep 75 

Ssb transmitter and receiver, 40 meters 
VE3GSD D 6. Mar 74 
Short circuit p: 62, Dec 74 

Ssb transmitter, phasing type 
WAWYK p. 8, Jun 75 

Tank circuit, inductively-tuned high-frequency 
W6SAI p. 6, Jui 70 

Transceiver, high.frequency with digital readout 
DJ2LR p. 12, Mar 78 

Transceiver, single-band ssb 
W1 DTY 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 
W6NIF p. 26, Dec 70 

Transm~tter, universal flea-power 
K2ZSQ p. 58, Apr 69 

Transverter, low-power, high-frequency 
WA0RBR p. 12, Dec 78 

Wideband linear amplif~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, soiid-state 
W3QBO p. 6, Nov 73 

160-meters, 500-watt power amplifier 
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 

Phase-locked loop, 50 MHz 
WlKNI  p. 40, Jan 73 

Transistors for vhf transmitters (HN) 
WlOOP p. 74, Sep 69 

Transmitter, flea power 
KZZSQ p. 58, Apr 69 

Transmitting mixers for 6 and 2 meters 
K2lSP p. 8, Apr 69 

Transverter for 6 meters 
WA9IGU p. 44, Jul 69 

Vhf linear, 2kW, design data for 
W6UOV p. 6, Mar 69 

10-GHz transceiver for amateur 
microwave comrnunlcations 
DJ700 p. 10, Aug 78 

30-MHz orea~c l i f ie r .  low-noise 
WIHR p. 38, Oct 78 

50-MHz kilowatt, inductively tuned 
KIDPP p. 8, Sep 75 

50-MHz iinear amplifier 
KIRAK p. 38, Nov 71 

50-MHz iinear amplifier, 2-kW 
W6UOV p. 16, Feb 71 

50-MHz linear, inductively tuned 
W6SAI p. 6, Jui 70 

50-MHz transrerter 
K l  RAK p. 12, Mar 71 

501144-MHz multimode transmitter 
K2lSP p. 28, Sep 70 

144-MHz fm transmitter 
W9SEK p. 6, Apr 72 

144-MHz fm transmitter, solid-state 
W6AJF p. 14, Jul 71 

144-MHz fm transmitter, Sonobaby 
WAWZO p. 8; Oct 71 
Short circuit p. 96, Dec 71 
Crystal deck for p. 26, Oct 72 

144-MHz low-drive kilowatt linear 
W6HHN p. 26, Jui 70 

144-MHz low-power solid-state transmitter 
K0VQY p. 52, Mar 70 

144-MHz phase-modulated transmttter 
W6AJF p. 18, Feb 70 

144-MHz power ampiifier, high-performance 
W6UOV p. 22, Aug 71 

144-MHz power amplifier, 10-watt solid-state 
W l  DTY p. 67, Jan 74 

144-MHz 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 
K lAOB p. 55, Dec 71 

144-MHz two-kilowatt linear 
WGOUV, W6Z0, K6DC p. 26, Apr 70 

144- and 432- stripline ampiifierltripler 
K2RiW p. 6, Feb 70 

220-MHz exciter 
WB6DJV o. 50. Nov 71 

220-MHz power arnpiifier 
W6UOV p. 44, Dec 71 

220-MHz, rf power amplifier for 
WB6DJV p. 44, Jan 71 

220-MHz rf power amplifier, vhf f m  
K7JUE p. 6, Sep 73 

432-MHz exciter, solid-state 
WIOOP p. 38, Oct 69 

432-MHz rf power amplifier 
K6JC p. 40, Apr 7C 

432-MHz solid-state linear amplifier 
WB6QXF p. 30, Aug 75 

432-MHz ssb converter 
K6JC p. 48, Jan 7C 
Short circuit p. 79, Jun 7C 

432.MHz 100-watt solid-state power amplifier 
WA7CNP p. 36, Sep 7E 

1296-MHz frequency tripler 
K4SUM, W4API p. 40, Sep 6E 

1296-MHz power amplifier 
W2COH, WZCCY, W20J, 
WIMU p. 43, Mar 7C 

1296-MHz transverter 
KGZMW p. 10, Jul 7 i  

2304.MHz power amplifier 
WA9HUV p. 8, Feb 7: 

transmitters and 
power amplifiers, 
test and troubleshooting 
Ssb transmitter alignment 

Alien p. 62, Oct 6< 
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n ing  up Ssb transmitters 
Allen p. 62, Nov 69 

rou bleshoot ing 
~alyzing wrong dc voltages 
Alien p. 54, Feb 69 
~ d i o  distortion, curing in speech 
amplifiers 
Allen p. 42, ~ u g  70 
s i c  troubleshooting 
James p. 54, Jan 76 
:-dc converters, curing trouble in 
Allen p. 56, Jun 70 
transformers, problems and cures - Weekender 
K41 PV p. 56, Mar 79 
gic circuits, troubleshooting 
W8GRG p. 56, Feb 77 
)bile power supplies, troubieshooting 
Allen p. 56, Jun 70 
lmmeter troubleshooting 
Allen p. 52, Jan 69 
;ciliators, repalring 
Allen p. 69, Mar 70 
;clllator troubieshooting (repair bench) 
K41PV p. 54, Mar 77 
icilloscope, putting to work 
Allen p. 64, Sep 69 
;cilloscope, troubleshooting amateur 
gear with 
Allen p. 52, Aug 69 
wer supply, troubleshooting 
K41PV p. 78, Sep 77 
ceiver alignment techniques, vhf fm 
K41PV p. 14, Aug 75 
ceivers, troubieshooting the dead 
K41PV p. 56, Jun 76 
sistance measurement, troubleshooting by 
James p. 58, Apr 76 
and i-f amplifiers, troubleshooting 
4llen p. 60, Sep 70 
eech amplifiers, curing distortion 
Alien p. 42, Aug 70 
b transmitter alignment 
Ailen p. 62, Oct 69 
leep generator, how to use 
411en p. 60, Apr 70 
insistor clrcuits, troubleshooting 
Y41PV p. 60, Sep 76 
insistor testing 
411en p. 62, Jul 70 
ning up ssb transmitters 
411en p. 62, Nov 69 
ltage troubieshooting 
James p 64, Feb 76 

hf and microwave 
eneral 
tificial radio aurora, vhf 
scattering characteristics 
WB6KAP p. 18, Nov 74 
n modulation monitor (HN) 
K7UNL p. 67, Jul 71 
nd change from six to two meters, quick 
K0YQY p. 64, Feb 70 
ndpass filters, single.pole 
WGHPH p. 51, Sep 69 
ndpass filters, 25 to 2500 MHz 
K6RIL p. 46, Sep 69 
passing, rf, at vhf 
NB6BHI p. 50, Jan 72 
vity filter, 144-MHz 
uV1SNN p. 22, Dec 73 
Short clrcult p. 64, Mar 74 
axial filter, vhf 
N6SAI p. 36, Aug 71 
axial-line resonators (HN) 
NA7KRE p. 82, Apr 70 
il-winding data, practical vhf and uhf 
(3SVC p. 6, Apr 71 
ective radiated power (HN) 
U'E7CB p. 72, May 73 
?quency multipliers 
N6GXN p. 6, Aug 71 
?quency multipliers, transistor 
N6AJF p. 49, Jun 70 
?quency scaler, 500-MHz 
N6URH p. 32, Jun 75 
?quency scalers, 1200-MHz 
NBSKEY p. 38, Feb 75 
?quency synchronization for 
;cattermode propagation 
(20VS p. 26, Sep 71 

Frequency synthesizer, 220 MHz 
W6GXN p. 8, Dec 74 

GaAs field-effect transistors, introduction 
WAZZZF p. 74, Jan 76 

Gridded tubes, vhfluhf effects in 
W6UOV p. 8, Jan 69 

Harmonic generator (HN) 
W5GDO p. 76, Oct 70 

Impedance bridge (HN) 
W6KZK p. 67, Feb 70 

Improving vhfiuhf receivers 
WIJAA p. 44, Mar 76 

Indicator, sensitive rf 
WBSDNI p. 38, Apr 73 

Klystron cooler, waveguide (HN) 
WA4WDL p. 74, Oct 74 

L-band local oscillators 
N6TX p. 40, Dec 79 

Lunar-path nomograph 
WA6NGT p. 28, Oct 70 

Microstrip Impedance, simple formula for 
WIHR p. 72, Dec 77 

Microstrip transmission line 
WIHR p. 28, Jan 78 

Microwave bibliography 
W6HDO p. 68, Jan 78 

Microwave communications, amateur 
standards f o i  
K6HIJ p. 54, Sep 69 

Microwave frequency doubler 
WA4WDL p. 69, Mar 76 

Microwave hybrids and couplers for amateur use 
'NPCTK p. 57, Jul 70 
Short circuit p. 72, Dec 70 

Microwave marker generator, 3cm band (HN) 
WA4WDL p. 69, Jun 76 

Microwave path evaluation 
N7DH p. 40, Jan 78 

Microwave rf generators, solld-state 
WIHR p 10, Apr 77 

Microwaves, getting started in 
Roubal p. 53, Jun 72 

Microwaves, introduction to 
WICBY p. 20, Jan 72 

Microwave soiid-state amplifier design 
WA6UAM p. 40, Oct 76 
Comment, VK3TK, WA6UAM p. 98, Sep 77 

Noise figure, meaning of 
K6MIO p 2fi, Mar 69 

Noise figure measurements, vhf 
WB6NMT p. 36, Jun 72 

Phase-locked loop, tunable 50 MHz 
WlKNl p. 40, Jan 73 

Poiaplexer design 
K6MBL p 40, Mar 77 

Power dividers and hybrids 
W1 DAX p. 30. Aug 72 

Proportional temperature control for crystal 
ovens 
VE5FP p. 44. Jan 70 

Radio observatory, vhf 
Ham p. 44, Jul 74 

Reflex klystrons, pogo stick for (HN) 
W6BPK p. 71, Jul 73 

Rf power-detecting devices 
KGJYO p. 26, Jun 70 

Satellite communications 
KITMA p. 52, Nov 72 
Added notes (letter) p. 73, Apr 73 

Satellite signal polariz:~tion 
KH6IJ p. 6, Dec 72 

Solar cycle 20, vhfer's view of 
WASIYX p. 46, Dec 74 

Spectrum analyzer, microwave 
WAGUAM p. 54, Aug 77 

Spectrum analyzer microwave 
N6TX p. 34, Jul 78 

Tank circuits, design 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-stability vhf 
OHPCD p. 27, Jan 72 

Vhf beacons 
KGEDX p. 52, Oct 69 

Vhf beacons 
W3FQJ p. 66, Dec 71 

Vhf circuits, eliminating parallel currents (HN) 
G3lPV p. 91, May 77 

Weak-signal communications 
W4LTU p. 26, Mar 78 

10-GHz cross.guide coupler 
WBZZKW p. 66, Oct 79 

10-GHz Gunnplexer transceivers, 
construction and practice p. 26, Jan 79 
Comments, W6OAL p. 6, Sep 79 

50-MHz bandpass filter 
W4EKO p. 70, Aug 76 

50-MHz frequency synthesizer 
WlKNl  p. 26, Mar 74 

144-MHz fm frequency meter 
W4JAZ p. 40, Jan 71 
Short circuit p. 72, Apr 71 

144-MHz frequency synthesizer 
WB4FPK p. 34, Jul 73 

144-MHz frequency-synthesizer, one- 
crystal 
W0KMV p. 30, Sep 73 

220-MHz frequency synthesizer 
W6GXN p. 8, Dec 74 

432-MHz ssb, practical approach to 
WA2FSQ p. 6, Jun 71 

440-MHz bandpass filter 
WA8Y BT p. 62, Nov 79 

1296-MHz double-stub tuner 
K6LK p. 70, Dec 78 

1296-MHz microstripline bandpass filters 
WA6U AM p. 46, Dec 75 

1296-MHz microstrip filter, 
improved grounding for 
N6TX p. 60, Aug 78 

2304-MHz stripline bandpass filter 
WA4WDL, WB4LJM p. 50, Apr 77 

vhf and microwave 
antennas 
Antenna-performance measurements 

using celestial sources 
W5CQlW4RXY p. 75, May 79 

Circularly-polarized ground-plane 
antenna for satellite communications 
K4GSX p. 28, Dec 74 

Feed horn, cylindrical, for parabolic reflectors 
WASHUV p. 16, May 76 

Feeding and matching techniques for 
vhfluhf antennas 
WlJAA p 54, May 76 

Ground plane, portable vhf (HN) 
KSDHD p. 71, May 73 

Log.periodic yagi beam antenna 
KGRIL, W6SAI p. 8. Jui 69 
Correction p. 68, Feb 70 

Matching techniques for vhfluhf antennas 
W1 JAA p 50, Jul 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 
WAINXP p. 70, May 78 

Parabolic reflector antennas 
VK3ATN p. 12, May 74 

Parabolic reflector element spacing 
WASHUV p. 28, May 75 

Parabolic reflector gain 
W2TQK p. 50, Jul 75 

Parabolic reflector, 16-foot homebrew 
WB6IOM p. 8, Aug 69 

Parabolic reflectors, finding 
focal length of (HN) 
WA4WDL p. 57, Mar 74 

Swr meter 
W6VSV p. 6, Oct 70 

Transmission lines, uhf 
WAZVTR p. 36, May 71 

10 GHz, broadband antenna 
WA4WDL, WB4LJM p. 40, May 77 
Short circuit p. 94, Feb 79 

10 GHz dielectric antenna (HN) 
WA4WDL p. 80, May 75 

50-MHz antenna coupler 
K l  RAK 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 70 

144.MHz antenna, 518 wave vertical 
K6KLO p. 40, Jul 74 

144-MHz antenna, 518-wave vertical, 
build from CB mobile whips 
WB4WSU p. 67, Jun 74 

144.MHz antennas, simple 
WA3NFW p. 30, May 73 

144-MHz antenna switch, soiid-state 
KZZSQ p. 48, May 69 

144-MHz collinear antenna 
W6RJO p. 12, May 72 

144-MHz collinear uses PVC pipe mast (HN) 
K8LLZ p. 66, May 76 

144-MHz four-element collinear array 
WB6KGF p. 6, May 71 
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