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... but not for the KWM-2 

At 100,000 miles, it's 
still the liveliest rig 

on the road. 



Amateurs punch through the QRM on 20 meters 
with Mosley's A-203-C, an optimum spaced 
20 meter antenna designed for ful l  power. 
The outstanding. maximum gain performance 
excells most four to six element arrays. This 
clean-I ine rugged beam incorporates a spe- ck" cia1 type of element design that 
virtually eliminates element 
flutter and boom vibration. Wide 
spaced; gamna matched for 52 ohm \/ 1 ,  
line with a boom length of 24 feet and 
elements of 37 feet. Turning radius is 22 feet. 
Assembled weight - 40 Ibs. 

5-401 for 40 meters 
A-31 5-C for 15 meters \ Full powered rotary dipole. Top signal for 
Full sized, fu l l  power. ful l  spaced 3-element DX performance. 100% rustproof hardware. 
arrays. 100% rustproof a l l  stainless steel Low SWR. Heavy duty construction. Link 
hardware; low SWR over entire bandwidth; cou~l ina  results in excellent match. Lenath 
Max. Gain; Gamma matched for 52 ohm line . is 43' 15 3/8"; Assembled weight - 25 lk. 

- - - - - - - 1 1 7 .  m lcatlons and pel 
- - " -  -"6 e data, write De 

4610 N. Lindbergh Blvd.. Bridgeton. h& 
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/ A 5 B A N D  260 W A T T  SSB 
r- TRANSCEIVER W I T H  BUILT-IN 

AC A N D  DC SUPPLY, A N D  
LOUDSPEAKER, IN ONE 
PORTABLE PACKAGE. 

Thc Swii~l Cv~ l ie t  IS the most versatile and portable transce~ver 
on the market, and certa~nly the best posslble value. 
The l~ghtwe~ght  compact deslgn of the Cygnet makes 11 an 
Ideal travel~ngcompan~on. You can take 11 w ~ l h  you on vacation 
or business t r~p.  and operate from your motel room, summer 
cab~n, boat or car. All you do IS connect to a power source. 
antenna, and you're on the alr. 

AMATEUR NET PRICE 

$435 

E L E C T R O N I C S  
For Better Ideas 
tn Amateur Radro 

\. jr 

2 july 1969 

OCEANSIDE. CALIFORNIA-A Subs~d~ary of Cub~c Corporat~on 
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One of the more worthwhile amateur radio 

projects I have heard about recently is the 
John W. Gore Memorial Scholarship spon- 

sored by the Foundation for Amateur Radio. 
The scholarship for 1969 consists of a $500 

award for either graduate or under-graduate 

study. 

Licensed radio amateurs who intend to 

make their career in electronics or related 

sciences may request a scholarship applica- 

tion. To be eligible, applicants must have 

completed one year of an accredited pro- 

gram at an accredited college or university 

leading to a bachelor's or higher degree. 

They must also hold a valid FCC license of at 

least General class. Although preference will 

be given to applications from the area served 

by the Foundation for Amateur Radio-the 

District of Columbia, Maryland and Virginia, 

those living elsewhere are not excluded. 

Scholarship applications should be com- 

pleted and mailed not later than August 15, 

1969, and should be sent to the Chairman, 

Scholarship Commitee, Foundation for Ama- 

teur Radio, Inc., 449 Greenwich Parkway, 

N.W., Washington, D. C. 20007. The recipient 

of the scholarship award will be announced 

on September 1st. 

The Foundation for Amateur Radio, Inc. is 

a non-profit organization devoted to the ad- 

vancement of amateur radio and is composed 

of trustees representing over 20 radio clubs 

in the District of Columbia, Maryland and 

Virginia. John W. Gore, W3PRL, in whose 

honor the scholarship is named, was, until 

his death in 1960, the president of the Foun- 

dation. 

bonadio antenna 
The article on the Bonadio antennas pub- 

lished in the April issue has received every- 

thing from brickbats to bouquets. One irate 

reader wrote in to say that, "Antennas and 

look b. Ilrn 
fisk 

other equipment items are subject to mea- 
surements and reason; their operation must 

be explained and tested within the realm of 

physics-not metaphysics." More enthusiastic 

readers were unhappy when complete con- 
struction details didn't appear in the next 

issue-one amateur even had the support 

poles ordered for the space-dimension an- 

tenna. 

Initial response to the Bonadio antennas 

has been for the most part emotional and 

the letters I have seen have contributed little 

to their understanding. Whether they work 

or not, I don't know, but W2WLR claims that 

they do. He has been trying for nearly 15 
years to get something into print-now that 
it's in print, let's have some controlled ex- 
periments to determine if these antennas have 
any merit or whether the performance he is 

getting is a result of his particular location. 
Amateurs seriously interested in constructing 

one of these antennas can obtain more de- 

tailed constructional information from either 

W2WLR or myself. 
An antenna that is apparently related to the 

Bonadio antennas was used with early Eng- 

lish radar systems, type TRU. The TRU an- 
tenna consisted of two half-wave radiators, 
arranged in a cross configuration similar to the 
Bonadio square-diagonal arrangement, and 

fed through a Helmholtz coil. According to 

W0KWL they were able to track small bom- 

bers over 350 miles away without mechani- 

cally rotating the elements; frequency of 

operation was about 30 MHz. If any of you 

have more information on the TRU system- 

and particularly the unusual antenna-l 

would like to hear more details. The system 
is probably declassified by now, so perhaps 

someone even has an instruction manual 
they'd he willing to loan to me. 

Jim Fisk, WlDTY 
Editor 



I Y C V V  - 
TRANSCEIVER 

WITH 

1000 WATTS PEP ON SSB, 
1000 WATTS ON CW, 
500 WATTS ON AM 

More info? It's five-band (80 through 10 meters), completely self-contained 
(with power supply, monitor speaker and RF speech clipper built-in), and is 
all solid-state (except for drive and ceramic tetrode final amplifier). 

WE CALL IT THE NCX-1000 
YOU'LL CALL IT WORTH WAITING FOR 

RADIO COMPANY, INC. 
37 Wash~ngton St.. Melrose. Mass 02176 

(617) 662.7700 TWX. 617 665.5032 

Inlernallonal ma,lellng lhr0"sh 
Ad Au.#.m.. Inc.. 85 Broad Slr..l. N.r VsrL. New vorh l o w 4  

july 1969 5 



speaks for i tsel f .  . . 



Here are a few reasons why the CX7 
speaks "co werage and quality ". . . 

ALL HAM BANDS from 160 through 10 meters in INSTRUMENT GRADE COMPONENTS throughout 
full 1 MHz ranges plus wer- -** . . . silicon semiconductors, long-life Nixies, rugged 
lap for MARS, WWV. ceramic witches in P. A., taut-band meter . . . 

3al 
GLASS EPOXY ETCHED CIRCUIT BOARDS.. . 

THREE SPARE BANDS a - .- - 
for AF MARS, SWL. 
marine or other special 

. m  II b i h m  , - - - - - - - 
use. 1.8 - 30 MHz CONTINUOUS with "General Cov- 
erage Adspter" (to be announced). 

SIX AND TWO METERS with full CX7 capabilities 
using "LHF Adapter" (to be announced). 

ALL POPULAR MODES of operation . . . 
8 Upper and Lower sideband 
T r u e  break-in CW 

r m r  .Compatible AM for VHF 
convenienca 

.FSK MODULATOR PLUS 
W IF Shift* allows use with 

popular 21 2512975.H~ ",,IIII~ -' " 
frequencies. 

Same G-10 material used in military and space equip- 
ment. . . designed and manufactured by experts. 

STANDARD "BUILT-INS' rave cost, clutter, operating 
confusion. HIGH TEMPERATURE WIRING is soldering-iron- 

.Heavy duty AC power supply proof. 
8RF clipper 

Second Receiver RUGGED POWER SUPPLY AND PA.  rated for 

capability continuous duty service. 
8 C W  keyer HEAVY ALUMINUM CABINET and chassis, textured 
.Precision frequency bakedepoxy enamel finish. 

meter/calibrator 
.Even a folding STATE-OF-THE-ART 

bail1 LEGAL-LIMIT LINEAR 
AMPLIFIER to match.. . 

The following are Authorized SIGNALDNE Distributors: 
coming soon. 

AMATEUR ELECTRONIC SUPPL Y - Milwaukee, Wisconsin 
AMATEUR - WHOLESALE ELECTRONICS - Coral Gables, Fla. 
AMRAD SUPPLY. INC. - San Francisco and Oakland, California 

Write for an illustrated brochure DAKOTA SUPPLY COMPANY - Yankton, South Dakota describing the SIGNAL/ONE Model CX7 
DOUGLAS ELECTRONICS - Corpus Christi, Texas "Deluxe Integrated Station " 
ELECTRONIC DISTRIBUTORS, INC. - Muskegon, Mich. 
HAM RADIO CENTER - St. Louis, Missouri 
HARRISON RADIO STORES - N.Y.C.. Jamaica " I t  Speaks for Itself" 

and Farmingdale, New York 
HENRY RADIO STORES - LOS Angeles, 

Anaheim, Calif. and Butler, Missouri 
STELLAR INDUSTRIES - Ithaca, New York bsg"aqn"E 

A Division of ECI ( A n  NCR Subsidiary) 

2200 Anvil Street N. St. Petersburg, Florida 33710 



log-periodic 

beam antenna 

An adaptation of 

the Yagi array 

to obtain 

better bandwidth 

performance 

The Yagi parasitic beam antenna con- 
sists of a driven element plus a number of 
parasitic elements that increase the gain 
or directivity of the radiation pattern over 
that of a dipole antenna.1 The number 
of parasitic elements, their tuning, and 
their spacing with respect to the driven 
element determine the characteristics of 
the array. 

Generally speaking, the Yagi provides 
the greatest gain per unit size of any an- 
tenna array. Under normal circumstances, 
the more the elements, the greater the 
gain and the sharper the pattern of the 
Yagi. But as the number of elements in- 
creases, the more restricted will be the 
bandwidth of this popular antenna. 

This bandwidth restriction, increasingly 
critical with respect to antenna gain, is of 
minor importance in the high-frequency 
bands, which are narrow, and where the 
Yagi is of modest size. However, antenna 
bandwidth becomes of paramount impor- 
tance in the wider amateur bands where 
Yagi arrays are larger with respect to 
wavelength. 

equiangular antenna concept 
The restricted bandwidth of the Yagi 

beam may be improved by abandoning 
the parasitic element approach and ap- 
plying instead equiangular principles. The 
equiangular principle deals with the de- 
sign and assembly of frequency indepen- 
dent radiators. It i s  based on the unique 
idea that if the shape of an antenna can 
be specified entirely by angles, antenna 
performance would be independent of fre- 
quency.2 

Practically speaking, this means that if 
all the dimensions of a radiator are 
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scaled by a constant factor, the physical 
size of the antenna may be changed with- 
out changing any of its electrical char- 
acteristics, provided its operating wave- 
length is changed by the same amount. 

fig. 1. Equiangular splml antenna is symmat- 
rical ebwt  feedpoint F and is described in 
terms of angle 0 and mdius r from polar axis. 

A simple two-dimensional, equiangular 
spiral antenna that conforms to this re- 
quirement is shown in fig. 1. 

To be truly independent of frequency, 
the equiangular spiral antenna would 
have to start at an infinitely small point 
and expand to infinity. Practically, the an- 
tenna must have a feed point of finite 
dimension at the center and must have 
outer limits, as i t  cannot be infinite in 
size. Thus the frequency coverage of the 
structure is finite and is defined by physi- 
cal, not electrical limitations. 

Within the frequency limits imposed by 
these practical considerations, the equian- 
gular spiral antenna resembles a fre- 
quency independent structure. This comes 
about because the transmission line is 
equivalent to the missing center portion 
of the structure, and the truncated outer 
portion does not affect the electrical prop- 
erties to any significant degree. Most of 
the energy i s  radiated before it reaches 
the end of the structure i f  the antenna is 
large compared to the size of the radio 
wave. 

the log-periodic antenna 
The equiangular spiral antenna has lim- 

ited use and exhibits little power gain 
over a dipole. A modification of the equi- 
angular spiral antenna that provides pow- 
er gain and directivity is shown in fig. 2 
wherein a planar structure is repeated 
periodically with respect to the logarithm 
of the frequency.3 An antenna array of 
this configuration has characteristics that 
change with frequency, but before the 
change is very great in terms of wave- 
length, the structure repeats itself. A com- 
bination of the equiangular approach 
with the concept of periodicity results in a 

Rg. 2. Periodic planar antenna. Struc- 
tuns may be bent back upon themselves 
to form a thmrdimensional array. 



FEED POINT  APE.^--- 

fig. 3. Log-periodic dipole antennas. In 
A successive dipoles are fed out of 
phase to produce beam pattern at apex 
of array; the frequency limits of the 

PO,NT 
array are determined by lengths L1 and 
L2. The log-periodic vee antenna in B 
is composed of cross-connected ele- 
ments whose length may be either 0.5 or 
1.5 depending on frequency. V-shape 
reduces side lobes at higher-frequency 
operating mode; this configuration pro- 
vides improved bandwidth over the sim- 
ple LPD shown in A. 

practical antenna with directivity and power 

gain and which has a bandwidth l~mi ted only 

by the antenna's physical size. 

Various forms of the log-periodic an- 

tenna have been designed for specific 
uses. One of the most popular designs i s  
the log-periodic dipole (LPD) array. The 

LPD antenna consists of a series of di- 
poles fed at the center and connected to 

the opposite wires of a balanced trans- 
mission line (fig. 3). The dipole lengths are 

consecutively shorter, and radio energy 
travels along the transmission line until 

i t  reaches a portion of the dipole struc- 

ture where the length of the dipoles and 

their phase relationship combine to pro- 

duce radiation. 

The radiation is directed along the ar- 
ray toward the apex, so that the shorter 

elements either tend to act as directors or, 

i f  very short, are inactive. The LPD ar- 

ray can be fed at the apex with a bal- 

anced I~ne, or with a balun and coaxial 

line. The antenna performs over a fre- 

quency span with limits defined by fre- 

quencies at which the extreme elements 

of the configuration are about one-half 

wavelength long. Antennas of this general 
type are commonly used for tv reception 

and are often used for amateur work at 
vhf.4 

frequency limitations of the yagi 
The Yagi parasitic beam functions as a 

directional antenna having power gain by 
virtue of the proper phasing of the para- 

sitic elements. For high-frequency Yagi 
beams commonly used in amateur bands, 



the parasitic elements are spaced from parasitic elements must be detuned from 
the radiator by 0.15 to 0.25 wavelength optimum, which decreases power gain and 
and are about five percent longer or short- reduces front-to-back ratio. The gain- 
er than a half-wavelength, depending up- bandwidth product of the Yagi must there- 
on the function of the parasitic and the fore be sacrificed to some extent to ob- 
array spacing. Directivity i s  through the tain an increase in either factor. In any 
shortest parasitic element. case, the product i s  small but is a critical 

The number of parasitic elements also factor of adjustment. To increase the 
enters into the determination of optimum bandwidth without a corresponding de- 
parasitic length, power gain, directivity, crease in gain, log-periodic principles may 
and bandwidth. Needless to say, as the be applied to the Yagi antenna. 
operating frequency of the Yagi array is 
varied from the design frequency by a few the log-periodic yagi 
percent, the parasitic elements become de- A log-periodic Yagi (LPY) array may be 
tuned from optimum, and over-all anten- constructed of individual Yagi antennas 
na gain drops sharply, especially when differing in size by a geometric constant, 

properly arranged and 
fed. A simple LPY an- 

R tenna is shown in fig. 4. 
A 

R/D A The LPY is made of a 
R / D  

IUD A 
series of end-fire Yagis, 
with each driven ele- 
ment fed from a com- 
mon balanced transmis- 
sion line. Unlike the 

:EEDAYNT driven element in  an 

LPD antenna, those of 
the LPY are fed in  a non- 
transposed manner. The 
in-between elements are 
parasitics, and log-peri- 

 NO i131Nol odic performance i s  ob- 
LWG, NO., tained by making each 

parasitic element serve 
fig. 4. Log-periodic Yagi performance is a result of Yagi arrays with 
parasitic elements sewing dual function of director and reflector for 

the dual function of di- 

adjacent larger and smaller Yagi arrays. rector and reflector for 
the adjacent larger and 
smaller driven elements. 

the parasitic elements become self-reso- Practical LPY antennas with power 
nant. In some instances, depending on gains of about 9 dB have been built for 
parasitic element tuning, the directional the 1.1- to 1.25-GHz range.5 Over-all length 
radiation pattern is obscured, or even re- of the LPY antenna is large for the gain 
versed, with maximum gain occurring in  produced, especially considering the high 
the reverse direction of the array. power gain per Yagi array normally ob- 

Antenna power gain and beam direc- tained for a given size. 
tivity degeneration commonly occur when 
the parasitic element tuning is  incorrect. the bandpass antenna 
Thus, the frequency span of the Yayi an- An interesting and practical variation 
tenna must be restricted to that narrow of the basic LPY antenna i s  the LPY band- 
region over which the parasitic elements pass array, which provides greater power 
remain in proper phase relationship. To gain per unit length. This unique antenna 
increase the bandwidth of the Yagi, the makes use of a log-periodic dipole struc- 
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ture having the frequency characteristic of 
a Chebyschev-type filter. A number of 
parasitic director elements, trimmed to 
cover the appropriate frequency range are 
used to enhance the power gain of the 
log-periodic array. A frequency sweep of 
such an antenna designed for the six- 
meter band is shown in the photograph. 
The LPY bandpass antenna is easy to 
build, simple to adjust, and provides good 
power gain considering the over-all length 
of the structure. The original LPY band- 
pass design was evolved for long-distance 
color-tv reception, which demanded a 
combination of good passband character- 
istics, high gain, and good adjacent chan- 
nel discrimination. The LPY bandpass an- 
tenna combines these attributes, and vari- 
ous versions of this antenna are now used 
for tv and amateur two and six meter 
band operation. They are commercially 
available.' 

An effective six-meter band LPY band- 
pass antenna is shown in fig. 5 and the 

meter stations. Results compare favorably 
with an eight-element Yagi on a thirty- 
foot boom. Gain is estimated at 12 dB 
or better; front-to-back ratio i s  apparent- 
ly about 24 dB. The design range is 50 
to 52 MHz. 

Response on reception is down about 20 
dB at 47 and 53 MHz. It provides some 
receiver protection from spill-over from 
nearby channel-2 tv transmitters, because 

Gain-vs-frequency characteristic 
of the six-meter LPY antenna. 

antenna can be fed with a 70-ohm coax 
line (RG-11AIU) and a balun, or a match- 
ing device can be placed at the antenna 

photo. It's composed of five log-periodic apex for use with a 50-ohm coax line or 
elements and three parasitic directors. The high-impedance balanced line. The line at 
antenna has been in use for some months K6RIL is 75-ohm heavy-duty tv ribbon. 
at K6RIL and at other California six- 

construction 
LPY bandpass antennas were originally designed 

by Oliver Swan and are for sale by Swan Antenna Com- 
The commercial version of this antenna 

Dan". 616 North Union Street, Stockton, California is built on a double boom, much in the 
manner of heavy-duty w antennas (see 



fig. 5. The LPY bandpass antenna. Dimensions (in inches) are for 6 meters (50 to 52 MHz) although they may 
be scaled for other frequency ranges. Elements are supported above a 2-inch aluminum boom. Half lengths are 
given for the log-periodic elements and full lengths for the parasitic elements. 

photograph). A simpler configuration for 
those wishing to build their own array 
would be the use of sections of 2-inch 
aluminum tubing for the boom, as shown 
in fig. 5. The driven elements are sup- 
ported at the center on insulating blocks, 
and the parasitic elements are mounted 
directly to the metal boom. Since a sim- 
ple log-periodic structure is used with no 
interspersed parasitics, the driven ele- 
ments are cross-connected with aluminum 
clothesline wire. The last driven element 
to the rear i s  shunted with a six-inch loop 
of wire at the end of the transposed feed- 
line. 

A balanced feedpoint exists at the front 
of the log-periodic assembly, and a balun 
or matching device may be mounted at 
this point. The array is  supported from 
thc vclrtical mast structure at the array's 
center of gravity. An overhead support to 
c w h  end of the boom is recommended. 

operation 
Thc LPY bandpass antenna has been in 

operation at K6RlL for some months and 
is used in conjunction with an eight-ele- 

rnent Yagi on a thirty-foot boom, mounted 
on a nearby tbwer. Numerous tests on 
transmission and reception have shown 
that the two antennas are nearly identi- 
cal in performance as far as gain and 
front-to-back ratio are concerned, within the 
bandpass of the Yagi antenna. Operation 
of the LPY bandpass antenna at the ex- 
trrmcs of the passband shows superior 
perfor~nance compared to the Yagi. The 
LPY bandpass array will be the "anten- 
na to watch" on two and six meters in  
the coming months. 

references 
1. Uda and Mushiake, "Yagi-Uda Antenna," Maruzen 
Co , Ltd., Tokyo, Japan. 
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cw transceiver 
for 

40 and 80 meters I 
A casual inspection of current amateur radio 
publications reveals an interesting fact: the 
huge rack-and-panel stations of fifteen or 

- twenty years ago are gone. In their place are 

complete radio stations that occupy just 
about the same volume as a 1950 commu- 
nications receiver. Today i s  the era of the z 5 ,, 2 transceiver, which is hard to beat for com- 

$ pactness and real operating convenience. 
The transceiver described in these pages The best features 

resulted from a desire for a good portable 5 .$ 
L station for trips, hunting expeditions and 

of transistors $% contest work. A rather unorthodox circuit i s  
-u  
C S  used. The usual multiple-heterodyne circuits xz  

and tubes are combined u - O. are eliminated together with their elaborate 
$2. shielding systems. "Straight-through" trans- 

3 mitter circuits are featured, and the received 
in this station signal is immediately converted to audio fre- 

" 0 quencies. The design objectives were: 

designed 2; I. Operation on the 40- and 80-meter cw 2 2  
bands. 

for portable use 
2. Electronic and mechanical ruggedness. . . 

SP 3. Simplicity; a single vfo for receiver and 
5 $ transmitter. 
m 

3 5 
4. Operation for at least twelve hours on a s 

-U .- single 12-volt auto battery. The receiver must 
2 operate from a dry battery if necessary. 
?? 
0 
E-5 5. Power inputs from ten to thirty watts, - .- u +x preferably higher; but with good efficiency. 



design considerations 
Meet~ng these objectives isn't easy, es- 

~x~c~c l l l y  r f  you're restricted by t ~ m e  and eco- 

nomic consrderat~oni The problem \v,15 

5olvcd hy uirng lnexpensrve brpolar tran\~\ 

tori ,111d junctron fet's In all clrcu~ts exce1)l 

the tr,lri\rnlttcr drrver ancl output stages 11) 
the\(, 5tcljies the old rt>l~able 1LAU6 and 1 0 2 5  

wcrc. ~ i iec l  Th~s may seem to be a throwb.lrl, 

would t ~ e  difficult to achieve efficient opera- 

tion at 10 and 75 watts input; also, the risk 

of transistor burnout would be present when 

til-cd opctrators weren't careful in  tuning up 

or i r ~  rnnking sure the antenna still existed. 

Thc clclicate nature of rf power transistors i s  
\\,idcly noted in the literature. 

T l i ~ i  drticle is intended to present the ama- 
fcur coriimunity with some new ideas and to 

a w e  LWUO 
FILTER O( ITAIT 

I RECElVER TRANSMITXR 

fig. 1. Block diagram of the CW transceiver for 40 and 80 meters. 

to 1935, but ~t proved to be an excellent 

c h o ~ t c  The 1625 is  pract~cally lndestructl- 

ble, c11dws only 450 rnA heater current, IS 

Inexpenilvc, and works well w ~ t h  low plate 

voltages Also, wlth no modlfrcation, a high- 
er plate voltage on the 1625 tube allows up 

to 75 watts Input ~f energy consumptron 1 5  

not rrnporlant 

On thr other hand, rf power trans~stori 

for 40 lrleters are costly, were not Immc 

d~atcly a~a~lable, and would require more 

than 12 volts, so that no savlng In powcr 

ilipplrc.5 would be ohta~ned Furthermore, rt 

stirnulate the application of ingenuity and 

effort. 

results 
The I~ lock diagram of fig. 1 shows the re- 

ceiver as simply a trf circuit with a product 

cletector.1 The same vfo and frequency mul- 

t~ l~ l iers  are used for both transmitter and re- 

rriver. For receiving, all that's needed i s  an 

audio amplifier, which is easily constructed 

\vith transistors. Audio filtering at 800 Hz 
provirlc.; selectivity. The audio image i s  sup- 

pressed by a phasing system that reduces 
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bandwidth and provides single-signal recep- 
tion. The undesired sideband remains at least 
10 dB down (calculated) at 1600 and 400 Hz. 

The transmit-receive function i s  accom- 
plished by a toggle switch in  the interest of 
simplicity. Cathode keying is used, and tran- 
sistor buffering removes high voltage and 
current from the key. An audio oscillator i s  
used for a transmitting monitor. 

the receiving section 
The receiver is shown in  figs. 2 through 7. 

Only a small amount of rf amplification is 
needed at these frequencies, and most of the 

Tuning of these tanks is fairly critical. C1, a 
front panel control, must be repeaked at 

least every 50 kHz (during receive only) for 
optimum results. The circuits tune from 3 
to 7.5 MHz. 

the vfo 
The vfo (fig. 4) consists of a jfet oscilla- 

tor, Q8, and buffer, Q9, in a Hartley circuit 
operating between 1.75 and 1.85 MHz. NO 
heat is present near the oscillator tank, so 
the vfo is extremely stable. The rugged con- 
struction of L3 and C2 provides good me- 
chanical stability. 

T[ )  T-R SWITCH - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
0 I QZ 03 

ZN3565 

CIA CIB 
140 I40 

470 

d 
+9v 
REG 

C1 Dual 140-pF variable (Hammarlund L1, L2 37 turns no. 27 enamelled. close wound 
HFD-140) on a Millen 69046 slug-tuned form; 3- 

turn link 

fig. 2. The rf amplifier uses a cascade circuit with an fat followed by a common-base buffer. 

signal processing and amplification is done 
at audio frequencies. 

Since it is difficult to control the gain of 
transistor stages while maintaining optimum 
intermodulation characteristics, the rf-gain 
control, R1, is a simple attenuator in  the 
antenna circuit. The cascode rf amplifier 
uses an N-channel junction fet, Q1, fol- 
lowed by a common-base buffer stage, 4 2 .  
Both input and output tanks, L1, C1 and L2, 
are high-Q tuned circuits. High Q, is very 
important here, since this is the only place 
where unwanted strong signals are rejected 
and cross-modulation effects minimized. 

In the receive position of the t-r switch, 
S1, air trimmer C3 i s  inserted into the tank 
section by reed relay K1. Alternatively, K2 
selects trimmer C4 during transmit. These 
trimmers provide receiver offset (incremen- 
tal tuning). Incremental tuning is required 
after calling CQ or during a contact, because 
any tuning with the main tuning capacitor, 
C2, wil l also change transmitter frequency. 

exciters 
Two plug-in jfet exciters are used, one per 

band for 80 and 40. (See fig. 5 and 6.) These 

provide transmitter drive voltage and the 



+ 4 5  tl('~;~c,c phase \ l i ~ f t  for the vfo s1);11;11 n,~l\ arca preampllfied by Q13, Q14, 415 and 
clurln~: rc,cclve Thc d r l ~ e r  output, QlO or (210  One channel has a +45-degree phase 
(212, I< fccl to the 12AIJ6 grid and to KC ih l f I  nl 800 Hz prov~ded by C11 and R8; the 
phnw qlilft networks, ('6, (7, R2, R3; or ( 0 ,  orhrr hns a -45-degree phase shlft provided 
( 1 0  R 1  R5 w l ~ ~ c l i  vleld two 80- or 40-mc~r(~r I ] \  IZO 'lnd C12 The result 1s a second 90- 
~ol taqc< 00 degrees out of phase. Tuned c lr t l ( - j i l c ~ >  phase shlft difference added to the 

fig. 3. Series mix- 
er stages for the re- 

ceiver section. Inter- 

action hetween mixers 
is limited by the low- 

impedance source-fol- 

lower buffer stage in 
fig. 2. 

FROH RF 
AMPLIFIER 

PHASE - I 

FRJM EXCITER 

MFFIO2 

FROM EXCITER 

curl L4 or L5 ensures the proper harmon~c 01 

t hc vfo 
A jfel cource follower buffer, 43, provit l r~ 

n low-~mpedance source and prevents 1ntr.r 
,ICII~>I~ l~etween the wiles mlxers I l l ( *  
same, rf slgnal is mlxed wrth each of thc vfo 

output\, yreldlng two auclio signals 9 0 - d ~  
grr,t+ o r ~ t  of pha\e at 800 147. The audio $IF: 

cl~rxlrnture audro signals. The phased audio 
i~gn;ilc are summed In ampllfler Q17-Q18, 
aritl one sideband i s  cancelled. Prior to sum- 
mlng, fhe signals are adjusted to identical 
,~nipIr~udes by balance control R7. 

Dtycndrng on the way the rf and audio 
~ ) h f i ~ t i g s  are compounded either upper or 
lon r r  5ideband may be selected for single- 
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fig. 5. Plug-in excitar unit for 80 meters. 
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signal reception. The unit currently tunes tional amplifier, with a bridged-T selective 
above zero beat. filter at 800 Hz in  the feedback loop. Gain 

The audio signal is amplified in  an opera- is high through the amplifier only at the fil- 

4- 
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I Ik 
I 
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+ 9 v  

PISTON T R I M R  

I M  

TO EXCITER 

m 

C2 100-pF double-bearing variable C5 50-pF variable (APC-SO-screw adjust- 
ment only) 

C3 Hammarlund APC-35 with all but three 
s l r lo r  and three rotor plates removed L3 24 turns no. 24 enamelled on 1 1/4" 

diameter form, wound to occupy 1 1/4" 
C4 18-pF piston trimmers (JFD VC32GWY) with 7-turn link of no. 24 enamelled 

interwound at ground end of main coi l  

I 

fig. 4. The vfo uses a Hartley circuit that tunes from 1.75 to 1.85 MHz. 
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C8, C9, C10 150-pF double mica pedden (El Menco L5 30 turns no. 38 enamelled close wound 
type 424) on Millen 69058 fonn. slug-tuned: link is 

10 turns no. 36 

fig. 8. Plug-in exciter for 40 mehn.  

ter frequency (fig. 7). Selectivity i s  adequate in the breakdown mode. The regulator i s  a 
for cw, and sufficient skirt response makes feedback type using difference amplifier 
tuning uncritical. The receiver i s  blanked Q31-Q32 to drive a series regulator, 433. 
during transmissions by shunt gate Q19, 
which is across the gain control, R6. transmitter section 

Operational amplifier 423, 425, 426, 427 The transmitter i s  conventional (fig. 9). 
and 428 provides power amplification. A The exciters, which are the same units used 
transformerless complementary output stage for receiving, provide frequency multiplica- 
i s  provided by 426 and Q27. The circuit is 
conventional except for the fet constant- 
current source composed of 428 and 429. 
This circuit provides adequate drive to 427 
during negative-signal excursions, while min- 
imizing the current drain on 425 during 
positive signal excursions. 

Either the received signal or the sidetone 
oscillator output of 437 is fed to 423 base, 
which is the summing input. The output 
stage will drive loads as low as eight ohms, 
although a higher impedance i s  preferable. 
A 25-ohm speaker is normally used, but high 
impedance headphones can be substituted. 

The only remaining receiver circuit i s  a 
9-volt regulator for stable vfo and rf opera- 
tion, fig. 8. The reference is the reverse- 
biased, base-emitter junction of 430 acting 

The 80- end 40-meter transceiver. 
Plug-in exciter units em on top. 

july 1969 19 



tion and drive for straight-through operation 
of the driver and final amplifier tubes. The 
12AU6 provides more drive with fewer stages 
than could be obtained with transistors. 
Drive is controlled by a potentiometer in the 
12AU6 screen grid. The final grid tank tunes 
3.5 to 7.5 MHz without switching. The final 
is capacitance-bridge neutralized. Its pi-net- 
work output tank will match a wide range of 
input impedances. The taps and capacitors, 
switched by S2, will match high or low tube 
impedances to reasonably flat coax. 

keyer, monitor and t-r switch 
Both tubes are keyed simultaneously by 

Q34, 435 and 436. Cathode keying elimi- 
nates the standby current drain of the 
12AU6. For the 12AU6, an ordinary transistor 
(436) that can take more than 50 volts at 
low current is used as a keyer; an inexpen- 
sive RCA 40327 (Q35) is used for the final 
keyer. The 1625 cathode contains a shaping 
circuit composed of C16, C17, D17, R12, 
R13 and R14. The diode-resistor network 
prevents the capacitors from discharging too 
rapidly through the transistor on "make." 
The keying wave shape on "break" is affect- 
ed by the 12AU6 cathode bypass capacitor. 
A conventional metering circuit i s  used to 
measure final cathode current. 

Audio oscillator 437 provides a sidetone 
for monitoring. This is a simple unijunction 
relaxation oscillator powered from the same 
transistor (434) that gates and provides cur- 
rent to cathode switches 436 and Q35. 

The t-r switch is a dpdt toggle switch. One 
contact transfers the antenna; the other se- 
lects the proper vfo shift relay and supplies 
the keyer with power during transmit. 

power supply 
The power supply shown in fig. 10 is the 

one used for fixed station operation. It is pre- 
sented in the interest of completeness, but 
of course, any conventional supply could be 
used that delivers the voltages shown. Sur- 
plus transformers can be used, and the di- 
odes are available from many surplus sources 
listed in the amateur literature. The values 
for all components were chosen with con- 
servative ratings to ensure reliability for por- 
table use. 

construction 
Circuit layout isn't critical, although good 

construction practice should be followed to 
ensure stable and reliable operation. Parts 
substitution is recommended, and a well- 
stocked junk box would be an asset. 

The transceiver was built into the case and 
chassis of an old National FB7 receiver be- 
cause it was available and was the right size 
(8-inches high x 12-inches deep x 12-inches 
wide). It happened to contain an excellent 
160-meter vfo built by Earle Lewis, W3JKX. 
In fact, the vfo was used exactly as it was with 
the exception of a 6SJ7, which was replaced 
by jfet's Q8 and Q9. A few resistors were 
changed, and the supply voltages were ad- 
justed for the transistors. 

7.. 

Side view showing the pi-network con- 
trols. Grid tuning and drive level con- 
trols are on the other side. 

There were plenty of holes to mount cir- 
cuit boards and controls. Most of the transis- 
tor circuits were built on printed circuit 
cards containing a matrix of rectangular 
pads, but tie strips or made-to-order printed 
circuits could be used. The exciters are built 
in 3'14-inch x 2-inch x 1'12-inch miniboxes 
fitted with chassis-mounting octal plugs. 

controls 
The front panel controls are main tuning, 

which is the original receiver dial with a 
linear logging scale; receiver incremental 
tuning; rf and .af gain controls; t-r switch; 
and a final-amplifier cathode-current meter 
(200 mA full scale). Other less-used controls 
are located where convenient. The set-and- 



15 op-- jjL - . ~  

PHASE 1 
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fig. 7. Audio section includes a summing amplifier, blanker gate, 800-Hz 
filter and audio power stage. R7, a 10-turn pot, should be grounded. 
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forget neutralization capacitor, C21, is above 
the torpedo-mounted 1625. The rf plug-in 
exciters are accessible through the top lid. 
O n  one side of the cabinet are the final grid 
tuning, C15, and drive-level control, R11. On 
the other side o f  the case are the final amp- 
lifier pi-network components, CIS, L7, S2 
and C19. The audio output, key jacks, and 
antenna connector are on the rear wall. 
Power is brought in by an eight-wire cable 
terminated with an octal male connector. 

As we said before, construction is not 
critical as long as good layout procedure is 
followed. A few noteworthy points are in  
order though. The receiver 12-volt supply 
and the transmitter filament grounds are fed 

fig, 8. Nine-volt regulator 
circuit for stable opera- 
tion of the vfo and rf op- 
eration. 

tuned to another frequency. Any good hand- 
book wi l l  give values for a bridged-T net- 
work. Sidetone volume can be changed by 
adjusting R16 (fig. 7); higher values will re- 
duce audio level. Sidetone frequency can be 
changed by varying C20, R17 or both (fig. 
9). 

receiver section adjustment 
You'll need an auxiliary receiver to cali- 

brate and adjust the transceiver. With ap- 
plication of receiver voltage only, the vfo 
can be set by adjusting CIS while monitor- 
ing the signal on another receiver. Only a 
logging scale is used, so desired bandspread 
is ensured by choice of vfo tank LC ratio. 

through separate wires. This keeps tube fila- 
ment currents and corresponding IR drops 
from appearing as modulation on the re- 
ceiver supply. During ac operation, this volt- 
age may cause hum. 

Physical layout of the phase-shift net- 
works should be symmetrical to provide 
identical electrical operation. Also, short rf 
and ground leads are essential. 

Transistor circuits should be isolated from 
the final amplifier tank. In the unit shown, 
the t-r switch is on the front panel, but is 
enclosed in an aluminum box for isolation. 
The reed relays are mounted next to the vfo 
tank circuit. Short leads of heavy wire are 
used for mechanical and electrical stability. 

audio and sidetone frequencies 
If you don't particularly like an 800-Hz 

note, filter C13, R10, C14 and R15 can be 

The rf section must be peaked to the de- 
sired band after the exciter is plugged in. 
This is done by setting C1 and varying LI- 
L2 for maximum received signal. Signals on 
both bands are peaked by setting C1 and 
varying L1-L2. L4 (3.5 MHz) and L5 (7 MHz) 
should be tuned for maximum signal. 

After setting main tuning capacitor C2 on 
the high side of a received signal to obtain 
an 800-Hz note, or at the audio frequency 
peaked by the audio filter, the signal is 
peaked by carefully setting C6-C7 on 3.5 
MHz and C9-C10 on 7 MHz. The phasing is 
now approximately correct, but the audio 
channel gains must be equalized by adjusting 
balance control R7. The receiver is now 
tuned to the same beat frequency on the 
undesired sideband, and R7 is  adjusted until 
the best null is obtained, which should also 
correspond to a good'signal on the proper 
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sideband. Finally, C6-C7 or C9-C10 may be 
retrimmed for greatest null depth on the un- 
desired sideband. 

The final part of the receiver adjustment i s  
the frequency offset. Incremental tuning con- 
trol C3 should be set near midrange. While 
listening to the vfo on a receiver, C4 i s  ad- 
justed for no change in vfo frequency when 
switching S1 from receive to transmit. This 
means that the receiver a ~ ~ d  transmitter are 
in zero beat. Incremental tuning is provided 
with a numbered knob. 

After the offset i s  set to zero beat and the 
position of C3 recorded, C3 i s  set to receive 

Internal layout of the transceiver. 
Power amplifier and pi  network are 
in the rear; vfo and plug-in exciter 
am to the front. 

a note of approximately 800 Hz on the prop- 
er (high) side of zero beat as determined by 
peak-audio response. This normal setting is 
recorded for future reference and will be dif- 
ferent for each band, while the zero offset 
point will be the same. 

transmitter section adjustment 
The first step i s  to neutralize the ampli- 

fier, using C21, according to the procedure 
outlined in the ARRL handbook. 

Fig. 9 can be used for setting the pi-net- 

work tap positions. After moving the t-r 
switch to transmit, the sidetone note should 
be audible when the key is closed, even 
with no high voltages. With plate and screen 
voltages present, cathode current should also 
flow when the key is closed. 

Advance the drive control, R11, to maxi- 
mum. Set CIS near maximum capacity for 
80 meters and near minimum capacity for 
40 meters. Quickly dip the final using C18, 
with C19 at maximum capacity. Load the fi- 
nal to 50 mA cathode current (with 750 volts 
on the plate), then back off on the drive, 
R11, until an increase in plate current i s  just 
barely noticed. Tune the final grid for mini- 
mum plate current. The final may now be 
loaded to the input power desired. 

operation 
It was a pleasant surprise to find that in 

no case did any transistor stage react un- 
favorably to the full 75 watts input. With full 
input the vfo remains exactly on frequency, 
and the transistor keying stages don't latch 

up. In fact the rig is now used with no 
ground, a random-length antenna is fed 
through an LC tuner, and performance is 
unaffected. 

During transmit the vfo determines the 
frequency, but in receive the frequency may 
also be changed by the incremental tuning 
control, C3. When answering or calling sta- 
tions the received signal i s  peaked at an 
800 Hz note, while the offset tuning is set at 
the predetermined "normal" point. 

Since C3 and C4 have been adjusted for 
an 800 Hz offset between received and trans- 
mitted frequencies, you can be reasonably 
sure of being in zero beat with the desired 
station. Precise zero beat i s  obtained by ad- 
justing the receiver offset tuning to the pre- 
determined zero offset point where the re- 
ceived and transmitted frequencies coincide. 
Zeroing the received signal with the vfo then 
ensures zero beat. The offset tuning may 

then be adjusted for the best signal, which 
should be at about the normal setting. 

After contact is made, the receiver should 
be tuned with the offset control, C3, be- 
cause changing the main tuning will change 
transmitter frequency. 
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PISTON TRIMMER 

L7 

/j7 KEYER I rg7q" KEYER 

m BUNKER 
KEY GATE 

C15 140-pF air variable (Hammarlund MC L7 30 turns BBW 3019, tapped at 11 turns 
140) (A) and 19 turns (tap 6-C) from plate 

end of coi l  
C18 325-pF air variable (Hammarlund MC 

325) K1, K2 Miniature reed relay, 200-ohm coi l  
(Wheelock 3421) 

C19 dual 365-pF (broadcast receiver type) 
S1 dpdt toggle 

L6 27 turns no. 25 enamelled close wound 
on 3/4" diameter form 52 6-position, 2-pole, rotary ceramic switch 

fig. 9. Transmitter driver, final and keyer circuits. Switch 52 different ranges of antenna and vacuum-tube im- 
pedance: A, 40 meters, low tube impedance; 6, 40 meters, high tube impedance; C, 80 meters, low tube im- 
pedance; D and E, 80 meters, high tube impedance. 

progress report worked; the best to date i s  Europe on 80 

~h~ transceiver has been operating since meters and Australia on 40. You can hear the 

june, 1968. ~~~i~~ the ARRL field day con- rig on the 80-meter Eastern Pennsylvania 

test, nearly 300 contacts were made, includ- Traffic Net. The transceiver is ideal for this 

ing some with the West Coast, using 10 Purpose beca~lse it's ready to go with no 

watts input. warm up. 
At present, K3010 is using the transceiver 

as a permanent station. ~t runs 50 watts in- improvements 
put and feeds a 100-foot wire antenna with Among the improvements that would be 

excellent results. Much DX is heard and desirable are break-in operation and in- 
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fig. 10. Fixed-station power supply which is suitable for this transceiver. Tranr- 
former T1 is an old tv power transformer; T2 is a 12-volt filament transformer. 

creased selectivity and sensitivity. Also, 
cross-modulation could be reduced by op- 

timizing the circuits. The mixers should have 
good intermodulation characteristics, since 

any beats between adjacent strong signals 
in the rf passband will appear in the audio 

output. Also appearing in the audio output 

will be modulation on signals strong enough 

to cause significant variation of mixer opcr- 

ating point due to a limited dynamic range. 

The receiver i s  less tolerant in this respect 

than a superheterodyne, since many beats 

generated by nonlinearity in the first mixer 

of the latter wil l fall outside the i-f passband. 

The bcst arrangement would appear to b r  a 
balanced mixer in which device nonlineari- 

ties tend to cancel and dynamic range is  in- 

creased. In addition, an increase in  local- 

oscillator drive amplitude would be helpful. 

Such mcasurr?s might be necessary, for exam- 

ple, if the transceiver were to be used in a 

f~clcl-day setup with adjacent 80- and 75- 
rnc,ter stations. 

ssb operation 
The receiver does a good job on single 

srdcband. However, sideband suppression 

for trammrtting would require a wideband 

audro phase-shift network. The audio-fre- 

qucncy amplif~ers and wideband network 

could be switched between transmitter and 
receiver sections. With this and linear opera- 
tion of the final amplifier, the transceiver 

could be used on single sideband. Anyone 
~nterested in this challenging project is in- 
v~tet i  to suggest ideas. 

reference 
1. White, "Balanced Detector in a TRF Receiver," 
Q S J ,  M'ly, 1961. 
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direct methods 
for measuring 

antenna gain 

I 
For the amateur interested in top station per- 
formance on any band, antenna refinement 
definitely produces the most rewarding re- 
turn per unit of effort and expense. 

G h 
Only in the antenna system, which in- 

.- cludes the feedline and supporting structure 

How to obtain 0 as well as the radiator, can improvements - m 
-; increase performance for both transmitting 

L. - 
.O and receiving. Unfortunately, however, the meaningful data , ,ME ,? antenna system i s  usually the most neglected 

using simple 

equipment 

part of an amateur station. Performance tun- 
ing, if done at all, i s  usually limited to ad- 
justing the driven element length, sliding the 
clamps on the T match, or adjusting the 
gamma capacitor for the lowest standing 
wave ratio. Except for using the swr bridge, 
"antenna scope" impedance bridge or field- 
strength meter, most amateurs seem content 
to leave antenna tuning to the manufacturers. 

The manufacturers can't build antennas to 
meet all performance demands. Commercial- 
ly built antennas are designed for "average" 
installation conditions. All too often these 
just don't exist in most amateur installations. 
Most amateurs are plagued by poor soil con- 
ductivity, height restrictions, nearby objects 



and a host of other adverse conditions that 
affect antenna performance. These adverse 
effects can be reduced by tuning the an- 
tenna system once you have some depend- 
able quantitative data as a baseline for op- 
timization. 

The degree of improvement by tuning i s  
I~mitecl with simple antennas. With the 
more elaborate arrays used above 14 MHz, 
it's possible to obtain performance increases 
up to 3 dB with small antennas. Improve- 
ments of 7 to 8 dB are possible with larger 
arrays. 

7-he followitig paragraphs present simple 
methods tor measuring vhf antenna gain di- 
rectly, with good accuracy. Once you know 
what your antenna is doing, you can make 

fig. 1. Test equipment for the 
SWRCE ANTENNA 

attenuator/receiver method. 
The source antenna should be 
as high as possible, in the 
clear, and at least 20 wave- 
lengths from the antenna un- 
der test. 

using a reference antenna and the antenna 
to be tested. Received signals provide the 
measurement data. 

These methods are more reliable and pro- 
vide more repeatable data under varying site 
cond~tions than those using transmitted sig- 
nallfield-strength meter or measured-pattern 
methods. 

attenuatorlreceiver method 
The attenuatorheceiver method is block 

diagrammed in fig. 1. Basically, the system 
uses an accurate attenuator combined with 
the station receiving system. The signal- 
source output should be as low as possible 
and still provide a usable signal at the re- 
ceiver S-meter when the reference antenna 

UNMOOULATED 

the right adjustments to optimize perfor- 
mance. A few examples are also given of 
some rather startling results obtained by 
amateurs who were introduced to these 
methods. 

direct measurements 
The average amateur can measure antenna 

gain with adequate precision using simple 
equipment. The measurement results are 
much more meaningful than, say, a mca- 
sured standing-wave ratio of 1.02-to-1 on the 
transmission line. All this indicates is that 
the antenna is taking power. I t  may or may 
not be radiating in the desired direction or 
with the des~red efficiency. 

Of the many methods of measuring an- 
tenna gain, two are within the capability of 
thc amateur. These are (a) the attenuated 
receiver method, and (b) the matched-de- 
tector method. Both are comparison tests 

RFERENCE 
ANTENNA TEST ANTENNA 

COAX SWITCH Y 
CAUBRA TED CaVYUVlWTlONS 

ATTENUATOR WITH S-METER 

is connected. For most situations 100 mW 
is  adequate. The source should be stable and 
free of spurious outputs. 

procedure 
Set up the source antenna in  the clear at 

least 20 wavelengths from the test antenna. 
A nearby amateur's tower, flag pole or tv 
mast i s  a good support. Turn on the source, 
and adjust the attenuator for a reference lev- 
el on the receiver (anywhere between S-6 
and S-9 will do). Record the number of dB 
used on the attenuator to obtain the refer- 
ence value on the S meter. Switch to the test 
antenna, and peak the antenna for maximum 
signal. Adjust the attenuator for the same S- 
meter reading obtained with the reference 
antenna. Record the new attenuator reading. 
The difference between attenuator readings 
is the amount of gain (or loss) between the 
two antennas. 
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Repeat the process several times, moving 
the reference antenna for an average level. 
Note that some variation is introduced by 
moving the reference antenna. This can be 
reduced by using a directional source antenna 
to reduce ground reflection contributions to 
the received signal (discussed later). In addi- 
tion, the source antenna should be moved 
between several different sites at varying dis- 
tances. Several measurements should be made 
at each site. The resultant gain figure should 
be the average of at least six readings. 

Note also that feedline losses are included 
in these measurements. If known, they can 
be added to the measured antenna gain to 
get the actual gain of the antenna. Although 
less impressive, the measured figure is a 
more practical value, especially above 50 
MHz where feedline loss contributions are 
significant. 

The attenuatorlreceiver method will give 
accuracies on the order of 21 dB. It's lim- 
ited by the accuracy and resolution of the 
attenuators, but i s  probably the most appli- 
cable method for amateur work. 

matched detector method 
The matched detector method i s  very pop- 

ular with the West-Coast vhf crew. It re- 
quires more sophisticated equipment, but 
gives greater resolution and quicker readout. 
The absolute accuracy i s  still limited by the 
reference antenna performance due to re- 
flections. The averaging procedure should be 
used here also i f  absolute gain figures are 
desired. 

Either a high (1-Wl or low (10-mW) source 
signal, modulated with a 1-kHz audio tone is 
used (fig. 2). The type of source determines 
the detector type. A crystal diode detector 
similar to a Telonic XD-series, or a home- 
brew equivalent', will give a square-law out- 
put at low input levels. This is ideal for the 
vswr meter readout. 

procedure 
The vswr meter i s  a I-kHz, sharply tuned, 

gain-stable, low-noise audio amplifier driv- 
ing an rms ac vtvm. The 1-kHz modulation 
i s  detected and amplified. This signal drives 
the meter, which i s  calibrated directly in 
dB. By adjusting the vswr meter gain range 

(0-60 dB in 10-dB steps), a reference level 
can be obtained with the reference antenna. 
The test antenna is then connected to the 
detector, and the gain increase (or decrease) 
noted. 

Although the initial cost is high ($2001, 
the vswr meter is available in surplus outlets 

K6JYO's extended 32-element 
collinear provides 15 dB gain. 

for approximately $40 to $60 for the earlier 
Hewlett-Packard HP-415 series. Others by 
PRD and General Radio are also available. 

If the source power is too high, the crystal 
diode detector will be driven out of the non- 
linear, square-law portion of its curve. The 
resultant output will deviate, and the vswr 
meter reading will be high. This can be pre- 
vented by: 

1. Keeping the source power output very 
low. 

2. Inserting a calibrated attenuator (3 to 6 
dB) ahead of the detector mount (fig. 2). 

3. Using the vswr meter with a wider range 
detector called a bolometer (thermistor) 
mount. Although not as sensitive, the bolom- 
eter mount provides good results when used 
with sources of 1 to 2 watts output. 



the reference antenna reference dipole readings under different site 

study of antenna gain measurement conditions. Recently, highly accurate stan- 

would be complete without a word on ref- dard reference antennas have been designed 

erence antennas. Classically, the isotropic and employed by the ~ a t i o n a l  Bureau o f  

radiator is a point source that illuminates all Standards (NBS) and some amateurs, among 

poinls equally on the inside surface of a thcrn W6VSV and W6HPH. Basically a sim- 

sphere. It i s  used as the reference antenna plc directional array designed for low side- 

fig. 2. Setup for the 
matched detector meth- 
od. A bolometer is used 
in (A). An easily con- 
structed diode detector 
substitute for the bolom- 
eter is shown in (0).  The 
3-dB pad will improve 
the match between de- 
tector and antenna, es- 
pecially at uhf. 

REFERENCE 
SWRCE ANTENNA ANTENNA TEST ANTENNA 

I - Z W T T  Sn;N/IL 

W W L A E D  BY AT LEAST ir)h 
I kHz TONE 

FW) ~ T C H I N O  

I BOLDYETER 
DETECTOR 

I I€WETT- M K R D  IHOKEW-  RCKA 
477 m 

mUlVALENn 

C0l"F 
RF FEEDTHROUGHJp 

RF 9-T Td DETECTED ID INDICPIDR RF l ~ m ~  OUTPUT HOTOR) 

50 OHMS 

in nedrly all theoretical work. However, i t 's  

not possible to produce such an antenna, so 
the matched 7/2-wave dipole* is used as a 
refcrtxnrc antenna. 

The dipole has a disadvantage. Because of 
i t s  broad pattern, it's extremely sensitive to 
ground effects and to near-field reflections 
frorn the signal source. These reflections add 
or detract from the desired free-space signal 
and produce an output that varies from the 
ideal (average) value. 

nbs standard reference antenna 
Absolute accuracy of measurements de- 

pend5 on the accuracy of the reference di- 

pole Hmce i t  is important to average the 

lobe content and high front-to-back ratio, 
the NBS standard antenna has a gain of 7.7 
dB over a reference dipole, measured under 
laboratory conditions in  an anechoic cham- 
ber. 

The measurement repeatability is on the 
order of a0.1 dB or better. The NBS stan- 
dard antenna is used in a manner identical 
to (hat of the reference dipole, but there is 
less vnrration due to reflections. Also, one 
must rclmember to add the 7.7 dB reference- 
antenna gain figure to those from the vswr 
meter with the test antenna in the line. For 
example, if the test antenna measures 2.3 dB 
when the reference antenna measures 0 dB, 
the anlrnna gain is 10 dB. 
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results WAEKKK and WBEMGZ aim 16.6-dB 12M-MHz dlrh. 

These techniques are regularly employed 
by top vhf-uhf amateurs to obtain the most 
from homebrew and commercial arrays. In 
the past few years, antenna contests at ham- 
fests have become popular proving grounds 
where new winning combinations have been 
discovered. A case in point is the reawak- 
ened popularity of the Yagi antenna at 432 
MHz. It has resulted from careful optimiza- 
tion of several scaled-down designs that 
didn't work at all (or poorly at best). Another 
case is the 1 to 2 dB gain increase from 
adding directors to collinear arrays-a meth- 
od now adopted by at least one manufac- 
turer. 

The accuracy of the results is amazing. My 
MMMU,r ,a, 43143111., W. 

own 32-element, 432-MHz array measured 
15 dB at the West-Coast Uhf Conference in 
Fresno and 16.2 dB at the Hughes Radio 
Club contest in Fullerton (after some match- - 7 
ing deficiencies were discovered). 

As for the repeatability of results from site- 
to-site, tests of the popular 6-foot boom 
"Tilton" Yagi at 432 MHz resulted in con- 
sistent measurements yielding 12 to 13 dB 
in contests from Missouri to California. 
W50RH's twln bl-square beam measured 8 0 
dB at three different sites using three differ- 
ent test methods. There examples are excep- # 
tlons. Typically, however, results haven't var- 
ied more than &2 dB when good equip- 

* P 
ment and normal care were used in making K6MYC,r iel.n._. - 7 - 
the measurements. 

mnt --MHz acnd aaw 7.1.0 dB. 

W 6 N  m d  hlr 13.348 I s M H z  any .  
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K7ICW's 30-element Yogi for 1296 MHz yielded -2.5 dB! 

VKSATN, WIDTY. K6JYO . . ._ - -  - . - . ; .--T*--?- 

end WBDOR discuss some 
of the intricacies of en- 
tmnes for 432 MHz while 
ettendlng the antenna mee- , . . 
suring contest held at the 
West Coast VHF Confer- 
ence In Fnmo. 

photos by WEBUR 

some surprises 
At one contest several owners of suppos- ments and matching the feed brought the 

edly high-gain commercial arrays really had gain up to 12.3 dB-not a bad increase.) 
their eyes opened. One 432-MHz Yagi, with It should be obvious that antenna gain 
a manufacturer's claim of "over 17 dB for- measurement i s  worthwhile for the amateur. 
ward gain," measured negative 2 dB off the From my experience, it gets results we all de- 
front and 4-6 dB off the back. Cutting the sire: better reports and more consistent con- 
antenna in half got about 4-8 dB forward tacts. 
gain. 

reference 
Another homebrew 13-element Yagi from 

1. Fred W. Brown, W6HPH, "The Matched Detector," 
a popular vhf handbook measured 4-1.9 dB 1965. 
gain over a dipole. CThe owner had sub- 2. Loren Parks, WMD, "The Reference Dipole," 
stituted a wooden boom for the original VHF'er, April, 1965. 

metal boom and hadn't reduced the element 
lengths to compensate. Trimming the ele- ham radio 
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. . . A DETAILED, PRECISE PRESENTATION OF FACT- 

lcprC -.'- 
SEN*SI*'TIV*I*TY ---- 

The correct matchina of the antenna to  the tube " 
I input impedance is of great importance in se- 

curing on optimum signal to noise ratio. A re- 
active antenna will usually produce a detuning 

G effect on the input R.F. circuit. A good way o f  

-- overcoming this problem is to tune the circuit 
with a panel mounted antenna trimmer or with 
a variable capacitor ganged with the VFO tun- 

BRAND NEW MODEL Ha200 ing capacitor. (A Hammarlund Feature for 
Years!) 

Maximum pre-mixer selectivity is a valuable 
'rs - 

aid in reducing spurious responses and such selec- 
tivity is most easily achieved with an R.F. stage. 
(See a l l  Harnmarlund receivers for this - -) 

The ability of a receiver to  separate stations 
on closely adjacent frequencies is a measurement 
of its selectivity. To compare receivers, look at  
their selectivity curves. The curves show the nose 

e 
MODEL HQ-180A 

figure, which represents the bandwidth in KHz 
over which the signal will suffer little loss of strength; the other figure, the bandwidth 
over which a powerful signal i s  still audible, is termed the skirt performance. The ratio 

of the two is the shape factor of the receiver. 
- 

_I 

.- - -  
The ideal would be a shape factor of one-but 

_* - .- -mi-' this is presently impractical. The inclusion of 
step selectivity by use o f  a mechanical or crystal 
filter or by changing LC circuit parameters can 
provide shape factors close to the ideal. (Check 
the front panel of any Hammarlund receiver!) 

I v 
At  Hammarlund, we believe in specifics- 
every one o f  our products meets pub- 
lished specifications-not iust our engi- 

neering samples. Some of  our receivers are still in daily use after thirty years and 
numerous owners! We'd like to tell you more about our radios-General Coverage- 
Ham Band-Commercial. Drop us a line at  our sales ofice-20 Bridge Ave., Red Bank, 
New Jersey 07701-or see your favorite Harnrnarlund dealer. 

The HflmmflRLUND 
Manufacturing Company Incorporated 

A subrfdtary of Eleclronlc Ass~stanceCorporal~on 
73.00 Hamrnarlund Orwe. Mars HIII. North Carolina 28754 

1 1 1 t . u ~  Farls Rrouglil To Yotr Sfr.lrgllr [rum The Shoirltkr By Tl1t. Hams /If tiarnn~arlund 



the crystal oscillator 

This complete summary 

of solid-state devices 

as crystal oscillators 
2 

- 
i; - 

technical 5 
2 

reference file a 

In a previous article,' I discussed the gen- 
eral nature of crystal oscillators using 
tubes, transistors and field-effect tran- 
sistors (fet's). Since 1966, when that article 
was written, a great deal has happened 
in the semiconductor industry that might 
affect your choice of an active device for 
use in a crystal oscillator. In the follow- 
ing paragraphs, I've considered all the 
solid-state devices available at reason- 
able cost that can be used in  crystal os- 
cillator service. 

A brief review of their application in 
conventional circuits i s  first presented. 
This IS followed by an extensive treatment 
of these units as used in  modified versions 
of the basic circuits. I've also given some 
recommendations for certain precautions 
and design considerations that should be 
used. If you're solid-state oriented, this ar- 
ticle will be invaluable as a reference 
source the next time you consider a crystal 
oscillator design. 

Prices have dropped, and performance 
has increased significantly on n-channel 
junction fet's, insulated gate fet's, digital 
integrated circuits and linear integrated 
circuits. The price reductions appear to be 
due mainly to lower-cost plastic packag- 
ing and the acceptance of these devices by 
large commercial makers of computers 
and trlevision sets. The lower costs and 
the increased performance are just what 
the doctor ordered for amateur applica- 
tions. 
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shown in fig. 2. Note that some of these 
circuits use the crystal as a series-resonant 
circuit, and others as an inductance. A 
single crystal can present either of these 
characteristics, as shown in fig. 3; but 
you must account for the fact that each 
occurs at a different frequency. This is one 
reason for the various "CR" specifications; 
some crystals are cut for series-resonant 

Q) and some for near parallel-resonant oper- 
ation. A listing of military CR specifica- 
tions is given in table 1. 

modified forms 
One of the most successful of the vac- 

uum-tube circuits, for use with series-res- 
onant crystals, is shown in fig. 4, the 
Butler oscillator. It's similar to that in  fig. 

fig. 1. The four basic oralllator olrcults: Colpltts 
(A), Hartley (B), tuned plate-tuned grid (C) m d  1 
tickler-feedback (0).  

basic circuits ideT m 

Four forms of the vacuum-tube oscillator 
are generally used in amateur designs. 
These are the Colpitts, Hartley, tuned- 
plate-tuned-grid and tickler-feedback cir- 
cuits, as shown in  fig. 1. They can all be 
modified to incorporate a crystal, as 

fig. 2. Descendanb of thr oralllatorr In fig. 1 using 
crystals for frequency aontrol. In the Pieroe (A) Cpk 
end Cgk replace C and C2 of fig. l(A). Series-mod* 0 
crystal is usad in tho Hartley clrcult (0).  The Miller 
oscillator (C) Is a verrlon of the tptg. In (D) a rerlec- 

B+ 
mode crystal is used In a tickler-feedback osalllator. 
Blocking capaclton are dmoted by '. 
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fig. 3. Series and parallel resonance im- in fig. 5, and the transitron and dynatron 
pedance characteristics of a crystal. in fig. 6. Two tunnel-diode crystal oscilla- 

CRYSTAL EQUIVALENT CIRCUIT 

fs f p  
FREQUENCY 

I 

W E N  f.. o J R W N  o , L .  l k l C ,  rWD CRL IS SERIES RESONANT 
wnu fp. ~ t / h  THM c a  ws x,. ;6. I/&,, *h0 CRL IS PARALLFL 

RESONANT 
TWICALLY, fp- f. < O O l  Iw . 2 r f )  

l A ,  except that an impedance-lowering 

cathode-follower has been added, so that 

the low impedances of the series-resonant 

crystal and cathode of V, can be more 
easily driven. 

Two other types of crystal oscillators 

somewhat familiar to hams are the ncga- 

tive-resistance oscillator, as exemplified by 
the transitron and dynatron oscillators us- 

ing tubes, and the tunnel-diode oscillator 
of  the solid-state world. The general nega- 

tive-resistance crystal oscillator is showri 

tors are shown in fig. 7. 
From fig. 5 i t  might seem that the ob- 

vious way to build a tunnel-diode crystal 
oscillator is as shown in fig. 7A. This is 

fig. 4. The Butler oscillator-a modified Colpitts for 
use with series-mode crystals. 

fig. 5. Negative- 
resistance, or two- 
terminal oscillator. 

RESISTANCE 

fig. 6. Transitron (A) and dynatron (8) crystal oscillators. Blocking capacitors denoted by *. 



nominal 
frequency frequency load 

crystal unit, military range tolerance capacitance mode of 

(military) holders (kHz) (C percent) resonance (pF) operation 

table 1. Specifications for military crystals. 

similar to one shown in reference 2. While 
i t  may be possible to make such a circuit 
work, if just the right rf choke can be 

found, I had no luck with it. The circuit 

oscillates, but the crystal has no effect 
other than that of its holder capacity on 

the frequency. Instead of oscillating at the 
crystal frequency, the circuit oscillates at 

the series-resonant frequency of the rf 
choke and the diode equivalent capacity. 

A more satisfactory crystal oscillator 
can be built as shown in  fig. 78.3 At the 

crystal's series resonant point, the two re- 

sistors are effectively in  parallel (because 
the crystal is a "short" between them). 

The two resistors must be smaller than the 

absolute magnitude of the tunnel-diode 

negative resistance yet large compared to 

Parallel 
Parallal 
Parallel 
Parallel 
Parallel 

Parallel 
Parallel 
Parallel 
Series 
Series 

Parallel 
Parallel 
Series 
Series 
Parallel 

Parallel 
Series 
Series 
Parallel 
Series 

Series 
Series 
Series 
Series 
Parallel 

Serles 
Parallel 
Series 
Parallel 
Series 

Fundamental 
Fundamental 
Fundamental 
Fundamental 
Fundamental 

Fundamental 
Fundamental 
Fundamental 
Fundamental 
Overtone 

Fundamental 
Fundamental 
Fundamental 
Fundamental 
Fundamental 

Fundamental 
Fundamental 
Overtone 
Fundamental 
Fundamental 

Overtone 
Overtone 
Fundamental 
Fundamental 
Fundamental 

Fundamental 
Fundamental 
Fundamental 
Fundamental 
Overtone 

the equivalent series resistance (at series 

resonance) of the crystal. Also, L and C 
are the same impedance as the resistors. 

That is, at 8775 kHz, L equals +j51 ohms 

and C equals -j51 ohms. 

Since the equivalent series resistance at 

series resonance is so important to tunnel- 
diode crystal oscillators (and to many 
others as well), the resistances of different 

crystals for various frequencies must be 
known for good design. Such a listing is 
shown in table 2. Note that these figures 

were taken from one manufacturer's data 

sheets; resistances of other manufacturer's 

crystals will vary from these somewhat. 

Nevertheless, the table provides a "ball- 

park" figure upon which design can be 

started. 
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nominal 
frequency 

range 
(kHz) 

frequency 
tolerance 

(2 percent) 

load 
capacitance 

(PF) 

mode of 
operation 

military 
holders 

crystal unit, 
(military) resonance 

Parallel 
Series 
Parallel 
Parallel 
Parallel 

Overtone 
Fundamental 
Fundamental 
Fundamental 
Fundamental 

Series 
Series 
Parallal 
Parallel 
Parallel 

Fundamental 
Fundamental 
Fundamental 
Fundamental 
Fundamental 

Series 
Parallel 
Parallel 
Parallel 
Parallel 

Fundamental 
Fundamental 
Fundamental 
Fundamental 
Fundamental 

Series 
Series 

Fundamental 
Overtone 
(Pressure) 
Overtone 
(Plated) 
Overtone 
(Pressure) 
Overtone 
(Plated) 

Serles 

Series 

Swies 

Series 
Series 
Parallel 
Parallel 
Series 

Overtone 
Overtone 
Fundamental 
Fundamental 
Overtone 

Series 
Series 

Overtone 
Overtone 

the multivibrator 
The rnultivibrator crystal oscillator didn't 

really come into its own until the advent 

of bipolar transistors, although it has been 
built using tubes. It i s  simply an astal~lc 

multivibrator with one of its coupling ca- 
pacitors replaced by a crystal (or with a 

crystal and series-tuning capacitor). Fig. 8 

is representative of such an oscillator. This 

circuit was used as a one-megahertz crys- 

tal calibrator in  vhf receivers.4 

1-he nlultivibrator crystal oscillator isn't 
particularly noteworthy as shown (built 
with discrete components), but it's the b d -  

s~s for most of the crystal oscillators using 

digitdl integrated circuits. 

The main use of niultivibrator-type crys- 

tal oscillators has been for frequencies be- 

fig. 7. Tunnel- 
diode osci~~ators. mrI 
Circuit at (A) is 
not recommanded 
because of i t  7 Isrn? 1. 7.- T 
cal adjustment of 
rfc. 

;:: 

8 775m 

- - IS-WLT 51 
CELL dl 



table 2. Series-resonant mslstances of crystals for 
different fnquencles. 

Reeves- 
Hoffman 

type 

J element 

J element 

J element 

J alament 

J element 

N element 

N element 

E element 

D element 

C element 

A element 

A element 

A element 

A element 

A element 

A element 

Frequency 

(kHz) 

1 

2 

4 

8 

12 

20 

50 

100 

200 

5W 

1 X I 8  

3 X 1 8  

6.5 X 10" 

1.15 x l o 4  

2.08 X 10' 

4.04 X l o 4  

Series- 
resonant 

Resistance 
(ohms) 

150,wo 

75,000 

36,000 

30,000 

15,000 

9,000 

10,wo 

1,800 

950 

1,000 

300 

65 

15 

12 

8 

35 

Remarks 

+SO X cut 

+C X cut 

$50 X cut 

+5" X cut 

+so X cut 

NT cut 

NT cut 

$50 X cut 

Y cut 

Y cut 

AT cut 
(fundamental) 

AT cut 
(fundamental) 

AT cut 
(fundamental) 

AT cut 
(fundamental) 

AT cut 
(3rd overtone) 

AT cut 
(3rd overtone) 

low 100 kHz, where it's impractical to 
provide large inductors for conventional 
oscillators. 

using bipolar transistors 
The translation of tube-type crystal os- 

cillators to solid-state circuits must be ap- 
proached with some caution. Too often a 
bipolar transistor symbol is just drawn in 
place of a triode tube symbol. This sort of 
"engineering" has resulted in circuits like 
that of fig. 9, which sometimes oscillate. 

A bipolar transistor is quite unlike a 
vacuum tube; a current into the base con- 
trols the collector current in  the transistor. 
In a tube, a voltage on the grid controls 
the plate current. As a result of these dif- 
ferent behaviors, the base of a cornrnon- 
emitter bipolar transistor has a much 
lower input impedance than the grid of a 
grounded-cathode vacuum tube. 

The lower impedances presented by the 
bipolar transistor make i t  difficult to use 
in crystal oscillators that use parallel- 
resonant crystals. However, for use with 
series-resonant crystals, the bipolar transis- 
tor is just great. Fig. 10 shows how series- 
mode crystals and bipolar transistors can 
be used to take advantage of the com- 
patible impedances of each. 

Note also in the circuits of fig. 10 that 
a 6.8-pH inductor i s  placed in parallel 
with the 26-MHz crystal. This inductor 
forms a parallel-resonant circuit with the 
holder capacitance of the crystal. Look- 
ing at table 1, the CR24/U has a holder 
capacitance of 7 pF. At 26 MHz, approxi- 
mately 6 pH resonates 7 pF, so the closest 

fig. 9. Pierce oscilla- 
* tor using a bipolar 

transistor--not rec- 
ommended (see text). 
Blocking capacitor 
denoted by ". 

fig. 8. Multivibrator crystal 
oscillator. The HEP 1's can be 
replaced with 2N1204's. 

-3v 
0 

6 01 

.Of 

470 
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standard inductor (6.8 pH)  in  the Miller 
9330 series was used. 

Balancing the holder capacitance in this 
way acts as a simple form of mode filter, 

fig. 10. Serirs-mode crystal oscillators using a bi- 
polar transistor-Colpllts (A), Hartlay (B) and tickler- 
feedback (C). 

, 1 *a m%Ad6,S.#H MILLER 9354-20 

Ll CTC X206O-1 1 1 $.) :I;:.: 

91 

m w w o  wm 4 wm.9 
NO. 80 OYMt?LCO WIRE 
T A P 6 0  I /(I TURW fRW 
m o  mo 

0 

assuring that the crystal oscillates as 
marked. I found this simple method to be 
adequate even with seventh-mode over- 
tone crystals in  the 170-MHz range. The 
method can be applied to nearly any 
crystal oscillator where the crystal i s  to be 
operated in the series mode. However, the 
addition of a series-blocking capacitor 
may be necessary (since the crystal may 
have blocked dc in  the original circuit). 

fet crystal oscillators 
These devices, on the other hand, are 

quite similar to tubes because the gate 
voltage controls drain current in the com- 
mon-source connection. So almost any 
vacuum-tube crystal oscillator finds its di- 
rect equivalent in an fet circuit. Two are 
illustrated in fig. 11. Notice that both use 
junction fet's. This was done because the 
diode junction between gate and source 
conducts (like the grid and cathode of a 
tube) when forward-biased, and allows 
"gate leak" action. If an insulated-gate 
field-effect transistor (igfet) is used, a sep- 
arate diode is usually added across gate 
and source, as in fig. 12. 

Fig. 12 is an ultra-simple Pierce oscilla- 
tor (a version of the Colpitts), which finds 

wm ALL rur 4 TUM 
R M D .  5ECOUIIRY 2 
r u m s  ff  m, ne 
ENAMELED WIRE 
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its counterpart vacuum-tube circuit in  fig. in  (say a 26-MHz, 3rd-mode) it won't os- 
2A. It's useful for checking the general ac- cillate as marked. One indication of os- 
tivity of fundamental-mode crystals in  the cillation in  this circuit is a decrease in  
2- to 20-MHz range. Since fundamental- drain current, since the nonoscillating cir- 
mode crystals aren't usually cut above 20 cuit draws IDB9 until gate-leak action is 
MHz, if a higher frequency rock is plugged established. 

CTC XZObO-7 
16~-L?.?pH~ 4 sw 

'pUD 

fig. 11. Crystal oscillatorr using n-channel Junction fet's. In (A) crystal performs as an inductor between drain 
and gate of tha fat, with capacitive divider formed by C and C2. Circuit (6)  is the Miller oscillator, which is 
useful with crystal having one terminal connected to the can (as in DC-9 octal style). 

SUBSTRATE 
GRO(HOE0 

fig. 12. Pierce circuit using n-channel igfet; useful 
with fundamental-mode crystals from 2 to 20 MHz. 

No circuits using p-channel fet's are 
shown (either junction or insulated-gate 
types) because rf types haven't become 
available at the low prices of the n-chan- 
nel units. The germanium TIXM12 was one 
of the exceptions (a p-channel JFET, good 
to over 100 MHz for $1.07), but i t  has been 
discontinued like the TIXM05 we all loved. 
I f  and when p-channel fet's for rf become 
available again, the circuits of fig. 11 and 
12 can be used by reversing the supply- 
voltage polarity (and reversing the diode 
in  the circuit of fig. 12). 

There are, of course, a number of ways 
in which npn and pnp bipolar transistors 
can be combined with n-channel and p- 
channel jfet's and igfet's to provide com- 



I ~ i ~ ~ a t r o n  circuits. ,411 example is shown in 
fig. 13, a Butler oscillator using an nl)n 

hipolar transistor and an n-channel jfet. 

integrated circuits 
In rccc,nt years, one of the largest areas 

o f  growth In the sem~conductor industry 

ha5 t)c,ctn In 1ntegr.ited clrcults. These can 
be used as crystal osclllators In a num 
hcr o t  tont~guratlons Dlgltal IC's, which 
,Ire thc lcast oxpen51ve un~ts, can be nlaclt 
to  fur~ct lon as cr)stal osclllators o f  the 
m u l t r v ~ l ~ ~ ~ ~ t o r - t y p e .  Figs. 14 through 17 
s h ~ w  the KTL, DTL, TTL, and ECL fanillle, 

I t ry9tal osc~llators Res~stor-transistor 
l o g r ~  (RTL) 1s the It-ast expensive famtly 

and has I ~ t c n  w ~ d e l y  w e d  In amateur sys- 

tems because of rts l ow  cost. I t  IS relatlvc 

ly slow, ho\vever, and the clrcult o f  fig. 14 
can t Ilr expected to  work rellably at fre- 
qucrlclr\ hlgher than a few megahertz" 

t3y uslng a palr of the hlgher-power 111900 

buffers, osc~llatlon can be obtalned up to 

,111out (I MHz7 The clrcult o f  fig. 15 ap- 
parently operates at hlgher frequencies bck 
(ausc' of lower Inherent resistances 

Although RTL 15 the least expenslvc, 

the I I I I C ~ ~  o f  dlode-transistor loglc (DlL) 
dnd trari\1stor-tran51stor logic (TTL) have 

I ~ e e n  stcddlly decreasing, and they're now 

fcasrble for ham coristruct~on. A cost com- 

par15on o f  several quad-dual gates shows 
the prrce per gate to  b e  wlthin reawn 
(table 3) 

LI  , CTC X m 0 - I  Wm ALL BUT 4 TURNS REMJVEO 

fig. 13. Butler oscillator using npn transistor and 
n-channel fet. 

fig. 14. Crystal oscillator using resistor-transistor 
logic (RTL) integrated circuit. 

fig. 15. Using RTL buffers in a + 3 6 v  

crystal oscillator circuit. 

- -- -- - -. P 
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table 3. Cort comparison of popular integrated 
circuits. 

Part Coat 
Logic Company Number Cost Per Gate 

RTL Motorola MC717P $1.08 $0.27 
DTL Motorola MC846P 1.65 .41% 
TTL T I  SN74WN 2.25 .56'/4 
ECL Motorola MC1010P 1.80 .45 

Fig. 16 shows how DTL and TTL units 
can be used as a crystal oscillator. Note 
that the same pin configuration and volt- 
age are used for the two IC's.6 Also, since 
only two of the four gates are used, the 
others can be used as isolation stages or 
as another crystal oscillator. 

One word of caution about use of 
TTL's, however: the pins shown are only 
for the SN7400N. If you try the military 
version (SN7400 or SN5400), pin connec- 
tions are quite different! 

IC IS SNMOON (TEXAS INSTFWENTS) 
OR w a 4 e ~  [.wrn.QoLAJ 

fig. 16. Transistor-transistor logic 
(TTL) or diode-transistor logic (DTL) 
gates in a crystal osciilator. 

The emitter-coupled logic (ECL) family is 
the only one where the internal transistors 
aren't switched into and out of saturation. 
This feature makes ECL inherently fast, al- 
lowing the MECL I series of Motorola to 
operate to 30 MHz, and the MECL II series 
to approach 100 MHz as crystal oscilla- 
tors. Fig. 17 shows how an MECL I gate can 
be used as a simple 1-MHz oscillator.8 
Reference 9 covers in more detail the ECL 
at higher frequencies. 

A separate bias driver (MC354G or 
HEP554) is required with the MECL I series, 
but it's built in on the MECL II series. The 
cost per gate of MECL II, using the 
MC1010P (quad 2-input gate, at $1.80) i s  
$0.45. This compares closely with DTL and 
TTL units. 

fig. 17. Emitter- 
coupled logic 
(ECL) gates used 
in a crystal oscilla- 
tor. ,4 

IiEPSSI 

DRIVER 

the operational amplifier 
In linear IC's there i s  almost limitless 

variety, but one of the main building 
blocks is the direct-coupled differential 
amplifier. Two forms of this monolithic IC 
have become more or less standard in the 
semiconductor industry: the operational 
amplifier (like the Fairchild pA709 and its 
descendants) and the rfli-f amplifier (the 
Fairchild pA703 and similar units). Both 
can be used as crystal oscillators; the 
operational amplifier is limited to the 
lower frequencies. 

An operational amplifier used as an os- 
cillator brings out many of the basic 
fundamentals of oscillator design. Because 
the operational amplifier is such a nearly 
ideal device, i t  affords ease of feedback 
design. Inverting and noninverting inputs 
are provided on most op-amps, both posi- 
tive feedback (used to cause oscillation) 
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LAMP 

and negatlve feedback (used to reduce 
galn antl stabll~ze output) can be selec- 
tlvrly u5ed to produce exactly the osc llla- 
tor de i~gn you deslre 

An example of an op-amp crystal oscll- 
lator 11q1ng 170th posrtlve and negatlve 
fecdbdck 15 shown In fig. 18. Thls c~rcul l  
1 1 ~ 5  a rionl~near resistor In the negatlve 

OUTPUT - 

fig. 18. Monolithic operational am- 
plifier as a crystal oscillator. 

fig. 19. The ,'A703 as a 3.525-MHz 
crystal oscillator. 

feedhack resistive network to adjust the 
gain and thereby assure sinusoidal wave- 
for~n.  The technique is similar to that used 
in the Wien Bridge audio oscillator, and 
i s  covered in reference lo. 

A number of other linear integrated cir- 
cuits have been used as crystal oscilla- 
tors and are described in various applica- 
tion notes.11~'2*13 The main impetus for the 
use of IC's in crystal oscillators has been 
in 3.58-MHz TV colorburst generators; so 
most of the circuits shown in these refer- 
ence> are for 3.58-MHz oscillators. 

You might ask what advantage these 
IC crystal oscillators have over those built 
from discrete components-if any. The an- 
swer is that there's little advantage in us- 
ing IC's in this way, unless you consider 
it avante-garde to have your piece of 
ecluil~rnent "all IC." The IC does offer a 
rather large stable gain in  one package, 
however, as evidenced by the large capac- 
ltlve divider across the tuning coil. 
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complete 

transverter 
for six meters 

If you have 

a single-band 

ssb transceiver, 

it's easy to get 

on 50 MHz 

with the 

6/40 'verter 

Every time the six-meter skip comes in 
you're no doubt impressed by the rapidly 
increasing number of single sideband sta- 
tions. "Maybe it's time to plan for that 
sideband rig,'' you think. Then you look at 
the price tags on the commercial outfits and 
decide, "Not yet." Even the kits are expen- 
sive, and whipping one up from scratch i s  
both expensive and complex. 

A much more attractive answer to a good 
sideband signal on six meters i s  a combined 
receiving and transmitting converter. If you 
have a low-band ssb transceiver, a grid-dip 
meter and a little homebrew experience, this 
can be a very happy solution to the problem. 

I went through these mental gymnastics 
for a couple of years before deciding to take 
soldering gun in hand and build the 6140 
'verter. One of Mr. Heath's excellent Single- 
Banders for forty meters was in the shack. I 
put together a conventional converter to 
shift the six-meter sideband signal down to 
forty. You've probably had some experience 
along this line and this is half the job. A 
somewhat similar converter was built along- 
side to swing the forty-meter ssb signal from 
the transceiver up to six meters. A simple 
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power supply for both converters was added, 
and the job was done. Both converters use 
the same oscillator, so both the received 
and transmitted signals are on the same fre- 
quency. Once tuned up, the transverter can 
be disregarded, and operation is with the 
transceiver only. 

Right about here you're probably saying, 
"It can't be that simple. The generation of 
ssb signals is complex, and homebrewing of 
such equipment just isn't for me." You're 
absolutely right. But, the difficult part has 
all been taken care of by those smart people 
at Benton Harbor. All we're talking about 
here is beating signals to produce hetero- 
dynes, as in that ten-dollar table radio in the 
bedroom. The fact that one of the signals is 
modulated ssb instead of a-m doesn't change 
the operation. 

the circuit 
With this description in mind let's exam- 

ine the schematic (fig. 1). Note that the top 
half, consisting of the 6CW4, 6EA8 and as- 
sociated circuit is the familiar receiving con- 
verter. The one used here isn't original- 
it's borrowed from "The Radio Handbook." 
It's a good one, but there's no reason to use 
this if you have a converter on hand or wish 
to buy a commercial unit. 

For transmitting, the conversion signal 
from the triode-section of the 6EA8 is fed to 
a 6DJ8 cascode amplifier. The boosted rf is 
then inserted push-pull into the grids of a 
5894 sewing as a mixer-final. The forty- 

meter ssb signal from the Single-Bander is 
inserted at the screen grids of the 5894, and 
a six-meter, single-banded signal comes out. 
The 5894 dual tetrode is a relatively high- 
power, easily driven tube that isn't exactly 
cheap, but it can be found in some of the 
bargain-priced tube lists. 

It does a beautiful job in this application, 
but maybe you have an 815 or 6360, or a 
couple of 2E26's you'd like to use. A few 
component values would require changing, 
but these tubes would all work-at lower 
power. By the same token, there's no reason 
why you can't start with a twenty-meter 
signal and end up on two meters. The ap- 
proach would be the same. It all depends on 
what you have to build with and where you 
want to operate. 

assembly 
Construction practices are standard for 

these frequencies. Good grounds, short 
leads, many bypasses and shielding are very 
important. The layout shown in the photos 
is compact, and it works, but it isn't neces- 
sarily the last word. The receiving converter 
was built on a four- by six-inch sheet of 
flashing copper. Good rf grounds are no 
problem since many of the components can 
be soldered directly to the copper. 

The 6CW4 i s  a grounded-grid nuvistor rf 
amplifier. It's lightly coupled to the 6EA8 
mixer section via C1, which consists of two 
lengths of hook-up wire with about one inch 
of each parallel with the other, inserted from 
opposite sides through a hole in the shield 
between the two tubes. Coupling between 
oscillator and mixer portions of the 6EAB is 
via the spacing of about 314 inch between 
L3 and L4. The coax input and output fit- 
tings can be eliminated-they're a reminder 
of when this converter was used alone. 

The same crystal oscillator signal used for 
receiving is taken from the plate of the con- 
verter portion of the 6EA8 via C4 to the 
first grid of the 6DJ8. Here i t  goes through 
two stages of amplification needed for the 
transmit conversion. The 6DJ8 output is in- 
ductively coupled to the 5894 signal grids. 

A very low level forty-meter signal is re- 
quired. This i s  achieved by dissipating most 
of the output in a dummy load. A sur- 
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0.5 pF gimmick (see text) 

capacitive pickup between L3 and L4 

15 pF butterfly 

10 turns B&W 3003, tapped 2% turns from 
ground end 

0.87 pH (J. W. Miller 40A827CBI) 

1.0 pH (1. W. Miller 40AlWCBI) 

Miller 41AOOOCBI wound ful l  with no. 26 
enamelled; L16 tapped 15 turns from 
ground and 

2.2 pH (J. W. Miller 41A226CBI) 

fig. 1. Schematic diagram of the 6/40 'verter. 

L8 8 turns no. 28 enamelled on a '14" slug- 
tuned form (J. W. Miller 41AOOOCBI); link 
is  2 turns of hookup wire on the cold end 

L9 9 turns B&W 3004, center tapped with 2 
turns of hookup wire around center 

L10 6 turns no. 12, 1-inch ID, spaced 1 wire 
diameter, with 2-turn insulated loop at 
wider-spaced center 

L11 48 turns B&W 3004; link is 4 turns of hook- 
up wire around cold end 

PSI, PS2 6 turns no. 18, spaced one wire diameter, 
on high-value, 2 W resistors 



plus three-pole, double throw dc relay 
switches the antenna circuit alternately 
through the receiving and transmitting con- 
verter sections and turns on the final for 
transmit by grounding its cathode. Any sim- 
ilar commercial relay will do this job, and 
by choosing a six-volt ac coil, the rectifier 
diodes and filter capacitors, which can be 
seen in one of the photos, can be elimi- 
nated. The Single-Bander has an extra set of 
relay contacts that activate the transverter 
relay to make the switching automatic. 

The entire outfit, including power supply, 
fits neatly on a commercial 3x7~12-inch 

Top vlew showing the general layout with the 
nceiving converter at the left on its copper 
plate, the transmitting converter in the center. 
and power supply on the right. 

chassis base. A hole was cut in the top at 
one end to accept the copper sheet of the 
receiving converter. The photos show the 
placement of the other components. Note 
that C3 is ungrounded. It mounts on a ver- 
tical square of phenolic board to which the 
output winding of 110 is also attached. The 
parasitic chokes for the 5894 are soldered 
across loops in the copper straps connecting 
its plates to C3 and L10. 

The power supply i s  conventional (fig. 2) 
It provides 500 Vdc at 300-plus mA for the 
5894 (which, incidentally, can be pushed 
much harder); 300-volts regulated for the 

6DJB; and 150-volts regulated for the 6CW4 
and 6EA8. Signal stability i s  essential on sin- 
gle sideband. This depends on your trans- 
ceiver, but the voltage regulation provided 
here ensures against any frequency drift in 
the transverter. Capacitors C1 and C3 are 
mounted on insulated bases, and the cans 
are insulated to prevent accidental shock. 

appearance 
Finishing touches include a ventilated top 

cover, formed from sheet aluminum, and a 
ventilated bottom plate. The shielding i s  re- 
quired for best results. A coat of spray paint 
and decal identification of controls will give 
a professional appearance. 

tuning up 
The forty-meter Single-Bander tunes only 

100 kHz-from 7.2 MHz to 7.3 MHz. Thus, 
a 42.9-MHz crystal will cover 50.1 to 50.2 
MHz. This is the portion of six meters where 

fig. 2. Power supply for tha bans- 
verter and mlay witching amnga- 
ment. Relay Is a 6.3 Vae unit. 

m m m m m  d7 

Relay switching arrangement. 
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most ssb signals are heard. Crystals can be 
chosen, however, to put you anywhere you 
want in the band. 

Assuming you plan to operate 50.1-50.2 
MHz, a grid-dip meter can be used to reso- 
nate L2 and L3 a little under, and a little 
over, 50.15 MHz. L4 i s  tuned to the crystal 
frequency; 7.25 MHz is bracketed with L5 
and L6. This should give a good, flat response 
across the 100 kHz used. When you get far 
enough along to copy signals over the air, 
these adjustments can be touched up to 
produce the best signal-to-noise ratio. 

L7, C5-L8, and C6-L9 are resonated to 
the crystal frequency. C7 is adjusted to 
peak L11 at 7.25 MHz. Adjust C3 and the 
spacing of L10 to 50.15 MHz. By making 
these adjustments to the center of the 100- 
kHz segment of interest, it will be unneces- 
sary to do any further tuning of the trans- 
verter as you change frequency. 

on-the-air tests 

5894 plate current under 200 mA. Don't let 
this tube run red. 

Return the transceiver tune control to 
transmit, and speak into the mike. The plate 
meter should kick on voice peaks to approxi- 
mately 300 mA. This completes tune up, and 
you're ready for on-the-air tests. Listening 
tests will provide the best criteria of correct 
adjustment. Important: correct adjustment 
should occur when the least amount of ssb 
drive, as established with R 1  and C7, pro- 
duces the greatest output. The quality of 
your six-meter sideband signal should be as 
good as your forty-meter signal. Reports for 
the 6/40 'verter have been uniformly good. 

After checking and rechecking your work, 1 

you're ready for the smoke test. Connect 
your 6/40 'verter between your transceiver 
and your six-meter antenna. Turn on the 'H  
power and listen for signals. Listen on the 
upper sideband, because stations on six are 
almost always on upper sideband and those 
on forty are on lower sideband. 

With the receiving converter working, ad- 
just L4 for maximum using your dipper as an 
absorption wavemeter. Move to L8 and ad- 
just L7 and C5 for a peak, which will be 
very much stronger. Touch up C6 for a high 
reading at L9. 

Now, with no forty-meter input, close the 
relay manually and adjust R1 for a plate 
current of 50 to 75 mA. Connect a dummy 
load in the transceiver output to reduce the 
forty-meter signal to one or two watts, and 
attach a dummy load to the transverter out- 
put. Insert a power-output meter between 
transverter and dummy load. Interconnect 
the relays so the transceiver and transverter 
transmit together. Turn the transceiver to 
tune position to provide a carrier, and ad- 
just C3 and C8 for maximum output. C7 
and R1 can be readjusted to peak the out- 
put. During tune-up, the injected carrier 
level should be low enough to keep the 

The ventilated cover improves eppear- 
once and provides essential shielding 
and protection from accidental contact 
with the high voltage. 

a final note 
This probably shouldn't be your first con- 

struction project, but you don't have to be 
an engineer to achieve good results. Single 
sideband isn't all that difficult when you do 
it the easy way. The idea i s  to proceed 
slowly, plan each step, and follow my in- 
structions and suggestions. If you can solder 
and use simple shop tools, you can build 
the 6/40 'verter in a few week ends. 

ham radio 
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stub 
bandswitched 

antennas 

Two multiband 

verticals 

are described: 

a fixed-station antenna 

and a 

twinlead portable- 

no loading coils; 

no traps 

One of the problems in  designing vertical 
antennas is finding a simple bandswitch- 
ing method. To decouple portions of the 
antenna for different bands, you can use 
(a) basemounted switched loading induc- 
tors, or (b) traps. Each method has disad- 
vantages. A remotely controlled switching 
system adds extra wiring and cost, and 
traps are difficult to build, adjust and 
mount. 

This article describes a simple and in- 
expensive method of bandswitching using 
the principle of stub decoupling. I used i t  

with two antennas: a portable multiband 
wire antenna and a fixed-installation vertical. 
The idea can be extended to many other an- 
tennas as well. 

stub switching 
A 33-foot vertical is shown in  fig. 1A. 
This antenna would function as a quar- 
ter-wave vertical on 40 meters. If a stub 
approximately l S 1 / i  feet long were added, 
as shown in  fig. l B ,  tri-band operation 
would be possible. 

Operation on the various bands is as 
follows. On 40 meters, the stub is too short 
to have any effect, and the antenna per- 
forms as a simple l/r-wavelength vertical. 
On  20 meters, the 15'/z-foot stub is a quar- 
ter wavelength long; the short circuit at 
the base of the stub is reflected as an 
open circuit at the high end of the stub. 
Thus the upper portion of the 33-foot verti- 
cal i s  decoupled, and the antenna per- 
forms as a l/4-wavelength vertical on 20 
meters. 

On  15 meters, the 15'12-foot stub has no 
switching effect since i t  is neither I/,-wave- 



length or '12-wavelength long. The 33-foot 
section is active, and the antenna func- 
tions as a 3/4-wavelength vertical. Such a 
length wi l l  present a low impedance at 
the antenna base to match a coaxial 
transmission line. 

There is some disadvantage to this an- 
tenna length, however. I t  is slightly longer 

than the optimum length for maximum 
low-angle radiation. Therefore, some high- 
angle radition will also occur on 15 
meters. 

Still another stub can be used to extend 
operation to 10 meters. This stub can be 
placed in  a number of ways, but the most 
advantageous arrangement seems to be 
that shown in  fig. 1C. An approximate 8- 

fig. 1. Varlous arrangements with a 33-foot 
vertical antenna. Simple vertical in A performs 
on 40 and 15 meters. The 15'Ir-foot stub in B 
adds 20-meter capability. Another stub, ap- 
proximately 8 feet long, makes the vertical 
operational on all bands from 40 through 10 
meters. 

foot stub is placed about 8 feet from the 
base of the antenna. The stub acts as a 
phase reversal device to  couple the lower 
8-foot section ('14 wavelength on 10 me- 
ters) to the upper 16-foot section ('I2 wave- 
length on 10 meters) on the main an- 
tenna. A collinear vertical array results as 
a consequence of the phase reversal. This 
keeps the antenna radiation at a low ver- 
tical angle and produces a slight gain (1 
to 2 dB) over a simple '14-wavelength ver- 
tical. The 15'/2-foot stub has no effect on 
10 meters since i t  is '12-wavelength long 
and simply reflects a short circuit at its 

upper end. The 10-meter stub has no ef- 
fect on operation on other bands. 

The over-all result is a 4-band antenna 
that performs as a 'Id-wavelength vertical 
on 2 bands, a 3/4-wavelength vertical on 
1 band, and a collinear array on the 
highest-frequency band. The dimensions of 
the antenna differ slightly from those of a 
basic '14-wavelehgth antenna, because the 
stubs affect the diameter-to-length ratio of 
the antenna on the various bands. Provi- 
sion must be made during construction for 
adjusting the antenna element lengths and 
for initial stub placement in some cases. 

fixed vertical antenna construction 
I experimented first with a tri-band an- 

tenna of the type shown in fig. 1B. A mul- 
tisection telescoping aluminum element 
was used for the antenna section, which 
had a maximum diameter of 1'14 inches. 
The stub was made of similar material 
but with fewer sections. Spacing between 
stub and antenna was determined by the 
type of insulating spacer used as shown 
in the photograph; about 4'12 inches be- 
tween stub and main-element centers. 

Birnbach Company produces a series of 
pillar insulators that can be used for stub 
holders of almost any desired size. Their 

type 445H, for instance, is 3 inches long 
and 314-inch in diameter. Both ends are 
threaded for 10-32 hardware. The holders 
on each end of the pillar insulator can 

be purchased or you can make your own. 
At the base of the antenna, the stub 

and main element ends are joined by a 
piece of Belden braid. The center conduc- 
tor of the 50-ohm coax i s  connected to 
this braid and the shield of the coaxial 
cable to another braid, which connects 
two 6-foot ground rods spaced 3 feet 
apart, centered on the antenna base. I 
used only ground rods because the soil is 
fairly moist in the vicinity of the antenna. 
Dry locations will require a radial sys- 
tem. The antenna is physically supported 
by a wooden post. There is nothing special 
about the construction, and almost any 
method for vertical antenna construction 
can be used. 

july 1969 51 



Little adjustment i s  required for tri-band 
operation. With the antenna excited on 
40 meters, the main element length is ad- 
justed for the lowest swr in the transmis- 
sion line. A value of 1.5-to-1 or less should 
result. 

Switching to 20 meters, the stub is ad- 
justed for the lowest swr. No significant 
interaction should occur between these ad- 
justments unless you started with element 
lengths that were out of resonance. Once 
adjusted on 40 meters, the antenna should 
he properly tuned on 15 meters to a com- 

Pillar i n s u l a h  are used batrrwn the 
stubs and tho main antenna element. 

promise setting for coverage between 40- 
and 15-meter band segments. 

If an additional stub is added for 10- 
meter coverage, the preceding adjust- 
ments should be made before the stub i s  
mounted. Then the stub should be placed 
about 8 feet from the base. With the an- 
tenna excited on 10 meters, both stub lo- 
cation and length should be varied slight- 
ly until the lowest swr i s  achieved. It 
would be useful to have another station 
or a field-strength meter a few wave- 
lengths away to help indicate the stub lo- 
cation for maximum signal. 

Finally, the antenna should be re- 
checked on the other bands to ensure that 
no significant detuning has occurred. If so, 

a back-and-forth tuning procedure must be 
used until proper tuneup is achieved on all 
bands. 

twinlead stub antenna 
The basic simplicity of the multi-band 

vertical stub system produced the idea for 
a similar antenna made only of 300-ohm 
twinlead. The twinlead antenna was 
made for portable use as a multiband 
antenna that could be strung up and used 
without an antenna coupler. 

Since the twinlead provides only two 
conductors, a somewhat different stub was 
used (fig. 2). The conductors are connected 
together at the far end of the antenna, 
and one conductor is cut a little less than 
16 feet from the far end to form the 20- 
meter stub. This stub is '1,-wavelength long 
on 20 meters and reflects an open circuit, 
so the lower portion acts as a '14-wave- 
length antenna on 20 meters. 

On 40 meters, the 20-meter stub adds 
some top loading, but essentially it's not 
active, and the unbroken conductor forms 
a '14-wavelength antenna. A 20-meter stub 
can be added in the same manner as for 
the fixed-station vertical by using the re- 
maining twin-lead conductor after form- 
ing the 20-meter stub. On 15 meters the 
40-meter section i s  used as a %-wave- 
length antenna. 

tuning up 
Because of the twinlead velocity factor 

and the nature of the stub arrangement, 
pruning this antenna i s  a bit more tedious 
than the fixed-station vertical. However, 
twinlead is inexpensive, and even if you 

foul up the tuning the first time around no 
great loss will result. In fact, experiment- 
ing with the twinlead version is a good 

way to gain confidence in the basic an- 
tenna operation before constructing a 

more expensive fixed-station version. 
As a first step in the tuning process, 

choose a 35-foot length of twinlead and 
leave the conductors at the far end dis- 
connected. Connect one conductor to the 
transmission line and excite the antenna 
on 40 meters. Then cut the antenna (both 
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conductors) at the far end until the lowest 
swr i s  obtained. After this, connect the 
other conductor at the far end to the 40- 
meter conductor element and cut about 
16 feet from the far end. 

Now switch back and forth between 40 
and 20 meters, and trim the total antenna 
length (always leaving the two conductors 
shorted together at the far end). Trim the 
20-meter stub to less than 16 feet from 
the far end. With care, lengths wi l l  be 
found that give a very low swr on both 

fig. 2. Construction of a stub-switched an- 
tenna made 
from 300-ohm 
twinlead; com- 
plete tuneup 
procedure is 
outlined in the 
text. 

APPROX 35'0. 
INITIAL LTH 

4L- 

point between the two conductors can be 
found by pressing a pin through the di- 
electric to short the conductors. Only after 
the proper point is found should a jumper 
be soldered between the conductors. A 
proper ground connection is  just as necessary 
for effective use of the twinlead antenna as 
i t  i s  for the fixed-station vertical. 

summary 
The stub decoupling method for multi- 

band antennas is an effective, no-com- 
promise method of automatic antenna 
bandswitching. Some designs require care- 
ful initial adjustments to establish initial 
dimensions, but the effort is well rewarded 
since no later maintenance work need be 
done. The basic idea of stub multiband 
operation can be used for any band where 
a suitable harmonic relationship exists. 

The twinlead version of the antenna 
suggests the possibility of combining two 
such sections to form a multiband dipole 
antenna or inverted vee. Although this has 
not yet been tried, i t  would seem to be an ex- 
tremely simple way to build an inexpen- 
sive multiband horizontal dipole for 40-10 
meter coverage. No traps are required, and 
the stub arrangement should allow opera- 
tion over a wider portion of each band 
with lower swr than is  possible with high- 
Q traps. 

ham radio 

bands. If triband operation only is de- 
sired, the antenna can be operated as is. 
If 10-meter operation i s  also desired, cut 
the 20-meter stub side of the twinlead 
about 7 feet from the antenna base. Excite 
the antenna with ten-meter energy and 
try shorting positions between the upper 
portion and the 40-meter connector until 
minimum swr is obtained. Then cut the 
upper point of the 10-meter stub until a 
final swr minimum is  attained. 

This procedure tends to mess up the 
twinlead unless done with care. When 
trimming a conductor, the dielectric should 
not be cut away entirely. The conductor 
should be separated from the dielectric 
and then cut. Also, the proper shorting 

". . . 50 in a 35-mph zone. 
Besides that, you were aRMing my receiver." 
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I alass 

Several newspaper, technical and scientific 
reports have appeared since last July about 
a new solid-state technology called "ovon- 
ics." Some of these reports suggest ovonics 
i s  a has-been before i t  ever arrived, and 

others say ovonics is a powerful new tech- 
nology. I think we are going to hear a lot 
more about ovonics in the next few years, 
and possibly, eventually see ovonic IC's in 
communications gear. 

glass semiconductors 
The insulating properties of glass are well 

known. But not all "glasses" are glass, and 
glassy materials are apparently more orga- 
nized in their structure than some recent re- 
ports suggest. The key to understanding what 
ovonics is all about is in the special almost- 
crystalline structure of glassy solids (see 
fig. 1). 

At the left you'll see what I'll call a BS 
crystal; B for big atoms and S for small 
ones, in equal proportions. Now, looking at 
this we shortly observe that each B atom has 
four S atoms, and each S atom four B atoms, 
in its immediate vicinity. The entire assem- 
bly is arranged in neat ranks like the 
squares along and across a chess board. 

At the right of fig. 1 i s  a BS glass. It 
looks quite disorganized, but if you start 

counting you wi l l  see that practically 
every B atom has four S neighbors, and 
every S atom has four B atoms, just as in 
the crystalline state. 

It turns out that the electronic behavior 
of semiconductors depends upon short- 
range order, within a few interatomic 
spacings of any given atom, and not up- 
on long-range crystal-type order. If the BS 
crystal is an intrinsic semiconductor (will 
work without p or n doping) then the BS 
glass could be one also and offer fewer 

manufacturing problems. This is the way 
things have worked out in glassy-state 
physics. 

For example, a glass laser rod three 
inches in diameter by four feet long does 
the same job as a crystal that would be 
nearly impossible to make. And once re- 
searchers understood some glassy state 
theory, engineers were able to develop an 
electronic conducting glass that carries an 
electron current in  much the same way as 

I CRYSTAL GLASSY 

I 
fig. 1. Glassy-state structure rasembles crystal 
structure in that a given atom has about the same 
neighboring atoms in either case. 

a piece of wire for use in image-orthicon 
tubes. Targets made of the new glass do 
not fail from electrolysis, so tube life i s  
much better than earlier tubes using nat- 
ural-glass structures. 

ovons: the new devices 
In 1962, Bell Telephone Labs constructed 

some simple glass semiconductor devices 
but they dropped this work in favor of the + 

2 more familiar crystal physics semiconduc- 

2 tors. This left the field open for Stanford 
Ovshinsky, who already had some strong 

5 patents and was working hard to improve 
the technology and build a company, 

E .- - Energy Conversion Devices. 
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Ovshinsky called his new semiconduc- 
tors "ovons," and it seems likely this name 
will stick. While working hard, he has 
been very close-mouthed about his results 
until recently, and this has given his work 
something of a crankish appearance. The 
competition, perhaps slightly upset by thin- 
film ovons in transistor cases which ap- 
peared to be empty when opened, has 
failed to compete. Now Ovshinsky and 
Energy Conversion Devices seem to hold 
dominant patents in the new field. 

An early ovon construction is shown in 
fig. 2. This is simply two graphite beads 
coated with some glass semiconductor 
material and held in mechanical contact. 
This package may be the origin of some 
early reports of erratic ovon performance. 
Later devices are assembled as shown in  
fig. 3-as thin films applied to an insulat- 

r SEYICONWCTDR GLASS 

That is, a minor adjustment in the glass 
chemistry results in an ovon that remembers 
which state i t  was in  the last time power was 
applied to it. This is like a bistable that re- 
members if it was holding a zero or a one 
before it was turned off, and comes back on 
in the same state. 

Ovons also show a much greater re- 
sistance than transistors to the degrading 
effects of nuclear radiation. As a result, 
the new technology is already being ap- 
plied to satellite computers and other ap- 
plications where environmental conditions 
are too harsh for transistor technology. 

Circuits in ovonics tend to resemble 
those of two-terminal pnpn devices (see 
fig. 5 ) .  Here is a very simple relaxation 
oscillator that wil l generate an approxi- 
mate sawtooth or a pulsed output. Other 
circuits use pairs of ovons in  series as 
shown in fig. 6. Here, two 20-volt ovons in 
series are connected to a 35-volt supply. 
They do not break down until a five-volt 
pulse of either polarity i s  applied to the 
input terminal. This biases one ovon into 
conduction, and the other ovon follows. 

fig. 2. Mechanical construction of an early ovon. 
Improved thin-film ovon structure shown in fig. 3 to 
the right; the active material is applied without criti- 
cal diffusion operations. 

INSULATINQ SUBSTRATE 

ing substrate. It is reported that ovons can 
be made considerably smaller than tran- 
sistors, and i t  appears this i s  because there 
are no multiple diffusion and electrical 
connection processes in  manufacture. 

Published reports are not very clear on 
how ovons work. This may be Ovshinsky's 
close-mouthed policy again, making the 
competition work harder. Or  i t  may be 
that details are not completely worked 
out yet. One suggested mechanism is a 
kind of solid-state lightning, in which an 
applied voltage leads to gradual warming 
of a channel between the two electrodes. 
This warming encourages current to flow, 
and a regenerative situation develops that 
leads to an abrupt breakdown. This i s  
consistent with the input-output character- 
istic shown in  fig. 4, but does not square 
with another fact. 

fig. 3. 

--I L D E u r  TIYE 

fig. 4. Ovon action when a square wave is applied. 



the future of ovonics 
Any estimate of a new technology's fu- 

ture must be at least 50% guess, but I 
think ovonics will eventually amount to 
something. I noted Stanford Ovshinsky 
seems to be playing his cards very close, 
seeking a long-term business advantage at 
a small price in short-term losses. I read 
that ovonic devices are actually in labo- 

fig. I. A simple ovon relaxation-oscillator. 

ratories, and people are thinking very 
hard about their applications. 

For instance, the Johns Hopkins Applied 
Physics Laboratory has carried out exten- 
sive work in satellite computer design us- 
ing ovons. And a reliable report that 
Energy Conversion Devices has been pro- 
ducing up to 150,000 ovons per day is also 
a convincing fact. Finally, there was a sci- 
entific paper describing the key principles 
thoroughly enough to enable a competent 
worker to make his own ovons. All this is 
too strong a basis for a trivial fad. 

So what will this come to? Since ovons 
do not, at present, seem to have any 
linear-amplification capability, I think 
they wi l l  appear largely in computer ap- 
plications over the next few years. But that 
is not as far from communications elec- 
tronics as i t  used to be. An elaborate tv 
receiver, recently introduced in Europe's 
confused tv systems arena can receive 
color or black and white in any of the 
French, Russian, German or American sys- 
tems of transmission. Priced at around 
$1,000, the receiver contains a consider- 
able amount of computer information pro- 
cessing circuitry. Computer techniques 

have been used successfully in tv picture 
transmissions from Mars, and in the radar 
exploration of Venus. Finally, we have the 
class-D system of using switching circuits 
to develop audio power and manage pow- 
er supply systems. 

These considerations suggest there is a 
strong place for ovonics technology in 
coming transmitting and receiving gear- 
as computer-type circuits doing jobs now 
assigned to linear circuits. In transmitters, 
you may find tiny ovonic integrated cir- 
cuits digitizing speech and image signals. 
And in receivers you may find inexpensive 
ovonic IC's doing computer analysis of in- 
coming signals, in  real time, paring off 
unwanted natural and manmade noise to 
achieve good reception at very poor sig- 
nal-to-noise ratios. Finally, i t  appears very 

fig. 6. Using e pair of ovons TERMINAL 

i n  series to obtain a three- 
terminal active device. 

TERYINbL 

m w E ~  $ TERMINAL 

likely that ovonic technology wi l l  find 
applications in power handling circuits at 
lower costs and greater reliability than 
present crystal semiconductor technology 
can offer. 
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For The Experimenter! 
International EX Crystal & EX Kits 

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER 

MXX-1 Transistor RF Mixer $3.50 
A single tuned circuit intended for signal con- 
version in the 3 to 170 MHz range. Harmonics 
of the OX oscillator are used for injection in 
the 60 to 170 MHz range. 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 

(Specify when ordering) 

SAX-1 Transistor RF Amplifier 53.50 
A small signal amplifier to drive MXX-1 mixer. 
Single tuned input and link output. 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 
(Specify when ordering) 

PAX-1 Transistor RF Power Amplifier $3.75 
A single tuned output amplifier designed to 
follow the OX oscillator. Outputs up to 200 mw 
can be obtained depending on the frequency 
and voltage. Amplifier can be amplitude modu- 
lated for low power communication. Frequency 
range 3,000 to 30.000 KHz. 

BAX-1 Broadband Amplifier $3.75 
General purpose unit which may be used as a 
tuned or untuned amplifier in RF and audio 
applications 20 Hz to 150 MHz. Provides 6 
to 30 db gain. Ideal for SWL, Experimenter or 
Amateur. 

Write lor complete catalog. 

IN 

CRYSTAL MFG. CO., INC. 
10 NO. LEE OKLA CITY. OKLA. 73102 



bobtail curtain 
array 

A modified 

three-element vertical 

broadside antenna 

that will 

more than double 

your radiated power 

Want to  have a lot of puzzled hams 
throwing questions at you over the air? 
It's easy. Just say you're using a bobtail- 
curtain array for an antenna. This is 
guaranteed to keep you busy for an en- 
tire evening, especially i f  you're laying 
down a healthy signal. This is what hap- 
pens to me when I use this antenna on 40 
meters. Its name gets everyone so worked 
up that I've stopped being honest and just 
say I'm using a vertical. 

Despite all the confusion, this is an an- 
tenna worth knowing more about. I t  has 
the advantages of simple construction and 
tuning, low cost, and gain at low radia- 
tion angles. It's an excellent antenna for 
any of the low-frequency bands, and per- 
forms especially well on 40 and 80 meters. 
The only major disadvantages are height 
and area requirements and the necessity 
for an antenna tuner. 

description 
Over-all dimensions are shown in fig; 1. 

It is an offshoot of the three-element 
vertical broadside array. In  the classical 
version, three elements are fed in  phase 
with equal currents, and the elements are 
spaced one-half wavelength apart. This 
arrangement theoretically has no radia- 
tion off the ends because of the phase re- 
lationship existing between elements. In 
the bobtail array, there i s  some high an- 
gle radiation off the ends. This occurs be- 
cause of imperfect cancellation due to the 
flat top portion. So there's a small com- 
promise. Compared with the three-element 
co-phased vertical array, the bobtail's 
front-to-side discrimination is somewhat 
degraded. But its broadside gain is still 
pretty good-7 to 10 dB over a reference 
dipole. 

The height requirement for 80 meters 
will be about 70 feet, but for 40 meters 
it's only about 35 or 40 feet. The flat top 
portion of the 40-meter version is just an 
80-meter dipole with no center insulator, 
so i f  you have room for this you can build 
the bobtail. 
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construction 
There are several ways to go about con- 

struction. If you can get the two ends sup- 
ported about 40 feet or more above 
ground, there wi l l  be just about enough 
sag in the flat top to allow the center wire 
to hang straight down to the tuner. How- 
ever, I didn't have quite enough height at 
the ends, so I used a different approach. 
My center element is actually a 40-meter 
ground plane, made of three 12-foot 
lengths of aluminum tubing, telescoped to- 
gether and adjusted to approximately 34 
feet over-all. The joints are split and 
clamped tightly with stainless-steel hose 
clamps well coated with zinc chromate 

to prevent oxidation. 
The element is mounted on an insulator 

originally used for whip antennas on 
tanks (bought through surplus channels). 
This insulator is mounted on top of an 
adjustable tripod mount (also surplus), 
and the whole element is guyed with three 
sets of three guys each, made of nylon 
cord. Bear in  mind, when choosing the in- 
sulator, that rf voltage is high at this 
point. 

The two half-wave phasing lines are 
soldered to heavy lugs and bolted to the 
top of the center element. At each end of 
the phasing wires, another vertical wire 

is connected, made of number 10 or num- 

fig. 1. A bobtail-curtain antenna for the lower amateur bands; di- Band A B 
menrions in the table are in feet. 80 66 132 

40 33 66 
20 16.5 33 

LI 10 TURNS NO. I 0  
CENTER 

2.S.LO. a 1.0'LO. 
ELEMENT 

L2 .3  TURNS NO. 10 
ber 12 wire. The ends of the flat top are 

P.0.I.D. WOUND 
BETWEEN TUONS then pulled up to full height so the verti- 
OF L I  INSULATOR cals hang straight down. A little comp- 

romise wi l l  do no harm. I've used the an- 
tenna with the two end elements almost 

or3.1A 
45 degrees with respect to ground, and re- 

2 5 0  (ANY LENOW) sults have been just as good. 

antenna tuner and adjustments 
The antenna has a high input im- 

RAOULS 
(SEE TEXT)  A pedance, so an antenna tuner must be 

used. Fig. 2 shows the circuit, and the 
photos illustrate tuners used for 40- and 

fig. 2. Tuning unit for the 40-meter array. For 20- 
20-meter versions. The coil for the 20-meter 

meter operation, L1 and C1 should ba approximately tuner is a B&W BEL-150. 40 
one-half the values shown here; C2 is the same. the coil and link are wound on the ceram- 



ic form from a BC-375 tuning unit. The 
small capacitor tunes out reactance in 
the transmission line, which in my case is 
over 100 feet long. 

Tuneup consists of adjusting both ca- 
pacitors to obtain minimum standing- 
wave ratio. I made use of my ever-pa- 
tient wife and my children's walkie- 
talkies to overcome the distance problem 
from tuner to shack. Only a few minutes 
were required to bring the standing-wave 
ratio to almost 1:1, and I have had 
equally easy tuneup with two other bob- 
tails, which I built in the past for 40 and 
20 meters. 

To avoid hanging the antenna so the 
driven element would have to come into 
the shack to the tuner, I left the tuner at 
the antenna base and made it water- 
proof. After tuneup was completed, I en- 
closed the tuner in a box made from clear 
sheets of plexiglass. This makes an excel- 

Tuner for tho 4Pmeter bobtail. 

lent weatherproof container, and the com- 
ponents can be seen at a glance. 

ground system 
Undoubtedly if you researched enough 

antenna handbooks, you'd find a lot of 
information on the bobtail, but I have 
found very little. It appears that an elab- 
orate ground is not necessary, and a 4- 
to 6-foot ground rod seems ample,' con- 
nected to the tuner through a flexible piece 
of braid or heavy wire. 

I still had the eight radials used for 
the center element when i t  was just a 
ground plane, so I decided to bury the 

radials directly under the center element. 
If I were to say this made a fantastic 
difference or even any difference for that 
matter, it wouldn't be true. However, it 
seems logical that a good radial ground 
system should be just as effective for this 
antenna as for any other vertical array, 
so I like to think that those fine reports on 
40-meter DX contacts are just a bit better 
because of the radials. I've been tempted 
to install radials under the outer elements 
also, but so far I haven't done so. 

Tuner for the 20-meter bobtail Is similar to 
40-meter unit but with smaller components. 

results 
The antenna tunes broadly, and the 

standing-wave ratio remains reasonable 
over the whole band. My broadside pat- 
tern is beamed northeast-southwest, and 
the antenna has produced many good 
comments from European, Near-East and 
Pacific stations. Results in North America 
aren't spectacular, because the radiation 
angle is low. It's a DX antenna, and 
doesn't really start to perform until the 
distance is greater than 2000 miles or so. 
After that, it's a great antenna! It would 
be interesting to hear from others who 
may be using this antenna so I could 
compare notes. 

references 
1. The Radio Handbook, Editors and Engineers, Santa 
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The GT-550 by GALAXY 
Rased on the proven Galaxy V Mk 3 dcsign . . . the GT-550 comes on s@e with an 
entirely new look. And under this beautiful new exterior Galaxy has pucked 550 
walls . . . the highest powerc~d unit in its Jield. llenry Radio, always the first with 
the best, is p o i d  to introduce this fine piece of equipment along with an equally 
fine line of accessories. 

Come on in, look them ouer. Or write or phone. We'll send you detailed 
specifications. 

GT-550, 550 watt transceiver $475.00 
AC-400, AC Power Supply, 110/230 VAC, includes cables $ 89.95 
6-1000, DC Power Supply, 12/14 VDC, Neg. Ground $125.00 
RV-550, Standard Remote VFO provides dual frequency 

control for GT-550 only $ 75.00 
R F-550, 30001400 watt WattmeterIAntenna Selector 

(Available after Apri l  1) $ 69.00 
SC-550, Standard Speaker Console, 5 x 7 speaker 8 ohm, 

(AC-400 wil l  mount inside) $ 25.00 

Henry Radio ha.9 a great antenna pachag~ program . . . big savings. Write for literature. 

EASY FINANCING 10% DOWN OR 1 RADE-IN DOWN N O  FINANCE CHARGE IF 

PAID IN 90 DAYS GOOD RECONDITIONED APPARATUS Nearly a l l  makes 8 models. 
Our reconditioned equipment carries a 15 day trial, 90 day warranty and may be traded back 
within 90 davs for full credit toward the ~urchase  of NEW equipment. Write for bulletin. 
TED HENRY (W6UOU 1 BOB HENRY (W0ARA WALT HENRY ( W 6 Z  N 1 
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Conservatively rated at 500 watts PEP on all bands SPECIFICATIONS: Maximum input: 500 W PEP 
80 through 10 the FT dx 400 combines high SSB. 440 W CW. 125 W AM. Sensitivity: 0.5 uv. 
power with the hottest receiving section of any S/N 20 db. Selectivity: 2.3 KHz (6 db down), 3.7 
transceiver available today. In a few short months KHZ (55 db down). Carrier suppression: more than 
the Yaesu FT dx 400 has become the Pace setter 40 db down. Sideband suppression: more than 50 
in the amateur field. db down at 1 KHz. Frequency range: 3.5 to 4, 7 

to 7.5, 14 to 14.5, 21  to 21.5, 28 to 30 (rnega- 
FEATURES: Built-in Power supply Built-in VOX hertz). Frequency stability: Less than 100 Hz drift 

Built-in dual calibrators (25and 100 KHz) Built-in in any 30 ,,,iflute period after warm up. 
Clarifier (off-set tuninn) All crvstals furnished 80  
through the complete--10 met& band Provision 
for 4 crystal-controlled channels within the ama- 
teur bands Provision for 3 additional receive 
bands Break-in CW with sidetone Automatic 
dual acting noise limiter and a sharp 2.3 KHz 
Crystal lattice filter with an optimum SSB shape 
factor of 1.66 to 1. 

Design features include double conversion system 
for both transmit and receive functions resulting 
in, drift free operation, high sensitivity and image 
rejection Switch selected metering The FT dx 400 
utilizes 18 tubes and 42 silicon semi-conductors in 
hybrid circuits designed to optimize the natural 
advantages of both tubes and transistors Plane- 
tary gear tuning dial cover 500 KHz in 1 KHz 
increments Glass-epoxy circuit boards Final 
amplifier uses the popular 6KD6 tubes. 

ligh 
fun1 
SP-, 
tha' 

s imported desk top transceiver is beautifully 
ed with non-specular chrome front panel, back 
ted dials. and heavy steel cabinet finished in 
ctional blue-gray. The low cost, matching 
400 Speaker is all that is needed to  complete 
t professional station look. 

CLARIFIER CONTROL- Does the work 
of an external VFO - allows operator 
to vary receive frequency lOKHZ from 
transmit frequency, or may be used as 
an extra VFO combining transmit and 
receive functions. 

SELECT CONTROL - Offers option of 
internal or outboard VFO and crystal 
positions for convenient preset channel 
operation. 

FUNCTION CONTROL-Selects crystal 
calibration marker frequency and de- 
sired transmit mode of operation. 

A C 
V 

3 * S PEcTRo N I cs i k ~ ~ o s ,  sAnroRNIA g o n o  
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propagation 

predictions for july 

March and April were months of frustration 
for many six-meter operators. I mentioned 
in my September 1968 column that then was 
the time to send equipment and line up 50- 
MHz activity in the South Pacific; I pointed 
out that places like Easter Island, Pitcairn, 
Tahiti, Samoa and Fiji could be worked i f  
amateurs there were active on 50 MHz. My 
predictions were borne out, as amateurs in 
the Caribbean, Mexico and Gulf States will 
testify. 

Although few contacts have resulted, 
ZKlAA's beacon has been heard in these 
places and others during February, March 
and April. Perhaps the most widespread, 
strongest opening was between 2100 and 
0038 grnt on April 11 to Louisiana, Mississippi 
and Alabama. K5AGI again heard the beacon 
weakly between 1913 and 2010 gmt on the 
12th. H18XDS, VPZAD, XEIGE and XEIPY also 
report hearing the beacon frequently. The 
first I heard the beacon this year was on April 
17 between 0500 and 0645 grnt by nocturnal 
TE. ZKIAA was copied in Northern California 
and Washington (by W7FN) again on the 19th 
(0429-0550 grnt), the 20th (0712-0734 gmt) 
and the 21st (0520-0812 grnt). The beacon 
was also heard in  Northern California on 
April 24, 27 and 28. I t  was heard in Southern 
California on the 25th and 28th. 

ZKIAA indicates that his receiving system 
was improved considerably on April 19th. 
Also, W6ABN sent him a four-element beam. 
I worked him on April 21st at 0535 gmt for 

his first W QSO. He reported working ZFIAA 
on the 19th at 2030 gmt and XEIPY at 2040 
gmt as well as about twenty JA's. During the 
last week of April he worked WGABN, 
W6YDF, K6QEH and KH6CMV. 

To work him, weekends and weeknights, 
attract his attention with a string of dots 
swept across his frequency and call him 
about 500 Hz higher. His transmitter is remote 
controlled from his home. As of this writing 
his receiving installation is somewhat under 
par and amateurs are advised to use cw rather 
than ssb when calling. 

Also, 5WlAR in Western Samoa is  sched- 
uled to have his beacon on; it's of the simplex 
variety so he is not able to listen while trans- 
mitting. 

Openings between the West Coast and 
South America were reported on March 16 
and 30, and April 5, 8, 9, 10 and 11. Back- 
scatter and sidescatter openings from the 
West Coast were reported on March 30 (W3, 
W5 and W6), April 1 (W4, VPZMJ), April 4 

(H18XDS), April 5 and 6 (W6). Other F2-layer 
openings include March 24, when KH6NS, 
KH6EQF and KH6GHC worked from VE7, W6, 
W7 and W5; March 25, when KHGEEM and 
KH6EQF worked 5WlAR and KH6EQF worked 
K7HERlKG6; and April 11 when XEIPY 
worked ZFIAA. 

One of the rare openings of the year was 
the aurora of March 23 to 24 which extended 
as far South as the San Francisco Bay area 
(I worked K7ZIR in Portland on 144 MHz). 
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W7FN, Seattle, reports aurora as early as 1400 
pst; he worked KL7CLL, all 7th District states 
except Nevada and Arizona and as far east as 
North Dakota on 50 MHz. 

I believe that these 50-MHz openings were 
due to the general increase in peak solar ac- 
tivity that began about February 20, combined 
with seasonal effects. There are some mys- 
teries, however, like why the ZEIAZC beacon 
(50.05 MHz) was not heard in the Americas- 
the path i s  similar to the ZKIAA-Caribbean 

fig. 1. A scatter plot of 
daily sunspot numbers 
measured by the Swiss 
Federal Observatory vs 
those measured by ESSA 
for the period January 3 
to February 28, 1969. 

tories other than Zurich to account for dif- 
ferences in observation. 

Actually it's not quite that simple, and most 
ionospheric forecasters stick with the sunspot 
numbers measured at the Swiss Federal Ob- 
servatory at Zurich. The difference between 
the ESSA and Zurich sunspot numbers can be 
quite substantial. 

I have plotted in fig. 1 the provisional daily 
sunspot numbers observed at Zurich vs those 
observed by ESSA between January 3 and 

path. Also, why was nocturnal 
ting to the Bay area? 

sunspot numbers 

m S X X V A L  ESSA SNSFUT NUYBER 

TE so late get- February 28,1969. You may ask, "Is that really 

the same sun they're observing?" Yes, it is, 
with an 8-hour time difference, but it appears 
that ESSA can frequently count 50 percent 

I read WA0IQN's predictions in QST about more spots than Zurich. 
increased solar activity in upcoming months With this in mind, I'll admit that if solar 
with great interest. Don even suggested that activity continues its FebruaryIMarch rise, 
the sunspot numbers might go as high as 200 monthly average ESSA sunspot numbers of 
this year. Upon investigation, however, I do 200 are not inconceivable, but I doubt that 
not see such an optimistic view-here's why. the smoothed Zurich sunspot number will ex- 
There are more than one "brand" of sunspot ceed 120 (this spring or summer). I am basing 
numbers in use, a fact I neglected to mention my predictions on a smoothed Zurich sunspot 
last month when I gave daily sunspot number number of 100. The highest smoothed sunspot 
counts between 200 and 300 for February 20 number for cycle 20 to August 1968 is 107.6, 
to  27,1969. which occurred in May 1968. 

These numbers came from preliminary In view of the present uncertainty in the 
ESSA reports of solar-geophysical activity. course of cycle 20, last year's ionospheric ob- 
They are perfectly valid sunspot numbers, servations are as good an indicator of prob- 
but they were taken at the ESSA-Boulder or able ionospheric conditions this year as any. 
Sacramento Peak (Colorado) observatories- Thus, I scaled some July 1968 ionograms from 
not at Zurich. You may remember that in  my Pt. Arguello, California to determine the ab- 
November 1968 column on sunspot numbers, solute muf (somewhat greater than the 4000 
I mentioned that a correction factor had to krn muf) for the hours of 0500,1300 and 2100 
be applied to observations taken at nbserva- local time (pst). 
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fig. 2. Daily F2-layer absolute muf'r 
scaled from Pt. Arguello ionograms. 
daily sunspot numbers and magnetic 
activity indexes during July 1968. 

The day-to-day variation throughout the 
month, shown in fig. 2, is quite substantial. 

Based on these measurements, ten meters 
should open to control point latitudes of 

35.5" N. at 1300 local time more than 33 per- 
cent of the days of the month. Fifteen meters 

should be open more than 00 percent of the 

days at 1300 and 2100 local time. Twenty 

meters should be open more than 75 percent 

of the days of the month through the pre- 

dawn minimum at 0500 local time. 

Plotted along with the Pt. Arguello muf's 

are the daily sunspot numbers of ESSA and 

Zurich and the magnetic activity index. The 

most important solar event of July 1968 was 
an importance-3B flare on the 8th which pro- 
duced intense vhfluhf radio noise bursts and 
moderate x-ray emission and SID (sudden 
lonospheric disturbance). It was followed by 

particle emission reaching the earth 29 hours 

thereafter (1400 pst on  the 9th); this caused a 

minor magnetic disturbance which continued 

for some 30 hours and depressed ionospheric 

critical frequencies as late as the evening of 

the 11th. 
Another magnetic disturbance was pro- 

duced as this spot group passed the solar cen- 
UTE - JULY 1-8 tral meridian commencing on the 13th (8 am 

pst). Note the rise in muf's on the first day of 
the disturbance and the depression on the 
following day and night. Muf's were also de- 
pressed on the 22nd and 17th due to minor 

fig. 3. Absolute muf's scaled from magnetic disturbances. 
July 10, 1868 ionograms from four sta- Since the normal 
tions in the Western United States. 

summer daytime muf 

30 

20 

26 

24 
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1 2 2 4 6 8 0 1 2 ~ m u w ~ ~  

LOCAL TIME lPSTl 

and evening muf's are 
not very much higher 
than the ten and fif- 
teen meter bands, any 
reduction of muf's due 
to minor magnetic 

storms may be more 
noticeable than during 

winter months. Fre- 

quently during these 

storms sporadic-E will 

be present, allowing 
contacts to 1400 miles 
or so, but no DX. Also, 
in addition to de- 
creased F2-layer criti- 
cal frequencies, the 
F2-layer virtual heights 
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may rise to over 500 km indicating possible dictions (fig. 4) the daytime F2-layer 4000-km 
long-skip, single-hop paths as long as 3000 to muf at Boulder should have been 3 MHz low- 
3600 miles. er than that at White Sands. 

When considering paths of this length, One of the major problems facing iono- 
however, the variation of ionospheric param- spheric scientists in interpreting long distance 
eters along the path becomes important. propagation is the development of suitably 
Ionospheric soundings taken at the oblique accurate models of the ionosphere. The four 
path midpoint may no longer furnish a suffi- stations at Stanford, Pt. Arguello, Boulder and 
cient model of the ionosphere to explain all White Sands are quite closely spaced com- 
the observed phenomena. pared to other sounders. Could you imagine 

To demonstrate the variability of the iono- ESSA trying to forecast weather with a net- 
sphere in distances as short as 300 to 1000 work of observing stations spaced this far 
miles, I have scaled daytime iono- 
grams taken on July 19,1968 at four 
stations: Stanford, California, Pt. 
Arguello, California, Boulder, Colo- 
rado and White Sands, New Mexico. 
As I pointed out in the August 1968 
column, prediction methods assume 
that, over a limited range of longi- 
tudes, the rnuf contours are fixed 
in space relative to the sun and the 
earth rotates underneath. You 
would expect the muf-vs-time 
curves of the California stations to 
be offset one hour from the other 
two. You would also expect, from 
the pronounced north-south gradl- 
ent of ionization predicted that 
White Sands would have the high- 
est muf's, followed by Pt. Arguello, 
Stanford and Boulder in  that order. 

Fig. 3 shows the scaled absolute 

fig. 4. Predicted median muf (4000) F2 for 
July 1969 centered on longitude 1 0 5 O  W. 

muf vs time (pst) for each station 
along with ESSA predicted muf's for Pt. Argu- apart! There are still frontiers to be con- 

ello. Changes taking place s~multaneously at quered with the vertical-incidence sounder, 

all stations would l~kely be due to changes in but after 33 years it i s  still the prime tool of 

the incident solar ultravrolet flux. Changes the ionospheric physicist. 

that occur with time delays from north to 
south between the stations may be due to 
large traveling ionospher~c disturbances or 
transport of ionization. Changes that occur 
w ~ t h  time delays of one hour east to west are 
likely due to the normal diurnal variation. 
The picture is not clear from just one days' 
data-but it shows what d~fferences you 
might expect from the standard predictions. 

Between 1030 and 1130, the normal north- 
south ionization gradient was reversed at 
both pairs of stations. The eastern pair of sta- 
tions held the edge on muf's (shifting to local 

propagation during the month 
Summer is  still with us, and propagation 

during the first half of July will be very simi- 
lar to that during June. The same maximum 
range charts may be used. Some idea of oc- 
currence of sporadic-E may be gained from 
the propagation column in  the June issue of 
ham radio. 

Table 1 lists some specific predictions for 
Northern California. They may be of use to 
other areas the same distance and bearing 
from mid-latitude United States. San Francis- 

times) until late afternoon. According to pre- co to Anchorage is equivalent to Washington, 
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Table 1. Times (pst) of predicted band openings to San Francisco for July 1969. 

From Distance Bearing 40 Meters 20 Meters 15 Meters 

KL7, Anchorage, Alaskab 1960 332 2000-0700 0630-0200 nil  

3W8, Saigon, Vietnam 7650 306 0200-0700 2120-0400 1930-2030 
0600-1030 0930-1100 

(0100-0430) (1500-2200) 
(1500-1900) (0815-1 130) 

KR6, Okinawa, Ryukyus 5960 303 0030-0700 1930-0400 1900-2030 
0600-1130 (1430-2200) 

(0600-11 30) 

JA3. Tokyo, Japan 5020 303 0000-0700 1830-0400 1900-2030 
0600-1 130 (1 330-2200) 

(0615-1130) 

KG6, Guam, Marianas' 5620 282 2330-0720 1930-1100 1140-2200 

KX6, Kwajelein' 4650 265 2200-0730 1730-1120 1030-0200 

VK6, Perth, W. Australia 9100 259 0320-0600 2100-1030 1400-0200 
(1500-2300) (1730-1830) 

VK3, Melbourne, 7000 245 2300-0830 1900-0900 1130-0130 
E. Australia' 

KC4, Antarctica* 7590 180 1900-03W 0800-0900 09301600 

LU, Buenos Airesn 6700 128 1820-0200 0'200-0640 0500-2200 
1420-0030 

KZ5, Canal Zone 3280 118 1740-0320 24 hours 0600-2130 

ZS1, Capetown, 10150 76 1900.2100# 2130-000 0900-1030 
S. Africa 

(2300-0800) (2015-0200) 

10 Meters 

nil 

(1 700-1 730) 

nil  

nil 

1930-2030 

1800-2100 

1200-1 700 

nil  

DL, Berlin, W. Germany 5540 25 1900-2100# 0530-0030 (0700-1600) (1300-1230) 
(0230-0700) (2100-0200) 
(1530-1830) 

W3, East Coast USA* 2420 74 1720-0300 0700-2330 1500-1900 *' nil*. 

( ) Time of long path opening (opposite bearing) 

No long path calculations made for these paths 

# Difficult circuit-high path losses 

ni l  Muf not supposed to rise this high-possible opening during middle of lower band opening on less than 
half the days of the month 

** Fifteen may open as early as 0600 on days with high muf's, ten may open a half-hour later and close a half- 
hour earlier than fifteen. Double-hop sporadic-E may occur anytime. 

D. C. to Yellowknife N.W.T., SF to Saigon is daily from 1730-0930 gmt. 5WlAR, Western 
equivalent to Kansas City to Guam and SF Samoa, now has a beacon on 50.105 MHz 
to Melbourne i s  equivalent to St. Louis to operating 1900-2400 gmt and 0400-0600 gmt; 
Auckland, New Zealand. Times are your local he is bothered by interference from television 
solar time. on American Samoa that comes on the air at 
Late note: as of May 20, ZKIAA had over 50 0600 gmt. 
contacts in  less than two months-all in the 
Northern Hemisphere. His beacon is operating ham radio 
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look 
Note that it comes off easily but 

retains the hex shape. Put epoxy on the 
exposed inner surface of the shrinkable 
tubing and replace on the rotor extension. 

adding shaft to apC NOW pour epoxy through the center of the 

trimmer metal tubing, making sure it flows into the 
original screwdriver slot and that no air 

Ever faced with that very frustrating sit- 
uation where the only variable capacitor 
in the junk box with the required value is 
an APC trimmer-and you need one with 
a shaft? Although several solutions have 
been presented in the past for this prob- 
lem, the following one is easy, effective, 
and thus, my favorite. 

Slip a piece of shrinkable tubing over 
the hexagonal rotor extension, and trim 
to extend at least 'Is-inch. Insert a suit- 
able length of '14-inch diameter metal 
tubing into the open end; apply sufficient 
heat to shrink the tubing. Now, gently 
slide the shrinkable tubing and shaft ex- 
tension hack off the hexagonal rotor ex- 

pockets are left. 
Let it stand for at least twenty-four 

hours before attempting to turn the shaft. 
You now have an APC trimmer with a 
rugged shaft extension; add a knob and 
you're in business. 

V. M. Scott, Jr., WIETT 

the multi-box 

Anytime you put a piece of audio gear 
on the bench there i s  the problem of mix- 
ing and matching the variety of con- 
nectors used in current equipment. My lit- 
tle multi-box has proven invaluable when 
working on such gear. In its present form 
it consists of three types of jacks mounted 
in pairs on a 2'14 x 2'14 x 5 minibox. A termi- 
nal strip mounted on the left-hand end of 
the box accepts pigtail connections. The 
jacks and terminal strip are all wired in 
parallel so that any signal fed into one 
jack is available at any other jack. The 
three types of jacks on my personal ver- 
sion of the multi-box are standard phone 
jacks, mini jacks (6 la transistor-radio 
practice) and RCA phono jacks. The RCA 
phono jacks were mounted with the aid 
of pop rivets; this is a very neat way to 
mount this style jack in any gear you may 
construct. 

Al Joffe, W3KBM 



simple scope calibrator 
An accurate scope calibrator i s  a very 

useful tool where an oscilloscope is fre- 
quently used. I t  eliminates calculations 
due to scope gain controls or a 10:l probe 
since the tip of the probe can be inserted 
into the calibrator output jack for compari- 
sons with the signal voltage. 

The calibrator shown in fig. 1 was built 
in one afternoon and added to an Eico 
460 oscilloscope. The same circu~t could be 
added to other inexpensive scopes or built 
as an output accessory in a minibox. It's 
simple, the cost is low and the added cur- 
rent drain on the scope power supply is 
negligible. 

The calibrator voltage is derived from 
a 22-volt zener diode. It i s  chopped at 60 
Hz by the transistor and the resulting 60- 
Hz square wave is trimmed to exactly 20 
volts and applied across a precision re- 
sistor voltage divider. The calibrator can 
be adjusted with an accurate dc volt-meter 
by disconnecting the transistor collector 
and adjusting for 20 volts at the top of 
the divider. 

To install the calibrator in the Eico 460 
scope, remove the pilot light, XI, and re- 
sistors R5 and R44. The pilot light is a 
filament tie point, so the new wiring must 
take this into account. The best procedure 
i s  to run new wires from TB2 along the 
path of the old leads. Wiring to the phas- 
ing control (R45) i s  checked for continuity, 
and the scale dimmer (R80) is wired di- 
rectly to TB2. The pilot light mounting hole 
i s  used for the calibrator rotary switch, 
and the "60-Hz" binding post is used for 
calibrator output. 

The rotary calibrator switch is complete- 
ly assembled before it's put into the scope; 
1% resistors are used in the divider for 
maximum accuracy. After mounting the 
rotary switch, the zener and chopper tran- 
sistor are mounted on an additional two- 
terminal tie strip mounted over TB4 and 
near XV6. The calibrate potentiometer 
(R6) is rotated 180 degrees in its hole and 
wired into the circuit as a voltage trim- 
mer. The 820-ohm resistor, R5, i s  re-used in 
the base circuit of the transistor. 

The transistor may generate voltage 
spikes that wil l crosstalk into the scope 
input unless the new wiring is dressed close 
to the panel where it's connected to the 
60-Hz post. Also, the divider ground lead 
should not be connected to the scope in- 

EICO - POWER SPPLV 
JCT R78.  C27C 

put ground post-return i t  to the point 
where the transistor emitter is grounded 
near XV6. Nearly any npn transistor wi l l  
work as the chopper; I tried surplus 2N706's 
and 2N1302's among others. 

Bert Kelley, K4EEU 
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N e 9  X e a b e r s  

WE'VE BEEN LOOKING 

FOR YOU!  

d e  hope  you'qe been l o o k i n g  

Here is an exciting new amateur magazine devo- 
ted to the very best in home construction and technical 
articles. This is the magazine which has amateurs 
from coast to coast talking. 

Look it over carefully. Read the finest authors 
in our field. See the clean crisp new layout. Can you 
afford to be without the best magazine in amateur 
radio today? 

--------------- 
ham 
radio magazine. greenville, new hampshire 03048 

Please enter my subscription to Ham Radio as checked below. 
My check or money order is enclosed. 

One Year $6.00 , 

I'd like one year free. 
Here is $12.00 for 3 years. 

................................. Name ...................................................................................................................................... Call 

Address ................... .. ...................................................................................................................................................... 

.................... city ........................................................................................................................................................... zip 



SUPPORT 
YOUR LOCAL 
HAM STORE a a 

'CUZ NOW HE 
HAS THE 

FAMOUS 

Deluxe solid-state 
2 meter FM transceiver 

NOW WITH 6 CHANNELS, this superbly built 
equipment has a power input of 10 watts and 
better than 0.5,1,V sensitivity. It is  small in 
size- 61/* X 3 X 71/2 -and comes complete 
with microphone. mobile mounting bracket 
and crystals for .34-.94 and .94-.94. 

Dealer inquiries invited 

Amateur Net 
$310.00 

3835  N. 32nd  St. Suite 6 .  Phoenix. Arizona 85018  
602/955-5610 
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NOISE BLANKER 
FOR THE SWAN 250 

The TNB-250 Noise Blanker effectively sup- 
presses noise generated by au to  ign i t ions,  
appliances. power lines, etc., permitting the 
recovery of weak DX and scatter signals norm- 
ally lost in  noise. 

Features include modern solld state design 
techniques utilizing dual-gate MOS FET trans~s. 
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at the trans- 
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro- 
vide excellent cross-modulation characteristics 
in strong signal locations. 

ME250 shown instelle 
accessory socket location. 

Simplified installation requlres twenty minutes. 

TNB-250 $29.95 ppd. 
TNB-250C (for Swan 2 5 0 0  $32.95 ppd. 

Model TNB Nolse Blanker, designed to operate 
with VHF converters by connecting in  the coax 

Cho~ce of 14-20. 100-140, or 125.160 VOC. RCA 
phono or B N C  connectors. Specify for 10 Or 20 
meter converter output. 

Model TNB $29.95 ppd. 
(For special frequencies add $3.00) 

Refer to  the New Products column of the 
August '68 issue of Ham Radio Magazine for 
additional information on the TNB Noise 
Blanker or write for technical brochure. 

Prepaid orders shipped postpaid. (For Air Mail 
add S.80) C.O.D. orders accepted with $5.00 
deposit. California residents add sales tax. 

All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. 

P. 0. Box 1504 San Diego, Cat. 92112 

communications receiver 

Hallicrafters has just announced an advanced 
version of their popular SX-122-a dual- 
conversion receiver providing general cover- 
age am, cw and ssb reception. The new 
receiver, the SX-122A, covers standard broad- 
cast (540 to 1600 kHz) plus 1750 kHz to 34 
MHz in three bands. Bandspread is calibrated 
for 80, 40, 20, 15 and 10 meters. The SX-122A 
features extensive temperature compensation, 
voltage regulation and a crystal-controlled 
second-conversion oscillator for improved 
frequency stability. The dual dials provide fast 
and easy dial setting plus smooth flywheel 
tuning. 

Other features of the SX-122A are a precise- 
ly tuned and tracked rf stage, variable selec- 
tivity (500 - 2500 Hz and 5 kHz), antenna 
trimmer, separte rf gain control, automatic 
noise limiter. s-meter. orovision for an OD- . . 
tional front-panel-controlled 100-kHz crystal 
calibrator and balanced or unbalanced an- 
tenna inputs. $350 from your local distributor, 
or write to the Hallicrafters Company, 600 
Hicks Road, Rolling Meadow, Illinois 60008. 
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gate-protected dual-gate RCA 
mosfet 

RCA has just announced a new gate-pro- has all-new 
tected dual-gate mosfet-the 40673-that 
has essentially the same electrical character- 
istics as 3N140 and is interchangeable with 
it. Gate protection is provided by back-to- 

FCC 
back zener diodes which limit the voltage ex- 
cursion of the gates to & I 0  volts; by adding 

commercial 
this protection from static burnout, the gate 
capacitances are increased about 1.5 pF. license 
Noise figure of the basic device increases 
0.2 dB, and power gain decreases 0.2 dB at 
200 MHz; both changes are considered neg- training 
ligible. The price of the new RCA 40673 is 
about $2.00 in  small quantities; since this is 
a brand new transistor, i t  may take awhile to 
reach the shelves of your local distributor, 
although he should be able to special order 
them for you. According to RCA, more gate- 
protected mosfet's will be available in  the 
next few months. 

dipole antenna kit 
The new Mosley Electronics DIV-80 di- 

pole antenna ki t  is designed to be con- 
structed horizontally or as an inverted-V 
on any single amateur band from 10 to 
80 meters. The amateur is supplied with 
all the necessary parts plus easy-to-follow 
instructions to determine the length re- 
quired for specific frequencies within a 
given band. The DIV-80 is rated at 1000 
watts a-m or CW and 2000 watts PEP ssb. 

When assembled as a horizontal dipole, 
the antenna is raised between 35 and 65 
feet above the ground and is approxi- 
mately 135 feet long on 80 meters. When 
used as an inverted-V, the center support 
point is 35 to 65 feet above ground with 
the ends of the antenna insulated about 10 
feet above the ground. The DIV-80 kit in- 
cludes 140 feet of copperweld wire, a high- 
strength Mosley dipole connector, high-grade 
ceramic end insulators, all necessary hard- 
ware and complete instructions. For more 
information, write to Mosley Electronics, Inc., 

4610 N. Lindbergh Boulevard, Bridgeton, 
Missouri 63042. 

Get your license- 
or your money back ! 
Now RCA lnstitutes Home Study Training has the 
FCC License preparation material you've been 
looking for-all-new, both the training you need, 
and the up-to-date methods you use at home-at 
your own speed-to train for the license you want! 

2 Convenient Payment Plans-You can pay for les- 
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the FCC License 
you're interested in-third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL TO AMATEURS. This course is primarily 
for Commercial License qualifications. But i t  
does cover some of the technical material that 
will help you prepare tor the new Advanced and 
Amateur Extra class tickets. Check out the infor- 
mation the coupon will bring you. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA lnstitutes Home 
Training can show you the way to a new career- 
higher income-and your FCC License. 

I -,-.-. 
( RCA INSTITUTES, INC. 

Dept. HR-79 ( 320 West 31st Street, New York, N.Y. 10001 

Please rush me, without obligation, information on ) your all-new FCC Commercial License training. 

I 
I 

Name 

I Address I 
I City S t a t e Z i  p- I ---------- 
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HERE IT IS! 
The All NEW 

Radio Society of Great Britain 

V H F  - U H F  MANUAL 
by G. R. Jessop, GGJP 

uhf-uhf w - m - ~ - - u  

" m 

Over 250 pages devoted to all phases of 
the world above 50 MHz. Includes chap- 
ters on Propagation, Tuned Circuits, Fil- 
ters, Receivers, Transmitters, SSB. Mobile 
Equipment, Antennas and Accessories. 

Only $3.75 
Postpaid U.S.A. & Canada 

ALSO FROM THE RSGB 

Radio Communications Handbook $11.95 
The outstanding handbook for the radio 
amateur. 

Amateur Radio Circuits Book $ 2.00 
Radio Data Reference Book $ 2.50 
World at Their Fingertips $ 2.50 
Amateur Radio Techniques $ 2.50 

All postpaid U.S.A. & Canada 

Order today from 

b o o k  d i v i s i o n  
BOX 592 

AMHERST, N. H. 03031 

fet vom 

The newest of a series of precision elec- 
tronic instruments has been announced by 
Delta Products. Their new model 3000 fet 
volt-ohmmeter features ac and dc ranges 
from 300 millivolts to 1000 volts full scale; 
the instrument reads down to 10 mV. Cur- 
rent ranges are from 0.03 PA to 300 mA, and 
resistance ranges run from 10 ohms to 20 
megohms center scale. Dc accuracy is f 2% 
of full scale and ac accuracy i s  +3% of full 
scale below 500 Hz. 

The model 3000 has an fet input stage with 
current regulator for 10-megohm input resis- 
tance; an integrated-circuit operational am- 
plifier is used for extreme accuracy. The 
meter is fully compensated for low zero drift 
and has built-in voltage clippers for input 
stage protection. Special features include a 
mirror-scale meter movement, enclosed 
switches, and ten-turn potentiometers for 
zeroing and ohms adjust. 

Available in kit form with preselected 
components for the feedback network to 
eliminate all calibration, $59.95 ($74.95 com- 
pletely assembled and tested) from Delta 
Products, Inc., Department 147, Post Office 
Box 1147, Grand Junction, Colorado 81501. 



solid-state 
tv camera modules 

If you're interested in building your own 
vidicon-type tv camera or updating exist- 
ing cameras, you'll be interested in the 
new line of solid-state modules announced 
by ATV Research. A complete camera can 
be built in one evening by using these 
wired and tested modules; and according 
to the manufacturer, no previous tv knowl- 
edge or special test equipment is required. 
The modules presently available include a 
video module, vertical-sweep module, hori- 
zontal-sweep module, rf modulated oscil- 
lator module and high-voltage dc-dc con- 
verter. Prices range from $10 to $20, and 
units are available for immediate ship- 
ment. For more information, write to ATV 
Research, 13th and Broadway, Dakota 
City, Nebraska 68731. 

millisecond fuse 

Beckman Instruments has just introduced 
a new high-speed fuse designed specifically 
to protect integrated circuits and power 
transistors. The series 817 fuse i s  inexpensive 
and available with ratings of 0.5, 0.75 and 
1.5 amperes. All three units will blow as fast 
as 50 microseconds. The miniature fuses are 
housed in a TO-46 can. For more informa- 
tion, write to Technical Information Section, 
Helipot Division, Beckman Instruments, Inc., 
2500 Harbor Boulevard, Fullerton, California 
92634. 

I Kill ignition noise 
I and other strong impulses 

with a 

Unlike the usual noise clippers or limiters, the 
34-NB i s  an advanced noise blanker which actually 
mutes the receiver for the duration of the noise 
pulse. Between noise pulses, full receiver gain is 
restored. (The receiver AGC is affected only by the 
desired signal strength, not by the noise at the an- 
tenna.) Low level signals masked by noise impulses 
without the noise blanker can be copied when the 
blanker is used. The 34-NB is a must for the mo- 
bile operator. 

HOW IT WORKS.. . 
A noiseless electronic series switch is inserted at 
the output of the receiver mixer. This switch is 
operated by the output of a special receiving cir- 
cuit which is tuned to the 9 MHz IF with bandwidth 
of 10 kHz. The switch opens for noise impulses but 
closes to allow the signal to pass. 

The kit consists of these main parts: 9-NB board 
(composed of 17 transistors, 4 diodes and circuitry), 
NBK board, capacitor assembly, switch assembly, 
lever knob, and miscellaneous hardware. 

Installation of the kit is about a two hour job for 
the competent technician only, requiring the usual 
hand tools, plus soldering iron and electric drill. 
Factory installation, $15 plus shipping. 

Model 34-NB $129'0 hnf11e1~r Net 

At your distributor or write to 

L- R. L. DRAKE COMPANY- 
Dept. 479, 540 Richard St., Miamisburg, Ohio 45342 



amateur radio station 
in one 
portable package 

SWAN %Yy~~d I f 

A 5 BAND 260 WATT SSB TRANSCEIVER 
W I T H  BUILT-IN AC A N D  DC Only SUPPLY AND LOUDSPEAKER 

USED GEAR 
$395 

B & W  
5100 Xmtr. (Vry Gud) 99.95 
CLEGG 
99'er 6rntr. Xcvr. 75.00 
22'er 2mtr. Xcvr. 165.00 
COLLINS 

825.00 

725.00 

17.50 
75.00 

140.00 
120.00 

75.00 
20.00 

60.00 
180.00 

HT-44 R PS 195.00 
SX-101 Mk3 149.95 

169.95 

....................................................................... Challenger $ 49.95 
Nav~gator ........................................................... $ 70.00 
Ranger 2 (EXC.) ................................................... $149.95 

Thunderbolt Linear Am 
(80 thru 10) 

GALAXY 
Galaxy V Mk3. with AC-400 and 

Spkr. Console (Less than six 
months old) 

Deluxe Accessory 
RX-2 Remote VFO 
Duo-Bander 84 (NE 
SWAN 
Model 250 6mtr SS 
Model 350-80 thru 
Model 350 (Late) 
Model 350 & 117Xc 
SW-175 .............................................................. $ 65.00 
All gear listed F.O.B. Oklahoma City and 
subject to prior sale. Guaranteed 90 days. 

@2 ~A(@E(I@ 
EECTRONICS 1 

' T U E  CCUPLETE U W  STORE" lhOTr - 
927 N.W. 1st Oklahoma City. Oklahoma 73106 

W E  TAKE TRADE-INS ON ALL LINES OF NEW EQUIPMENT" 
TWO-WAY RADIOS - SALES . SERVICE . INSTALLATIONS 

short circuits 
silver plating 
In the article on silver plating in the Decem- 
ber 1968 issue of ham radio, it was stated that 
immersion plating is  also known as electroless 
plating. This is an error. Immersion "plating" 
only puts on a surface film, then ceases to 
deposit. Electroless plating continues to de- 
posit for the life of the solution. 

220 mosfet converter 
The 470-ohm isolation resistor in fig. 1, 

page 30 of the January 1969 issue does not 
isolate the hot end of L2-the hot end of L2 
should be connected to the junction of the 
470-ohm resistor and the 500-pF buttom mica 
bypass capacitor. 

solid-state BC348 
Several errors appeared in the circuit dia- 

grams of this article on the solid-state BC348 
which appeared in the February 1969 issue. 
The squelch switch, as drawn, shorts out the 
agc-the switch should be turned around so 
the arm is connected to the base of the 
2N2924. In the negative 6.3-volt regulator, the 
collector of the 2N3638 should run directly 
to the base of the 2N1132/2N3638. In the 
positive 12.5-volt regulator, the 2N3766 driver 
should be a 2N3642 or 2N697; the main regu- 
lator is a 2N3766. 

In the text, it was stated that the gain con- 
trol range was 40 dB. Actually, for three 
stages, range is more like 140 dB! Fairchild 
Semiconductor no longer markets the 2N4122 
-use 2N412I1s instead. Another solution, 
offered by WIOOP, is to use Motorola 
2N3906's for all pnp types except the negative 
6.3-volt regulator. For all npn types except 
the above mentioned 2N364212N697, use 
2N3904's. Price is 82c each. 

repeater identifier 
In the power supply circuit in fig. 1, page 

19 of the April 1969 issue, the plus 4.5-volt 
supply should be connected to the emitter 
of the transistor, not the base-emitter i s  
lifted off ground of course. Also, in fig 5, page 
22, the 1.8 k resistor from pin 5 of IC1 should 
be connected to the collector of Q23, not 
the emitter. 

ham radio 
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A N T E N N A  S Y S T E M :  

the PHASAR-40" 
B Y  

BIG GAME HUNTERS: Don't lose your quarry in the QRM - 
on 40 or 15 meters the Worthingham Phasar-40 is vour 
big gun1 

Imagine two 34' self-supporting aluminum radiators 
standing sentinel in your back yard -ready to reach 
out and snare that rare one. On versatile 40 meters 
the phasar's high-qaln bl-directional beam can be el- 
ectronically rotated 90° to cover all compass points, 
or to null interfering foreign broadcast stations. On 
15 meters, its low angle of radiation combined with 
narrow beam width provides superb performance on DX 
hunts. A remote phasing control allows instantaneous 
pattern selection with the turn of a switch. 

The Phasar covers the entire 15 or 40 
meter band with less than 2:l SwR and 
negligible pattern distortion. The 
physical separation of the radiators 
(34 or 68 feet) results in diversity 
reception, lessening QSB. 

Regardless of your game - ground wave contacts or 
long-haul DX - the Worthingham Phasar-40 is leading 
the way to new adventure in amateur radio. 

SPECIAL INTRODUCTORY PRICE: $74.95 
FOB Factory - Expires August 30 

Shipping weight: 25 pounds 

Worthinqham Electronics Co. 
P.O. Box 507 
Warren, Michigan 48090 

Dealer inquires invited 



2000 Watt PEP Linear 
- 

! #  NATIONAL RADIO COMPANY, INC. --/mi 
I and 

stellar1 ndustries 
DIV. Of STELLAR I. Inc. 

Team up to give you 

A Top Performance Package 

5 Band - 500 Watt Transceiver 

See GLEN FADDEN, W2CXXl2 
or a member of his staff at 

10 GRAHAM ROAD WEST, ITHACA, N. Y. 14850 . TELEPHONE 607- 273-9333 

Your Central New York headquarters for new and used ham gear 

HOURS: 9:00 A.M. to 5 3 0  P.M. Monday through Friday 9:00 A.M. to 5:00 P. M. Saturday 



flea ut market 
RATES Commercial Ads 25$ per 

word; non-commercial ads 10$ per word 
payable in advance. No cash discounts 
or agency commissions allowed. 
I COPY No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed and must in- 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 
available issue. Deadline is 15th of 
second preceeding month. 
I SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 

ORIGINAL EZ-IN DOUBLE HOLDERS display 20 cards 
in plastic, 3 fo r  $1.00. 10 for $3.00 prepaid. Guar- 
anteed. Patented. Free sample t o  dealers. Tepabco. 
John K4NMT. Box 198R. Gallatin. Tennessee 37066. 
ON AIR NOW: Complete SSB station for $160.00. 
Includes Apache TX-1; SB-10 SSB Adaptor, Mike; and 
VSWR meter. All new tubes; m in t  condx. J. F. 
Weatherlv KIZYG. 473 Auburn. Newton 66. Mass. 
NEW PRODUCTS NEEDED. O.K. vou DXers. Traffic 
Men. Contesters, Award Hunters, ate. here ' i s  your 
chance to  have your ideas for log  sheets, contest 
operat ing aids, traffic logs. QSO cross indexes or  other 
Drinted forms of value t o  a t y ~ i c a l  amateur station 
pu t  into actuality. Send us y o u r  best ideas. For each 
idea used we wi l l  send a free supply o f  th is  f o rm  
postpaid to you. No SL's please! Hunter Press, 
Radio Division, Milford, 8 . H. 03055. 
39th - ARRL WEST GULF Division Convention August 
15. 16 & 17. Amarillo, Texas. For an ideal summert ime 
weekend of ideas, fellowship, entertainment, fun  (and 
maybe good luck) you can't miss a t  $10.50 for  regis- 
tration. W5WX Panhandle Amateur Radio Club, Box 
5453. Amaril lo. Texas 79107. 
MAGAZINES. QST since March 1944. CQ since 1947. 
Sold as ind iv~dual  copies. What issues do you need? 
W r ~ t e  KlPSR, Box 132, Amherst. N H  03031. 
3-D OFFICIAL MOON MAP 53" x 48" in color $2.25 
for  radio shacks, dens and offices. H. Morgan, 883-C 
Diana, Akron, Ohio 44307. 
SPACE PROBLEMS SOLVED with Joystick Variable 
Frequency Antennas. With Tuners for 10 , th ru  160 
Meters. Under $45. Brochure. Shortwave Gutde, 218-H 
Gifford. Svracuse. N. Y. 13202. - - -. -. 
MAKE MONEY! Sell subscriptions t o  Ham Radio. Send 
for  complete ~n fo rma t~on .  Ham Radio. Greenville, 
N. H. 03048. 
QSL'S - BROWNIE W3CJI - 3111.8 Lehigh, Allen. 
town, Pa. 18103. Samples 10Q. Cut catalogue 25d. 
FOR SALE: HT-37 100 watts, HT.41 1000 watts both 
$375.00 and Heath SB 300 rcvr. $175.00. M. Rexsen, 
WPFEI, 493 Oxford Rd.. Cedarhurst. N. Y. 11516, tel. 
516 295.5411. 
THE ELECTRONIC MAIL ADVERTISER published by 
WO Bargains Galore, is the fastest, most readable 
l ist ing 3 electronic bargains. Twice a month, 6d 
a word when you subscribe. For a free sample send 
"our OTH to  Electronic Mai l  Advertiser. 1949 Van ,--. 
Reek G&, St. ~ o u i s ,  Missouri 63131. 
ANNUAL SOUTHWESTERN MICHIGAN VHF Picnic - 

73 - COMPLETE COLLECTION- 1st ear Allegan County Park - August 3rd. Sponsored by 
bound volume, rest single issues. No splitt ing. Zom- van county ~~~t~~~ ~ ~ , j i ~  c lub  lnc. - 
plete set $99.00. KlPSR, Box 132, Amherst, N H  03031. Bannor. ~ i ~ h i ~ ~ ~ ,  
TEST E UIPMENT WANTED: Any equi ment made by 
Hewlett-Sackard, Tektronix, General {aiadio, Stoddart, 
Measurements, Boonton. Also mi l i tary types with 
URM-( ), USM.( ), TS.( ), SG-( ) and simi lar nomen- 
clatures. Waveguide and coaxial components also 
needed. Please send accurate description of what 
you have to  sell and i ts condition t o  Tucker Elec. 
t ronics Company, Box 1050, Garland, TX 75040. 

TOROIDS. 88 & 44 mhy., center-tapped, not potted, 
5/$2.00 POSTPAID. Model ,32KSR latest page prin!er. 
excellent l ~ t t l e  used c o n d ~ t ~ o n  $200. FRXD 14 typln 
reperferator-TD combinat ion $25. Deskfax #6508 
facsimi le transceiver $20. Brand new Clegg 66'er. 
original box $160. National NCX5 and NCXA like 
new 5400. Drake 2B&2BQ $175. 11/16" reperferator 
taoe 753/box/10. B&W 5 i ~ B  sideband a d a ~ t e r  $50. 

TOROIDS 44 and 88 mhy. Unpotted. 5 for  $1.50 ppd. w , ~ N T E D : - H ~ ~ - M .  Stamp for  list. Van W2DLT. 302H 
M. Weinschenker, Box 353, Irwin, Pa. 15642. Passaic Avenue, Stirl ing, N. J. 07980 
BRASS SHEET, new, 0.051" thickness. Perfect f o r  VHF 
chassis. Any size 6 cents per square inch. John 
Reddick. K6RBB. 2529 W. Alpine. Stockton, CA. 95204. 
TOROIDS: 44&88mhy., center-ta ped not  potted 
5/$2.00 POSTPAID. Model 3 2 ~ g ~  Lomplete pagd 
printer. excellent operat ing condition $325. Model 
15 page pr inters $85. Motorola 55 amp  alternator 
complete, brand-new $60. Hallicrafters CSM-20 30watt 
hi-band mobile, l ike new $95. Hallicrafters SXlOlA 
receiver $160. Dow-Key relay $10. 11/16tt reperforator 
tape $3/box/ lO. Page pr inter paper $5.50/case/12. 
WANTED: Back covers for rf un l t  of measurements 
Model 80 signal generator. PTO for  Collins 51J3 
(#70E15). RTTY and FM gear. Stamp for  list. Van 
WPDLT, 302H Passaic Avenue, Stirl ing. N. J. 07980. 
SELLING OUT COMPLETE STATION. Many goodies. 
Transmitters, Receivers. Transceivers. Power Supplies, 
Modulators, Converters, Test Equipment, Antennas, 
Rotors, Relay Racks. Transformers. Inductors. Capac. 
itors, Tubes. This is  a very complete collection of 
equipment. Includes 3.3 Mcs RTTY transmitter, 600 
watt  50 Mcs AM, rig. 300 watt  14.4 Mcs CW or  AM. 
200 watt  a m p l ~ f ~ e r  fo r  220 Mcs. SX-99 & HQ-129X 
receivers, BC-221AH & TS-323/UR frequency meters 
and much, much more. Don't moss out  on  th ls  one - send S.A.S.E. fo r  very complete Ilst. KIPSR, Box 
132, Amherst, N H  03031. 603-673-2613. 

INTEGRATED CIRCUITS: New RTL 900, 914 60d, 20 
up  569.. 923 90@, 20 u p  87@. Add 15@ postage H A L, 
Box 3 5 Urbana. l l l i no~s  61801 - -  - 

DEALERS. Do you carry R.S.G.B. publications. They 
are real best sellers. Interesting and well priced. For 
complete information wri te Comtec, Box 592, Amherst, 
N. H. 03031. 
SET OF 4-VOLUME USAF directory of surplus y i l i ta ry .  
commercial  test gear, 1,500 pages, on  scopes, 
counters signal generators, etc. $5.50; also shack- 
cleaning' l ist  of surplus stuff: G. White, 5716 N. King's 
Highway, Alexandria, Va. 22303. 
GBJSUA wi l l  operate f r om Stratford-u on Avon, i n  
England 11-13 July, t o  celebrate the 700 t t  anniversary 
of the 'beginning of local government i n  the town. 
Operation wi l l  be 80 through 10 meters, SSB, AM 
and CW. A special SL wi l l  be issued. Further infor. 
mation f r om M. W s b ,  G300Q, 14 Townsend Road, 
Tiddin ton Stratford-upon-Avon, Warwickshire, England: 
or  R.S?G.~. Public Relations Officer, Sylvia Margolis. 
Touring amateurs who expect t o  be i n  the distr ict  
a t  that t ime  are part icular ly asked t o  contact R.S.G.B. 
NORTHERN CALIFORNIA Hams: Best deals - new 
and reconditioned equipment. Write or  stop for  free 
estimate. The Wireless Shop, 1305 Tennessee, Vallejo, 
California 94590. 

july 1969 79 



HERE IT IS! 
The All NEW 

Radio Society of Great Britain 

VHF - UHF MANUAL 
by G. R. Jessop, GGJP 

uhf -uhf - a u = w c h - - ~  

- ** 

~f 
b- 
1- - 

r" 

Over 250 pages devoted to all phases of 
the world above 5 0  MHz. Includes chap- 
ters on Propagation, Tuned Circuits, Fil. 
ters, Receivers. Transmitters, SSB, Mob~le 
Equipment, Antennas and Accessories. 

Only $3.75 
Postpaid U.S.A. €i Canada 

ALSO FROM THE RSGB 

Radio Communications Handbook $11.95 
The outstanding handbook for the radio 
amateur. 

Amateur Radio Circuits Book $ 2.00 
Radio Data Reference Book $ 2.50 
World at Their Fingertips $ 2.50 
Amateur Radio Techniques $ 2.50 

All  postpaid U.S.A. & Canada 

Order today tram 

b o o k  d i v i s i o n  
BOX 592 

AMHERST, N. H. 03031 

WANTED TO BORROW: Ins t ruc t~on rnanual for Dumont 
304H oscilloscope. Will return after I make a copy. 
WlDTY. Box 25. Rindge. N. H. 03461. 
THE OAK RIDGE RADIO OPERATOR'S CLUB wi l l  
sponsor the 20th Annual Crossv~l le Hamfest a t  the 
Cumberland Mountaln State Park July 26-27. For 
information. wrl te The Oak Rtdge Radio Operator's 
Club. Inc.. P. 0. Box 291, Oak Ridge. Tenn. 37830 

CUSTOM.BUILT the Malnl lne TT/L.2 FSK Demodulator 
w ~ l h / w ~ t h o u t  scope lndlcator w ~ t h  standard or spec~a l  
f~ l te rs .  John F. Roache. WISOG. J J  Electron~cs. 
c in terbury ,  Conn. 06331. 

GREENE - center of dipole insulator with or without 
BALUN . . . see ad page 82. June 1969. Ham Radio. 
TENTH NEW JERSEY QSO PARTY - August 16-17 
froin 1900 GMT Saturday, August 16 t o  0600 GMT 
Sunday. August 17 and f r om 1200 GM'T to  2300 GMT 
on Sunday. August 17. Phone and CW are considered 
the same contest. A stat ion may be contacted once 
on each band - phone and CW are considered 
separate bands. New Jersey stations may work other 
New Jersey stations. General call IS "CQ New Jersey" 
or "CQ NJ". New Jersey stations are requested t o  
i den t~ f y  themselves by slgnlng DE NJ" on CW and 
"New Jersey calling" on phone. Suggested frequencies 
are: 1810 3555 3740 3930 7060 7275 14075 
14285. 21100. 21335, 288bo k ~ z :  50-50.5, 144-i46 MHZ: 
Suggest phone ac t l v~ t y  on the even hours. Exchanges 
consist of QSO number. RST, and QTH (ARRL Section 
or  country). N. J. stations wi l l  send county for their 
QTH. Full information f rom Englewood Amateur Radio 
Association. Inc.. 303 Tenafly Road. Englewood,, New 
Jersey 07631. S ta t~ons  planning active participation 
in New Jersey are requested to advise the EARA by 
August 2nd of your Intentions so that we may plan 
for  fu l l  coverane f rom al l  counties. - 
CRYSTALS FOR AMATEURS. All meters + 1K C a t  
20pf. HC6/U holders. ,093 pins. 10e extra. Crystal 
frequencies 3501 to 3999; 7000 to  7300; 8001 t o  8221: 
8334 to 8900 K C. $2.95 each prepaid. Add 12c for  
postage. Listed dealers i nqu~ r i es  solicited. American 
Crystal Co.. Box 2366. Kansas, Mo. 

MANUALS - TS.323/UR. TS.l73/UR. LM-18, BC-638A. 
SSB-100, $5.00 each. Many others. SASE brings reply. 
S. Consalvo. W31HD. 4905 Roanne Drive, Washington. 
D. C. 20021. 
WRL'S USED GEAR has trial.terms.guaranteel Galaxy V 
- $229.95; TR3 - $399.95; Swan 250 - $249.95; 
SR.150 - $299.95; K W M l  - $299.95; 516F1,ACPS - 
$69.95; HXlO - $199.95; T4X - $319.95; AF68 - 
$49.95: SX146 - $189.95; HQ170AC - $209.95; 
HQl8OAC - $349.95: R4A - $319.95. Hundreds 
more. Free "blue.book" list. Write WRL, Box 919. 
Council Bluffs, Iowa 51501. 
HIGHAMPERAGE Low Voltage 750VA Transformer 
24 /12  Volts 30 /60  Amps f rom 115 230 $10.00. 
Nicklecad Batteries 4AH - $1.95, 8 A d  $2.50. ,Free 
Catalog With Order. Arrow Sales. 2534 S. Mich~gan.  
Chlcago. Il l inois 60616 
YOUR AD belongs here too. Commercial ads 25C per  
word. Non-commercial ads 10C per word. Commercial 
advertisers write fo r  special discounts for  standing 
ads not changed each month. 
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LOOKING FOR RESULTS ? 
Then t r y  a 

HY-GAIN DOUBAND BEAM 
from A. R. I. 

The perfect answer for a winning antenna system, the Model DB-24B 
covers 2 0  and 40 meters while the Model DB 10-15A is designed for 10 and 
15  meter operation. Built to offer the finest electrical and mechanical 
performance. 

Model DB-24B $189.95 
Model DB 10-15A 89.95 

Shipped prepaid in the continental U. S. A. 

FREE 100' of Alpha-Foam RG-8U Cable 
with each Hy-Gain Duoband during July 

I* AMATEUR RADIO INC. -? 
TWO GREAT STORES TO SERVE YOU 

+' -< 
1. A. Amateur Radio Inc. Evansville Amateur Radio Inc. 

2302 B ARTESIA 1311 N. FULTON AVENUE 
REDONDO BEACH, CALIF. 90278 EVANSVILLE, INDIANA 

213-376-4455 812-422-4551 
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VHF COMMUNICATIONS, the international edition 
of the longestablished German publication UKW- 
BERICHTE, is an amateur radio quarterly con. 
cerned entirely with VHF, UHF and microwave 
technology. 

VHF COMMUNICATIONS specializes in  the pub. 
lishing of complete and extensive construction 
data for transmltters. receivers, converters, trans- 
ceivers, auxiliary and test equipment. antennas. 
etc. The latest advances in  solid state, printed 
clrcuit, and electronic technology are reflected in  
the deslgns. Special components required for 
the assembly of the described equipment, such 
as printed-c~rcult  boards, trimmers, coil forms. 
complex metal components as well as complete 
kits, are available. 

VHF COMMUNICATIONS also features informa- 
tion regarding new developments in  electronic 
equipment, test methods and general technology. 
useful to the amateur. 

1 VHF COMMUNICATIONS is  published i n  February. 
Mav. Aueust and November. Each issue con. 
ta l i 5  a<proximately sixty pages of  technical 
information and articles. 
Subscription rate US$ 3.00 ($4.00 airmail) per 
calendar year. Single issues US$ 1.00. 

3 9 t h  Annual  A R R L  
West Gulf 

D iv is ion Convention 
Amarillo, Texas, Aug. 15, 16 & 17 
Excellent program of speakers on today's 

topics and technology. 
Banquet Sunday noon featuring a nation- 

ally prominent personality. 
Free child care - Contests - Awards 
Registration - $10.50 per person. 

OPTIONAL 

Special interest group breakfasts and 
luncheons. 

Pre-convention party Friday night. 
Party and dance Saturday night. 
Wouff Hang initiation. 
Your choice of fine accommodations. 
Local attractions to suit your pleasure. 

Panhandle Amateur Radio Club 
Box 5453, Amarillo, Texas 79107 

Radio Amateurs 

WORLD PREFIX MAP- Full color. 40" x 28". shows 
pref~xes on each country . . .  OX zones, tome zones. 
cities. cross referenced tables . postpatd 11.00 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD - from the center of the Un~ted States! Full 
color. 30" x 25". list~ng Great C~rcle bear~ngs in de- 
grees for sox major U S. cit~es; Boston. Washongton. 
D.C . M~ami. Seattle. San Francisco & Los Angeles. 

postpatd $1.00 

RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color. 30" x 25'' - includes Central Amerbca and the 
Caribbean to the equator. show~ng call areas. zone 
boundar~es, pref~xes and time zones. FCC frequency 
chart. plus Informative ~nformat~on on each of the 50 
Unlted States and other Countries postpaid 11.00 

WORLD ATLAS - Only atlas complled for radio ama. 
teurs. Packed with world.wide ~nformation - Includes 
I 1  maps. In 4 colon with zone boundaries and coun. 
try pref~xes on each map. Also Includes a polar pro. 
jection map of the world plus a map of the Antarctoca 
- a  complete set of maps of the world. 20 pages. 
size 8 3 / , "  x 12" . . . . . . . . . . . . . . . .  .postpa~d $2.00 

Complete reference llbrary of maps - .el of 4 as listed 
above . . . . . . . . . . . . . . . . . . . . . . . . . . . .  postpaodS3.00 

See your favorite dealer or order direct. 

RADIO AMATEUR 

Lake Bluff, 111 .  60044 

Dependoble o p e r o t i o n  
Rugged Eimac 3-10002 
Instant  Transmit ALC 
Fast Band Switching 
Easy Load a n d  Tune 
Real Signal Impact  

... BTI LK-2000 For 
m a x i m u m  l e g a l  amateur  ... inpu t  SSB, CW, RTTY. . . . .  Price $79500 

BTI LK-2000HD ... 
For h e a v y  d u t y  oppl ica- 
t ions such as MARS, h i g h  
p o w e r  RTTY a n d  551). 
Price . . . .  $89500 

I T !  AMATEUR DIVISION 

Hafstrom Technical Products 
4616 S a n t a  Fe, S a n  Diego, C a .  92109 



C O N V E R T E R  

Model 407 

. . , THE BEST 

6 M E T E R  

50.52 MHz In. 28-30 MHz out 
or 52-54 MHz with a second crystal 

available for $3.95 extra 
A full descripti~rn of thic fantastic converter 
would fill this pate, hut ~ W I I  can take our word 
for i t  (or thosr o f  hrlndrr~ls g ~ f  satisfied users) 
that it's the h'ct. The reason is simple - we use 
three RCA dual plate MOSFETs, one bipolar, and 
3, di~xies in  the hest c i r c ~ ~ i t  ever. Still not con- 
vtnced? Then send for a)llr free catalng and get 
the 11111 description, plus photos and even the 
schematic. 
Can't wait? Then send 11s a postal money order 
for 334.95 and we'll ~ s h  the 407 out h you. 
NOTE: The Model 407 is also available i n  any 
frequency mmhination op to 450 MtL (some at 
higher priws) as listed in  our catalop. New York 
City and State residents add local sales tax. 

GEM-QUAD FIBRE - GLASS 

ANTENNA FOR 10. 15, and 20 METERS. 

I VANGUARD LABS 
Dept. R. 19623 Jamaica Ave.. Hollis, N.Y. 11423 

Only 
$67.50 

Planar epitaxial inlegroled circuils for roll- 
ability. N o  tubes-No seoarote translstorr. 
Precision feather-touch key built-in. 
l Fully digital-Dot-dash ratio always pa* 

fect. 
N o  polarity problamr--Floating contads 
switch 2300-V @ 1 0 - m a .  
Rugged solid construction-will not walk. 
Send OSL or postcard for free brochum. 

Two Elements $77.73 
Extra Elements $45.00 ea. 

Shtpped Freight Collect 
INCLUDES U.S. Customs Duty 

KIT COMPLETE WITH 
SPIDER 
ARMS 
WIRE 
BALUN KIT 
BOOM WHERE NEEDED 

SEE OUR F U L L  PACE IN JUNE ISSUE 

Buy two elements now - u third and fourth 
muy be added later with little c#ort. 

Enjoy optimtrm forward gain on DX, with a 
maximum back to front ratio and excellent side 
drscrimination. 

Get a maximtrm structural strength with low 
wetght, using our "Triddic" arms. 

MANITOBA DESIGN INSTITUTE 
AWARD WINNER 

1 NEW Q S L  BUREAU 
To handle ALL your QSLs, whether for next 
door, the next state, the next country or any- 
where! No special membership fees, coupons. 
or rules; Just: 
3( each for QSLs for U.S.A.. Canada or Maxlco. 
4 t  each for QSLs for any other place i n  the 

world. 
Just bundle them up (please arrange alpha- 

betically) and mall  to: 

I WORLD QSL BUREAU 
1 5200 Panama Ave. 
I Richmond, Calif. 

I U.S.A. 94804 
ATTENTION HAMS U.S.A., CANADA AND 
MEXICO, Yes, we mean just what we say - 
at last a QSL bureau to handle QSLs for 
QSOs within your own country. 
ATTENTION HAMS OUTSIDE U. S. A., CANADA 
AND MEXICO (and SWLs anywhere). Please 
send us your QSLs for delivery anywhere - 
same rates as listed above. 
ATTENTION RADIO CLUBS. Here is  a way t o  
increase attendance at your club meetings. 
On application we will send QSLs received for 
your members to you for distribution at meet- 
ings. Also special plan a t  reduced cost for 
outgoing QSLs from clubs available. Send 
for details. 



I I . . . . through either of these antenna noise bridge units, which provide 
accurate and fast testing of antennas and feed lines at a reasonable cost. I I 

Radio Amateur 

Model TE 7-01 Model TE 7-02 
Antenna Noise Bridge Extended Range Antenna 
Range - 1 to 100 MHz Nose Bridge 
RCA Tip Jacks Range - 1 to 300 MHz 
Res~stanea Testing: 
0 - 100 ohms Res~stance Testing - 

$24.95 0 to infinity, calibrated - 25-100 ohms 
Features Applicable to Both Models: $34.95 

Test antenna for both resonant frequency and impedance. 
Replace VSWR bridges or other antenna test equipment. 

*optimum performance through alignment and test of omega-t suatems 
mobile or f~xed statlon antennas. 
Test beams, whips, dipoles. quads. or complete tuner incorporated 
systems. 

descriptive literature write: (2141 nv-5121 
Applications data and operating instructions Included. For JX) TERRACE ' RICnARDSON. TEXAS '- 

Antennas Towers Rotators 
New Used Surplus 

We are a member of the Jennings Diode Bank. 
Contact us for any diode. 

Service % amp to 1000 amp any voltage. 

HY GAIN - HUSTLER - MOSLEY ' EZ WAY 
TRI-EX ' ROHN . VEST0 - MYLAR 

ROPE - CDR. Etc. 

One piece or a complete antenna system 
Also deallng in  surplus 
Write for latest catalog 

ANTENNA MART 
BOX 7 . RIPPEY, IOWA 50235 

84 m july 1969 
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I 
call letters I 

I 
$5.00 Ea. I 

I I 
I I 
I Rush Order To: RADIO AMATEUR CALLBOOK, Inc. I 
1 Dept. E. 925 Sherwood Dr~ve .  Lake Bluff. Ill. 60044 1 L ,----- ------------------- 

SDA-100 
SOLID STATE 

DECADE AMPLIFIER . This versat~le new unrt converts 
your own "OM, VTVM, or  FET- 
VM into a sensitive audio and 
I.F. millivoltmeter. . It can also be used as a wide. 
band. low noise pre-amp for 
oscilloscopes. . Maximum gain XI00 . Input lmpedance 1.11 meg  . Output lmpedance 100 ohms . Freq. Response lOhz to  l m h z  134.95 ppd . Sillcon FET and transistors . Epoxy PC board. bakelite case ",El;: Eg . internal battery. shielded 

S Y N T E L E X  
Dept. HR-1, 39 Lucille Ave., Dumont. N. J. 07628 

LIBERTY PAYS M O R E  ! ! LARGEST SELECTION in  United States 

WILL BUY FOR CASH - ALL TYPES 
Electron Tubes . Semiconducton . Test Equlpment 

Military Electronic Equipment 
stock. Types include HC6lU. HC- 
18/U. FT-241, FT-243, FT.17l.etc. 

Wire. write, phone collect! We pay freight on all purchsrcs! SEND 10C for catalog with 
L I B E R T Y  ELECTRONICS.  INC.  osc~l lator circuits. Refunded on 

548 Broadway, New York. N. Y. 10012 first order. 
Phone: 212/9256000 2400H Crystal Drive 

Ft. Myers. Flor~da 33901 



PREFERRED AND SPECIFIED WORLD-WIDE BY 
COMMUNICATION ENGINEERS AND ADVANCED AMATEURS 
Don't settle for anythlnR less than the very best! Use Telrex Communica. 
t ~ o n  products - for Ion,? lasting opt~mum performance and value! 
FREE . . . Tech data and pricing, catalogs describinq off-the.shelf and cus- 
tom.built antennas, systems, Inverted-vee kits"'"', towers, mOnO.pOleS 

oscillator/monitor 
makes an audible ton. to monitor 

th. RF of any CW tran.mithr from .. ... 
lOMr to I K r  G IOOKc to IOOOMe, 
using only an 8 "  pickup anhnna. 

can be seICtrigp.r.d for cod. 
practice or th. testimp of solid 

SHINY. APPROX. SIZE 2" 
stat. eonrponenh and circuih. 

aid. in tuning up G testing RF 
oscillator and power rireuih. 

4 traneistor, 2 diode circuit 
spoak.r, ton. adiumt. A* pencoll, 

M. WEINSCHENKER K3DpJ 
t..t Imads, 8' ant.. G mapn.tic bso. 1495 compl* P. 0. BOX 353 

cabinet i e  I b  paug. black 8 c l ~ r  ppd uso c o n  
anodi..d aluminum, 3.4 11 2.3 M 1.2. und 0 check or  m.0. IRWIN, PA. 1 5 6 4 2  
US mad. t. guaranhrd k r  I )mr. wld b y  mall o n l y  

James Research corn any,deplt: HR-M pa.  Res lden ts  a d d  6% sa les  tax. 

1 1  rchermerhorn st., grooklyn ny. 11201 Al l  i t e m s  ppd.  C o n t ~ n e n t a l  U. S. A. 

I 

WHY 
YOU SHOULD HAVE 

FORWARD YOUR QSLs TO DX STATIONS 
W3KT has over e ight  years o f  experience i n  operat- 

i n g  a n  outgoing QSL service. 
W3KT has forwarded we l l  over a mi l l ion QSLs 

dur ing that time. 
W3KT forwarded over 250000 QSLs i n  1968 alone. 
W3KT personally has 345 Lountries confirmed. 
W3KT offers you a DELUXE service. A l l  you have  

t o  d o  is  t o  f i l l  in the card. 
W3KT considers your QSL a personal message, a n d  

sends i t  out PROMPTLY b y  FIRST CLASS mail. 
W3KT keens UD-to-dote f i les of stateside QSL man- 

ogirs. When he sends cards t o  them he in- 
cludes a n  SASE, and  sends the replies t o  you 
v ia  your QSL Bureau. 

WJKT sends other cards t o  the proper QSL Bureaus, 
o r  where necessary, direct. 

WJKT se;lds out  30 CARDS PER DOLLAR, a n d  it 
is  no t  necersory to send these a l l  at the same 
time, or i f  you prefer, he w i l l  f o rward  your 
QSLs a t  FOUR CENTS EACH. 

W3KT chorger N O  MEMBERSHIP FEE. 

TRY THIS SERVICE! 

C A N  THOUSANDS OF USERS BE W R O N G ?  

W 3 K T  QSL SERVICE 
RD 1, Val ley  Hill Road  Molvern, Pa. 19355 

. . . THE BEST 

2 M E T E R  
1- C O N V E R T E R  

144.146 MHz in. 28-30 MHz out 
o r  146-148 MHz w i t h  a second  c r y s t a l  

ava i lab le  f o r  $3.95 ex t ra  
A f u l l  description of this fnntnstic converter 
wou ld  fill this pnpe, h u t  \.,,u c;tn tnke our  w o r d  
fg,r i t  ( o r  those <,f hundreds of  satisfied users) 
that it's the  best. T h e  reason is simple - w e  use 
three RCA dua l  gate MOSFETs, r ~ n r  hipolar. and  
3 diodes in the hest c i r c u ~ t  ever. St i l l  no t  o m -  
vinced? T h e n  send fo r  c,rlr free cntnlng a n d  pet  
the f11l1 descriptir,d, p lus photos and  even the 
schematic. 
Can't wai t? T h e n  send us a postal money on le r  
for  $34.95 a n d  we'l l  rush the 4 0 7  out  to you. 
NOTE: T h e  Mode l  407  is also nvailahle in any 
frequency mmhinn t ion  u p  t o  4 5 0  M H z  (some a t  
h igher p r i m s )  as l isted in o u r  catalog. New York 
C i t y  a n d  State residents add  locnl sales tax. 

VANGUARD LABS 
Dept. R, 19623 J a m a i c a  Ave.. Hol l is ,  N.Y. 11423 
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1 Joseph W. Poradyla WA9lWU 
i 5701 South California Avenue 

Chicago, Illinois 60629 
312-He4-0896 I 

L 

the permof lex key 
8 both a twin lever G straight hand key * 
in  a pirotl... 2 dasign. 
8 gives instant choir. of automatic 
semi-automatic G *traight hand L d q .  
8 un. directly with any tranmmit(.r or 
through an .I.ctronic kw.r. 
8 8 amp. gold dif1us.d mi1v.r c o h r h  
adjuet from 0-,060" G 5-50 grams. 
8 distinctiv. blue padd1.s are of 
rugged G - I 0  fib.rgla.r .per*. 
8 csbin.t is I b  gauge polishod ch.orm 
st..l: 1.95" ~ q .  1 3 . 7 5 " ,  paddlw 192 ;::z extend 1.25' w-ight p. I pound. 
• silicon. ruib., 1a.t Lr stability. n n l  a chuk or m.0. 
8 loo< US mad. G puarant..d b l )n. sold bv mall  onlv 

James Research comga~dep't :  HR- K 
11 schermerhorn st., roo lyn n.y. 11201 

"ARCTURUS" SALE 
l 7 M l  tr.nnw~tor t \ tvv~ 39e each. 
40 w:ttt nrrmsnlulm w~rver tronrlrtc,r, ram- 

n% l > r l < ~ v  501. 2S27h ). ('(,<; %+!. XI,- e~tch, 
(:nlnr TV r a r t r d q r  fc,cus r r n l f i r r  6.5 kv. 

Used I n  every ectlsnr TV. (:ill. (:FR-20. 7 9 r  mch. 
Mntrwnle 4500 rnn at 1000 pns, hnph voltmgrl 

current rporv  <~lnc-m wrt8firr. .~ r tn l  Imds. (.tt: 
t1P:l'-liO. 4 9 r  each. 

2 P r i n t d  cirnn~t I.F. trnnsformen 4 l u ~  455 
kc inptst .ant1 c8tntput. Cnt. 190qfi .  9 9 t  'each. 

RCA U H F  trans-rlor type T V  t r ln rn  L R K - I 2 0  
( lona-rhnlt l  Cat. I'HF-90. LRK-120 (;hvn-rhnft) 
<:at. VHF-21. each S.1 98. 

RCA V I I F  tranr~vtvr tvpr T V  tuners, KRL-146; 
Cnt: VtIF-74, SII.LIR each. 

T r a n . ; ~ ~ m r i r d  I ' I I F  loners u s e d  in 1965 tn 1967 
T V  sets n,adr h! Admtr.11. R(:A. Mr,mnvln. etr.  
R ~ m o v n h l r  grannq me! \..be Inon, cnnr tnnke to 
another Srnl lmlv I 2  volt. dc 1,) fomnntun. Sa, 
( h ~ n m m t  .!I. I'HF-i(i;, vcdtaer SJ nml rc l .  45 E.WY rel l lac~nwnl anttr. 

UIIF tuner rlrtctnnl anitr  .IS tnsrd i n  TV sets 
rt trh .%r R(:\. Adm~ral,  rtc., mvpr8nc rhnnnrls 1.1 

NOVICE CRYSTALS $5-:-rrr-- 

Fundamental freque-c~e- on F T  : 4 l  t>nlders Pin swe 093 - [ 
~n . spacing 486 In lolcrance 0 1 ~ ,  rnrarurcd on osc#l- 
lator v r th  37  rnr,,fd capacity 

80 mctcr r  3705.3745 LC. S1.75 .a. 
40 meters 7155-7195 kc. 1.25 ea. 
15 meters 7034.7082 kc. 1.25 ca. 

Add for portage and h a n l l ~ n ~  per crystal B r  first clnss: 
IZC alrma+l Specsly frequency dcrtrcd and nearer1 avail- 
able wlll be sen1 Other I requen~les  tn stock. Send for 
free Ilrl. Sa l~r fac t ton guaranteed. 

r C Q  de W2KUW 7 
BEST OFFER!! 

Paid . .. . . .. . . . . . . for any piece of aircraft or ground 
radio unlts, also test equipment. All types of tubes. 
Particulnrly looking for 4-250 . 4-400 833A 30411 

4CX1000A 4CXSOOOA et 11. 171 51X 390A 
ARM . GRM . GRC UPM URM . USM units.  TED DAMES CO., 308 Hickory St., Arlington, N.J. 0 7 0 3 2 1  

thnwah 82 .  .$r p.trt no). 91D173-2. (:q,tnpl~te w%th 
tube. I ) n w  LrarlnE $5 rrrncrrahle. ( itn h r  t~srd tn 
mint wt5. t:;tt. L'tlF-3. S1.95. 

1:olnr ?nkr<. 70. f l ~ r  nl l  annlnd mlor  CRT'r. 
Cat. XRC 70. $11.95. 90' for al l  r r d a n g u l ~ r  I 9  
1.1 25'' rr?l<,r (RT's. ('.&I: XR(:-90. S12.9i 

Kst 811 3 0  tr.14 rrrn>nnnnm dicxlrs. Cot. 
100, 99, 

S ~ l i o r n  rectifier. owtal h a r d  r r p l n c ~ m m t  fiar 
SAS4-5A\V4-5L~4-51'3-ST4-5V4-SZ4 \Vith dia- 
Xr.Q?T>. (.At: R#,cl-l, cl<l~ ench . 

7". 90' T V  hcnrh test p i c t n ~ n  tnhr with 
ndiaptrr. Sq, ~t ,n  t r . 3 ~  n r p r l d ,  (:,ut: 7BP7. 87.94 

Ttrhr r,urt.sn- RAI'R etc . sire. S2.15 p r r  IOO. 
6SS7 rtc.. r17c. 2 i 5  per 100. SU4C.R rlrr $9.47 
per Ion. nl' . tc  ,,,<. s or ,..,,h. 
Send fcvr <ompl r t r  Irw rr~talop. Include 4 %  of 
~ltbll.ar valar 4-f r,nlcr ft,r p,*t.#rr. $ 5  M I N I M U M  
ORI>ER. (:.tn.ndonn thr rk .  HC; dollar dtlfrmnttnl. 

ARCTURUS ELECTRONICS CORP. 
502-22nd St.. Union City. N.J. 07087 Dept. HR 

Phone: 201-UN 4-5568 

r m m m m m - # - # - # 1 m - 1 1 m - m 1 m - m - # - ~ - m ~ m  

-! 
Hamfesters Radio Club, Inc. I I Invites you to help us i 

i 
celebrate our 

i 
i i 
1 "35TH ANNIVERSARY HAMFEST" i 
i i  
i 

SANTA FE PARK 91st & Wolf Road, Willow Springs, Ill. i 
i Southwest of Chicago i 
i 

Sunday, August 10, 1969 
i 

i -SWAN , ~ O O C  1 
i SSB-AM-CW 

TSANSCEIVER ~ Hamfest Chairman - .- - - - - ‘~1  
i 

i i 



LOW PRICE, 
QUALITY, 
COAXIAL 
SWITCHES.. . 
Don't pay for the 5th and 6th position. The a v e r -  
age HAM rarely uses more than 4! 
SPECIFICATIONS: Silvered Contacts. Write-on ERASABLE 
escutcheon plate. AVAILABLE EITHER 4 PST (COAX-9) OR 
LINEAR (COAX-LINEAR) IN-OUT VERSION. Handles 1000 W 
AM or 2000 W SSB. Insertion loss negligible to 160 Mc. 
VSWR: Less than 1.2 at 160 Mc. Size: 3'11" dia. x l'k" overall. 
Single hole mount. SPECIFY MODEL. $7.65 ea. 

COAXIAL LIGHTNING 
ARRESTORS 
Zero power loss No Increase In 
SWR at 150 Mc Does not alternate 
s~gnals. Model 210 for 1000 W (AM) 
or 2000 W (SSB). Model 211 Elec- 
tronic static arrestor for 50 W (AM) 
or 100 W (SSB). SO-239 UHF type f~tttngs. Other f ~ t t ~ n g s  
available. Size approx. 3'12" x '1." dia. #210 $3.15 ea. #211 
54.65 ea. SPECIFY model #. 

PRICES above are amateur net. Shipped ppd. in U.S.A. Send 
Check or M.O. (N.J. ADD 3'10 Sales Tax) 

OTHER PRODUCTS: Feed thru capacitors. Tuned noise 
filters. Alternator, generator, low-pass and field filters. SEND 
FOR CATALOG. 

I u~~~~~~~~~~~~~ ENGINEERED] 
By "HAMMIE" RICHARDT-W2WIY 

ELECTRONIC APPLICATIONS CO. 
ROUTE 46, Pine Brook, N. J. 07058 

% 
You can be sure with Barry . . . 

Fair dealing since 1938 

Send lists of your unused TUBES, 
Receivers, Semi-Conductors, 

Vac. Variables, Test Equipment, etc. 

No Quantity too Small. 
No Quantity too Large. 

Write or Call now . . . BARRY, W2LNl 

BARRY ELECTRONICS 
512 BROADWAY NEW YORK, N. Y. 10012 

212 - WA 5-7000 

WZAU BALUN LETS ENTIRE 
ANTENNA RADIATE! 

m v : r  ~r rm STOP WASTING YOUR SIGNAL1 - -  REMEMBER, YOUR ANTENNA 

,'@ % IS THE MOST IMPORTANT 
PIECE OF GEAR YOU OWN. 

No Rodiation from Coax 
No Center Insulator Needed 
Perfect for Inverted Veer 
(Use Hang-up Hook) 
Built-in Lightning arrester 
Brood-Bond 3 to 40 Mc. 
Tokes Legal Power Limit 
Two Models: 
1 : l  50 ohm coax to 50 ohm 
bolanced 

-Fmm 4:l 75 ohm coax t o  300 ohm 
!E!s2 y!- balanced 

' $ o ~ ~ ; s , ~ ~ u 2 z y Z ~ i J ~ i  
Mul t~p le  Dipoles. 

- 
W2AU Complete pretuned Fiberglas Quad . . . . . .SW.95 
W2AU Complete pretuned Vinyl Quad.. . . . . . . . .$64.95 

UNADILLA RADIATION PRODUCTS 
Unad~l la ,  New York 13849 

NO!.. on A , ,  MIL. . .  \hnll war. 
R.rc,r..r Mrru.. W o r l d  w,*r  
R"'..llun 6111111""I 1 ,11 ,.#,,,. W.,,, Purl. ,  L.,:ht. N ..,. 

W?.,h.,,,,"~t 
r l ,  .I 3 ,  , . *,.I .1.... .#..I.,, I, I", ,.ap. r , . ,  nor,,.. .,,.I <,ass ..d,O .",,,.,,,., ,#,,,  , ...., ' ..,.,>.,*.~~" A",?. ,, W,," be,,e! ",.., . , .,, , ,,,,,a","*,, 
k '  .i l ., 10 n , ~ . ! . . .  I lnltr Lcinlillrlr I L  . I  $19.95, 110 .'<I 1 '  ! 8 ,  1 , s ) t  1 .1,$6>. 111 
1. t ~ r . . I  li,r r r i r l l l  * , c l r  \hn?t r. lut.  # t r <  $,ln,nl $18.95. Sand only $IUO .c . ,> t> ,  c k .  
r.,o . I n , ,  O.," , ,>rlnl lr l  b.,l.,nr. I llr, 111,1.. 1,,1<1...<. ,in . I l i "  I8 ( 8 .  .lll,l 1,,11 .,?,,I I". 

, GET YOUR NEW 
ISSUES NOW! 
er 290,000 QTHs In 
e U.S. edlt~on $6.95 

Over 140,000 QTHs In 
the DX ed~tlon $4.95 

NEW EDITION EVERY: 
MARCH 1 - SEPT. 1 

JUNE 1 - DEC. 1 

These valuable EXTRA features included in both editions! 
PSL Managers Around the Radio Amateurs' Prefixes 
World! by Countries! 
Census of Radio Amateurs A.R.R.L. Phonetic Alphabet! 
throughout the world! . Where T~ Buy! 
Radio Amateurs' License . Great Circle Class! 
World Prefix Map! International Postal 
International Radio Informat~on! . . . . . . . - . . . . . -. . . - -. - 
Amateur prefixes Plus much more! 

See your favorite dealer or order d~rect (add 25C for mailing 
in U.S., Possessions & Canada. Elsewhere add 50C). 

RADIO AMATEUR Il boo k 1.c. 
Dept. E. 925 Sherwood Drive $BCa Lake Bluff, 111.60044 
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MAY DAY ( EMERGENCY MAY DAY 

1 H E L P !  1 
DOCTOR'S ORDERS 

MUST QUIT BUSINESS 

I 
JUNK for sale, a large assortment of 
test sets, power supplies, amplifiers, med- 
ical electronics, originally bought for strip- 
ping purposes, but didn't get to  do. 
CASH and CARRY only. 

Sorry, NO Mail Orders accepted. 

l o $  per pound, plus l o $  each tube, and 
50$ each meter. 

SPECIAL DISCOUNTS 
All items advertised since January 1968 
in HAM RADIO and 73, and listed in my 
"GOODIE SHEET" for May 1968 and 
Feburary 1969, except the above "JUNK", 
co-ax connectors, co-ax cable, and the 
few items previously reduced, from my 
already low prices: 

FOR SALES OF 
$10.00 and up a discount of 5% 

$50.00 and up a discount of 7%% 
$100.00 and up a discount of 10% 

It may pay for a group to get together, 
or a club to  pool their orders, shipment 
to  one address only, no split shipments. 
to  take advantage of the higher discount. 
Discounts only apply on mail orders, or 
sales at  the store. 
Sale ends on August 16. PLEASE in- 
clude sufficient to  cover postage, or 
other shipping charges. For heavier ship- 
ments, please specify routing - REA, 
motor freight, or bus express. 

Sorry, NO more Hamfests. 

- 
STORE HOURS 

Monday thru Friday, 9:30 a.m.4:30 p.m. 
Saturday, 9:30 a.m.-2:30 p.m. 

B C Electronics 
Telephone 312 CAlurnat 5-2235 

2333 S. Michigan Ave. Chicago, Illinois 60616 

I P R I C E  W A R  
WE BEAT ALL AND ANY OFFERS if you 
have the equipment we want! 
Urgently need any type of lab grade test 
equipment, and military electronics such 
as Gen. Rad., H-P, Tektronix, ARC, GRC, 
TED, PRC, VRC, ARN, URR, APN, etc. 
Tell us what you have and what you 
want in first letter! WE PAY FREIGHT! 

COLUMBIA ELECTRONICS D m .  H 
4365 W. Pico Blvd., Los Angeles, Calif. 90019 
Phone: (213) 938-3731 Cable: COLECTRON 

I 
WE PAY CASH FOR TUBES 

LEWISPAUL ELECTRONICS INC. 
303 W. Crescent Avenue 

Allendale, New Jersey 07401 

p' ZENERS \ 
ALL DEVICES TESTED AND GUARANTEED 

400 MlLLlWAlT UNITS 
3 3.3 3.6 3.9 4.3 4.7 5.1 5.6 
6.2 6.8 7.5 8.2 9.1 10 11 12 

13 15 16 18 20 22 24 27 
VOLTS 

1 WATT UNITS 
11 12 13 15 16 18 20 22 24 27 
30 33 36 39 43 47 51 56 62 68 
75 82 91 100 110 120 130 150 160 180 

200 
VOLTS 

PRICE: ALL UNITS 10% 4 for $1.00 ppd. 
5% 3 for $1.00 ppd. 

ALL ORDERS PROPERLY PACKED AND 
PROMPTLY SHIPPED 

PA. RESIDENTS ADD 6% PA. SALES TAX 

M. WEINSCHENKER K3DPJ 
PO Box 353 

Irwin, Pa. 15642 
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GOV'T - INDUSTRIAL - SURPLUS - BARGAINS 
CLOCK TIMER BY TELECHRON DELAY L INE  PRINTED CIRCUIT BOARD, 

CONNECTORS AN0 GUIDES 
Hear is a great value for 
building really ~rofessional- 
looking equipment, these very ~d@' 
late P.C. boards are nice ,- 
Compact units (2  inches by 
2 inches) with m*ern 

high Weed switching trans'st0rs. 
lhe can easily be unsoidered 
and used on new boards. A pair of 
these connectors cost $3.80 each new. 
The boards themselves may be used for 
their original function or may be modi- 
fied. Functions include dual six input 

This brand new clock radio 
timer has a l l  the latest w, features. A bu i l t  i n  alarm 

i also closes a switch and can 
be set from the front. I t  
can be used t o  close contacts 

which c w l d  start a radio, coffee pot, 
etc. There is a sleep switch and other 
control switches. Has luminous hands 
and dial. Power 110 vac, 60 cycles/sec. 
Dimensions 7 x 5 1/21!. Available a t  a 
closeout price while they last. 

TCT175 s3.50 p.p. 

This delay llne glves up t o  
1.0 seconds delay in 1 0  in- 
crements of 0.1 mlcroseconds. -- The characteristic impedance 
is 300 ohms input and out. 
put.  his impedance is ex- 

cellent for tw~sted pairs, and is a very 
useful variable compensation for "race" 
i n  I. C. logic. On handy plug-in card. 

DLM $1.50 p,p. 

- 
DIGITAL COUNTER - TO 1 MILLION - 

POOR MAN'S H I -F I  HEADPHONES tr impot boards, sense amplifiers, buffers, 
The Canadian A i r  Force has power supply f i l ters (includes four tan- 
surplus also and we were 
fortunate to obtain over 500  
headsets from them and are 

music. They have rubber pads wi th  
chamois-type coverinp, metal headband, 
cord and plug. 4 t o  1 6  ohm impedance 
for use with any radio or TV, etc., 
by attaching t o  the speaker leads. Ma) 
be converted t o  "stereo" by making 
connections a t  each ear phone. This IS 

a real bargain Ior  quality RCAF head 
sets. RCAF HP . . . . .$3.00 p.p. - 
BRAND NEW DIGITAL READOUTS 

These Digital Readouts are 
selling for $44. new, and 
our competitors are selling 
USED ones from $16. t o  
$22.  today.  These a re  
BRAND NEW Surplus. Use 

these readouts anywhere you want numer- 
ical displays such as Digital Clocks, 
counters, a l l  kinds of applications. The 
1/2" wide x 1" high numericals are 
projected on the front plastic screen 
which is lighted from behind by 1 2  
# 1820 bulbs. The contrast is so good 
they are easily read even i n  a brightly 
lighted room. Operation is from 1 2  t o  
28  volts. Thls Readout can easily be 
converted t o  6 volt operation by changing 
the # 1820 bulbs to 44 pijot 
at a nominal len cents each. 
The lamp housing has a quick disconnect 
feature for instant replacement of any 
burned bulb. 1 2  message positions. Two 
formats are available. One format has 
the numerals 0 t o  7 plus the symbols 
+, -, Tp and Tx. The other format has 
numerals 0 to 9, plus symbols + and 
-. The format could be changed t o  
read PM, for example, by using a l i t t le  
ingenuity and reworking the screen which 
is readily accessible. Panel mounts on 
two 6 /32  tapped holes. O/A 2 1 1 2 "  
high x 1 1/2"  wide x 5 3/8" deep. 
Manufactured by Industrial Electronic 
Engineers. 

DR 0 - 9 $9.50 p.p. 
DR 0 - 7 $6.50 p.p. 

~ ~ ~ ~ g r ~ u n ~ l ~ ~ ; e  yhj/BBi:k2 yll:,!it: 
3,4rl, DDC-300 . . $3.00 p.p. 

- 
DUAL IGNITrON SYSTEM 

Thls Cilnadian system Tire was to made sell for by 
535.00. These are Brand 
New fully wired surplus, not =I , . . - -  rejects. The extra high vol. 
tage coil provides smoother 

running a t  high speeds and longer Plug 
life, and the lower current through the 
points makes for longer point l i fe and 
faster winter starts. Special connector 
allows instant change over t o  conventional 
ignition. Fully Guaranteed, w i th  instru:- 
tions ready to install for 6 or 1 2  volt 
negative ground car. CLOSE OUT SPECIAL 
DTI  . .  . .  $10.00 p.p. 

- 
'ORE STACK 

:Fiay8re ;zzy 'Ore 
plane has 2048 cores (32X ! 

"'", 
64) for a total of 24,576 
bit;. Outside ,. - 
only 5!1~311~2,,. R~~~~~~ 
from brand new equipment, and qua- 
ranteed perfect. Only a few available. 
~ c p . 2 5 ~ ~  . . . . $75.00 p.p. 

tiCi3M)$$des . 56 slots on each side - 
$2.00 p.p. 

- 
GEIGER COUNTER - GOV'T SURPLUS 
-7- . "CD" Type Radiation Survey . " Detectors are in like new 

.~g~'.,..'condition, w i th  instruction 
manual, and straps. Picture y' I shows typical unit. Bright 

t yellow plastic case, water- 
proofed. Meter readings may be made 
from O.Olr/hr t o  50r/hr. Units are clean 
and are offered untested as is a t  a low 
price of $10.00 less batteries battery 
price about $1.50. Wi th  l i fe '  of 400 
hrs. or intermittent operation. CD MD. 
No. 710 GC 7 1 0 . .  $10.00 p.p. 

- 
COMPUTER GRADE CAPACITOR 
Due t o  a special buy of 
only one size, we can offer 
this capacitor a t  an un- 
believable low price of 3 
for $1.50. This is a con- 
venient size for power supply 
filters. LOW ESR & leakage currents. 
Long life. P las t~c insulating tube with- 
stands mil i tary environment conditions. 
The regular l i s t  price of these is over 
$3.00. 400CGC-400 . . 51.50 
pius $1.00 Postage and handling. 

P.P. = POSTAGE PAID 

Enterprises 
P. 0. BOX 44, HATHORNE, MASS. 01937 

SEND FOR OUR MOST UNUSUAL CATALOG 68 pp. 25C 
FREE WITH AN ORDER 



I REGUL. PWR SPLY FOR COMMAND, LM, ETC.: 
PP-106/U: Metered. Knob-adjustable 90-270 v up to 80 
ma dc. also select an AC of 6.3 v 5A or 12.6 v 2 1 / 2  
A or '28 v 2 1 / 2  A. With mating' output 
plug & all tech. data. Shw wt 50# 19.50 I 
- -- 

BARGAINS WHICH THE ABOVE WILL POWER: 
LM-(:;) Freq. Meter: ,125-20 MHz .01%, CW or AM, 
with serial-matched calib. book, teCh data, mating plug. 
Checked & grtd. 57.50 
TS.323 Freq. Meter: Similar to above but 20.480 MHz 
.001%. With data 169.5d 
A.R.C. R11A: Modern Q-5'er 190550  KHz 12.95 
A.R.C. R22: 540-1600 KHz w/tun!ng graph 17.95 
A.R.C. R13B: 108.132 MHz w/ lun~ng graph 27.50 
- 

ULTRA - WIDE - BAND RECEIVER: 
AN/ALR-5: Late postwar AM/FM Countermeasures rcvr. 
Has S-Meter. variable I F  Atten. & parsband 0.2 or 2 
MHz from $0 MHz center); AF. Video & Pan. outputs. 
New, modified for 120 v 60 Hz. Includes new (Method 
I1 pack) h a n d  plug.~n converter ,038-1 GHz. 4 Type-N 
plugs automatically select correct ant. as bands are 
switched. Senrit. a t  -6  db setting: 6 1 / 2  uv thru 132 
MHz. .13 thru 780 MHz & 45 1 / 2  at 1 GHz. BRAND 
NEW. with book & mating pwr-lnput plug, only 275.00 

Freed 12691: OAS Loran Spares supplied 5" CR, 
plates & htrr. Pri. 105.130~ 5 0 / 6 0 t k  Sec's ~nsul. 5 kv: 
1490 & 1100 v 5 ma. 390-0.390 v 100 ma; electrosta- 
tfcally-shielded d.3 v 6.8 A. two 2 1 / 2  v 2 A. Sec's 
insul. 1 1 / 2  kv: twb 6.3 V '  6 A. 5 v, 3 'A; 2 1/2 V, 
5A. Case 5 1 / 4  x 5 x 7 l j 4 .  ~ \ t h  diagram. 
Shipped only by collect REA Express. 2.95 
FAIRCHILD SOLID-STATE SCOPES a l l  w/d~al-trace plug- 
ins 25 & 50 MHz wldelayed t~me-base plug- 
ins, w/books, overiauled & grtd. As low as 825.00 

Versatile Plate & Filam. Transformer: 
Depot Spares for SP-600-JX: Pri. 95 1105 117 1 3 0 1  
190 /210 /234 /260  v 50160 Hz. Sec. 1: 365-0-105 v, 
150 ma. Sec. 2: 5 v 3A. Sec. 3: 6.3 v 5 A. 
Sec. 4: 7 1 1 2  v, 3 1 4  A. Sec. 5: 7 1 1 2  v, 1 1 1 4  A. 
Legend for pins is plainly marked. Herm. sealed 2.95 

I JULY SPECIAL TEKTRONIX No. 545 SCOPE: 
Just t o  see if ayone reads our ads . . . because i f  you 
do you can't pass this up! #545 is DC to 3 0  MHz pass 
with calibrated variable sweep delay' . . . take note al l  
you who work with pulses! Included wi l l  be a dual-trace 
24  MHz plugin and a 30 MHz single-trace plugin . . . 
TWO plugins! As received from a large prlme 
Contractor as is 595.00 
If we 6ut it thru a shop for'~~S:tr;ceable calib. 
after complete overhaul, including plugins. . . . 750.00 

I WE PROBABLY HAVE THE BEST INVENTORY OF GOO0 L Y  TEST EQUIPMENT IN 
THE COUNTRY. BUT PLEASE M NOT ASK FOR CATALOG! ASK FOR SPECIFIC 
ITEMS OR KINDS OF ITEMS YOU NEED! WE ALSO BUY' WHAT W YOU HAVE! I 

F O R  10 - 15 - 20 

The ' JOGA Q U A O "  IS  rated A ?  I K W  AM and 2 K W  
P I  P SSB Feature3 a rln8lc feed I8ne Enlny 
mn',,,,",,, f o r w r l "  ga,n , l l l l i  Y C , l  I"* SWR .,"EI ,he 
l u l l  bandw,,"  Tho I ln lque >nape a l l o w  propel 
eIP,..r,,, ,I,.L,I%P I". a b r n , , .  1 ,I enry In rrrer71 
b e  and r.rr,, r n d r  up t o  I > O  UPU I, I 1 e n l r r e h t  
*. , , I  only r 1" ball.,, i<?l l ,h 4 nt.lrn".e W l l O  
,"r,n.r ~nforrnl l , ."  85 free ,or ,he a l k , n l  

WE PAY HIGHEST 
PRICES FOR ELECTRON 

TUBES AND SEMICONDUCTORS 

H & L ASSOCIATES 
ELIZABETHPORT I N D U S T R I A L  P A R K  

ELIZABETH, N E W  JERSEY 07206 

(201) 351-4200 

K 2 D E L  
KNIGHT RAIDERS V H  F CLUB INC. 

THIRD ANNUAL HAMFEST 

Weasel Drift Picnic Grove 
Garrett Mountain Reservation 

West Patterson, New Jersey 

Saturday, July 19, 1969 
10:OO a.m. till dusk 

Rain date July 29, 1969 

WE PUBLISH AND DISTRIBUTE / HAM BULLETINS I 
I F o r  D e t a i l s  W r i t e  I 

I RALPH J. IRACE JR. PRODUCTIONS 
P.O. Box 210, Farmington, Conn. 06032 

Tables and cooking area 

Come early - Stay late! 

I T ' S  F R E E  

90 july 1969 



MORE NEW BOOKS! 

RADlO COMMUNICATION HANDBOOK - Fourth Edition 
A complete guide to virtually a l l  techn ica l  aspects of amateur radio. Over 50% 

larger  than previous edi t ions.  Prepared by the outstanding amateurs in Great 
Britain today. 832 pages Hardbound $1 1.95 

Other Radio Society of Great Britain Publications 
AMATEUR RADIO TECHNIQUES - Second RADIO DATA REFERENCE BOOK - Second 

Edition - J. Pat Hawker, G3VA Edition - By G. K. Jesrop. G6JP 
Brand new edition - completely re. Here in a 148 page book is one of the 

vised. A very complete collection of short most complete compilations of radio and 
articles and ideas covering many aspects electronic charts, nomographs, formulas and 
of amateur radio. Includes new enlarged design data available. Whether you design. 
semiconductor section. build or operate, this is a book you must 

160 pages Only $2.50 have. Only $2.50 
AMATEUR RADIO CIRCUITS BOOK WORLD AT THEIR FINGER TIPS - John 

Completely revised - new edition. A Clarricoats G6CL 
very handy collection of many useful cir- A very interesting history of the RSGB 
cuits for amateur use. Loaded with good and of amateur radio in Great Britain. I t  
ideas for that new converter, exciter or gives a great insight into the development 
other project you are 

workin% On. 
of our hobby. Paper back edition $2.50 

nly $2.00 Deluxe edltlon $6.50 

Other Important Volumes for Your Radio Library 
RADIO HANDBOOK - 17th Edition THE CARE AND FEEDING OF POWER GRID 

How to design, build and operate the TUBES by Robert Sutherland, W6UOV 
latest types of amateur transmitters, receiv- Just as the title says, a very complete 
ers, transceivers and amplifiers. Provides rundcwn on the use of power tubes. Be 
extensive, simplified theory on practically sure to read this before you start work on 
every phase of radio. your new linear. Only $3.95 

Only s12'95 BEAM ANTENNA HANDBOOK by William 
ALL ABOUT CUBICAL QUAD ANTENNAS Orr, W6SAI 

by W6SAl New edition. Theory, design, construc- 
Construction and tuning data. Multi- tion, and the installation of rotary beam 

band Quads. Charts, drawings and photos antennas! SWR data! Multiband beams, 
for your Quad. Full complete data on home- 40 meter beams, 20 meter DX beams! How 
made Quad antennas. The new X-Q to make your beam work! 200 pages. 

$3.95 

V H F  H A N D B O O K  b y  Or r ,  W6SAl  a n d  NOVICE h TECHNICIAN HANDBOOK by 
Johnson, W6QKI W6SAl and W6TNS 

First complete Handbook covering the All about amateur radio in nontechni- 
VHF spectrum1 Many VHF construction cal language! How to learn the code. 
projects! Design and construction of VHF How to assemble your ham station. Trans- 
transmitters, receivers and antennas! Make mitters! Receivers! DXI How to Get QSL 
your VHF station work1 $3.75 cards. $2.95 

BETTER SHORTWAVE RECEPTION, by Wm. ELECTRONIC CONSTRUCTION HANDBOOK 
Orr. W6SAl by Robert Lewis. WBMQU 

Your introduction to shortwave radio. All about design . construction . layout 
How to hear DX. How to buy a receiver. and testing of electronic equipment. Non- 
Amateur radio. How to align your receiver. technical guide for kit-builders and your 
Antennas1 QSLs. Getting your ham license. best key to better performance of your 

$3.25 equipment1 $2.95 

ALL PRICES POSTPAID IN U. S. A. A N D  CANADA 

book  d iv is ion  

corn/=- 
B o x  592 * Amherst ,  New Hampshire 03031 

"WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS - 
DEALER INQUIRIES INVITED" 
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professional look to  your home-brew 

ures 6 x 2 ~ 7  inches 

al Conip. Amp., 2.00 ea, 12/20.00 
Brand new computer grade cap. 
rated at 110,000 uf 15 volt. Ten 1.50 ea, 12/15.00 

of them will give you over one 914 Dual 2-Input gate, 1.00 ea, 12/10.00 
farad. Wgt. 2 Ibs. each, your cost Dual 4 Input logic gate f f lM5 . . 211.00 
only $2.00 each. 12 for $20. Diff. Amp. 12M2 . 1.00 ea, 12/10.00 

#7M6 flat pak, w/schematic, 6NPN 
transistors in package, . . 3/1.00 

1.00 each or $10.00 dozen 
Dual lnput Gate . . . 
JK Flip Flop . . . . , 9 2 3  
Dual JK Flip Flop . . 

Dual 2-Input Gate, 
Dual Expander 

New catalog :i69 now ready Dual 2-Input Gate ~xpander 925 
Send 25$ handling & postage charge. Clocked flip flop . 1.00 ea, 12/10.00 



Electronrc ~ndlcat~ng dec- 
ade, vacuum tube type, 
4 tubes. Displays 0 - 9  
counting input pulses. One 

)$ 
I 

unit may be used to drive I 
anothe;. Removed f rom 
equipment, w/tubes, w/ 
schematic. $8.00 each, Unused coaxral switch. 12 volt coll, stand- 

....................................................................... $5.00 

watts, up to 30mc. 52 o r  72 ohm Irne, 
attenuatron mrn of 60 db from 35 mc thru 
FM & TV bands. 

Your choice of the above as listed . . .  or . . .  

........................................................ TRANSMIT: 1-2-3-4-5-6-7-8-9-10-11-12-13-14-17 50 for $5.00 
RECEIVE: 6-7-9-11-13-15-17-18-19 

Removed from h~gh prrced cornputors. Exlnt 
condrt~on. 

4,000 Wired Core Plane $ 9.00 
4,096 Wired Core Plane $12.50 

1 8.000 Wired Core Plane $13.50 1 

I 8,192 Wired Core Plane 
16,384 Wired Core Plane 
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ABSOLUTELY 

FREE STANDING 

SUPPORTS 9 SQ. FT. 
OF ANTENNA. 
Shown with internal Ham M 
rotator and 2" mast. 

FREE: RIGID BASE 

PRE-DRILLED TOP 
PLATE - For TB-2 
thrust bearing. 

HIGH STRENGTH STEEL 
TUBING LEGS. Solid 
rod, "W" bracing. 

EASY MAINTENANCE - 
No guys or house 
brackets needed. 

RISES TO 51 FT. - 
Nests down to 

HOT DIPPED 
GALVANIZED AFTER 
FABRICATION! 
All welding by 
certified welders. 

FREIGHT PREPAID INSIDE 
CONTINENTAL U.S.A. 

<X TOWER CORPORATION 
7182 Rasmussen Ave, Vlsalla. Callf. 93277 

Aerotron, Inc. r IV 
Amateur Radi 8 1 
Amateur Wholesale E 95 
Antenna Mart ..................................................................... 84 
Arcturus Electronics Corp. ...................................... 86 

.................................................................. BC Electronics 88 
. B & F Enterprises 89 

Barry Electronics ................................................... 87 
Bob's Amateur Electronics ................................... 76 

Collins Radlo Co. Cover I I 
Columbla Electronics 88 
Commun~catlons Technology Inc. 80. 91 

Dames Co., Theodore E. ............................. .. . . .  86 
Drake Co., R. L. ........................................................... 75 

Electronic Applications Co. ..................................... 87 

Goodheart Co.. Inc.. R. E. .................................. .... 90 
Gordon Co.. Herbert W. ..................... Cover Ill 

H & L Associates 90 
Hafstrom Technica 82 

70 
86 
3 2 
49 
6 1 

lnternat~onal Crystal 
Manufacturing Co . Inc 57 

lnternat~onal Electronic Systems 95 
trace. Ralph W .  Jr.. Productions 90 

James Research ...................................... 85. 86 
Jan Crystals ....................................................... 84 
Joga. Productos .................................... 90 

Knight Raiders VHF Club . . . . . . . . . . . . . . . . . . .  90 

Lewispaul Electronics. Inc. 88 
Llberty Electron~cs 84 

Meshna. John. Jr 92. 93 
Mosley Electron~cs. Inc. 1 

National Radlo Co. Inc 5 

0mega.T Systems. Inc. ........................................ 84 

......... ................................... Palornar Engineers .. 83 
........................ Panhandle Amateur Radio Club 82 

RCA Institutes ...................................................... 73 
Radio Amateur Callbook. Inc. ......... 82. 84. 87 

Telrex Communication 
. . . . . . . . . . . . . . . . . . .  Engineering Laboratory 85 

Tri-Ex Tower Co. ........................................................... 94 

Unadilla Radiation Products ....................... 87 

...................................... VHF Communications 82 
. . . . . . . . . . . . . . . . . . . . . .  Vanguard Labs .83. 85 
............................................................. Varitronics. Inc. 71 

W3KT QSL Service 85 
Waters Manufactur 74 

.................................... Weinschenker. M. 85, 88 
Westcom Engineering Co. .............................. 72 

.............................................. Western Electronics 87 
World QSL Bureau .................................................... 83 
Worthingham Electronics Co. ..................... ............ 77 
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AC and DC SUPPLIES 

260 WATTS 

RECONDITIONED 
LIKE N E W  TRADE-IN EQUIPMENT 

30 DAY PARTS A N D  LABOR GUARANTEE 

HIGHEST TRADES! NO ONE ANYWHERE will beat our 
deal! We will TOP any advertised or written offer from any other 
dealer. We trade on both new and used equipment and we service 
what we sell. Instant credit on both new and used equipment. 
Master Card Credit and General Electric revolving charge. 

A M A T E U R  - W H O L E S A L E  ELECTRONICS 
A DIVISION OF 

Cable: "INTEL" Export ordem our sp.claHy 

july 1969 95 



,' 

MINIATURE SOLID STATE 
TRANSMITTER AND 

RECEIVER MODULES 
by Walter Schilling of West Germany '* 

Bullding-blocks 
for performance VHF modern, t ransmi t t~ng HF high and and 9 
receiving equlpment. In- 
d lv~dual  modules provide 
unusual f lex lb~l~ty :  Several 
d~fferent receiver, transmltter 
and transce~ver conflguratlons are 
poss~ble. In addlt~on, modules can 
he used In cr~t lcal.  hard.tobu~ld clrcults i n  -. -..- 
home.construction designs or for the modern- 
ization of exlsting equlpment. 
Walter Schilling modules are manufactured in  
West Germanv to  the hiahest standards of 
otjalitv and workmanshio. -A l l  arinted c l r c ~ i t  
i;&rd; B r i  g~ass-epox< sllverblated. H ~ g h -  
qual~ty. name brand components are used 
throuahout. Components are rated consew- 
at~vely. 
HSIMXK: 9 MHz transmitter exciter module for 

ssn. AM. FM. cw $66.50 
HSlOOOD 9 MHz transceiver exciter module (as 

above. but with steep flank 2.4 KHz b / w  
crystal filter) 77.75 

HSlOOOS VOX/Anti-trip module for 
uqtnnn c n 16.00 

~ s l o o o i i -  vi0.-5.5.5 MHz 48.00 
HSlOOOMx Mixer-Osc. 10.80 mtrs. Output 

s u f f  cwnt to drive 150.200 watt linear. 108.00 
Other modules. such as IF sections, l~near  
amplifier, two meter VFO, mixer.oscillator (all 
s o l ~ d  state) are available. 

KVG MINIATURE 
CRYSTAL FILTERS 

KVG mlnlaturized high 
p e r f o r m a n c e  c r y s t a l  
filters with symmetrical 
attenuation characteris- 
tics for use In AM. CW 
and SSB transmitters 
and receivers. Circuit 
matching is s i m p l ~ f ~ e d  
by the use of input 
and output transform. 
ers. which are an in- 
tenral aart of the filters. 

VHF COMMUNICATIONS is an international. 
English language quarterly magazine for ama. 
teurs interested in VHF. UHF and microwave 
technology. 
VHF COMMUNICATIONS 
devotes most of its sixty 
pages in  each issue to 
practical construction ar- 
t~cles. Featured are trans- 
mitters. receivers, conver- 
ters, antennas, test equip. 
rnent, etc. The designs 
reflect the latest advances 
in electronics. with empha. 
sis on solid state and 
printed circuitry. Special 
components. such as p. c. 
boards. as well as cam. 
olete kits are made read- 
ilv available. 
US $3.00 per calendar yr. 
Single issues US $1.00. 
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Contains ail major components for the two. 
meter FET converter designed by DL6SW and 
described in VHF COMMUNICATIONS of Febru- 
ary 1969. Inexpensive. s~mple to build and 
allan, yet w ~ t h  excellent performance char- 
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acteristks. 
Included are: Five transistors (incl. 3 FET/s). 
38.7 MHz KVG crystal, five miniature coil 
forms, f ~ v e  miniature trimmers, one glass-epoxy. 
sllverplated printed circuit board (component 
lavout orlnted on the reverse side), one 
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sdecia~ p. c. board drill. 
IF Output 28-30 MHz (others upon request). 
Noise figure: 2. 
Price $12.95. With a new subscription t o  
VHF COMMUNICATIONS $11.95 (offer valid 
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unti l  August 31). 
Other k ~ t s  for 50. 220. 432 and 1296 MHz 
converters, receivers and transmitters will be 
available in  the near future. - 
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-k of West Germany is manufac. 
turer of top-performance solid state VHF receivers, trans- 
ceivers and printed circuit modules. The Semcoset line 
is now available in North Amer~ca through Spectrum 
International. Featured are complete two-meter receivers. 
t ransce ive rs  a n d  por tab le  t ransce ive rs  In  a t t rac t i ve .  
modern cabinets. Printed circuit modules include MOSFET 
two.meter converters with extremely low noise figures. 
AM transmitters of 4 to 15 Watts PEP output. VFO's for 
VHF, tuners. IF strips, audio units. SSB exciters, a solid 
state linear amplifier, a 100-500 MHz str ipl~ne refiecto- 
meter. etc. All units are entirely solid state. Extensive 
use is made of FET's. MOSFET's and Overlay RF power 
transistors. Semcoset catalogues will be available In 
August. 

SPECTRUM 
INTERNATIONAL 

BOX 87 TOPSFI ELD 
MASSACHUSETTS 01983 



INSIDE THlS MODEST BUILDING LIES ONE OF THE MORE UNIQUE BUSINESS ESTAB- 

LISHMENTS I N  THE WORLD OF AMATEUR RADIO. HERE IS PROBABLY THE LARGEST 

COLLECTION OF GEAR, BOTH OLD AND NEW. TO BE FOUND I N  THE NORTHEAST, IF 

NOT I N  THE WHOLE COUNTRY. 

THERE ARE THREE STORIES OF TRANSMITTERS, RECEIVERS. TRANSCEIVERS, TEST 

EQUIPMENT, ANTENNAS AND PARTS. ANY PIECE OF EQUIPMENT I N  1 H E  DEMON- 

STRATION ROOM CAN B E  IMMEDIATELY SWITCHED TO OUR ANTENNA FARM WHICH 

INCLUDES 44 DIFFERENT ANTENNAS SPREAD OUT OVER SEVERAL ACRES AND FOUR 

TOWERS. 

IF YOU LIVE I N  OUR PART OF THE COUNTRY YOU CERTAINLY OWE YOURSELF A 

VlSlT TO THlS INTERESTING BUILDING. WE CAN PROMISE YOU SEVERAL HOURS 

OF THE MOST INTERESTING BROWSING. IF YOU ARE LOCATED FURTHER AWAY 

CONTACT US  BY MAIL  FOR PROMPT. COURTEOUS SERVICE AND PUT US  DOWN FOR 

A VlSlT O N  YOUR NEXT TRIP TO NEW ENGLAND. 

HERBERT W. GORDON COMPANY 
Harvard, Massachusetts 0 145 1  Telephone 61 7 - 456 - 3 548 

"Helping Hams t o  Help Themselves" 



HF & VHF UHF HAM POLICE 
FIRE MARINE ETC., ETC. 

WE HA VE THEM ALL 
TUBES = NUVISTORS = TRANSISTORS 

THE LEADER IN THE FIELD 

AMECO EQUIPMENT CORPORATION 
A SUBSIDIARY OF AEROTRON. INC. 

- ..I > - < - T ~ d ,  
P. 0. BOX 6527 

RALEIGH, NORTH CAROLINA 27608 
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