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Spend Christmas anyplace 
in the world##@##@# 

Treat yourself to a 2K-3 Linear Amplifier this 
Christmas and give your voice wings. Wings of 
power that will send 
cleaner, sharper signals 
than you thought pos- 
sible. You have heard 
some of these signals. . . there are thousands of 
2Ks in use all over the world . . . why not join 
them, treat yourself to the best. And the 2K-3 
is the best. Even if you want to spend much more, 
you can't buy a better linear. Years from now the 
2K-3 will still be the best . . . a classic. 
The 2K-3 (console or  desk model) $745.00 

EASY FINANCING 10% DOWN OR TRADE-IN DOWN NO FINANCE CHARGE IF PAID IN  90 
DAYS GOOD RECONDITIONED EQUIPMENT Nearly all makes and models. Our reconditioned 
equipment carries a 15 day trial, 90 day warranty and may be traded back within 90 days for full 
credit toward the purchase of NEW equipment. Write for bulletin. Export inquiries invited. 
TED HENRY (W6UOU) BOB HENRY (WBARA) WALT HENRY (W6ZN) 

Henry Radio has representatives in different 
areas of the U.S. to  simplify ordering for 
those living near one. Or you can order 
direct and we will ship.. .across the street 
or around the world. Call or write for 
specifications and terms. 

11240 W. Olympic Blvd., Im Angel* Calif. 90064 I Texas area: Stewart E. Fason, WSRER 
21314776701 New York area: John Richardt, W2WIY 931 N. Euclid, Anaheim, Calif. 92801 7141722-9200 

Butler, Missouri 64730 816/679.3127 Chicago area: Bi l l  Reynolds, K9ZXD 

The new 3K amplifier is now available for con- Attention: Military and commercial rr~ers. tinuous duty power KT17' and extra power 
SSR operation. SH95.00 F.O.B. Los Angeles, Calif. 
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Direct Frequency Dialing 
Programmable Coverage 

COMMUNICATIONS RECEIVER 
All Solid State 
FET Circuitry 

MODEL SPR-4 ...$ 379'' NET 

Precision tuning dial . . . 
tune station frequency directly . . . no searching. 

Programmable frequency 
coverage.. . change crystal 

and label on dial. 

For more information write I 

The SPR-4 is a general purpose receiver which 
may be programmed to suit any interest: SWL, 
Amateur, Laboratory, Broadcast, Marine Radio, 
etc. Frequency Coverage: 150-500 KHz plus any 
(23) 500 KHz ranges between 500 and 30 MHz. 

FEATURES: Linear dial with 1 KHz readout &pole 
crystal filter in first IF 4-pole LC filter in second 
IF a Three bandwidths: 0.4 KHz, 2.4 KHz, and 4.8 KHz 
for: CW, SSB, AM AVC time constants opimized 
for each mode Superior cross-modulation and 
overload 6erformance Power: 120 VAC. 220 VAC, 
and 12 VDC Crystals supplied for LW, standard 
broadcast and seven shortwave broadcast bands a 
Built-in speaker Notch Filter. 

ACCESSORIES: 100 Khz calibrator, noise blanker, 
transceive adapter (T-4XB), DC power cord, loop 
antenna, crystals for other ranges. 

R.L.DRAKE COMPANY 
Dept. 4D9. 540 Richard St., Miamisburg, Ohio 45342 

2 decernbcr 1969 



contents 

december 1969 

volume 2, number 12 

staff 
editor 

James R. Fisk, WlDTY 

vhf editor 
Nicholas D. Skeer, KlPSR 

fm editor 
J. Jay O'Brien, WBGDO 

associate editors 
A. Norman Into, Jr., WlCCZ 
Alfred Wilson, W6NIF 
James A. Harvey, WABIAK 

6 solid-state 160-meter receiver 
John K. Gotwals, W3TNO 

18 low-band converted-vee antenna 
Robert G. Polansky, W6JKR 

22 trapezoidal ssb monitor scope 
Royden C. Golding, VE3CUS 

26 graphical design of matching networks 
I. L. McNally, WlNCK 
Henry S. Keen, W3CTK 

36 restoring the Collins 511 pto 
William I. Orr, WBSAI 

art director 
Jean Frey 

publisher 
T. H. Tenney, Jr., 

42 frequency synthesis 
L. W. Danz, WMSKM 

offices 
Greenville, New Hampshire 03048 
Telephone: 603-878-1441 
ham radio magazine is published 
monthly by Communications Tech- 
nology, Inc., Greenville, New Hamp- 
shire 03048. Subscription rates, world 
wide: one year $6.00, three years, 
$12.00. Second class postage paid at 
Greenville, N.H. 03048 and at addi- 
tional mailing offices. 
Foreign subscription agents: United 
Kingdom. Radio Society of Great 
Britain, 35 Doughty Street, London 
WC1, England. 
Al l  European countries: Eskill Persson, 
SMSCJD, Frotunagrand 1, 194 00 Upp- 
lands Vasby, Sweden. 

Copyright 1969 0 by Communications 
Technology, Inc. Title registered at 
U. S. Patent Office. Printed by Capital 
City Press, Inc., Montpelier, Vermont 
05602. 
ham radio is available to the blind and 
physically handicapped on magnetic 
tape from Science for the Blind, 221 
Rock Hi l l  Road, Bala Cynwyd, Penn- 
sylvania 19004. Microfilm copies of 
current and back issues are available 
from University Microfilms, 313 N. First 
Street, Ann Arbor, Michigan 48103. 

Postmaster: Please send form 3579 
to ham radio magazine, Greenville, 
New Hampshire 03048. 

52 slow-scan television 
Ralph E. Taggart, WBBDQT 

65 directional swr indicators 
Walter Schreuer, WlYZW 

69 mnemonics 
Alfred Wilson. W6NIF 

72 photographic illustrations 
William G. Blankenship, Jr., WA4GNW 

departments 
4 a second look 

106 advertisers index 

108 annual index 

97 flea market 

82 ham notebook 

december 1969 3 



.Y jim 
b ond look fisk 

The editor of a technically oriented maga- 

zine like ham radio wears several hats. I 

could occupy the whole page describing the 

details that require attention to keep the 

magazine running smoothly. But I'd like to 

talk for a moment about one very important 

editorial task that means the difference be- 

tween a technical magazine that instills con- 

fidence in the reader, and one that doesn't. 

This task, which I share with my staff, is that 
of researcher and seeker of truth. 

Most of the articles published in ham radio 
are contributed. Authors range from enthu- 
siastic hams who want to share an idea, to 

fellows with engineering backgrounds (who 
also want to share an idea). I think this is fine, 

and I welcome the output of everyone who 

is interested in contributing something that 

wil l benefit all hams. 

Budding authors often ask, "What kind of 

articles are you looking for?" 
That question is  difficult to answer since 

many new manuscripts come in every day, 

but generally speaking, I am looking for sim- 

ple solid-state construction projects that the 
average fellow can build in one or two week- 

ends. Larger construction projects are also 

welcome, but the average ham radio reader 

must split his leisure time between amateur 

radio and other interests, so he doesn't have 

the t ~ m e  to build a Chinese copy of a com- 

plex piece of equipment. 

When I read an article contributed to ham 
radio, the first thing I look for is interest 
value. If the contribution passes this test, the 

next thing I look for is technical accuracy 

and attention to detail. 

The contributed article doesn't have to be 
a literary masterpiece. If you have a good 

idea; if it's well documented; if the illustra- 

tions and technical discussion are clear and 

accurate-you probably have a winner! 

My staff and I are fairly adept at ferreting 

out technical oversights and inconsistencies, 

but of course, we can't catch them all. De- 

spite research and keeping the mailman busy 

between our ed~torial office and the author, 

errors occasionally do creep into the maga- 

zine. As a contributing author, you can help 

reduce the number of "short circuit" items 

that are published from time-to-time. 
For example, when you draw your illustra- 

tions, go over each component, each wire, 
and each connection. Take another look at 
numerical values. A misplaced decimal point 

in  a component value can mean the differ- 

ence between a circuit that works and one 

that can cost the builder a small fortune in 

burned-out parts. 

Not only does this cause considerable mis- 

ery to the builder, but as publishers we 
are taken to task for the error. Result: a 

,'short circuit" item must be published in 

a later issue. This takes care of the initial 

problem, but by then, considerable damage 

could have been done. 

If you prefer to read ham radio, rather than 

write for it, you can help by telling me the 

kind of article that you like. If you have a 

pet project in mind, or an old project that 

could be updated with transistors or inte- 

grated circuits, let me know about it; I'll pass 

the idea along to one of our authors. 

We are continually trying to improve ham 
radio, but we can only do that successfully 

i f  we hear from you, the reader, so keep 

those cards and letters coming in. 

Jim Fisk, WlDTY 
editor 
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From gigahertz 
to nanoseconds 

in one simple 
switch. 

You might expect a good high-power 
oscillator in the gigahertz range 

would make a good high-power 
switch in the nanosecond range. Sort 

of flip side of the coin. What makes 
an Eimac planar triode good at 

one thing makes it good at another. 

Eimac planar triodes, shown here 
actual size, are so versatile you can 

use them to switch very short 
pulses at very high peak powers. 

In areas where solid state 
devices simply can't compete 

For example, an Eimac 
planar triode will generate 

1 0-nanosecond pulses, or will 
switch with risetimes as short as 

1 nanosecond, in circuits for solid- 
state-component test equipment. 

For testing Gunn, lmpatt and LSA 
devices they'll replace bulky switch 

tubes and power supplies at voltages 
as high as 10 kV without danger of 

burnout. Or in ECM applications 
you can use them to trim space and 
weight without sacrificing reliability. 

Ask your Varian/Eimac distributor 
about a simple solution to your 

high-voltage problem. Or call 
Information Operator for 

Varian Electron Tube and 
Device Group. 

d~vision 
varian 



solid-state 

receiver 
for 

160 meters 

Although this receiver 

was designed 

for the 1.8-MHz band, 

it contains 

many interesting 

circuits 

that could be applied 

to higher frequency 

units 

I 
Recent changes in the FCC rules governing 
amateur activity on 160 meters have 
prompted renewed interest in 160-meter op- 
eration. Since many ham-band-only receiv- 
ers do not cover 160, 1 felt there should be a 

lot of interest in a high quality, solid-state 
receiver capable of tuning 160 meters. The 

r. 
.r receiver presented here uses many of the 

$ latest semiconductor devices, and many of 
ra 
g the design ideas and circuits would be equal- = ly applicable to higher-frequency receivers. 

A block diagram of the 160-meter receiv- - 
w 
r er i s  shown in fig. 1. Note that there is no a - 

rf stage ahead of the mixer. This omission - is not an attempt to simplify the receiver 
but to improve its over-all performance. Sev- 

d eral years ago recent receiver developments 
were reviewed,' and the authors pointed out 

4 that to minimize spurious responses, no rf 
stage i s  needed, or desired, at frequencies 
below 15 MHz. 

3; In the receiver shown in fig. 1 a 455-kHz 
i-f was chosen so 1 could try the Murata 

3 CF-455 ceramic filters.2 These filters are com- 
pact, exhibit good shape factors and are easy 
to use with simple resistance-coupled tran- 
sistor circuitry. Collins mechanical filters 
could be used as well. 

v; 
a variable attenuator 

A schematic of the variable attenuator and " high-pass filter is shown in fig. 2. The at- 
y' tenuator can be varied from zero to 40 dB 

in 10-dB steps3 and i s  used if you are listen- - 
6 Q december 1969 



ing to local stations or i f  you want to drop 
out weak signals and hear only the strong 
ones. 

The high-pass filter i s  used to eliminate 
cross modulation and intermodulation from 
local broadcast stations. Although the mos- 
fet mixer has excellent square-law character- 
istics, you still need some front-end rejec- 
tion of the extremely strong broadcast sig- 
nals present on a long 160-meter long-wire 
antenna. 

fig. 1. Block diagram of 
the solid-state 160-metar 

down corner frequency is 1800 kHz. At 1604 
kHz, response is down 45 dB. An excellent 
discussion and application of modern net- 
work synthesis to the design of low- and 
high-pass filters is given by Wetherhold.4 
The serious filter designer will also take a 
look at the work by Geffe.5 

I used 5 percent mica capacitors in my 
filter, but performance closer to the theoret- 
ical would be obtained if more expensive 2 
percent mica capacitors were used. Both 

V M I A a E  
4 m m  

AND Y X E C  

"fr'-T%Ss 
A I R l F l E R  

Plr m 
MbRUER 

(LENERATOR OSOLLAlVR AND M I 0  
AMRIFER 

The high-pass filter is an elliptic function 
type with response zeros at 918 kHz, 1586 
kHz and 1415 kHz. The zeros are the fre- 
quencies where the theoretical attenuation 
becomes infinite. The theoretical passband 
ripple i s  less than 0.2 dB, and the 0.2 dB 

Receivar front panel. 

types are available from Allied Electronics. 
The Q of the inductors should be at least 
100; 1 used Ferroxcube 4C4 pot cores. They 
have the advantage of being adjusted ap- 
proximately 2 6  percent. In addition, they 
have a negative linear controlled tempera- 
ture coefficient that compensates silver-mica 
capacitors. T h ~ y  cost about $2.50 apiece in 
the 14 mm size. Write to Ferroxcubea for 
more information. 

dual-gate mosfet mixer 
A scheniatic of the mixer front end i s  

shown in fig. 3. The data sheet for the 
3N141 shows a mixer biased to 3 mA with 
both gates at about the same potential. In a 
companion application note,a H. M. Klein- 
man mentions two requirements for spuri- 
ous response elimination: clean oscillator 
waveform and properly adjusted operating 
conditions and signal levels. This means that 
biasing voltages are important. Also, local- 
oscillator injection should not be too high. 
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fig. 2. Variable anenuator and high-pass filter for 
the solid-state receiver. Input and output impedance 
of the filter is 52 ohms. With Fenoxcube 1408C-A25- 
4C4 pot-corm assembly. 1408HD hardware and 

L A T T E ~ ~ ~ ! O N ]  
very important. As noted above, the stage 

1408FlD bobbin. 13 turns no. 24 enameled was used 
for the 3.94 p H  inductor, 16'1s turns for the 6.Z 
p H  inductor. and 17 turns for the 7.08 p H  inductor. 
Higher 0 could be obtained by using 19/46 L i b  wire. 

I 
P 

169 

/ I  

As a compromise between conversion gain 
and spurious-response generation, I used a 
2.5 volt p-p signal to the mixer. 

I used electronic tuning for the input cir- 
cuit so I would have complete freedom in 
the placement of the mixer module. If you're 
interested in using tuning diodes in the place 
of mechanical tuning, Motorola has two 
helpful application notes.oJ0 

should operate in class A for minimum 
spurious response. Fortunately, class A op- 
eration is also important to frequency sta- 
bility. In simple oscillators an important 
source of frequency instability i s  associated 
with the intermodulation of harmonic fre- 
quencies which are produced by the limit- 
ing that takes place if agc i s  not used." The 
Clapp oscillator in this design has been 

local oscillator 
The stability of the receiver is determined 

by the local oscillator, so circuit design is 

linearized by adding an agc circuit; fre- 
quency stability, with variable supply volt- 
age, i s  improved by about 15 times. 

The oscillator circuit is shown in fig. 4. 
Diode D l  linearizes the oscillator as follows: 

High-pass filter uses high-a pot-corn coil forms. 

when power i s  applied, the gate i s  at the 
same potential as the source so forward 
transconductance is maximum. As oscilla- 
tions build up, Dl clamps the gate below 
ground; this charges up capacitors C1 and 
C2 and results in a negative dc voltage at 
the gate, and the forward transconductance 
of the device is lv#ered until equilibrium 
is reached. 

fig. 3. Dual-gate mosfet mixer. L1 is 115 p H  and consists of 411/a turns 
no. 24 on Fenoxcube 2213C-A8MC4 pot core, tapped 1 turn from cold 
end. 
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Without D l  in the circuit, the 3N152 
would have to provide its own limiting, and 

, this could only be done with the mosfet op- 
erating in a nonlinear mode. W2YM uses a 
diode in a similar circuit and reports that it 
stabilizes the oscillator.12 Capacitor C3 is se- 
lected to provide the desired injection level 
at the mixer. 

For best operation, the Q of L1 should be 
high. I used two Micrometals T94-2 toroid 
cores in series.' The tuning capacitor is from 
a surplus ARC-5 transmitter. This capacitor 
i s  an excellent choice for any vfo. Since the 
capacitor i s  quite rigid, I mounted all the 
vfo components on the capacitor frame. 
The gears that are an integral part of the 

Vfo board is mounted on top of the ARC-5 tuning ca- 
pacitor. The series toroidal coils are mounted on a 
'14 ' '  brass bolt which is soldered to the capacitor 

ARC-5 capacitor are used for the dial. frame. Teflon pads are used to clamp the coils. 

fig. 4. High-frequency oscillator. L1 is two Micrometals 194-2 toroids in series, 41 turns no. 22 on each. 

a-m i-f strip and detector 
The a-m i-f strip shown in fig. 5 uses a 

unique integrated circuit, the LM372 manu- 
factured by National Semiconductor.'3 This 
IC is an i-f amplifier, a-m detector and an 
audio amplifier with self-contained agc. 
This gem will take an amplitude-modulated 

*Micrometals toroid cores are available from Amidon 
Associales, 12033 Otsego Street, North Hollywood, 
California 91607. 

fig. 5. A-m i-f strip uses 
a communications-type 
integrated circuit, the 
National Semiconductor 
LM372. R1 is adjusted for 
200 mV output. 

rf signal at frequencies up to 2 MHz and 

give you 0.8 V p-p audio output. The agc 
provides an essentially constant output as 
the rf input varies over the range from 50 
microvolts to 50 millivolts. 

In the photo of the a-m i-f strip the 3- 
and 6-kHz Murata ceramic filters are on the 
left. The 6-kHz filter i s  used with the a-m 
i-f system, and the 3-kHz filter is used for 

ssb. Resistor R1 is adjusted so that maximum 

december 1969 a 9 



A-m 1-1 board. 

MHz. However, since this is a "first-genera- 
tion" IC, agc detection and a ssb product 
detector must be furnished externally.* One 
of the big advantages of using the LM371 
i s  that you don't have to worry about inter- 
nal feedback. No neutralization is needed, 
even at 100 MHz. However, proper shielding 
must be used between input and output. 

The LM371 data sheet shows the input 
and output impedances of the device over 
its complete operating range. However, for 
my application on the relatively low fre- 
quency of 455 kHz, I didn't worry about a 

band i-f system m- 
quires an external 
age input from the 
age circuit shown 
in fig. 9. MI[ I FR  w.31 

o m  

audio output is 200 mV (200 mV drives the perfect match, and I used readily available 
audio-output stage to full output). i-f transformers. 

'A newer device, the National Semiconductor LM373 
S S ~  i-f strip i-f strip, is a broadband communications IC capable 

~h~ ssb i.f strip shown in fig. 6 is based of per10rmin.g the diverse functions required in a-m, 

on the use of an LM371 integrated circuit, fm and ssb receivers and transmitters. Simple external 
connections convert the i-f strip from one mode to 

The LM371 is quite versatile and may be another. The LM373 has a self-contained audio agc 
used as an amplifier from dc to over 100 system with fast attack and slow release. 

fig. 7. Product do- 
teetor and audio 
amplifier. 

10 m december 1969 



product detector 
A schematic diagram of the dual-gate mos- 

fet product detector i s  shown in fig. 7. 
An adjustable-gain audio amplifier is cou- 
pled to the output of the product detector 
and i s  used to provide the same audio out- 
put as the a-m i-f system. Resistor R1 is 
adjusted so that the gain of the ssb i-f 

The correct crystal frequencies are deter- 
mined by the i-f filter. Although most sin- 
gle-sideband operation on 160 meters is 
confined to lower sideband, now and then 
you hear a station on upper sideband, so 
it pays to be able to receive either. 

The diode in the gate circuit of the 
2N4360 oscillator linearizes the oscillator 

m 
04IW 

m 

fig. 8. Boat-hquoncy orcillntor us- oloctronic ctystal switching. R1 is rolutod for 2 V p p  at tho gat. of tho 
product dotutor. 

strip (with no agc) is the same as that of and results in an extremely clean waveform. 
the a-m i-f strip. The product detector is The 2N5163 source follower isolates the os- 
biased the same as the high-frequency mixer cillator stage from any loading by the prod- 
-at 3 mA drain current. This product de- uct detector. Resistor R1 is  selected for 
tector has very low intermodulation distor- 2 V p-p at the gate of the product detector. 
tion and actually performs much better 
than the diode type in my commercial re- 
ceiver. Let me hasten to add, though, that 
diode product detectors are capable of ex- 
cellent performance if they are properly de- 
signed.14 

beat-frequency oscillator 
The crystal controlled bfo shown in fig. 

8 uses electronic crystal switching. The cir- 
cuit could be simplified if a mechanical 
switch was used. However, it seemed to me 
that the flexibility of chassis layout out- 
weighed the disadvantage of two extra 

Bfo, product dotoctor and audio amplifier board. 

2N5138 transistors and a few extra resistors 
and capacitors. 
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fig. 9. This wmmtila ssb agc circuit is based upon a communications integrated circuit, tha Plessay SLS21G. 

The i-f amplifier, product detector, low- 
level audio and bfo are all mounted on the 
same board as shown in the photograph. 
However, in retrospect I would recommend 
that the i-f amplifier and its associated com- 
ponents be mounted on the same board as 
the i-f ceramic filter. In my layout the bfo 
radiates into the input circuit of the i-f 
amplifier. Although this doesn't appear to 
cause any trouble, moving the i-f amplifier 
to another board would prevent it from 
happening. 

literature has a number of "hang" agc cir- 
cuits-and they sure hang up on noise! 
Circuits can be designed that will pretty 
well meet the three basic requirements, 
but if they're built with discrete components, 
they are quite complex. 

The Plessey SL621GI5 is an agc generator 
which comes pretty close to meeting the 
standards. It has fast attack and slow re- 
lease for speech. By using two detectors, 
one with short rise and fall times, and one 
with long rise and fall times, the SL621G 

agc detector and amplifier 
Good ssb and cw agc c~rcuits are hard to S'b 

find, although it's easy enough to list the 
kind of performance we're looking for: 

1. Fast attack, so the first word spoken 
doesn't blast out of the speaker. 

2. Slow release-you don't want to hear the . 4 
background noise between speech pauses- 
but not so slowly that the agc won't follow - - 
normal signal fading. m 

3. Immunity from noise interference. 

The problem in designing a good agc 
system arises from the conflicts between the 
three basic performance requirements. The 
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is able to prevent short noise pulses from 
"hanging up" the agc. I f  you are listening 
to a clear channel, and a noise spike comes 
along, the agc is activated only for the 
duration of the noise burst by virtue of 
the short-time-constant detector; the long- 
time-constant detector "remembers" the 
pre-noise agc level. 

The same thing happens if a noise burst 
is superimposed on a speech signal. The 
short-time-constant detector initiates rapid 
agc action; when the noise pulse is over, 
the agc just as rapidly returns to the pre- 
noise level set by the long-time-constant de- 
tector. 

A schematic of the complete agc module 
is shown in  fig. 9. Don't be scared by its 
apparent complexity-2N5133 transistors are 
only 17C apiece. The circuit would be a 
lot more simple if I had used the other 
members of Plessey's SL6OO series integrated 
circuits, but unfortunately industrial rated 
units (G suffix) have only recently become 
available. 

Transistors Q1 and Q2 are used to reduce 
the 12-volt supply to the 6-volt level re- 
quired by the SL621G. 43, Q4, Q5 and 
resistor R1 make the agc output voltage 
compatible with the Lb1371 i-f amplifier. 
These components ensure that the agc out- 
put tracks the internal LM371 agc reference 
voltage as the temperature changes. Tran- 

fig. 10. Audio output stage provides up to 1 watt in- 
to an (-ohm speaker. Note that phone-jack frame is 
isolated from the chessis. 

Audio power stage uses PA237 integrated circuit. 

sistors Q6 and 4 7  are connected as an 
emitter-coupled clipper and prevent the in- 
put coupling capacitor to the SL621G from 
charging up on strong audio peaks. Resis- 
tors R2 and R3 reduce the 200 mV input 
audio signal to the 10 mV level needed by 
the IC. 

audio output stage 
The audio output stage shown in  fig. 10 

is driven to full output with a 200 mV input 
signal (full output is about 1 watt into an 
8-ohm speaker). The output audio has very 
low distortion because of the generous 
amount of negative feedback that is used in  
the circuit. Resistor R1 sets the amount of 
feedback, the R1-C1 series circuit deter- 
mines low-frequency cutoff. High-frequency 
cutoff i s  determined by R2-C2. 

Resistor R2 also sets the quiescent current 
drawn by the quasi-complimentary output of 
the PA237 IC. Since R2 is connected to the 
positive '12-volt supply (through the speaker) 
it protects the integrated circuit in  case 
the speaker is not connected. Because of 
the positive feedback (load bootstrapping) 
that results when R2 is connected this way, 
the output has a larger voltage swing. 

The complete audio output circuit board 
is shown in  the photograph. Note that the 
1000 pF, 15 V capacitor shown in  fig. 10 is 
not on the board. I mounted i t  adjacent to 
the audio output module. This capacitor 
is needed for the current demands of the 
PA237 on audio peaks. 
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output of the 9958 drives a TTpL9601 one 
shot-this provides a 50 nanosecond pulse 

Crystal ealibntor board. 

marker generator 
Since the 160-meter band is divided into 

25-kHz segments, band markers every 25 
kHz are a definite operating aid. 1 decided 
to use a 1 MHz crystal because it is more 
stable, smaller and less expensive than a 
100 kHz unit. However, the cost of an extra 
divide-by-10 counter partly cancels some 
of the advantages. I opted for stability and 
used the 1 MHz approach. 

The complete calibrator is shown in fig. 
11. Transistors Q1, Q2 and Q3 reduce the 
12-volt supply to 5 volts; 4 4  i s  the 1 MHz 
oscillator. Since 25 kHz markers are desired, 

the crystal frequency must be divided by 
40. This is done in two steps: the MC853P 
dual flip-flop divides by 4; then a Fairchild 
CpL9958 divides by 10. The square-wave 

power supply 
The 12-volt power supply for the receiver 

shown in fig. 12 furnishes up to 400 mA at 
12 volts. Since the audio output stage draws 
quite a bit of current during audio peaks, 
a stiff power supply is needed to prevent 
feedback between the audio-output stage 
and the other circuits through the power 
supply. The heart of this power supply is 
the Fairchild pA723C voltage regulator IC. 
This IC has a built-in voltage reference of 
about 7 volts that i s  extremely stable with 
changes in temperature. The remainder of 
the IC functions as an operational ampli- 
fier. 

As shown in fig. 12, the voltage reference, 
pin 4, is connected to the non-inverting 
input (pin 3). The inverting input (pin 2) 
is furnished with a voltage by R1 that is 
proportional to the output voltage. The oper- 
ation of a power supply of this type has 
been discussed in QST.17 

One feature of this power supply is the 

fig. 11. Markor gonmtor pmvidn accurate 25-kHx markon from a 1 MHz crystal-contmllod oscillator. 
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use of foldback current limiting. With most 
short-circuit-proof power supplies, the dis- 
sipation of the series-regulating transistor 
Q1 is quite high when the output is shorted 
to ground. This i s  because the voltage across 
the transistor i s  equal to the supply volt- 

age, and the current supplied by Q1 IS the 
full-load value. Thus, the power dissipated 
by Q1 during an output short circuit i s  
three to four times higher than the power 

R2 and R3 should be wirewound types. The 
complete power supply i s  shown in the 
photo. 

summary 
I hope this article will encourage more 

hams to build, and not buy, their next piece 
of equipment. Once you take the initial 
step, designing and building ham gear can 
be fun. With transistors and multi-function 

fig. 12. 
rent is 

Regulated power supply uses a voltage-regulator I C  in e foldback-current-limiting circuit. Output cur- 
limited to 400 mA. 

dissipated under normal full-load operation. integrated circuits, it is possible to come 
This means that you have to use a larger up with circuits that would have been im- 
heat sink to protect the transistor during practical a few years ago. And in the future 
long-duration short circuits. we can look forward to even more exciting 

However, in the power supply in fig. 12 new devices. 

the current through Q1, when the output is 
short circuited, is only 85 mA. In normal 

P w e r  supply uses foodback cumnt limiting. 
operation the output voltages remains at 
12 volts until the output current reaches 
400 mA. If the load resistance decreases 
further (load current increases) the voltage 
and current decrease to their short-circuit 
values of 0 volts and 85 mA respectively; 
this is called foldback current limiting. Re- 
sistors R4, R5 and R6 set the current knee 
and short-circuit current. The pA723 data 
sheet provides a formula for selecting re- 
sistor values for different applications. 

Diodes D l  and D2 are protective diodes 
that are useful in any power supplyls. For 
stable power supply operation, resistors R1, I I 
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Intornol construction of the nceiver. Board positions 
from the reor as follows: bfo, product detector and 
audio stags; a-m i-f strip and filters, and ssb agc; 
25-kHz calibrator: audio output; high-pass filter: and 
vfo. Tho mixer board is mounted on the side of tho 
tuning capacitor. 

Bob Hirschfeld, W6DNS, who designed 
the LM372, has stated that, "future develop- 
ments in the communications IC area are 

going to raise a few more eyebrows."lD En- 
gineers at Fairchild Semiconductor make 

similar statements: "Second generation lin- 
ear circuits will make their biggest impact 
in the field of communications . . . An 
entire family of circuits i s  under develop- 
ment for manpack mobile, and ground-based 
communication s y ~ t e m . " ~ ~  

I wish to thank Don Coppage for taking 
the photographs of the complete receiver. 
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NCX-1000 
' I 6 , 0 

1 Kw Solid-State 
6 * I -  Transceiver 

-0- ;6& ia-  (80 thru 10 Meters) 
, . , A  , w  

J w 1 

Here's a transceiver clesigned for the amaterrr who wor~ld rather spend his hard-earned radio 
tlollar on performance than frills. The NCX-1000 is built to ~ n e r t  the tlemantls of the 
operator who needs and desires a high performance SSB-AXI-CW-FSK rig with solitl-state 
tlcpendahility ant1 plenty of power. Atltl to this the convenience of having your transmitter 
(inclutling linear amplifier), receiver, power srlpply, and monitor speaker in a single, 
compact,-smartly styktl 59 pound package. 

So let's look at the NCX-1000, starting with the double-conversion, solitl state receiver. 
After the received sigr~al is processed by a don1)le-tuned preselector, a stage of RF amplifi- 
cation, ant1 another preselector, it is applied to the first mixer for conversion to the first I F  
freclr~ency. The first IF contains passl)and filters and a stage of a~nplification. A second 
niixer then converts the signal to the seconrl IF frequency for utlclitional processing 1,y a 
6-pole crystal-lattice filter ant1 four IF stages. Finally, the signal is tletected ant1 ;inlplified 
I)y four audio stages. The unparalleled high dynamic range lets you tune in weak stations 
surror~nded by stntng interfering signals. The result? High perlornrance tor SSB, AM, CW, 
and FSK. Sensitivity of 0.5 Eh1F microvolt (for a 10 tll) S+lrj/N ratio). 

In the transmitter you'll find three stages of speech amplification followed 1,). a l~alancetl 
~~~otlulator,  a crystal-lattice filter, a filter amplifier, ant1 an I F  spetyh processor (clipper). 
A mixer runverts the signal to a first IF frecluency for processing by two crystal passt,antl 
filters, and two IF amplifiers. A secontl mixer conlerts the sign;il to the tra~lsmitting tre- 
rluency where it is aniplifietl in five RF stages hefore it gets to the grid of the 6HSlti driver. 
Final power amplification takes place in a forced-air-cooled 8122 ceramic tetrotle which 
feeds the antenna through a pi network. Other features? You bet! Grid block keying for 
CW. Complete metering. Amplified automatic level iantrol (AALC). 

So here's a package that can give yo11 1000 watts PEP input on 80 through 10 meters, 1000 
watts on CW, and 500 watts for AM and FSK. The speech processor lets you douhle your 
SS13 average power output with minimum distortion. Ko frills with the NCX-1000. Just 
top performance. 

Write for complete details. 

RADIO COMPANY, INC. 

Washington Street. Melrose. Mass. 02176 

61 7-662-7700 
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low-band 

converted-vee 
antenna 

This trapped antenna 

provides low swr 

operation on 

40,75 and 80 meters- 

great for 5BDXCC 

With the new 5-band DXCC award, in- 
terest in 40 and 80 meter operation has 
vastly increased. A number of W/K sta- 
tions have completed, and many others are 

well on their way, to making the required 

contacts with one hundred countries on 
each of these bands. One could hardly 
avoid becoming intrigued with this chal- 
lenge. Since my receiver and transmitter 
were already capable of covering these 
bands, my efforts turned toward a suitable 
antenna system. 

dual-band inverted vee 
With a central mast on my property 

and little chance of erecting other high 
poles the best compromise antenna ap- 
peared to be a combination 80- and 40- 
meter inverted vee patterned after the 
dipole described by Neil Handel, WlIR.1 
The 80 and 40 meter elements were sepa- 
rated with '14 x 6 inch wooden-dowel 
spacers simmered in  a high-melting-point 
wax, as Wl lR had done, for weather pro- 
tection. 

Since I operated for long periods of 
time on either cw or ssb I tuned the long 
legs of the inverted vee to 3.8 MHz for 
ssb operation and made provisions for 
connecting across egg insulators with 
shorting devices to lengthen each leg for 
3.5 MHz cw operation. That way a relay 
and its associated wiring was avoided. 

Clip wires could be used for shorting 
devices; however, they suffer several dis- 
advantages. First, they can be inadvertent- 
ly pulled off by branches or other physi- 
cal obstructions. Second, i t  i s  possible that 
the clips may make poor electrical con- 
tact because they're connected onto a cor- 
roded spot on one of the wires. My solu- 
tion was to use a shorted 83-1SP plug in- 
serted into a receptacle soldered across an 

egg insulator. 
The first combination antenna I used 
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is shown in  fig. 1. The apex of this in- 
verted vee was 55 feet above ground and 
the included angle between the antenna 

legs was approximately 120". Length l1 
was chosen for the best compromise swr 

over the 7 MHz band, favoring the cw 
end; 1, was chosen for the best compro- 
mise swr in the 3.8 MHz area, also favor- 
ing the lower ssb frequency with the short- 
ing plugs removed; l3 was chosen for the 
best compromise swr in the 3.5 MHz area 
again favoring the lower cw frequency 
with the shorting plugs in  place. Note that 
these lengths will vary somewhat as a func- 

tion of antenna apex heights, end heights and 
included angle. 

MHz. The frequencies between 3.6 and 
3.8 MHz were of no concern for transmit- 
ting purposes. With this in  mind, my 
thoughts immediately turned toward a 
parallel LC trapped antenna scheme. 
Would it be possible to develop, with rea- 
sonably sized components, a trap with 
high enough Q to be effective at 3.8 MHz 
and not at 3.5 MHz? If it were, the wire 
inside the trap (toward the center of the 
antenna) would load well in the 3.8 MHz 
region, while the inductive reactance 
added by the trap itself plus a short 
length of wire outside the trap might load 
in the 3.5 MHz region. The idea sounded 
crazy enough to work. 

I, . M I  FEET . m.5 FEET 
Is . a0 FEET 

fig. 1. Inilial 80-, 75- and 40-meter antenna system. 

No interaction was noted between the 
40- and 80-meter elements of this antenna 
system while experimenting with the 
lengths of each. The indicated swr for 40- 
meter operation was always less than 2 : l  
while on 80 meters it was possible to cover 
300 kHz with an swr less than 2:l. 

I soon found myself making numerous 
trips to the roof to remove and install the 
shorting plugs as exotic DX stations kept 
appearing in  the 80 meter sub-band for 
which I was not set up. Certainly, I 
thought to myself, another solution, one 
not needing relays, clip wires, or other 
physical changes to the antenna system 
was possible. 

converted vee 
For planning purposes, operation was 

desired at an swr of less than 2:1 between 
3.5 and 3.6 MHz, and between 3.8 and 4.0 

trap construction 
Recent issues of the ARRL Radio Ama- 

teur's Handbook dlscuss the construction 
of such traps. Bas~cally, it involves the fol- 
lowing: 

1. Two loops of the antenna wire you in- 
tend to use are passed through an egg in- 
sulator in  the normal manner. Both ends 
are then wrapped, cut off close to wrap, 
and soldered, leaving the insulator with 
two loops of wire. 

2. The tuning capacitor is soldered across 
the two independent loops. 

3. A larger than necessary inductor is 
soldered across the insulator-capacitor com- 
bination. 

4. The entire assembly is grid dipped, and 
the inductance trimmed until the dip oc- 
curs at the proper frequency. 
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5.The LC circuit is then disassembled, 
the actual antenna wire wrapped around 
the egg insulator as before, and the trap 
rebuilt and soldered. 

The traps I built used 50 pF Centralab 
ceramic transmitting capacitors, part 

number 850s-50Z,* which are rated at 

7500 Vdc. A greater safety margin could 

be obtained by using 15,000 Vdc capaci- 

tors, but the cost would have increased by 

a factor of more than three. 
For the inductor, 2'12-inch O D  lucite 

tubing 5 inches long was used as a 
coil form. The form was slotted on a 
lathe at 10 turns per inch. To resonate the 

from WRL. Either of two coils would suf- 
fice: the Air Dux 2010T (2'12-inch diam- 

eter, 10 turns per inch number 16) or 
the Air Dux 2410T (3-inch diameter, 10 

turns per inch number 14). These coils, 

when split in half, should provide more 

than enough inductance to build two 

traps. 

A note of caution is in order here. 

When trimm~ng the coils, monitor the 
grid-dip oscillator output on a well cali- 
brated rece~ver-don't trust the oscillator's 
calibration. The grid-dip oscillator dial I 

used was more than 100 kHz out of cali- 
bration. 

40  

e 
3 30 
v) 

e.o 

fig. 2. Standing-wave ratio - - - , , , , , , , , , , , - ,- , , , , , , 
performance of the con- 35 3.6 7.1 3 7  3.8 39 40 7 3 7.0 7P 
verted-vee antenna. FREQUENCY (Mlfzl 

traps at 3.805 MHz, the design frequency, 

the required inductance was 33.7 micro- 
henries. This was fabricated by winding 

33 turns of number 14 wire on the pre- 
slotted lucite form. The LC combination 
was then fine-tuned to the proper fre- 
quency by trimming the inductance and 

observing the results on a well calibrated 

grid dip meter. The final coil ended up 

being 30 turns. 
Another reasonable approach i s  to buy 

a 10 inch Air Dux coil, which is available 

*The 50-pF Centralab 850s-502 ceramic transmitting 
capacitors are available from Allied Electronics, 100 
N. Western Avenue, Chicago, Illinois 60680. Order 
part number 43D1101, $2.70 each plus shipping. 

weatherproofing 
Since hollow lucite forms were used for 

my traps, end caps were fashioned on a 

lathe and cemented into the hollow ends 

of the forms to keep excessive moisture 

out of the soldered components of the 
traps. Drain holes were drilled in the low 

end of the traps to let trapped moisture 
drain out. 

The traps have not yet been subjected 

to the rainy season, so I don't know how 
the wire wrapped around the outside of 

the forms will hold up. If Air Dux coils 

are used, a soft, flexible plastic container 

of some type should be used around the 

traps. 
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performance 
With the traps installed in both legs of 

the antenna in place of the shorting 
plugs various lengths of 1, were tried. Suc- 
cess! Two nulls in swr were noted; one in 
the 3.8 MHz region and one around 3.5 
MHz. Changing l3 had little effect on the 

3.8 MHz swr characteristics; however, it 

did move the swr null across the 3.5 to 3.6 

MHz region, as shown in fig. 2. An 1, of 

18 inches produced an swr of less than 2 : l  

for a range of frequencies from 3.5 to 3.64 

MHz. 
The experimenter may wish to modify 

the characteristics of either the 7, 3.8, or 

tuned on the bench to 3.805 MHz. When 
checked, installed in the antenna, their 
resonant frequency had lowered to 3.760 
MHz. This was expected, due to the added 
inductance of the antenna; however, the 
swr null at 3.860 MHz came as a pleasant, 

but unexpected surprise. 

The finished converted-vee antenna i g  

shown in fig. 3. Note that the apparent 

capacitor value in each trap is 52 pF (50 

pF from the capacitor itself and 2 pF from 

the antenna wire wrapped around the 

egg insulator). The antenna is fed with 

RG-8AIU coax. 
No balun is used nor was one tried. 

fig. 3. Converted-vee antenna system provides low swr operation on 80, 75 and 40 meters. 

3.5 MHz portions of the antenna system. 

Since no interaction between the 80 and 

40 meter elements was observed, each can 

be trimmed independently. Shortening l1 
to 33 feet moved the swr null to 7.3 MHz. 
Intermediate lengths will produce swr 
nulls at other frequencies in the 7 MHz 
band. 

For the chosen 3.8 MHz parameters, the 

3.5 to 3.7 MHz characteristics can be 

modified by selecting different lengths of 

I,, as indicated in fig. 2. If a change in the 
3.8 MHz characteristic is desired, both 1, 
and the trap frequency will have to be 

changed simultaneously. These changes 

will undoubtedly modify the length I, re- 

quired to achieve the same 3.5 MHz char- 

The antenna readily accepts the full out- 

put of my SB-200 linear amplifier for all 
swr readings of less than 2.6 to 1, and has 

performed very competitively on the air. 

summary 
This is the first time to my knowledge 

that parallel traps have been used to per- 
mit operation on two "in-band" fre- 
quencies. It i s  presumed that these results 

are applicable to horizontal antennas on 

3.5 to 4.0 MHz although no data are on 
hand to illustrate this. 

I wish to thank K6KA and W6EJJ for 

their encouragement, suggestions and as- 
sistance which contributed to the success 

of this venture. 

acteristic as before. No actual data were 
reference 

obtained on this. 
1. Neil Handel, WIIR, "A Novel Antenna for 80 and 

One interesting observation should be 40 Meters,,, QST, February, ,969, p, 40. 
noted here. The traps in my antenna were ham radio 
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trapezoidal 

monitor scope 
for 

single sideband 

One of the advantages of single sideband 
is a reduction in interference because 
channel width i s  reduced by one-half. 
However, there seems to be more interfer- 
ence these days than when a-m was popu- 
lar. Much of this can be attributed to in- 
creased activity. But I believe a large per- 

centage of unnecessary interference from 
ssb equipment is the result of distortion 
the operator isn't aware of. 

If a monitor scope is used in the con- 
ventional manner to display an ssb signal, 
the "Christmas tree" pattern will readily 
show distortion caused by severe flat-top- 
ping. However, a small amount of flat- 
topping, which may occur in the ssb ex- 
citer between the first mixer input and 
succeeding circuits, i s  virtually impossible 
to detect on the familiar "Christmas tree" 
scope pattern. 

A good way to resolve this problem is 
to continuously monitor a trapezoidal pat- 
tern of the transmitter's performance. 
This article presents a simple circuit that 
can be used with a commercially manu- 
factured monitor scope or with a home- 
built monitor using a small-diameter 
cathode-ray tube. When properly connect- 
ed between your ssb transmitter and 
monitor, the circuit wi l l  allow a trapezoid 
pattern to be displayed. Such a pattern 
will respond to the slightest amount o f  
flat-topping caused by nonlinearity in  the 
transmitter. 

An oscilloscope wi l l  show the wave en- 
velope of an a-m or ssb transmitter if (a) 
a sample of the modulated signal is ap- 
plied to the scope's vertical deflection 
plates, and (b) the scope's horizontal de- 
flection plates are driven by a signal from 
a time-base generator. The time-base sig- 
nal, or sweep, is usually generated inside 
the scope. If the scope doesn't have such 
a circuit, the 60-Hz line frequency can be 
used. The resulting scope pattern is use- 
ful for checking modulation percentage. 
I t  wil l respond to extreme nonlinearities, 
but it doesn't tell you much about what's 
happening in low-level stages. A trapezoi- 
dal pattern is necessary for this. 

The trapezoidal pattern is actually a 
graphical representation of the transmit- 
ter's modulation characteristic. Any non- 
linearity, however slight, becomes immedi- 
ately apparent as the pattern shape de- 
parts from a true trapezoid. Typical pat- 
terns for a-m and ssb signals with over 

fig. 1. Trapezoidal scope patterns. An a-m signal 
with over modulation is shown at A; ssb signal with 
flat-topping, 6. C represents a saturated transistor 
or faulty diode in the monitor circuits. 
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modulation and flat-topping are shown 
in  figs. 1A and 1B. (The pattern in  fig. 
1C is caused by problems in the instru- 
mentations circuit, which are discussed 
later.) 

A trapezoid may be displayed on a 
scope by applying a sample of the trans- 
mitter's modulated output to the scope's 
vertical plates and applying a sample of 
the audio modulating signal to the hori- 
zontal plates. The signal applied to the 
scope's horizontal plates must have no rf 

I 

- - - - - - - - - - - - - - - - 
SSB EXCITER 

I 1  
I ! 

TO CRT TO CRT 
K R I W A L  VERnCAL 
R I E S  PLATES 

@ 
) 

fig. 2. Block diagram showing low- end high-level 
inputs to oscilloscope. Low-level input, point A, is 
taken from grid tap on first mixer. High-level input 
may be taken from exciter output, point 6, or from 
output of linear amplifier, point C. 

component. Therefore, the modulating 
signal from your ssb exciter must be recti- 
fied before it's applied to the scope. This 
is the basis of the monitor circuit to be 
described. This circuit consists of a 
simple rf amplifier followed by a diode 
detector that drives an audio amplifier to 
provide sufficient voltage for the moni- 
tor scope's horizontal plates. 

LINEAR 
WWER 

AMPLIFIER 

pick-off points 
The place where the monitor circuit i s  

inserted into the ssb transmitter i s  impor- 
tant. The block diagram of fig. 2 will help 
clarify this. The input signal to the moni- 
tor circuit i s  taken from the exciter's first 
mixer. In most ssb exciters, this is the first 
stage that could produce nonlinear oper- 

@ 
+I 

ation, and we wish to monitor all linear 
stages from this point on. 

The second pick-off point, where the 
transmitter's modulated output is applied 
to the scope's vertical plates, can be at the 
exciter's output or at the output of a 
linear final amplifier. If a switching cir- 
cuit i s  used, as shown in fig. 2, you can 
monitor the entire system. However, the 
important thing to remember is that the 
pick-off point for the accessory circuit 
should be at the input to the first mixer. 

distortion in the audio circuits 
If there i s  distortion in  your ssb signal 

caused by the speech amplifier or bal- 
anced modulator, a more sophisticated 
circuit than that described here wi l l  be 
required to isolate the problem. How- 
ever, if such distortion should occur, the 
result at the receiving end of your trans- 
mission i s  garbled speech, not spurious 
radiation caused by flat-topping, Splatter, 
caused by nonlinearities in low-level rf 
circuits, is what we're trying to monitor . - 
with a trapezoidal pattern on the scope. 

preliminary checks 
The first thing to do i s  to check your 

exciter and decide just how you're going 
to adapt the circuit. The input to the verti- 
cal plates of the scope is no real prob- 
lem. It can be coupled from the exciter 
(or linear amplifier) output through a 
capacitor, using a convenient length of 
coaxial cable. llse a small link at the 
transmitter. The link can be adjusted to 
give an appropriate amount of signal. 

The input to the scope's horizontal 
plates is applied through the circuit of 
fig. 3. Bear in  mind that the output signal 
from this circuit has the same wave shape 
(less the rf component) as the signal ap- 
plied to the scope's vertical plates. 

Before starting construction, check your 
exciter to determine i f  you have enough 
spare drive for the monitor circuit. The 
signal should be picked off as soon as pos- 
sible after the unwanted sideband has 
been eliminated. In some exciters this is 
the "first mixer" or "first i-f amplifier," 
or possibly the "balanced mixer." Only by 
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monitoring the signal from the grid of this 
tube to the output can we be sure of in- 
cluding all linear circuits. 

Now decide where to mount the indi- 
cating scope tube (peeking out through 
a hole in  the exciter front panel is an 
ideal arrangement). Measure the dis- 
tance (this can often be reduced to four 

construction 
The rf transformer should be tackled 

first (fig. 3). The design will depend up- 
on the carrier frequency of your rig. The 
transformer needs a bandwidth of per- 
haps 3000 Hz above and below the carrier 
frequency. If your carrier i s  455 kHz, a 
suitable i-f transformer can be found in 

fig. 3. Simple three- 01 
CI MPFlO5 

stage monitor circuit 0.3 v d  

for driving horizontal 
I6 Vdc 

plates of scope to ob- 

tain tern. trapezoidal Power is takan pat- ;: I C  2 0  c3 / - e e r  RAflT l o v e  +r4<? m v  

from exciter supply. IN%* 68pF  2.7M 

RCL 40491 

C4 R4 R7 
0 2  3 .3 I  4 7k RB 

Km 

RII 
471 43k 101 

+680V- $ - 
or five inches) from the grid of the first 
mixer to the nearest point in the set 
where you can mount the circuit board. 
Cut a piece of coax to this length, then 
ground the grid of the first mixer through 
the coax, a .01 pF ceramic capacitor, and 
a I-megohm resistor (fig. 4). 

Now try the set under operating con- 
ditions. If the mixer grid is tuned, you 
will have upset the tuning. Retune the 
circuit until full output is again ob- 
tained. This proves that the set will take 
the slight drain needed for the monitor 
circuit and still operate. If the mixer grid 
is not tuned, probably no effect wil l be 
noticed. But if output i s  reduced, some 
means of increasing drive at the mixer 
grid must be found to compensate for the 
loss. If i t  i s  a balanced mixer circuit, try 
placing equal capacitance and resistance 
on the second grid to keep the two halves 
balanced. 

the surplus shops. A 9-MHz carrier is also 
fairly common. A successful 8-MHz mc 
coil was made by adding a few turns to 
the primary of a 9-MHz i-f transformer 
until it resonated at 8-MHz with a 20-pF 
ceramic capacitor and a 2200-ohm resistor 
across it. The secondary coil should have 
more inductance than the primary coil 
to give a voltage step-up. A gain of l l / z  to 
2 is adequate. 

We now have some inductance in  the 
circuit. This is desirable, since capacitance 
introduces phase shift and consequent 
distortion in  the scope pattern. At all 
points we must watch linearity in the de- 
sign. Our whole purpose is to demon- 
strate linearity on the screen; thus any dis- 
tortion introduced in the monitor circuit 
would give a false indication. 

An input rf stage is needed as well as 
an audio amplifier to follow the demod- 
ulating diode. 

fig. 4. Test circuit to determine drive MEASIRED LENOR( OF cwx 
capability of exciter. It's used once 
and discarded. 

FIRST MIXER OR 
FIRST I-F STAGE 

k?3--jrn% CERAMIC 
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We need a high impedance input for 
the MPF105 jfet which is provided by R1. 
For the output we need a high resistance; 
this is provided by the tuned primary 
transformer circuit. The diode is  quite 
critical, particularly as to temperature. 
Out of a large number tried, the one se- 
lected was a 1N56A. 

0 0 ~ 0 0 0 d 0 0 0 0 0 0 0 ~  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~  

- - - - 
fig. 5. Arrangement of components for the monitor. 

The coupling capacitor feeding the sig- 
nal to the power transistor must be large 
to keep down reactance and phase shift. 

The output transistor operates at a 
rather high voltage.* Audio output un- 
der the conditions described should be 
too high rather than too low. Rf voltages 
at certain parts of the circuit are given in 
fig. 3. These were measured with a Heath- 
kit vtvm. A series of "aah's," spoken 

I f  too much voltage is obtained, de- 
crease R4's value until a suitable pattern 
size is  obtained. An unusual scope pattern 
obtained at one time i s  shown in fig. 1C; 
this was the result of a faulty diode. 

A suggested component layout for the 
monitor circuit is shown in  fig. 5. The 
Vector board may be mounted inside 
your exciter, as discussed previously. All 
signal leads should be coax cable (such as 
RG-58/U), and the shield should be grounded 
at each end. 

M y  original scope circuit is shown in  
fig. 6. I've used this circuit, so I'm certain 
it wil l work. The scope circuit shown in 
the 1969 edition of the ARRL Handbook, 
however, should be equally satisfactory. 
Note that the voltages in fig. 6 are lower 
than those shown in the Handbook cir- 

cuit. These voltages were available in my 
transmitter power supply, so I used them. 

In fig. 6, the 2APlA grid is biased to 
blank the spot when the transmitter is on 
standby. You should be able to pick up 
-100 volts in your ssb exciter for this 
purpose. 

fig. 6. Monitor scope circuit using 
transmitter high-voltage supply. Any 
good scope circuit could be used. 

close to the microphone, will produce the 
values shown. If you wish to use a commercially 

The used an 40264 trans,stor for !he manufactured monitor, the amplifiers will 
audio arnpllfler (also shown in the circuit-board have to be disconnected and the signals 
photo). This device 1s no longer produced by RCA. fed directly to the scope plates. . . 
However, the RCA type 40491 is an acceptable substi- I think yo,,tll find the circuits described 
tute. Its electrical characteristics are almost ident~cal 
to  those of the 40264. Also, the 40491 has a heat 

here will provide a good indicator to show 

radiator. whereas the 40264 does not. The 40264 wi l l  when your rig is f l a t - t o ~ ~ i n g .  I encour- 
f ~ t  nicely on  the circuit board. I t  costs about 85c and age you to use it all the time. 
is available from Allied Rad~o. Editor. ham radio 
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graphical solution 
of impedance- 

matching 
problems 

Using 

simple geometry, 

these methods 

allow you 

to design 

a variety 

of networks 

I 
One of the most common problems in radio 
circuits is matching one impedance to 
another. The problem might be that of 
matching a transmitter output stage to a re- 
sistive load, or the load may have a reactive 
component, as is usually the case when at- 
tempting to transfer power to an antenna. 

Many articles have been written covering 

? s the mathematics of this problem and also 
N N 

S the application of the Smith chart.lt2.3 Im- 

z: pedance-matching problems can be solved 
0 readily with sufficient accuracy for practical 

5*  purposes with no more equipment than a 

$ $ straight edge, compass and graph paper. The ' 2 graphical method lends itself to multiple- 
component networks involving complex im- 
pedances, without resorting to trigonometry 

U or complex algebra. I t  allows a visual choice 

. - $! of constants and shows forbidden ap- 
0 ' C  

proaches in choosing impedance paths. 

5; 5 The method presented in this article will 
allow you to solve most impedance prob- 
lems encountered in amateur work The geo- 

:% metric principles are easy to follow, and 
r 

,$ 
you'll need to make only a few simple com- 
putat~ons. Rules are given for constructing 

S( the diagrams. Typical examples and solutions ' C are shown. The examples are presented with- 
i $ - out mathematical proof, however. For those 

5 vj who wish to pursue the classical approach, 
x i? some excellent material wil l be found in  ref- 

: f erences 4, 5 and 6. 
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a starting point 
First consider the familiar methods known 

as the "leaning ladder" diagram for deter- 
mining the resultant of two resistors or re- 
actances in  parallel (fig. 1).  Two perpendicu- 
lar lines with lengths proportional to the two 
resistors or reactances are erected with arbi- 

I. The "leaning ladder" diagram for find- 
ing the resultant of two resistances or re- 
actances in parallel. 

trary separation from a common baseline. 
Lines are then drawn from the top of each 
perpendicular to the base of the other. A 
third perpendicular i s  now drawn from the 
intersection of these lines to the baseline. 
The length of this new perpendicular is pro- 
portional to the combined resistance or re- 
actance of the two parallel elements. 

What happens, however, when two re- 
actances of opposite sign are to be evalu- 
ated? The same procedure is  followed as 
before, except that the perpendicular lines 
representing the reactances will be located 
on opposite sides of the baseline (fig. 2). 
Again we connect the end of each perpen- 
dicular to the base of the other, extending 
the lines until they intersect. The length of a 
perpendicular from this point of intersection 
to the baseline represents the combined re- 
actance of the two paralleled elements. The 
side of the baseline where the intersection 
takes place determines whether the resultant, 
XR, is inductive or capacitive. 

Now suppose a reactance is to be paral- 
leled with a resistance. How do you deter- 
mine the impedance of such a combination? 
Semicircles are constructed upon rectangu- 
lar coordinates, with diameters proportional 

to the paralleled resistance and reactance, 
intersecting at point A (fig. 3). A line, 0-A, 

from the origin to the point of intersection 
wi l l  be proportional to the impedance of 
the combination. The projections of this 
point of intersection upon the resistive and 
reactive axes wi l l  then be proportional to 
the resistance, RS, and reactance, XS, respec- 
tively, which make up the series equivalent 
of the parallel combination. 

Because an angle inscribed in a semi- 
circle is always a right angle, i t  is easily 
shown that the point of intersection, A, lies 
on a straight line connecting the ends of 
the two diameters. This construction leads 
to a well-known diagram frequently used to 

2. Diagram for finding nsultant impedance 
of two reactances of opposite sign. 

solve L networks, (fig. 4). An L network is 
merely a transformation from a parallel res- 
onant circuit, seen looking in  at Z1, to a 
series resonant circuit, seen looking in at 22. 

3. Geometry for solving parallel-to-series 
transformion. 
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rules for construction 
By combining these diagrams, it's possible 

to solve a variety of matching-network prob- 
lems. The geometry of fig. 5 i s  the basis of 
solving all problems using this method. Gen- 
eral rules for using the method are: 

1. Adding a series of reactances moves the 
impedance on a vertical line: up for induc- 
tive and down for capacitive reactance. 

2. Adding a parallel reactance moves the 

impedance along a circle with its center on 

not permissible to use a path passing through 
the origin of coordinates. 
The method permits rapid comparison of 
different network designs without a knowl- 
edge of complex algebra, and a clear picture 
is given of what happens when parameters 
are modified. 

We'll begin with the p i  network since this 
is one of the most-used circuits in  amateur 
work. Other circuits will then be described, 

which will provide a foundation for solving 

5. Basic geometry for graphical solution of impedance problems. Series resistance is plotted along the hori- 
zontal axis and series reactance on the vertical axis, as at (A). Parallel resistance and parallel reactance cir- 
cles are constructed as in (8) and (C) respectively. 

the horizontal axis. It rotates clockwise for most impedance-matching problems. Some 
capacitive and counter clockwise for induc- numerical examples are then given to show 

tive reactance. step-by-step procedures. 

3. When choosing impedance paths, it i s  the pi network 
The p i  network can be considered as two 

cascaded L networks, designed to transform 

both input and output impedances to a com- 
mon internal transfer impedance, which 
must be lower than either terminal impe- 
dance. This internal transfer impedance de- 
termines the network Q, a fact that becomes 
apparent from a consideration of the design 
diagram (fig. 6). 

To design a pi network, begin at the - 2.2 - origin of a set of rectangular coordinates, 
and construct a semicircle above the hori- - 21 -1 zontal axis, with diameter proportional to 

4. The L network diagram. Another example of is the greater of the two terminal 
parallel-to-series transformation. impedances.) Similarly, from the origin con- 
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struct a second semicircle below the axis. 
Its diameter is proportional to 22, the lesser 

of the two terminal impedances. 
Because an infinite number of solutions 

exist to a pi-network problem when terminal 
impedances are specified, an assumption 
must be made for one of the three reac- 
tances. This is necessary to establish the in- 
ternal transfer impedance. There are certain 
advantages if the reactance of the output 
capacitor, C2, i s  made equal to the load re- 

sistance, 22.  However, network Q require- 

6. The pi network diagram. Circuit 0 is determined 
by the internal transfer impedance. 

ments frequently dictate a lower value as 
discussed later. 

The assumed reactance, X,,, of the output 
capacitor becomes the diameter of a third 
semicircle, beginning at the origin and con- 
structed downward below the horizontal 
axis. The point of ~ntersection between this 
and the 22 semic~rcle is point A. From this 
point a vertical line is drawn to intersect the 

original Z 1  semicircle at point B. The length 
of the line segment, AB, represents the re- 
quired reactance of XL. 

A straight line is now drawn from the ex- 

treme end of the Z1 diameter through point 
B, intersecting the vertical axis at point C. 

Line OC will then be proportional to Xalr 
the reactance of the required input capacitor. 

The intersection of inductive reactance 
line AB with the horizontal axis is point D. 
The significance of this point is that line 
segment OD represents the internal transfer 
impedance of the network. The Q of the 
network, when driven by a current generator 
such as a screen-grid tube or a transistor, 
wil l be equal to the inductive reactance, AB, 
divided by the internal transfer impedance, 
OD. The Q will also be equal to Z1/Xcl 
plus Z2/Xc2, which can be proven identical. 

When driven by a resistive source, such 

as a triode, the network is loaded from both 
ends, and the effective Q may be cut in  half. 

the tee network 
Although the T network is not as well 

known as the p i  network, it i s  a very useful 
circuit and is quickly solved graphically. 
With the T network, we may assume the in- 
ternal transfer impedance as equal to or 
greater than the sum of the terminal im- 
pedances Z 1  and 22, usually by a factor or 
two or more. The graphical design proce- 
dure, with reference to fig. 7 i s  as follows: 

Construct a semicircle with horizontal di- 
ameter greater than the sum of the terminal 
impedances. Mark off, from opposite ends of 
the diameter, line segments proportional to 
the two terminal impedances. From these 
two points erect perpendiculars to intersect 
the semicircle at points A and B respectively. 
Connect points A and B to the remote ends 
of the diameter, intersecting each other at 
C. A perpendicular, CD, to the diameter wi l l  
be proportional to the reactance of the ca- 
pacitor, C. The Q of this network, as driven 
by a current generator, wil l be equal to the 
diameter of the semi-circle divided by the 
line segment CD. The sum of X,,/ZI plus 
X,,/Z2 wil l give an identical result. 

Although the derivation of this diagram 
may seem obscure, i f  perpendiculars are 

erected at the ends of the diameter, and the 
slant lines extended to intersect these per- 

pendiculars, we will have the two super- 
imposed L-network diagrams. The line seg- 

ments of these end perpendiculars will each 
represent a capacitive reactance correspond- 
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ing to one of the two cascaded L networks 
making up the complete T network. The ex- 
tended slant lines can then be seen to repre- 
sent the leaning-ladder diagram, with line 
CD being the result of both capacitive com- 
ponents in  parallel. Therefore all construc- 
tion exterior to the semicircle will be re- 
dundant and can be omitted. 

If the semicircle is constructed so that its 
diameter is equal to the sum of the two 
terminal impedances, all reactances will be 
of the same magnitude, differing only in  

though Z1 has been treated at the input end, 
either network is completely reciprocal. 

examples using pi networks 

problem 1. Match 3000+j0 ohms to 600+j0 
ohms with a pi  network. In this case, Q = 10. 

1. Draw a 600-ohm circle (I), fig. 8. 

2. Calculate point (x, y) and plot: 

7. Solving the T network. The 
internal transfer impedance is 
equal to or greater than 21 + 
22 by a factor of two. 

0 

sign, and wi l l  be equal to the geometric 
mean of the terminal impedances. The Q of 
such a network would be quite low, being 
equal to the sum of the two terminal im- 
pedances, divided by the square root of their 
product. 

When the p i  network is designed so that 
22  = Xcz, excursions of 22 wil l  have mini- 
mum effect on Z1. Resonance wi l l  be main- 
tained by retuning XL. A network is possible 
whereby a two-to-one range of 22 (assumed 
purely resistive) will, in turn, cause Z1 to vary 
from the target impedance by less than five 
percent. 

Similarly, design of the T network so that 
Z1 = X,, wil l  permit Z1 variations of the 
same magnitude, with the network output 
still presenting a match to the load (within 
the same limits). Resonance i s  maintained 
by retuning C1. 

In either network the terminal impedance, 
Z1, is assumed the higher of the two. Al- 

8. Solution to problem l :  matching 
3000+j0 ohms to 60O+j0 ohms with a pi 
network. Arrows indicate impedance path. 

30 Q december 1969 



9. Solution to problem 2: matching 3000+j0 ohms to 5O+jO ohms with a p i  network- common problem in 
transferring tube output impedance to an antenna transmission line. Expanded scales for R2=50 ohmr are shown 
at (A). At (B) the curves are limited to  R2=50 or 75 ohms and Q=lO. 

3. Erect a vertical line from point PI (x, y) 

to intersect the 600-ohm circle at point P2. 
This is XL to scale (425 ohms). 

4. Draw circle (2). Its intercept on the verti- 
cal axis at 302 ohms is X,,. 

5. Draw circle (3). Its intercept on the verti- 
cal axis at 130 ohms is XC2. 

6. Solution: L1 = 425 ohms 
C1 = 302 ohms 
C2 = 130 ohms 

problem 2. This is the same as problem 1, 

except 22 = 50 ohms (fig. 9). 

1. Draw a 50-ohm circle (I), fig. 9A. 

2. Erect XL1 through X = 30 to intersect the 
50-ohm circle at point P2. This scales to 
y + 25, or XL1 = 325 ohms. 

3. Draw circle (2) through point P2. It 
wi l l  intersect the vertical axis at XC2 = 
60 ohms. 

4. Solution: L1 = 325 ohms 
C1 = 302 ohms 
C2 = 60 ohms 

Some pi-network curves for common tube 
load resistance are shown in fig. 9B. 

10. Solution to problem 3: matching an an- 
tenna load of 80--j45 ohmr to 50+j0 ohms 
with a p i  network. This has a thrw step im- 
pedance path: ZL to Pi to P2 to Zi. 
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11. Examples of correct impedance paths. Both show nehuorks for matching typical power amplifier tub. im- 
pedances to various loads. Note that the impedance paths must not pass through the origin of coordinates. 

problem 3. Match an antenna load o f  80-j45 
ohms to 50 ohms using a p i  network (fig. 10). 

1. Construct a 50-ohm circle (1). 

2. Plot ZL = 80-j45 ohms. 

3. Construct circle (2) through ZL. 

4. By inspection the maximum value o f  XI, 
is about 75 ohms. Select a value o f  70 
ohms and f i t  i t  vertically as PI,  P2 be- 
tween circles (1) and (2). 

5. Construct circle (3) through Z,. I t  w i l l  

intersect the vertical axis at -185 ohms 

(X2). 

6. Construct circle (4) through PI. It w i l l  

intersect the vertical axis at -83 ohms 

(X3). 

= 150 ohms. 

This is capacitive reactance added mOv- 12. Solution of series-to-parallel transformation. The 
ing from ZL to  PI. resultant impedance is 2.5 ohms. 
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pedance. The internal transfer impedance horizontal axis, which passes through the 

determines the Q of the p i  network. From origin and Z as shown. It wil l intersect 

fig. 6, line segment OD determines this pa- the horizontal axis at 3.15 ohms re- 

rameter. Therefore, from the rules of con- sistance. 
struction for graphical solution to these 

3. Construct circle (2) with its center on the 
problems, it is not permissible to choose an 

vertical axis, which passes through the 
impedance path through the origin of CO- 

origin and Z. It wil l intersect the vertical 
ordinates. Examples of correct impedance 

axis at 4.15 ohms inductive reactance. 
paths are shown in  fig. 11. Here, these show 

The equivalent parallel circuit is shown 
transformation between typical tube output 

in fig. 12B. 
impedances and various load impedances. 

Note that the paths do not pass through the 4. Solution. Scaling the Z vector gives an 
origin. While a 600-ohm terminal impedance impedance of 2.5 ohms (3). 

is not too common in  most rf circuits these 

days, the example does indicate the prin- 
problem 2. In the network of fig. 13, it is 

ciples to be followed when designing these 
desired to find XI,, Xc, L, and C for a fre- 
quency of 3.9 MHz. 

networks. 

1. Construct circles (1) and (2) through 50 
solving series and L networks ohms and 75 ohms as shown. 

problem 1. Given the series circuit of fig. 2, construct line PI-P~, which is X, series 
12A, find the equivalent parallel circuit. and scales 35 ohms. 

2. Construct circle (1) with its center on the intersect the vertical axis at -105 ohms. 

This i s  Xc parallel capacitive reactance ob- 

tained in moving clockwise from 75 ohms 
along circle (2) to PI, which is directly 

below P2, the 50-ohm point. 

4. Solution. 

X, = 35 ohms 

Xc = 105 ohms 

problem 3. Match 50 + jO ohm to ZL = 
125-j72 ohms, a complex load (fig. 14). 

1. Construct a 50-ohm circle (1). 

2. Plot Z, = 125 - j72. 

3. Construct circle (2) through ZL. 

4. Construct a vertical line from P2 to PI. 
This is the series X, and scales 77 ohms. 

5. Construct circle (3) through the origin 

and Z,. It will intersect the vertical axis 

at -285 ohms (X2). 
13. Examples of 2-step impedance path from 75 
ohms to 50 ohms in an L network. 
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6. Construct circle (4) through the origin 
and P2. It wil l intersect the vertical axis 
at -110 ohms (X3). 

7. When neither of the terminal points is 
on the horizontal axis, as in this case with 
Z, and P2, it is necessary to compute the 
value of reactance involved in moving 
from 22 to P2. 

X I  = added reactance 

X2 = initial reactance 

X3 = final reactance 

(-285) (-110) 
X I  = 

(-285) - (-110) 
= -179 ohm capacitive 

8. Solution: L1 = j77 ohms, and C1 = 
j170 ohms. 

In fig. 15 are examples of three different 

15A. Impedance path through matching network 
consisting of series L and parallel C. 

choices of impedance paths in going from 
22 to Z 1  using three network combinations 
to match a resistive 50-ohm load to a com- 
plex load of 10-j25 ohms. Again, the "for- 
bidden" path is not to be used because it 
passes through the origin. 

summary 
We have shown examples of solving the 

most common impedance-matching prob- 
lems using simple geometric methods. The 
following notes are offered in adopting these 
methods for solving a wide variety of prob- 
lems. 
1. The L-network is one of the most useful 
circuits known for matching nearly all direct- 

coupled tank systems. The examples show 
how to match a high-resistance to a low- 

0 M 103 
'm z (ohms) DJ '00 impedance reactive load. If the converse is 

desired, it is only necessary to convert the 
reactive load to its equivalent parallel com- 
ponents. 

14. Matching a 50-ohm resistive load to a complex 2' are as harmonic at- 
load. The impedance path is from ZL to P2 to PI. tenuators in low-impedance transmission 
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15B. Impedance path through matching network 
consisting of series and parallel L, respectively. 

15C. Impedance path through parallel and series 
L, respectively. 

lines. These can be readily solved by treat- 
ing them as two cascaded L sections and 40 

combining the capacitances. 
30 

3. The p i  network is used to match a wide 
range of load impedances with reasonable 
tank-circuit Q. Contrary to some popular 
notions, the p i  network wi l l  not match a 

10 
tube to any length of wire. The circuit i s  2 
load-limited by the ratio of tube load and 8 
circuit Q if it i s  to perform as an efficient 
t ransf~rmer.~ 

-10 
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new life 
for the 

Collins 51J 

.- 
E 

The local oscillator g - 
d 

in this excellent receiver $ 
3 

can be restored g 
$ 

to li ke-new operation 3 - 
0 

with these .- g 
Y) .- 
5 
7 .- 

modifications a 

The Collins 51) series receiver (military 

type R-388lURR) i s  a valuable adjunct to 
any amateur station. Several articles have 

described modifications to make this su- 
perb receiver better suited to single side- 

band reception.lj2J 

Available through surplus sales or MARS 

issue, the 511 receiver offers low-drift fre- 
quency readout capability from 500 kHz to 

30.5 MHz. Indeed, a mint condition 511 

with its 100 kHz crystal calibrator makes a 
good frequency meter for the home lab- 
oratory or amateur station in addition to 
providing excellent high-frequency and 
broadcast-band reception. 

I've noticed that secondhand 511 receiv- 
ers seem to be valued in proportion to the 

accuracy of tuning-dial calibration which, 

in turn, i s  a direct function of tuning lin- 

earity of the variable frequency oscillator 

(vfo)--the heart of the receiver. The better 

the vfo tracking characteristics, the greater 

the worth of the receiver. The difference 

in cost between a receiver having a good 
and a poor tracking characteristic is several 
hundred dollars. 

vfo calibration shift 
My 511 receiver was purchased second- 

hand in 1956. A t  that time, I made an ac- 
curate frequency check of the vfo and filed 
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the results. Over the years, I noticed a 
gradual, slow shift in calibration linearity. 
Finally, in early 1968, 1 found that correc- 

tion was beyond the capability of the dial 
zero adjust (or fiduciary setting, as it's 
sometimes called). 

A check with other owners of older 511's 
ind~cated that their receivers had the same 
slow drift to a certain extent. Interestingly 

enough, in all cases, the calibration shift 
was in the same direct~on and of the same 
magn~tude. That is, the vfo tuning range 

Jig for Collins vfo adjustment. Oscillator cover is 
removed to expose adjustwnt coil. L-002. Shield 
must be replaced for calibration, as it shifts reso- 
nant-circuit frequency. 

gradually contracted. Instead of tuning 

1000 kHz with ten revolutions of the tun- 
ing dial, the tuning range was reduced to 
about 990 kHz with ten revolutions. This 
made each end of the dial in  error by 5 

kHz when calibration was established at the 

center of the tuning range. For example, 
when calibration was "on the nose" at 
15 MHz, at 14.5 MHz the dial would read 

14.505 MHz; and at 15.5 MHz, it would 
read 15.495 MHz. 

The 511 instruction manual is full of ex- 
hortations about not tampering with the 
sealed vfo, otherwise frequency calibration 

wi l l  be degraded. True, there's an auxiliary 

adjustment on the front of the vfo that can 
be used to restore tracking. However, in  
most older 51J's, the adjustment wi l l  have 

been "used up," and no further adjustment is 
possible. 

modifications 
This being the case, I felt my receiver's 

calibration was so far off that no further 
damage could be done to the sealed vfo unit 
if it was carefully opened and examined. 
Accordingly, the vfo was removed from the 

51) (not without some trepidation), opened, 
modified, resealed, and replaced in  the re- 

ceiver. Results were so gratifying that I pre- 
pared this article to describe the modifica- 

tion, with the hope that it wil l benefit other 
owners of this fine receiver. 

It should be noted that Collins approval 
of this radical surgery has not been ob- 
tained, and I doubt if such a modification, 
as described here, would meet with other 
than raised eyebrows. However, many 511 
receivers have outlived their warranty. So if 
yours i s  one of these and suffers from the 
ailment described, the modification wi l l  re- 
store receiver dial calibration to that com- 
parable with a new set. 

While modifying the vfo, several capa- 
citors that have a notoriously short life can 
be replaced, thus enhancing the receiver's 
long-term reliability. 

the variable frequency oscillator 
This modification involves the Collins 

70E-15 oscillator used in  the 511 receivers. 
The unit tunes 2 to 3 MHz, with a generous 
overlap at each end of the range. Shaft 
rotation requires ten turns to cover the 
1000-kHz range. Output voltage into an 
open load varies between 3.5 and 6 volts, 
at an operating potential of 150. Oscil- 
lator tube V-001 (see fig. 1 )  receives in- 

phase feedback voltage from amplifier tube 
V-002's screen circuit through capacitor 

C-008. The oscillator tank consists of trim- 
mer inductor L-002, permeability-tuned in- 
ductor L-001, and tank capacitor C-001 in  
parallel with temperature compensating ca- 
pacitors. The oscillator i s  tuned by moving 
the powdered iron core within inductor 
L-001. The core, or slug, traverses a lead 
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screw rotated by the receiver tuning dial. points have shrunk, and neither trimmer 
Tuning ranges and other data for the Col- coil L-002 nor the zero adjust compensation 
lins vfo's are listed in table 1. device on the tuning dial wil l bring the 

The over-all oscillator tuning range is es- end points within the correct range. When 
tablished by adjustment of trimmer induc- new, the vfo may be adjusted over a range of 
tor L-002, which may be manipulated about 40 kHz, centered about the 1000-kHz 
through an adjustment hole in the front tuning range (fig. 2). As the unit ages, the 

fig. 1. Collins 70E-15 vfo schematic. As tuning slug in L-001 ages, oscillator tuning range decreases until trim- 
mer L-002 provides no more correction; L-002 is reworked to restore correct tuning range. 

plate of the oscillator. With the aid of a 
special adjustment tool, L-002 may be tuned 
without removing the oscillator from the 
receiver. Vfo alignment by adjustment of 
coil L-002 is covered in the Collins instruc- 
tion and maintenance manual (sec- 
tion 5.3.15). 

When the receiver i s  new, this adjustment 
permits expansion and contraction of the 
vfo tuning range from a minimum of about 
980 kHz to a maximum of about 1020 kHz. 
Proper adjustment of L-002's slug permits 
the tuning range end points to be moved 
sufficiently to ensure good calibration at the 
ends and center. 

Alas, as the 51) receiver ages, i t  seems 
that the powdered-iron core of the main 
tuning slug ages also. At some future time, 
it wi l l  be found that the tuning range end 

total range of L-002 remains about the 
same, but the entire range shifts in  fre- 
quency as shown, until i t  doesn't include 
the desired correction range. 

Luckily the slow shift of the vfo tuning 
range seems to decrease with time. Even- 
tually stability is achieved, but at just about 
the time the user finds he has run out of 
vfo compensation because of the combined 
aging of the main tuning slug and the rel- 
atively restricted adjustment range of coil 
L-002. 

An astute student of Murphy's Law could 
have predicted this impasse; thus the ques- 
tion is  raised: what can be done to re- 
establish the correct tuning range of trim- 
mer coil L-002 so that an older 51) may 
be brought into calibration and allowance 
provided for future corrections, if needed? 
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vfo removal 
In order to work on the vfo, it's neces- 

sary to remove it from the receiver and 
mount it in a temporary calibration jig, as 
shown in the photograph. To begin this 
task, remove the vfo tubes and the follow- 

ing panel dials: selectivity, phasing, main 

tuning, band change, antenna trim and bfo 

As you remove the vfo, take care to catch 

and carefully retain the central portion of 

the flexible shaft coupler, which usually 

falls out at this point. Note that the upper- 

right screw holding the vfo, as viewed from 

the front, i s  accessible from the front of the 

receiver through a hole in the tuning gear 

by turning the "kilocycle" shaft to align the 

fig. 2. Plot of trimmer coil 0 5  

L-002 inductance versus cor- 
rection range. Removing one 
or two turns reduces over-all 0 4  

correction range, but moves 2 
it in proper direction to allow 3 
correction as shown. a" 0 3  
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pitch. Next, remove the front panel by re- 

moving 11 securing screws, and unhook the 

two dial lamps over the dial drum. Tilt the 
panel forward. Now, remove the plastic 

"kilocycles" dial from the vfo shaft, after 

first setting the vfo shaft at about the center 

of the tuning range. 

Remove the three screws and lock wash- 
ers holding the vfo to the chassis panel. Un- 

solder the two power leads (blacklwhite i s  
filament; redtblue i s  B-plus to pin 5 of 
the voltage-regulator tube). Unsolder the 

coaxial output cable from pin 1 of the 6RE6 
mixer tube. The vfo is now free of the 

receiver. 

The easiest way to remove the vfo is to 

lift it upwards through the top of the re- 

ceiver, as the under-chassis area is  blocked 
by other components. To do this, remove 

the bottom tapped panel spacer from the 

front of the vfo, the spacer otherwise will 

hit the shaft coupler and prevent the vfo 

from being tipped forward for removal. 

hole over the screw. 

Once the vfo is out of the receiver, mount 

it in the jig. Attach a flexible coupler to the 
vfo tuning shaft. When you remove the orig- 

inal coupling from the vfo shaft, note its 

location on the shaft before you remove it. 

This wi l l  allow it to be returned to the same 
position after completion of work. Normal- 
ly, the coupling plate i s  flush, or nearly so, 
with the end of the shaft. 

The plastic "kilocycles" dial and an ex- 
tension shaft permit the vfo to be tuned 

during tests, and a makeshift pointer i s  
mounted to the aluminum plate so dial 

calibration may be noted. Place the re- 

ceiver aside, and cover the main drum 

dial with a cloth to protect its printed sur- 

face. 

vfo adjustment 
Apply filament and plate voltage to the 

vfo. It should draw about 12  to 15 rnA 

plate current. Make a frequency calibration 
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chart of the tuning range by checking the 

100-kHz points against a well-calibrated re- 
ceiver tuned to the 2- to 3-MHz range. 

Next, remove the vfo shield. The shield 
will shift the vfo frequency by many kHz 
when removed. It must be replaced when 
frequency measurements are made. While 

the shield is off, however, observe the move- 

ment of L-002's slug as you vary it. This will 

give you a feel as to the amount of expan- 

sion or contraction that this adjustment pro- 

vides. In most cases, you'll find this control 

won't provide enough expansion for the 

correction range. A maximum tuning range 

of about 990 kHz per ten turns of the dial 
may be found; thus the dial must make 

about 10-118 revolutions for the 1000-kHz 
range. 

Note also that the maximum tuning range 
is about 12'12 turns of the shaft, with the 

center point about 5'/2 turns from the 2-MHz 
end. The most nearly correct tuning range 

will occur with L-002's slug withdrawn 

from the coil (minimum inductance). 

replacing capacitors 
Before you recalibrate the vfo, it's wise 

to replace certain capacitors. While they 

don't affect vfo calibration, they're bound 

to give trouble sooner or later. These are 

the two 0.01 p F  bypass capacitors, C-005, 
and C-006, located beneath the tube sockets, 

and the 0.01 pF feedback capacitor, C-008. 

(The latter i s  inside the vfo can at the base 

of the main tuning coil, L-001.) All are 

"match stick" capacitors, rated at 200 Vdc. 
They short out frequently, especially when 

they age. Since the vfo must be removed 
to make the coil modifications, it's a good 
idea to replace these capacitors. 

Capacitors C-005 and C-006 may be 

reached by removing the small U-shaped 

shield beneath the vfo tube sockets. The 

shield is soldered in place and can be easily 

removed. Replace C-005 and C-006 with 

O.OlpF, 600-volt disc ceramics Resolder the 

U-shaped shield, making sure the new capac- 

itors' leads don't short to the metal case or 

cover. 
Feedback capacitor C-008 i s  located in 

the vfo at the base of the main oscillator 

coil, L-001. Replace C-008 with a 0.001pF, 
300-volt silver mica capacitor. Secure the 
new capacitor to the adjacent support ter- 
minal with a drop of epoxy cement. The 
vfo is now ready for final calibration. 

calibrating the vfo 
It's necessary to reduce the over-all in- 

ductance of the tuned circuit to achieve 

the proper tuning range. This is most easily 

done by altering the inductance of trim- 

mer coil L-002. When new, L-002 has an 
inductance range of about 0.18 - 0.4 pH 

(fig. 2). In order to bring the adjustment 
range within practical limits, one turn 

should be carefully removed from L-002's 
outer end. 

Carefully unsolder L-002's terminal con- 
nection, and unwind the wire. Scrape the 
insulation one turn back from the end. Re- 

solder the wire to the terminal at this 

point. Replace the vfo's cover, and make 

several frequency checks at different set- 
tings of L-002's slug. If the inductance set- 
ting of L-002 is correct, the vfo will tune 
the 1000-kHz range with ten turns of the 

shaft and w ~ t h  L-002's slug advanced about 

six turns into the coil. You should be able 
to expand and compress the over-all tun- 

ing range from 995 to 1005 kHz or more by 

adjusting L-002. If the vfo was very far out 
of adjustment initially, it may be necessary 

to relrlove an additional one-half turn from 

L-002 (see fig. 2). 

The chart of fig. 2 shows that when 

L-002's inductance is decreased, its adjust- 
ment range is accord~ngly reduced. With 

one turn removed, the adjustment range is  
about 18 kHz; with two turns removed, it 
shrinks to about 8 kHz. Clearly, no more 
wire than is  absolutely necessary should be 

removed from L-002, as the point of no 
return approaches rapidly. 

Once L-002 has been adjusted to provide 

the proper tuning range, the vfo i s  ready 

to be returned to the receiver. Firmly bolt 

the vfo's cover into place. Set the vfo to 

approximately the center of its tuning range 

(about 2.5 MHz). Set the "megacycle" dial 

to an integral megahertz (15 MHz, for 
example). 
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table 1. Tuning ranges, operating voltages, and number of tuning dial revolutions to cover tuning ranges of 
the Collins receiver vfo's. 

Tuning 
Range Filament 

Type Use (MHz) Voltage a+ Turns* 

70E-1 ARC-2 1.0-1.5 12.6 250 10 

70E-2 ARR-15 2.0-3.0 12.6 250 10 

70E-3 ARR-15 0.450-0.550 12.6 250 5 

70E-7A 75A-1 2.0-3.0 6.3 250 10 

70E-8 3108 1.6-2.0 6.3 180- 16 
32V 250 

70E-10 708-A 0.600-0.800 6.3 250 10 

70E-11 708-A 1.0-1.5 6.3 250 10 

7OE-12 75A-2 1.955-2.955 6.3 150 10 
75A-3 

70E-14 KW-1 1.6-2.5 6.3 210 16 

70E-15 51-J 2.0-3.0 6.3 150 10 

70E-23 KWS-1 2.75-3.75 6.3 210 10 

70E-24 75A-4 1.955-2.955 6.3 150 10 

70H-1 R-389 0.469-0.980 6.3 180 51 

70H-2 R-390 2.455-3.455 6.3 180 10 

70H-12 R-390A 2.455-3.455 6.3 180 10 

70K-1 KWM-1 3.455-3.545 6.3 200 1 

70K-2 KWM-2 2.5-2.7 6.3 130 2 

70K-2 325-1 2.5-2.7 6.3 130 2 

7OK-2 755-1 2.5-2.7 6.3 130 2 

"Number of shaft turns to cover vfo tuning range. 

The first step is to replace the center 

portion of the vfo's shaft coupler on the 
mating coupler section of the receiver. It 
may be held in place by friction, plus a 
little heavy grease. Lower the vfo into pori- 
tion with a twisting motion, and when in 
place with coupling mated, temporarily lock 

it into position with two retain~ng screws 

through the front panel. Replace the bottom 

spacer (previously removed), and secure the 

third panel bolt. Rotate the vfo shaft to 

make sure the coupling doesn't bind. Then 

return it to an even "megacycle" position 

on the main dial. 
The final job i s  to align the vfo shaft 

and the "megacycle" and "kilocycle" dials 
for correct readout. Tune in a signal of 
known frequency Iron1 a generator or 

WWV. Various shaft couplings should be 

slipped until calibration is correct, using the 

receiver bfo for zero-beat. The process is 

markedly speeded if the dial setting and 

various shaft settings are not touched once 

the original positions are logged before re- 
moving the vfo. However, even if the shaft 
positions are inadvertently lost, no great 
harm is done. They may be re-established 
as long as an accurately known frequency is 
used for final c~ l~brat ion.  

A number of Collins receivers, modified 

as described here, have dial calibrations 

accurate to within one kHz at any point on 

the dial. The zero-set adjustment need not 
be used unless a very accurate frequency 

readout is desired. 
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frequency synthesis 

A discussion 

of some digital 

frequency synthesis 

techniques for $ 

amateur radio 8 
0 7 

operators 

As the amateur bands become more and 
more crowded and the need for precise fre- 
quency control becomes greater and greater, 
advanced amateurs should abandon the 
familiar vfo and consider the more sophisti- 
cated, more accurate frequency synthesis. 
The techniques of frequency synthesis have 
been available for years, but it wasn't until 

the advent of integrated circuits and com- 
puter counting techniques that a practical 
method evolved. 

Forty years ago, a vfo was accurate 
enough for most communication systems. 
Then the airwaves became crowded, chan- 

nels were assigned, and soon (for all except 
the amateur) the vfo was not accurate 

enough. Enter the crystal oscillator with its 
excellent long-term frequency stability. En- 
ter also a cost problem because each de- 
sired frequency required at least a separate 
crystal. This problem was overcome by com- 
bining a vfo with a crystal oscillator. When 
the frequency of a vfo is controlled by a 
crystal oscillator, the drift of the vfo is con- 
stantly corrected so that the long-term 
drift of the output signal is equal to that 
of the crystal oscillator itself. 

One of the basic elements of frequency 
synthesis is the phase-lock loop. Fig. 1 il- 

lustrates the basic phase-lock loop in which 
the output of a voltage-controlled oscillator 
(VCO) constantly is compared with the fre- 
quency supplied by the reference source. 
The reference source usually i s  a crystal 
oscillator; the vco may be thought of as a 
vfo whose output frequency i s  determined 
not by a manual dial but by an electrical 
input. 

42 december 1969 



Because of its long-term instability, the 

vco tends to drift off frequency. Any change 
in the output frequency is detected by the 
phase comparator when compared with the 
reference signal. When a phase difference 
exists, the phase detector generates a con- 
trol voltage which returns the vco to the 
proper frequency. The long-term stability 
of the phase-lock loop output is that of 
the reference source. 

voltage-controlled oscillator 
The simplified schematic diagram of a 

typical voltage-controlled oscillator (vco) is 
shown in fig. 2. The components form a 
common-base Hartley oscillator circuit with 
L1, C1, C2 and D l  in  the tank circuit. R2 
and R3 form a voltage divider to establish 
base bias for Q1; C3 places the base of Q1 
at rf ground. The output of Q1 is developed 
across R1 and L1. Any ac developed across 
R1 is  fed back to the emitter of Q1 through 
C4 and the tap on L1; this positive feedback 
causes oscillation. Since the oscillation fre- 
quency is determined by the tank circuit, 
the resonant frequency of the tank circuit 
can be changed by changing the value of 
C1 or D l .  

D l  is a variable capacitance diode (var- 
actor) which, as long as i t  i s  reverse-biased, 
acts as a capacitance whose value varies in 
proportion to the dc voltage across the 
diode. By controlling the dc voltage across 
the diode, the resonant frequency also can 
be changed manually by changing the set- 
ting of variable capacitor C1. 

Capacitor C2 isolates the dc control vol- 
tage from the transistor, and the rf choke 
in  series with the dc control voltage, along 
with capacitor C5, forms a low-pass filter 
that prevents rf present in the tank circuit 
from being applied to the dc control lines. 

pulse shaping networks 
Since this article deals with pulse han- 

dling circuitry, this section will review some 
basic pulse shaping networks shown in 
fig. 3. Consider the clipper first. The diode 
shunted across the output clips the nega- 
tive excursions of the input pulse (when 
the diode is forward-biased) but does not 
affect the positive excursion (when the diode 

is reverse-biased). Reversing the polarity of 
the diode would leave the negative-going 
pulses in the output while removing the 
positive-going portion of the input wave- 
form. 

The clamper shifts the input waveform 
so that the largest negative excursion (10 
for the input) occurs at 0 volts in the output. 
Thus, the dc component of the output is 
+ I0  Vdc, the largest negative excursion is 
0 Vdc, and the largest positive excursion i s  
$20 Vdc. Reversing the polarity of the diode 
would place the dc component of the out- 
put at -10 Vdc, the largest negative excur- 
sion at -20 Vdc, and the largest positive 
excursion at 0 Vdc. Note that the wave- 
form i s  not distorted. 

The differentiating network (or differen- 
tiator) is an RC circuit whose time constant 
i s  extremely short in comparison with the 
pulse width (pw) or pulse repetition time 
(prt) of the input signal. The fast, positive- 
going leading edge of the input pulse is 
immediately passed by the capacitor, and all 
of the output appears across the resistor. 
As the capacitor charges, more and more 
voltage appears across the capacitor and less 
and less across the resistor. When the nega- 
tive-going trailing edge of the pulse appears 
at the input, it is immediately transferred 
to the output by the capacitor, and all of 
the voltage appears across the resistor. 

As the capacitor charges, more and more 
voltage appears across the capacitor and 
less and less across the resistor. Thus the 
input squarewave pulse has been shaped into 
symmetrical positive and negative spikes 
coinciding with the leading and trailing 
edges (respectively) of the input pulse. 
Either the positive or negative portion of 
the output waveform could be eliminated 
with a clipper, leaving one spike for each 
input pulse. 

The ramp-forming integrating net would 
be a simple low-pass filter if it were not 
for the diode across 'the resistor. When 
the positive-going leading edge of the in- 
put pulse occurs, the diode is  reverse- 
biased, and all of the current flows through 
the resistor. As long as the load on the 
output i s  negligible, the current through 
the resistor is that necessary to charge the 
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capacitor. Initially, the current is relatively 

high, and most of the input voltage ap- 
pears across the resistor. As the capacitor 
charges, more and more voltage appears 
across the capacitor, and because less cur- 
rent i s  required, less and less voltage ap- 
pears across the resistor. 

If the RC time constant is made relatively 
long in  comparison with the prt of the input 
waveform, the sloping portion of the output 
waveform will be a relatively straight ramp. 
When the negative-going trailing edge of the 
input pulse appears, the forward-biased di- 
ode provides an easy discharge path for 
the capacitor. It also couples the input 
directly to the output. Since the input i s  
zero and the capacitor is quickly discharged, 
the output is zero. 

phase detector 
In the phase-lock loop illustrated in fig. 

1, the variable output frequency was com- 
pared with the signal from the reference 
source. This is accomplished in  the phase 
detector or phase comparator stage that 
is illustrated in fig. 4. In this circuit Q l  
and Q2 are connected as a flip-flop. When 
power i s  first applied, one transistor con- 
ducts more heavily than the other because 
of natural circuit intolerances. Assume that 
Q2 conducts more heavily than Q1. The 
voltage at the collector of 4 2  goes less 
positive, and i s  coupled through resistor 
R2 and commutating (speed-up) capacitor 
C2 to the base of Q1. 

The negative-going voltage at the base 
of Q1 tends to cut off Q1, which results in 
a positive-going voltage at the collector 
of Q1. R1 and C1 apply this positive-going 
voltage to the base of 42, increasing the 
forward bias on the base of Q2. Regenera- 
tive action occurs, and a stable state is 
reached with Q2 saturated and Q1 cut off. 

ERROR 
KXTAGE 7 

1 FEEO@ACK SIGNAL 

The output (at the base of Q3) is effectively 
zero. 

If a negative pulse (or the trailing edge 
of a positive pulse) i s  applied to capacitor 
C4 while Q2 is on, diode D2 is forward 
biased (by the positive voltage on the base 
of 421, and the negative-going signal wil l 
be coupled to the base of 9 2 .  This pulse 
momentarily cuts off Q2. The collector of 
4 2  becomes positive, and this positive-go- 
ing voltage is coupled by R2 and C2 to 
the base of Q1, turning on Q1. The result- 

RF DUTPW 70 
WFFER STAGE - 0 

KXTAGE 

T "' T-- 
fig. 2. Simplified schematic diagram of a 
typical voltage-controlled orcillrtor. 

ing low voltage at the collector of Q1 is 
coupled by R1 and C1 to the base of 42, 
holding Q2 off. The output (at the base of 
Q3) i s  now positive. Thus, a second stable 
state has been reached, with Q1 on and 4 2  
off. Note that Q1 and Q2 cannot both be 

on or off at the same time. 
At this point, diode D l  is forward-biased 

and diode D2 is reverse-biased by the 
voltages on the bases of Q1 and 4 2  respec- 
tively. If a negative-going pulse is applied 
to capacitor C3, Q l  wil l be momentarily 
cut off. The collector of Q1 becomes posi- 
tive, the base of 4 2  goes positive, and 4 2  
turns on. The collector of 4 2  goes less 
positive, the base of Q1 goes less positive, 
' and Q1 is turned off. This returns the flip- 

flop to its original state: Q2 on, Q l  off. 
The output (at the base of 43 )  is again 
low. 

fig. 1. Block diagram of the basic phase-lock loop. The timing diagram in  fig. 5 illustrates 
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the waveforms present during the applica- 
tion of the flip-flop phase comparator. The 
reference signal from the reference source 
is converted into a squarewave by squaring 
amplifiers (not shown). This input is dif- 
ferentiated by capacitor C4 and the base- 
emitter resistance of Q2. The positive spike 

first formed by the differentiator at time 

TO has no effect on 4 2  since Q2 is already 

on. The negative spike formed on the trail- 

from the reference input at time T6. Then, 
4 2  turns off, Q1 turns on, and the output i s  
high. The output remains high until the next 
negative-going pulse from the variable input 

at T7. This turns Q1 off, 4 2  on, and the 

output is low. The output of the stage i s  
taken across load resistor R5 in  the emitter 

circuit of buffer amplifier 4 3 .  During the 
time period from TO to T11, the reference 

signal leads the variable signal by 90°, and 

fig. 3. Pulse-shaping networks. 

ing edge of the reference pulse at time 
T2 turns off 42, and Q1 turns on (as ex- 

plained earlier). Therefore, at T2 the col- 

lector of 4 2  goes positive and the collector 

of Q1 goes to zero and the output i s  high. 

The variable signal from the output of 
the vco is applied to squaring amplifiers, 

converted to a squarewave and applied to 
C3. The positive going spike at T I  has no 

effect on Q1 because diode D l  is reverse 
biased by the low voltage on the base of 

Q1. However, at T2 diode D l  becomes for- 

ward-biased by the positive collector vol- 

tage of 42. When the negative spike ap- 

pears at C 3  at T3, it is coupled to the base 

of Q1, turning off Q1, and 4 2  turns on. 
The collector of 4 2  goes low, and the out- 

put i s  low. 
The flip-flop is now in its original stable 

state of Q2 on, Q1 off, and it remains 
that way until the next negative-going pulse 

the output pulse has a 25 percent duty 
cycle. 

At TI1 the phase of the variable signal 
shifts so that the variable lags the reference 

by 180 degrees. At T14, the negative-going 

reference signal turns off Q2 and Q1 turns 
on. The next negative-going variable signal 
occurs at T16, turning off Q1, and 4 2  turns 

on. Thus, the output of the circuit is high 
from TI4 and TI6 and from TI8 to T20, and 

the output pulse has a 50 percent duty cycle. 

The pulse width of the output signal is 

directly proportional to the phase difference 

between the two input signals and is greatest 

when the phase difference is 359 degrees. 

Note that the prt of the output is the same 
as the prt of the reference signal. 

Applying the output from buffer ampli- 

fier Q3 to a low-pass filter wil l provide a 

dc voltage that is highest when the phase 
difference is greatest. I f  this voltage is ap- 
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plied correctly to the vco, it can keep the 
vco on the desired frequency. 

frequency synthesizer 
Most of the elements necessary to con- 

struct a digital frequency synthesizer have 
been covered. One possible configuration 
is  shown in fig. 6. 

The frequency standard i s  a crystal oscil- 
lator operating at 100 kHz. The 100-kHz out- 
put of the frequency standard (Fs) is applied 
to a fixed frequency divider. It divides in- 
put frequency Fs by a fixed devisor (M) 
to obtain reference frequency Fr. (It wil l 
become apparent later that the output fre- 
quency of the synthesizer may be shifted 
in  discrete steps equal to the reference fre- 
quency. Thus reference frequency Fr must 
be low to make the steps practical. It is 
more practical to use a relatively high fre- 
quency crystal oscillator followed by a di- 
vider than it is to have a properly designed 
low frequency oscillator to provide Fr direct- 

ly.) 
By changing the divisor (M) it i s  pos- 

sible to change the reference frequency, 
but this change is usually reserved to the 
design rather than the operational process. 
For example, if Fs = 100 kHz and M = 10, 
then Fr = 10 kHz. Or, if Fs = 100 kHz and 
M = 100, then Fr = 1 kHz. The latter i s  more 
practical for application in the amateur 
bands and is the frequency which will be 
used in the following discussion. 

In a similar manner, the rf output of 
the synthesizer is divided, but by a variable 
divisor (N). Assume that the output fre- 

fig. 5. 
of the 
stage. 

Timing diagram 
phase-comparator 

VARIABLE 

DIFFERENTIATED 

02 C U E T O R  

01  COLLECTOR 

W BASE 

WTPOT 

quency is 3600 kHz. Then, if N is  set (by 
means of switches on the control panel) to 
3600, the output of the variable divider (Fd) 
is 1 kHz. This I-kHz signal i s  compared with 
reference frequency Fr (also 1 kHz). Any 
phase difference is detected, and a pulse 
train i s  applied to the control voltage (low- 
pass) filter. The output of the filter is a 
dc voltage used to control the avco. When 
divided output frequency Fd equals 
reference Fr, the loop is "locked." 

The beauty of the circuit is that the out- 
put frequency (Fo) can be changed merely 
by varying the divide ratio (N). Assume that 
N is changed from 3600 to 3590. The fre- 

I 
VAWABLE REFERENCE 

fig. 4. Phase comparator stage electronically com- 
pares a varying signal with a stable reference signal. 

quency of the vco must now change to 
keep the reference frequency and Fd the 
same. At the instant of change, Fd equals 
1.003 4- kHz (3600 kHz + 3590 = 1.003 4- kHz). 
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When this value of Fd i s  compared with 
Fr the control~~~voltage changes to swing 
the frequency of the vco (Fo) lower. As the 
vco frequency approaches 3590 kHz, the 
control signal continues to change until fi- 
nally the output frequency is 3590 kHz, Fs 
i s  1 kHz, and the control signal is stabliized. 

At this point (at the start of the sequence) 
the phase detector i s  not comparing phase 
but is detecting a frequency and phase 
difference. Without knowing more of the 
parameters of this system, it's not possible 
to say that an error of 10 kHz i s  within 
the capture range of the phase-lock loop. 
If the error is outside the capture range, 

FaEaiwCY CaYTROLLED 
STANDARD 

S U W E W A E  FRKUENO' - FR 
VARY IN  W M l i  

DIVIDER (XXYTROL 

fig. 6. Block diagram of a digital frequency synthe- 
sizer. 

the loop will be unable to correct the vco 
output to the new, desired frequency. 

A large frequency error may be corrected 
in two ways: 

1. The vco frequency could be changed 
manually until the output i s  within the cap- 
ture range of the system. 

2. Another control signal could be gen- 
erated to rapidly sweep the vco through its 
entire range. As the vco frequency entered 
the capture range of the phase-lock loop, the 
loop would take over frequency control. 

The first method is probably the least ex- 
pensive, especially from an amateur's point 
of view. It would be a simple matter to 
monitor the dc control voltage; any control 
voltage fluctuations which persisted would 
indicate that the loop was "hunting" and 

not locked. C1 in  the vco could then be 
varied until the hunting ceased. 

frequency comparator 
If it's necessary that the synthesizer auto- 

matically set itself to a new frequency (as 
would be the case in a remote control sit- 
uation), the circuit shown in fig. 7 could 
be used. The flip-flop is identical to that 
used in the phase comparator in fig. 4. 
It is shown here in its logic symbol form, 
which is easier to work with. 

Briefly reviewing its operation, the ref- 
erence squarewave is applied to the set (S )  
input, causing the Q output to go high until 
such time as the variable input signal (ap- 
plied to the reset [Rl input) causes the 
Q output to go low and the (read NOT Q) 
output to go high. (To assist you, the fol- 
lowing comparison is made to the flip-flop 
shown in fig. 4. The set input is C4, and the 
reset input is C3. The Q output i s  the 
collector of Q2, and the 3 output is the 
collector of 41.) The frequency comparator 
in fig. 7 will provide the same phase dif- 
ference signal as the phase comparator in  
fig. 4. In both cases the phase difference 
output is taken through a non-inverting 
buffer amplifier to minimize loading on the 
flip-flop. 

The frequency comparison circuit makes 
use of the fact that if a frequency difference 
exists between the two input frequencies, the 
higher frequency signal will complete one 
cycle and at least start another before the 
lower frequency signal completes one cycle. 
Fig. 8 shows the waveforms present in the 
frequency and phase comparator shown in 
fig. 7. 

Note that the frequency of the reference 
signal (S) is higher than the variable signal. 
In fact, between times T I  and T7 three 
cycles of the reference frequency occur 
while only two cycles of the variable fre- 
quency take place. Note also that the ref- 
erence causes the Q output to be high and 
the variable causes the Q output to be low. 
(Remember that only the negative-going 
trailing edges of the pulses trigger the flip- 
flop.) 

The following i s  an example of how a fre- 
quency difference i s  detected. The trailing 
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edge of the reference pulse at T4 causes 
the Q output to go high. The next trailing 
edge of the variable input does not occur 

until between T5 and T6. However, at T5 

another reference pulse occurs. The lead- 

ing edge of this pulse has no effect on the 

flip-flop (and would have no effect if it 

was a trailing edge, since the flip-flop i s  
already set and the Q output already is  
high). 

The Q output i s  connected to input E 
(AND gate A2). The other input (D) is 

reference signal S. At T5 both D and E are 
high because Q and S are both high. There- 

fore, output F (AND gate A21 i s  high causing 

gate 3) indicates that a frequency difference 
exists, but the J pulse i s  rather short in 

duration. This pulse could be converted to 

a ramp-shaped pulse, but the rapid rise-time 

of the ramp would cause the vco frequency 

to change too fast to be detected by the 

phase and frequency comparator. One way 

to stretch the length of the pulse is  to apply 
i t  to a one-shot as is  done in  fig. 7. 

A schematic diagram of a one-shot i s  
shown in fig. 9. Resistor R6 biases 4 2  on. 

R2 and R3 apply a fixed positive voltage to 

the base of Q1. Since Q2 i s  on, it is drawing 
current through R1, and the voltage drop 

across R1 causes the emitter of Q1 to be 

WASE 

REFERENCE DFFERENCE - 
WAREWAVE S 0 -  - 03 0 

01,oz 

VARIABE 
SMYIREWAVE - I  a 

fig. 7. Logic diagram of a frequency and phase comparator. 

input G (OR gate A3) to be high. Therefore, 
output J (OR gate A3) is also high. AND 
gate A1 i s  connected in a similar manner to 

detect simultaneous and R pulses (which 

occur when the variable frequency i s  higher 

than the reference frequency). In either 

case, an output from OR gate A3 will occur, 

indicating that a phase difference of more 
than 360 degrees exists. 

Now that a frequency difference has been 
detected, it must cause the frequency of 

the vco to change. One way to do this i s  to 

apply a ramp-shaped control voltage pulse to 

the varactor in the vco. This would sweep 

the vco through its entire frequency range. 

Note in fig. 8 that the J output (OR 

more positive than the fixed value of bias at 
the base of 91. Thus, Q1 off and 4 2  on is 
the stable state of the circuit. 

In this state C2 charges through R4 and 
the forward-biased base-emitter junction of 

42. A positive trigger at C1 momentarily 
turns on 41 .  The collector of Q1 goes less 

positive and this negative-going voltage is  
coupled instantly to the base of Q2 through 

C2, which turns off 42. The collector of 

Q2, and therefore the output, goes high. As 
time passes C2 discharges through R6, but as 

long as the base of 42 is more negative than 

the emitter, Q2 is reverse-biased and turned 

off. As long as Q2 i s  off, Ql i s  held on 
because of the decreased current flow 
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through R1. When C2 has discharged suf- 
ficiently for 4 2  to become forward-biased 
once again, 4 2  turns on, and the drop across 
R1 again reverse biases Q l .  

The values of R4, R5 and R1 are critical 
to the operation of the circuit because the 
current through Q1 has to be less than the 
current through Q2. This is so the emitter 
bias developed by R1 will not turn off Q l  
when Q1 i s  supposed to be on, but wil l 
turn off Q1 when Q2 i s  turned on. 

From the preceding circuit description it 
i s  apparent that the length of the output 

phase comparator takes control of the vco 
frequency. 

fixed divider 
One of the elements necessary to the 

frequency synthesizer shown in  fig. 6 is a 
fixed divider that divides the frequency of 
the source (Fs) by 100. Dividing by 100 i s  
accomplished by dividing by 10 and then 
dividing the result again by 10. Some manu- 
facturers market a divide-by-10 scaler which 
produces one output pulse for each 10 input 
pulses. Another way of dividing by 10 is 

TIME TI I I I I  n ~ 3 ~ 4 y 7 y y r , 9 y y 1 y 7 y  
R E F S  

t~g. 8. Timing diagram of the frequency and phase-comparator stage in fig. 7. 

pulse is determined by the length of time i t  
takes C2 to discharge through R6. By ad- 
justing the RC time constant of C2-R6 i t  is 
possible to adjust the length of the output 
pulse. In fig. 8, the time constant is such 
that the output pulse i s  5 times as long 
as the reference pulse. In practice it would 
be many times this length. 

The one-shot output pulse in fig. 7 is ap- 
plied to the ramp-forming integrating net 
R1-C1-Dl, resulting in the ramp-shaped 
pulse shown on the last line of fig. 8. 
This pulse is  applied directly to a varactor 
in the vco to sweep its frequency. Once the 
frequency is within the capture range of the 
phase-lock loop, the ramp ceases, and the 

the decade counter in fig. 10. 
The flip--flops shown in fig. 10 are similar 

to the flip-flops previously discussed (fig. 
4 and 7) but have an additional input. 
The toggle (T) input provides symetrical 
triggering in that a negative pulse causes 

the Q and Q outputs to change state. If Q 
was high and was low before the T 
pulse, then after the T pulse Q will be low 
and 6 will be high. The second T pulse 
again changes the state of the outputs so 
that Q will be high and wi l l  be low. 
Applying a string of pulses to the toggle 
input wi l l  yield a pulse train from the Q 
output with a frequency that is one-half 
the frequency of the input. A similar out- 
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put may be taken from the terminal, 
but it wil l be exactly 18Oo out of phase 
with the Q signal. 

The flip-flops in fig. 10 may be unsymet- 
rically triggered 4s before by applying 
pulses to the set (S) or reset (R) inputs. 
A negative-going pulse at S wi l l  cause Q to 
be high, while a negatlve-going pulse at R 
will cause to be high. When Q is high, 5 
is low and vice versa. The output conditions 
cannot be predicted i f  both S and R are 
pulsed simultaneously. 

In fig. 10, the Q output of A (Q,) is 
connected to the T input of B (T,); the Q 
output of B (Q,) is connected to the T input 
of C (Tc)  In A, the input pulse is divided 
by 2; in  B, the output of A is divided by 2; 
and in  C, the output of B is divided by 2.  
This means that the Q output of C (Qc) i s  
high after four input pulses and goes back 
to its original state after eight input pulses. 
Qc i s  applied to the set (S) input of flip- 
flop D. 

Note that QD i s  fed back to the R input 
of B and that QA is connected to the R input 
of D. During the following discussion keep 
in  mind that the flip-flops are triggered 
only by the trailing edges of the pulses. 
At the beginning, i t  is common to assume 
that all Q outputs are low. 

After the first input pulses, Q, goes high. 
After pulse 2, Q, goes low. This negative- 
going pulse i s  applied to TB causing QB to 
go high. (The negative-going Q, pulse also 
is applied to RD, but has no effect because 
D is already reset). The third and fourth 
input pulses again cause Q, to go first high, 
then low and the negative-going QA pulse 
that occurs causes Q, to change state from 
high to low. The negative-going Q, pulse 
causes Q(: to change from low to high. Pulses 
5 and 6 again cause q, to go first high, 
then low and the negative-going Q, pulse 
causes Q, to change from low to high. This 
positive-going pulse has no effect on C, and 
Qc remains high. Input pulse 7 causes Qa 
to go high, but this has no effect on the re- 
maining circuitry. 

The action of the flip flops up to thls 
point has been identical to that of a regular 
binary counter. From this point on the feed- 
back paths play an active part in  the opera- 

tion of the counter. The trailing edge of 
pulse 8 causes QA to go from high to low. 
This negative-going pulse is applied to TB 
and R,. The negative-going pulse on T, 
causes Q, to go from high to low, and this 
negative-going pulse causes Qc to go from 
high to low. The negative-going pulse from 
Q, is applied to S,. Therefore, there are 
now two pulses applied to D which seeming- 
ly contradict each other (SD tries to make 
Qn high and R, tries to make Q, low). 
Such i s  not the case, however. The propaga- 
tion delay of the flip-flop chain removes the 
contradiction. The RD pulse i s  coupled in- 
stantly from Q, but the s, pulse arrives 
only after B and C have changed state, so 
that by the time the SD pulse arrives, the 
RD pulse has lost its punch and the S ,  

fig. 9. Emittar-coupled one-shot circuit. 

pulse causes QI, to go high. 
Following pulse 9, Q, changes from low 

to high, but this positive-going pulse has 
no effect on the remaining circuitry. After 
input pulse 10, Q, goes low, and this nega- 
tive-going pulse causes QD to go low also 
(because the QA pulse is applied to RD). 
When Q ,  changes from high to low, the 
negative-going pulse from Q, is applied to 
R, holding QB low SO that the negative- 

going pulse at T, (from QA) cannot cause 
Qn to change state. Q, is already low. 

After ten input pulses, all flip-flop Q 

outputs are low, exactly the way they were 
when the counting started. The same se- 
quence is repeated for the next and all fol- 
lowing sets of ten pulses. The output from 
the decade counter i s  taken from Q,. Note 
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that there is one pulse for every ten input While I have not been able to delve into 
pulses. all of the design considerations, it is hoped 

Fig. 10 also shows a simple connection that these notes have cleared away enough 

to QA that provides a divide-by-2 output of the fog surrounding frequency synthe- 
from the same counter. Note the waveform sizers to stimulate some "research and de- 
for Q,,. It contains one output pulse for velopment" activity among those amateur 
every two input pulses. The same output radio operators who have cried, "I've built 

O g I  L + B T K ) C U T P u r  

fig. 10. Logic and timing diagram of a decade counter with an auxiliary divide-by-two output. 

could be taken from QA, but i t  would be 
180" out of phase. 

variable divider 
By selectively modifying the feedback 

paths, it i s  possible to build counters that 
wil l divide by numbers other than 2 and 
10, but the design and operation of a var- 
iable divider i s  beyond the scope of this 

article. It should be noted that the variable 
divider shown in fig. 6 should divide Fo 
by 3500 through 3999 if the output of the 
synthesizer i s  to be within the 80-meter 
amateur band. 

summary 
I  hop^ that this article has removed some 

of the mystique about frequency synthesis. 

everything there is to build from a spark- 
gap transmitter to an ssb transceiver." Here 
is something new to challenge you-I'd be 

interested to hear what develops. 
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K7YZZ in BeIIevue, Wash- 
ln~ ton  is fully equipped 
for ssb opention. 

slow-scan television 

I 
The term "slow-scan television" (sstv) is ap- 

pearing more and more often in  the amateur 

literature. However, from comments of fel- 

lows listening to the slow-scan net, it seems 

that few realize what it's all about or what 

can be accomplished with this mode. This 

2 article provides answers to some basic ques- 

The principles % tions I've run into, both over the air, and at 
It 

several meetings where I've exhibited my * 
w gear. of this .- 
E what it is 

narrow- band system $ slow-scan television is  a narrow-hand .- 
2 image transmission system. A 120-line pic- 

ture is transmitted every eight seconds. The are discussed, - 
narrow-hand part of the dcf~nition i s  impor- 

Y1 

d with some ideas - - .- 
> 

on how to get started .r" r 

tant, because a slow-scan picture requires 
significantly less bandwidth than a standard 

phone signal. Sstv is now authorized in  Ad- 
vanced and Extra-Class phone segments of 

the 80-15 meter bands, the entire phone 

segments of 10 meters and our vhf and 

uhf assignments. Every weekend pictures are 

exchanged between suitably equipped sta- 

tions throughout the U. S. Picture< have 

been transmitted between the Unitecl States 

and England, the United States and Antarc- 

tica, and between Canada and Sweden. 

About the only limitation to the DX cap- 

abilities of sstv is the lack of suitably 

equipped foreign stations. Interest in  sstv is 

rising rapidly in Europe, Africa and Australia, 
so it appears that a new era of international 

communications activity i s  just ahead. 
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equipment 
Present regulations require single sideband 

for sstv on 80 through 10 meters, while any 
phone mode may be used in  the appro- 
priate parts of the vhf and uhf bands. Stan- 
dard transmitters and receivers are used for 
slow-scan work. Collins S-line equipment is 
used at W8SH, the club station of the Michi- 
gan State University where contacts have 
been made with Canada, Sweden and several 
states, including Alaska. Other amateurs have 
been using transceivers with success. The only 
additional gear includes a picture monitor and 
camera, with their power supplies and con- 
trol circuits. The picture monitor i s  connected 
to the station receiver audio output, and the 
camera is connected to the transmitter au- 
dio input. 

sstv signal composition 
Any television system must transmit the 

following types of information: 

1. Sync signals to ensure that the received 
picture i s  in  step with the picture being 
transmitted. These are vertical pulses to start 
each picture or frame, and horizontal pulses 
to start each scanning line. 

The combination of sync and video infor- 
mation comprises the composite television 
signal. The original series of sstv articles by 
MacDonald described a system in which the 
composite signal consisted of an a-m tone 
or subcarrier.' Early experiments, both on the 
air and in the laboratory, indicated that the 
subcarrier a-m signal was subject to fading 
and interference.'JThe system was then 
modified to have a composite signal consist- 
ing of an fm audio suhcarrier.Vhe equip- 
ment was adjusted so that the sub-carrier fre- 

2. Video information, which produces black, The author's at W)SH. 

white, and gray values during readout of 
each scanning line. 

quency was 1200 Hz during sync pulses, 
while the video changed linearly from 1500 

A single slow-scan frame transmitted on 14 MHz by H~ (black) to 2300 H~ (white,. The vertical 
W4CCG, Manassas. Virginia. and received by WBSH, 
East Lansing, Michigan. The resolving puwer of the 'ync pulse width was 30 ms and was repeat- 

120-line system is obviously quite adequata. ed once every eight seconds. The horizontal 
pulse width was 5 ms, with a repetition rate 
of 15 pps. This resulted in  a 120-line raster 
with an aspect ratio of 1:1, which required 
eight seconds from start to finish (fig. 1). 

The subcarrier for a single line scanning a 
gray scale is shown in fig. 2. At A we have 
the 5 ms pulse of 1200 Hz, which starts the 
scanning line. The video information ranges 
from white a t  6 to mid-range gray at C, to 
black at D, and back to white at E. F repre- 
sents the 1200-Hz pulse, which starts the 
next scanning line. Since the 1200-Hz sync 
pulses are in  the infra-black range, the trace 
is blanked during the retrace interval. With 
more complex picture material, the sync 
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fig. 1. Slow-scan television raster. Aspect 
ratio is 11; readout time is 8 seconds. 

pulses would remain the same, but the varia- 
tions in video information would, of course, 
be far more complex. The composite slow- 
scan signal is thus an audio tone that varies 
in frequency between 1200 Hz and 2300 Hz, 
a total bandwidth of 1.1 kHz. The signal may 
be recorded on a standard audio tape re- 
corder, since we are dealing with a mid- 
range audio tone and not the complex wide- 
band signal of standard television. 

The photograph of a single slow-scan 
f r a m ~  shows the resolution of the 120-line 
system. This signal was recorded off the air 
using a portable tape recorder with a tape 
speed of 3-314-inches per second. It was then 
played into the monitor for photography. A 
cathode-ray tube with a long persistence 
phosphor (P7) was used in the monitor so 
that the entire picture could be observed de- 
spite the extended readout time. 

the monitor 
The first step for slow-scan operation i s  to 

build a monitor for picture display. The most 
commonly used circuit was described by 
MacDonald.4 My monitor, shown in the pho- 
to, was built from this article. Cohenqe-  
scribed an economical approach to the con- 
struction of this monitor using a surplus ra- 
dar tracking set. This has been used success- 
fully by many amateurs. 

fig. 2. The fm subcanin frequencies as functions of 
time. Extremes of tone values, white to black, occupy 
a bandwidth of only 1:l kHz. 

There's nothing particularly critical about 
monitor construction, since only audio fre- 
quency signals are processed in the unit. 
Well-filtered power supplies and shielded 
leads in input circuits will prevent hum pick- 
up, which is probably the biggest single fac- 
tor to be avoided. Most of the parts, includ- 
ing the cathode-ray tube, are available from 
surplus. 

Single fnme from a 20-meter transmission from 
Single h m e  of a transmission from KC4USV, Ant- WFEN.  WTFEN was using independent sideband at 
arctica, as received by W7FEN. The echo on the right the time with the picture on the upper sideband and 
side of the penquin is due to multipath propagation. the voice on the lower. 
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Once a monitor has been completed, it i s  
best aligned using a pre-recorded slow-scan 
tape. I'll be happy to provide such a tape to 
anyone actually constructing a monitor. 
Most operators will also make simultaneous 
recordings of incoming signals to provide a 

permanent record. It can be played back as 
often as you wish. The network of fig. 3 will 
allow visual and aural monitoring as well as 
recording. 

INPUT 'L2=-~ 
fig. 3. Circuit for visual and audio monitor- 
ing of srtv signals. Receiver i-f pass-band 
should be at least 2.5 kHz to avoid distor- 
tion caused by interference. 

single sideband operation 
When receiving pictures transmitted on 

single sideband, carrier insertion must be as 
precise as possible if the subcarrier frequen- 
cies are to be reproduced accurately. Small 
errors in carrier insertion will result in slight 
shifts in the gray scale, while large errors will 
usually mean no pictures at all due to the in- 
ability of the monitor to trigger properly on 
the sync pulses. Proper carrier insertion is 
easy i f  the monitor i s  in use, but may be a 
problem if you are recording "blind" for la- 
ter playback. In this case, it is best to wait 
for a voice transmission from the station and 
tune for the most natural-sounding voice 
quality. Although this may sound like an in- 
definite procedure, it i s  surprisingly easy and 
will almost always be close enough for good 
picture rendition. 

A signal of S4 or S5 on the hf bands will 
produce a readable picture if a reasonably 
clear channel is available. Signal levels higher 
than S9 will give "tape quality" pictures in 
the absence of strong interference. Since in- 
terference is the limiting factor in hf recep- 
tion, the receiver should have a narrow i-f 

response; not more than 3 kHz, and 2.5 or 
2.1 kHz i s  even better. If the receiver i-f re- 
sponse is too broad, an external audio band- 
pass filter with cutoffs at 1 and 2.5 kHz would 
be a worthwhile addition. 

vhf and uhf operation 
Operation in the vhf and uhf bands is also 

feasible, but here the limiting factor is usual- 
ly the signal-to-noise ratio rather than inter- 
ference. The use of a-m or narrow-band fm 
on vhf eliminates the carrier insertion prob- 
lems associated with ssb, but just as in nor- 
mal phone operation, the use of ssb will re- 
sult in a sizable increase in reliable range. 
I've been successful in transmitting sstv pic- 
tures about 100 miles on two meters using 
just 75 watts of a-m, so this type of opera- 
tion should not be overlooked. 

On-the-air shot of W9NTP. Hem Don is adjusting the 
slow-scan monitor. The shuttered camera above the 
operating position is normally operated in real time. 
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Once the receiving gear is set up and 
working, the urge develops to send pictures. 
There are two general types of picture gen- 
erators now in use-the flying-spot scanner 
(fss) and the vidicon camera. The fss is suit- 
able for transmitting from photographs and 
other printed material. An excellent unit of 
this type has been described by Hutton." A 

number of operators are presently using units 
of this type. A more versatile approach is a 
live vidicon camera, described by MacDon- 
ald in a three-part article in QST.7 This is 

uses the first of the two approaches, but 
both are highly satisfactory. 

Although some live transmissions are 
made, most operators record their pictures 
for later playback over the air. This tech- 
nique permits a maximum variety of ma- 
terial to be transmitted in as little on-the-air 
time as possible, since the tape may be edit- 
ed as it is put together. Some provision must 
be made to feed the source (camera or re- 
corder) into the transmitter audio input. The 
circuit of fig. 4 i s  useful for this purpose. 

fig. 4. Schematic for feoding IW m Jl 

video and audio slgnals to the .,,, 
trnnrmitter. With recorder or 
camera level preset, video and 
audio input can be switched 
without changing transmitter nu- 
dio gnin control. 

YLMOCMW 

probably the most commonly constructed 
camera to date and gives very good results. 

As originally described, the camera uses a 
special slow-scan vidicon, which is no long- 
er available on the gratis basis described in 
the original articles. To get around this prob- 
lem, many amateurs have experimented with 
standard vidicons. The procedure described 
by TaggartR requires no modifications of the 
original circuit, while that of Hutton" in- 
volves changes in the vidicon and video am- 
plifier circuits. My camera (in the photo) 

The transmitter audio gain control i s  set 
with the microphone at your normal speak- 
ing level. With the recorder or camera feed- 
ing J1 at some preset level, S1 is  placed in 
the slow-scan position, and R1 is  adjusted 
for the same level as when the microphone 
was used. If no changes are made in the re- 
corder or camera level, you can then switch 
back and forth between voice and picture 
with no changes in the transmitter gain con- 
trol. During the first few attempts at trans- 
mitting sstv, it is best to keep an eye on the 
final amplifier plate current. The constant 
amplitude of the fm subcarrier runs the final 
at a pretty stiff duty cycle, and a blower or 
slightly reduced power level may be re- 
quired if the final tubes are gassy or the 
transmission line standing wave ratio i s  high. 

sampling techniques* 
Many amateurs engaged in sstv formerly 

experimented with wideband tv on the 432 
MHz band, so they already had vidicon cam- 

*This material on sampling techniques was originally 
presented to the FCC in a sstv progress report, "Siow- 

Slow-scan tv equipment used by W4UMF includes Scan Television Activity in the Alexandria, Virginia, 
the hybrid monitor to the left and the transistorized Area," 27 September, 1968, by T. I. Cohen, W4UMF. 
vidicon camem in the center. D. Harmon, W4CCG, and D. Veazey, W4ABY. 
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eras which produced standard non-interlaced 
pictures suitable for conventional television 
receivers. I f  they could use these cameras 
in a slow-scan system it would provide an 
economical and versatile approach to sstv. 
Indeed, the following idea was quick to 
take form: if some way could be found to 
sample different portions of successive fast- 
scan pictures, the conventional video sources 
already available could be used as part of a 
slow-scan camera. 

The first amateur slow-scan sampling sys- 

the same basic principle as Miller's camera: 
different portions of successive fast-scan 
pictures are sampled to produce a slow- 
scan frame. 

Sampling-type sstv cameras are now used 
by at least three amateurs (WBGZYE, W9NTP 
and VE3EGO1, and construction is contem- 
plated by more. With the growing interest 

in sampling systems, the need arises for a 
brief, but lucid, review of sampling tech- 
niques. 

The block diagram for a sampling-type 
slow-scan camera is  shown in fig. 5. A 
conventional fast-scan camera (with a fast- 
scan vidicon) i s  used as a video source. 
However, as seen in fig. 5 a line-locked 
15 Hz sawtooth waveform i s  generated in 
the system and imposed on the vertical de- 
flection coils of the vidicon yoke (the 15 Hz 
oscillator also generates the slow-scan line 
sync and blanking pulses). The fast-scan 
video output now has a frame frequency of 
15 Hz; the line frequency remains unchanged 
at 15,750 Hz. 

The modified fast-scan video is fed to 
the sampler circuit which acts as an elec- 

Don Miller, WONTP, is well equipped for sstv work. tronic gatel "Opening" and 
Equipment includes the sampling slow-scan camera "sampling" the video at times dictated by 
to the left, the shuttered cemers, upper right, and the output of the Schmidt trigger sliding- 
both slow- and fast-scan monitors. pulse generator. This sliding-pulse genera- 

tern was designed and built by Don Miller, 
W9NTP, in 1966-1967. This system, which 
used a vidicon camera as a video source, 
sampled 120 successive fast-scan pictures 
to produce one slow-scan frame. The sam- 
pled pictures, which were first aired on the 
Navy MARS sstv net in 1967, were judged to 
be as good as those produced by sstv 
cameras using special slow-scan vidicons7. 
Miller's circuit design was made available to 
the amateur community in late 1967; we 
built and operated a system based on this 
design in early 1968. Complete circuit de- 
tails for Miller's sampling camera have been 
published by CQ.R.10 

Recently, Watson and Hornell described 
a slow-scan sampling camera designed by 
the Research and Developments Labs, 
Northern Electric Co., Ltd. (Canada). Though 
little i s  known of this system, it works on 

Sampling cmmen built by WNTP.  The uppor level 
houses a P7 monitor for both fast-scan and sampled 
slow-scan tv: the lower level is a fast-scan camera 
with a sampling circuit to provide slow-scan output. 
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tor is driven by an 8-second ramp waveform 
and the 15,750 Hz pulses from the fast-scan 
camera. The resultant output of the Schmidt 
trigger i s  a sliding pulse which moves with 
an 8-second period and has a 15,750 Hz 
rate. 

Once sampled, the video appears as a 
series of spikes, with the amplitude of each 
spike equal to the amplitude of the fast-scan 
video signal at the instant the gate was 
opened. These pulses are very short in 
duration, however, and thus it is necessary 

tures are shown diagramatically in fig. 6. 
The sampling action starts in the upper left 
corner of the fast-scan picture. Every 
1/15,75oth of a second, roughly, a video 
sample is taken, the effect being to sweep 
the image downward and to the right (re- 
member, the sampling pulse is sliding in 
time). Since the vertical frame rate i s  15 
Hz, 1050 samples are taken before the 
sampling pulse returns to the top of the 
picture. Each return is  slightly to the right 
of the previous scan, and in this way, the 

A /Ih SCIIMIM 
ELAYUINO VERTICAL 

CefLECTION 

VIDEO 

fig. 5. Block diagram of a sampling-type slow-scan television camera. 

I l SLlDlNe PULSE I I 

to "hold" a given sample at its peak ampli- 
tude until the next spike appears. The hold- 
ing circuit performs this function, and its 
output, the "staircased" video, is amplified 
and fed to the multivibrator. Slow-scan hor- 
izontal and vertical sync pulses are also fed 
to the multivibrator, and together with the 
video input, a composite slow-scan signal is 
generated with the following characteristics: 

1200 Hz Sync 
1500 Hz Black 
2300 Hz White 

Gray levels generate signals between 1500 
and 2300 Hz. 

Let's examine the sampling method in 
detail. Fast-scan and sampled slow-scan pic- 

FAST - SUN 
CAMERA 

entire fast-scan picture is eventually sam- 
pled. With a vertical frame rate of 15 Hz 
and a sampling pulse which slides with a 
period of 8 seconds, the sampled slow-scan 
picture consists of 120 lines and is made 
up of successive portions of 120 fast-scan 
frames. 

When the slow-scan picture is displayed, 
the 15 Hz frequency is now the line fre- 
quency and the vertical frame period is 8 
seconds. This results in  a sampled slow- 
scan picture which is both rotated and in- 
verted. However, this presents no problem. 
For fast-scan cameras with identical vertical 
and horizontal yoke windings, it is only 
necessary to interchange (with a switch) the 
horizontal and vertical deflection leads, and 
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reverse the "new" set of vertical deflection 
leads. 

With this sampling technique a conven- 
tional vidicon camera can be used to pro- 
duce slow-scan television pictures. Though 
the subject to be televised must be held 
fixed for the entire 8-second sampling pe- 
riod the slow-scan pictures produced by a 
sampling system are of comparable quality 
to the excellent images produced by cam- 
eras using slow-scan vidicons (e.g. the 
WL-7290). The fact that the sampler camera 

uses a fast-scan vidicon and can be tuned 

fig. 6. Fast- mnd slow- 
scan imagos. 

on the field-sequentional system for trans- 
mitting color television pictures. This system, 
developed by Dr. Peter Goldmark of CBS 

Labs, and used for the first color tv broadcast 
in 1940, was rejected by the FCC for the 
United States standard. However, simplicity 
of the system (it requires only one-third the 
components required by a conventional color 
tv camera) results in reduced camera size and 
weight and makes it ideal for many medical, 
industrial and space applications. 

In the field-sequentional system of picture 
transmission, a color wheel containing red, 

FAST-SUN 

up in "real time" are but two of the rea- green and blue filters is spun in front of a 
sons why sampling systems are becoming so black-and-white television camera. The re- 
popular among sstv enthusiasts. sultant black and white pictures, in sequence, 

contain the color information as seen through 
slow-scan color b* the filters. These black and white pictures are 

Recent color transmissions from the Apollo called the separation pictures. If the separa- 
spacecraft have once again focused attention tion pictures are displayed on a crt and 

viewed through a camera-synced color wheel, 
the persistence of vision of the human eye 
will cause the original picture to be repro- 

B O W - S U N  
t mmmo. rmnmo IYIGE 1 

duced. 
On February 7,1969, Theodore Cohen and 

Wade Tarr succeeded in reproducing the first 
pseudo-field-sequentional color picture trans- 
mitted by slow-scan television; color synthesis 
was achieved with subtractive' synthesis tech- 
niques. Working independently, WBBDQT re- 

produced the first additive-synthesis color sstv 
picture on February 13. Further experimenta- 
tion by Cohen and Tarr led to a method of sstv 
color transmission which used quick-process- 

*This section on slow-scan color tv was prepared by 
Solid-state slow-scan sampling camera built by Syd Ralph Taggart, WBBDQT, Theodore I .  Cohen, W4UMF 
Home. VE3EG0, and designad by Doug Wmtson. and Wade L. Tarr. 
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ing Polaroid color film for both the color 
analysis* and color synthesis processes. 

field-sequential color systems 
The field-seauentional method of color 

transmission i s  shown diagramatically in  fig. 
7. The subject to be televised is a black card 
containing three circles-one red, one green, 
and one blue (the additive primary colors). 
These circles are viewed by a black-and-white 
television camera, the light first having passed 

through a spinning color wheel. The wheel 
contains wedges of red, green and blue filters. 

If the color wheel is synced to the black-and- 

white camera's frame rate such that successive 

frames are viewed through successive filters, 

the first frame in a three-frame set will con- 
tain that color information which passes, say, 

through the red filter. (Note that it i s  not nec- 
essary to synchronize the color wheel to the 
frame rate-it i s  done here only to simplify 
the explanation of the sequence of events. In 

usual practice the rotation of the color wheel 

i s  greater than the camera's frame rate.) 

Since a filter passes light of its own color, 

only the light from the red circle will image 
on the camera's pick-up tube. This will be 

televised as a white circle while the other 

circles and the black background will be tele- 

vised as black areas. Following in sequence 

wi l l  be a frame containing a white circle in 

*In 1861 James Maxwell demonstrated the principles 
of three-color photography. He analyzed a landscape 
through red, green and blue filters, and made three 
black-and-white lantern slides. Then he projected the 
slides through red, green and blue filters and pro- 
duced a color picture of the landscape by superim- 
posing the three pictures. Producing a color image in 
this way is called additive color synthesis. 
When white-light sources 
are projected through 
red, green and blue fi l- 
ters, and allowed to over- 
lap as shown at the right, 
white is produced where @ +@%. .b, ' 
all three colors are super- 
imposed. There are also 
three other colors pro- 
duced: cyan (white light 
minus red), magenta (white light minus green) and 
yellow (white light minus blue). This suggests that 
color synthesis may be performed by subtractive mtx- 
ing using cyan, magenta and yellow. Subtractive color 
synthesis is the bas~s of our present color photography 
and color printing processes. 

the green circle's position, and a frame con- 

taining a white circle in the blue circle's posi- 

tion. The three-frame sequence constitutes a 

color analysis of the color subject. Since color 
analysis information is transmitted in sequen- 

tional frames, this system of color transmis- 
sion is called the field-sequentional system. 
(The present U.S. color-tv standard uses a 

dot-sequentional system). 
Upon receipt of the black-and-white color- 

separation pictures, the images are displayed 

on a conventional cathode-ray tube. However, 

the pictures must be viewed by the human 

observer through another spinning color 
wheel. If the viewing color wheel i s  synced 

ORIGINAL VISUAL EFFECT 

CAMERA 

RECEIVER 

TRANSYISSPJN OF WLOR SEPARATION PlCTLRES 
l 8 L l G K  AND W I T E J  

fig. 7. Field-sequential method of color transmission. 

to the color wheel used in the color-analysis 

phase-and they must be synced to reproduce 
the color image-an observer's eye is pre- 
sented with the following sequence of color 
pictures: frame 1, red circle on black back- 
ground; frame 2, green circle on black back- 

ground; frame 3, blue circle on black back- 
ground; frame 4, same as frame 1, etc. 

Because of the persistence of vision of the 

human eye, each frame i s  stored in the eye 

for a fraction of a second, and if the three- 

frame sequence i s  viewed in rapid succession, 
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the observer sees the original color picture. 
That is, the eye acts as a momentary storage 
device and integrates the three primary color 
images into a composite color picture. 

At this point, you're probably wondering 
how a color picture is actually transmitted by 
slow-scan television. After all, slow-scan tv 
reads out one frame every 8 seconds, hardly 
short enough for the eye to integrate three 
frames into one color picture. The answer to 
this apparent paradox is that while three sstv 
separation frames are transmitted in sequence, 
color film-not the eye-is used to synthesize 
(integrate) the pictures. 

Although the first slow-scan color picture 

in a clearly defined sequential fashion. Final- 
ly, in the synthesis phase, the original scene 
is reproduced by sequentially viewing the set 
of separation pictures through primary-color 
filters. 

sstv color analysis 
The purpose of the color analysis phase is 

to yield a set of black-and-white separation 
pictures. If the television imaging system has 
a flat spectral response in the visible region, 
separation can be achieved directly by taking 
three successive television pictures of the 
color object through each of the primary- 

color filters. Although the imaging systems 

These black-and-white color-separation prints show the n d ,  gnen and blue (from IeH to right) components of 
the original scene. 

was reproduced using subtractive synthesis, 
later experiments indicated that additive syn- 
thesis i s  more applicable to amateur work. 
Two basic additive synthesis methods have 
been investigated to date. One method re- 
quires a darkroom and is rather complex; the 
second method uses direct-write techniques, 
and can, with the use of high-speed color 
film, produce color pictures directly off the 
sstv monitor. 

This method of transmitting and receiving 

color pictures can be broken down into three 
distinct phases: analysis, transmission and 
synthesis. In the analysis phase the original 
color pictuer is viewed sequentially through 
red, green and blue filters; the three black- 
and-white separation pictures obtained con- 
tain all of the information required to repro- 
duce the original scene. In the transmission 
phase the separation pictures are transmitted 

used by amteurs do not have a b s o l ~ t t , ~  riat 
response, flying-spot-scanners using 931A 
photomultiplier tubes and sstv cameras using 
conventional fast-scan vidicons exhibit satis- 
factory response characteristics. 

For indirect color analysis a camera loaded 
with black-and-white panchromatic film is 
used. Both 35 mm and Polaroid cameras have 
been used for this purpose. Again, three sep- 
aration pictures must be taken-one each 
through a red, a green and a blue filter. After 
the three black-and-white separation pictures 
have been printed, they may be televised us- 
ing any sstv imaging system. The pictures are 
then recorded on magnetic tape for subse- 
quent transmission. 

sstv color transmission 
The end result of the analysis phase is a 

recorded tape with ten or more frames each 
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of the red, green, and blue separation pic- 
tures (again, these are black and white pic- 
tures). Since the sstv sync and video informa- 
tion is all within the audio bandpass, the 
pictures may easily be transmitted with an ssb 
transmitter or over telephone lines. Alterna- 
tively, the video tape can simply be mailed 
to the station at which the synthesis is to be 
performed. As long as the operator at the re- 
ceiving end knows which frames represent 
the red, green and blue separations, i t  is pos- 
sible to synthesize the color picture. Because 
of the many monitor and camera adjustments 
required during synthesis, it is not practical 
to attempt it in real time (e.g., as the pictures 
play out from a ssb transmission). 

sstv color synthesis 
In direct-write synthesis, a 33 mm camera 

loaded with high-speed color film such as 
Ektachrome (ASA 160) is mounted rigidly in 
front of the sstv monitor; a suitable close-up 
lens is used on the camera. The room should 
be dark and if a yellow or orange filter is used 
on the crt face for normal viewing, i t  should 
be removed. A single "red" frame is exposed 
through the red filter, a "green" frame is ex- 
posed through the green filter and a "blue" 
frame is exposed through the blue filter (with- 
out advancing the film). The final composite 
picture will be an excellent rendit~on of the 
original color object if the procedure was 
done with reasonable care. 

Polaroid Polacolor has been used for di- 
rect-write color synthesis, but because of its 
slower speed, a large number of exposures 
must be made through each of the primary- 
color filters. Because of sync jitter, however, 
an unavoidable loss of detail results from 
superimposing a large number of sstv pic- 
tures. The advantage of Polacolor, of course, 
i s  the ability to rapidly see the results. 

summary 
This, in  very short form, is the story on 

slow-scan tv, one of the more challenging 
areas in amateur radio today. Even if you 

never decide to try it, you wi l l  know what's 
going on when you run into it on the ama- 
teur bands. Interested amateurs are invited 
to check into the slow-scan net (14230 kHz, 
1900 gmt on Saturdays), or you can just listen 
in to hear what it sounds like. Don't hesitate 
to make tape recordings, for all slow-scan 
stations are interested in how their pictures 
look and will provide comments and some- 
times photos of the picture readouts if you 
send them the tape. Three and three-quarter 
ips is the speed most commonly in  use for 
tapes, and most stations can handle this 
speed. Finally, don't hesitate to write if you 
have questions or problems. Slow scanners 
are a friendly bunch and welcome all inter- 
ested parties. Join the fun, and see what the 
fellow at the other end looks like for a 
change! 
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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 $3.50 
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. 

Wrlta lor complete catalog. 

CRYSTAL MFG. CO., INC. 
‘v 10 NO. LEE OKLA CITY. OKLA. 73102 
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Conservatively rated at 500 watts PEP on all bands 
80 through 10 the Ff dx 400 combines high 
power with the hottest receiving section of any 
transceiver available today. In a few short months 
the Yaesu FT dx 400 has become the pace setter 
in the amateur field. 

FEATURES: Built-in power supply Built-in VOX 
Built-in dual calibrators (25and 100 KHz) Built-in 

Clarifier (off-set tuning) All crystals furnished 80 
through the complete 10 meter 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 Ff dx 400 
utilizes 18 tubes and 42 silicon semi-conductors in 
hvbrid circuits designed to o~t imize  the natural 

SPECIFICATIONS: Maximum input: 500 W PEP 
SSB. 440 W CW, 125 W AM. Sensitivity: 0.5 uv, 
S/N 20 db. Selectivity: 2.3 KHz (6 db down), 3.7 
KHz (55 db down). Carrier suppression: more than 
40 db down. Sideband suppression: more than 50 
db down at 1 KHz. Frequency range: 3.5 to 4, 7 
to 7.5, 14 to 14.5, 2 1  to 21.5, 28 to 30 (mega- 
hertz). Frequency stability: Less than 100 Hz drift 
in any 30 minute period after warm up. 

CLARIFIER CONTROL- Does the work 
of an external VFO - allows operator 
to vary receive frequency IOKHZ 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 cwstal 
advantages of both iubes and'transistors Plane- calibration marker frequency and. de- 
tary gear tuning dial cover 500 KHz in 1 KHz sired transmit mode of operation. 
increments Glass-epoxy circuit boards Final 
amplifier uses the popular 6KD6 tubes. I 1 

PROFESSIONAL E Q U I P M E N T  FOR T H E  A M A T E U R  - 

This imported desk top transceiver is beautifully 
styled with non-specular chrome front panel, back 
llghted dlals, and heavy steel cabtnet flntshed In 
functional blue-gray. The low cost, matching 
SP-400 Speaker IS all that is needed to complete 
that professional statlon look. 

0 
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notes on 
directional 

swr indicators 

Much has been written on the subject of 
reflectometers (sometimes called directional 
watt or power meters, relative power meters, 
etc.) yet considerable misunderstanding of 
these basically simple devices still seems 
to exist; fallacies are often overheard on 
the air and even seen in print. I hope the 
following notes wi l l  help to clear up the 
more common misconceptions. 

some basic facts 
All directional instruments, from the least 

expensive relative-reading units to the most 
costly absolute meters, have one fact in 
common: both forward and reverse powers 
are measured, and the combination is used 
to determine the standing-wave ratio. Each 
instrument i s  set up for a particular resis- 
tance, which i s  often erroneously called 
impedance. Any swr indicated by (or cal- 
culated from) the meter readings is a meas- 
ure of the impedance present at the output 
terminal of the instrument relative to its de- 
sign resistance. Note that the impedance of 
the power source on the input side of the 
meter has absolutely no bearing on the 
measurement. 

If you put a 100- or a 25-ohm resistor 
across the output terminals of your 50-ohm 
swr meter, i t  wil l indicate 2: l .  However, 
there are an infinite number of resistance- 
capacitance and resistance-inductance com- 
binations which also produce an indication 
of 2: l .  The standing-wave ratio is not a 
measure of the nature or magnitude of the 
impedance, but rather of the quality of the 

match to its design value-or the severity 
of the mismatch. 

transmission-line impedance 
The most common use of a reflectometer 

i s  to determine the swr of an rf transmission 
line. However, you can get meaningful re- 
sults only when the characteristic impedance 
of the cable is the same design resistance 
of the reflectometer. When the characteristic 
impedance of the line is the same as the 

$ design resistance of the reflectometer, the 
0, 

6 swr indication will be the same wherever 

3 the reflectometer i s  placed in the transmis- 
sion line as long as line loss is  negligible. 
This is usually the case on the high- " frequency bands with modern coax. When 
coaxial cable loss i s  not small, the swr in- 
dication will increase steadily as you move 
the instrument closer to the antenna. 

If you must use your 50-ohm instrument - 
in, say, a 90-ohm system, and you get a 

$ reading between 1.6 and 2.0, add a quarter 
wavelength of transmission line. If the read- 

= ing does not change much, the actual swr 3 is near unity. 

& For widely different indications the exact 
cable length has to be known or a large 
number of readings taken with different 
line lengths temporarily inserted to permit 

LI calculations of the true swr. When the in- 
w 

strument i s  moved toward the antenna in  
2 
5 a line whose impedance differs from the 

instrument design value, the indications will 

change up and down although the true swr 
is the same at all points. This can be veri- 
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fied by laborious computations or with an 
instrument designed for the particular cable 
impedance. 

effect of power level 
With the simpler types of reflectometers 

i t  is quite common to observe a lower swr 
with low power than with high power. Also, 
this effect is usually more pronounced at 
the lower frequencies where the meter i s  
least sensitive. This is because the solid- 
state diodes which convert sampled rf volt- 
ages to dc to operate the meter exhibit 
a threshold effect: they require a minimum 
signal before rectification can take place. 

This fixed threshold level is insignificant 
for the rf voltages used for measuring for- 
ward power, but i t  can result in erroneous 
reverse readings at low power levels. In 
fact, the results wi l l  be most nearly correct 
for high power levels. Unfortunately, this 
goes against the usual advice of using min- 
imum power when tuning up antennas. 

In the more costly instruments, sensi- 
tivity does not change with frequency, and 
the meter scale can be calibrated directly 
in watts. With these instruments i t  i s  pos- 
sible to partially compensate for diode 
threshold by increasing the sensitivity of the 
reverse power indications over the corre- 
sponding forward power ones. Each com- 
pensation is correct for only one exact re- 
verse power level (or swr value with one 
particular forward power), but i t  is a fair 
compromise for other levels and a lot better 
than no compensation at all. 

As the designer of Comdel's DW1550 
directional wattmeter I found no need for 
compensation above 50 watts forward pow- 
er. I chose an swr of 2 : l  with a forward 
power of 15 watts (full scale of lowest 
range) as the point of exact compensation. 
For swr measurements with forward powers 
between 15 and 150 watts (full scale of the 

indication with its increased sensitivity will 
be larger than the forward reading. In other 
words, the instrument is overcompensated 
gince the reverse power is much higher 
than the value of exact compensation. This 
peculiarity is of little practical consequence 
since in reality reverse power can obviously 
never exceed the forward power. 

using the instrument 
Most reflectometers absorb insignificant 

amounts of power and may be permanently 
left in the line unless the swr is exceptional- 
ly high. All instruments dissipate a small 
amount of power and may be subjected to 
damaging high voltages when using a full 
kilowatt input with a high standing-wave 
ratio. Manufacturers' data sheets seem to 
ignore this point; if you are in the habit of 
using high power with an swr greater than 
3:l  you should ask the maker of your instru- 
ment for advice.* 

When a directional instrument is per- 
manently installed in the feedline, it makes 
a very useful monitor as well as a trans- 
mitter tuning aid. With an inexpensive rel- 
ative-power indicator the sensitivity is dif- 
ferent for each band, but a pointed knob 
on the sensitivity control with a mark for 
each band on the panel wil l overcome 
this effect. Absolute-reading instruments are 
more convenient, but they are at least four 
times as costly. 

I invariably tune up my linear amplifier 
by forward power indication; an occasional 
check of plate current always shows it to be 
at or very near its proper value. On a few 
occasions in the wintertime, my swr meter 
has prevented possible damage to the linear 
in the early morning hours when it gave 
abnormal indications due to antenna icing. 

When you are adjusting the matching of a 
new antenna, and you are sure of the quality 

and impedance of the feedline, the reflecto- 
next higher range), the effect of the com- 

'The Comdel DW1550 wi l l  stand a 4 : l  swr at 1.5 k W  
pensation is reduced lhe forward power continuously and higher values inter- 
variable resistor which is used to set the mittently. The Collins 302 ~3 wattmeter (and watt- 

meter needle to full scale. meter i n  the 312B4) w i l l  stand 2 kW continuously at 

-rhere is an amusing side effect to this any swr. The Drake W 4  and WV4 are limited by the 
full-scale reading of the meter movement. That is, the 

of When a drastic sum of the forward and reflected powers should not 
mismatch such as an Open feeder- exceed ZMW) watts: for 1500 watts i n ~ u t  this occurs at 
hopefully at low power-the reflected power an swr of 3:l. 
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meter may be located anywhere in the line. 
If you are not certain of your cable or are 
using a temporary one with a different im- 
pedance, then put the instrument right at 
the antenna. If this is impossible use an 
exact multiple of an electrical half wave- 
length between the antenna and meter. 

When checking the load impedance seen 
by the transmitter, the reflectometer belongs 
right at the transmitter's output socket. 
Usually the swr wi l l  be the same at any 
other point in  the outgoing rf cable, but 
i f  you have an external low-pass filter for 
tvi elimination as I do you may be in  for 
some surprises on your highest frequency. 
This is because the more simple filter 
types show wide impedance variations near 
the cutoff frequency. 

When building my 10- and 15-meter 
three-element quad, I observed the follow- 
ing readings at 29 MHz: 1.5:l at antenna, 
1.4:l at the bottom of 100 foot RG-8/U 
cable, and 2.1 at the transmitter ahead of 
the low-pass filter. At 21.3 MHz the swr 
was essentially 1.2:l at the same three 
points. As long as transmitter tuning and 
loading adjustments can deal with the in- 
creased swr caused by the low-pass filter, the 
impedance change is of no practical im- 
portance. 

Antenna-tuning units are often used for 
resonating wire radiators or tuned feeders. 
In this case, the swr indicator belongs be- 
tween the transmitter and the antenna-tun- 
ing unit so it can be adjusted to present 
the proper load to the transmitter. This can 
bring about a potentially dangerous condi- 
tion. If the tuning is done for minimum swr, 
then the tuning unit may be mistuned so far 
that little power is transferred to the antenna. 
The same possibility holds when adjusting 
for maximum forward power. Only frequent 
checks of both will insure proper adjust- 
ment. Reflectometers with two separate me- 
ters are very helpful in this regard, as are 
instruments which can indicate a combina- 
tion of forward and reflected powers. 

I hope that this article will dispel some 
of the apparent mysteries surrounding direc- 
tional instruments and will lead to their 
better utilization and understanding. 

ham radio 

has all-new 
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or your money back ! 
Now RCA Institutes Home Study Training has the 
FCC License preparation material you've been 
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your own speed-to train for the license you want! 
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well reared - works good up front - too! 

2 KW 
PEAK POWER INPUT - W."L 

HXL=l 
linear amplifier 

Hammarlund tradition demands 
quality one notch better than the 
rest! 
So-you get . .  . 
. . . rugged, widespaced, industrial 
type tuning capacitors made by the 
most famous name in capacitors - 
Hammarlundl 
. . . rigidly mounted "Hi Q." low loss 
tank co i l  for  maximum power 
output ' 
. . . oversize power t ransformer 
specially designed to handle "peak 
power" requirements! 
. . . no RF watt meter needed for 
proper tune up. RF output scale and 
linearity test provide all you need 
for tuning up your linear' Shows 
improper loading and overdrive! 
. . . Pi-network output c ~ r c u ~ t  for  
efficient power transfer to your 
antenna! 
. . . h iqh eff iciency blower keeps 
final tbbes cool for long operating 
life. 

F E A T U R E S  

Complete 80 through 10 meter coverage' 

Compat~ble with HX-50A or any 70-100 
watt exciter' 

"Wide-band" grounded grid input circuit! 

"Instant powerM-no warm up needed! 

Bui l t  i n  DC operated antenna relay for  
chatter-free operation. 

Circuits monitored by multi purpose meter. 

Solid state, long life power supply. 

Control  c i rcu i t ry  compatible w i t h  most 
exciters. 

The HRmmRRLUND 
Manufacturing Company Incorporated 

A substdlary 01 E lec l ron,~  Assrslance Corporal~on 

20 BRIDGE AVENUE. RED B A N I .  NEW JERSEY 07701 
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meet the neat 
mnemonic 

Don't let 

the amateur exams 

get you down - 

try these 

memory joggers 

for the basics 

There are a few individuals among us who are 

blessed with near-total recall. No event, num- 

ber, face, name or whatever, seems to elude 

them. If you happen to be one of these for- 
tunate people, this article isn't for you. But 

if you're like I am, then you need some kind 

of crutch to help you remember abstruse 

information which is absolutely essential in 

accomplishing a specific objective. The ob- 

jective in this case is passing the amateur 

written examinations. 

An interesting thing about memory i s  its 

specialization aspect. You might remember 

certain kinds of information extremely well 
and other kinds poorly or not at all. The trick 

to increasing your memory efficiency is to 

devise some method of coding the informa- 

tion you have trouble recalling in  terms of 
information you can remember well. Such 
a device is  called a mnemonic (pronounced 

with silent "mu). It i s  used by logicians, 

mathematicians, psychologists-even by digi- 

tal computers. 

There's a subtle trap lurking in mnemonic 
systems, though. When used in  limited fields 

of high specialization they are quite useful. 

However, if applied to generalized situations, 

mnemonic coding tends to fall apart because 

of its unavoidable complexity and ambigui- 

ties. As a matter of fact, it's possible to devise 

mnemonics so far fetched as to defeat their 

very purpose: you can get to a point where 

you can't even remember the mnemonic 

for the mnemonic you're trying to remember 

(a bad joke, but my own). Used with care 

and a little thought, however, the system 
does work for special cases. 

Consider now the newcomer to amateur 

radio. How can he possibly remember the 

deluge of equations, rules, concepts, and 

relationships required to pass the amateur " written test? "Study," you say, and right you z 
are! But how about helping him over the 

.% rough spots-at least until he gets to the 

point where, finally, the light begins to dawn? 
'c - I recall when I was first exposed to the 

mysteries of radio theory. (We didn't call i t  

$ electronics in those days.) I took one look at 
the equation for resonance in a tuned circuit 

and thought, how am I ever going to remem- 
V1 

ber this stuff? Then I flipped over a few more 
.f pages in the book and saw the equation for 

a damped wave (that's what comes out of a 

spark transmitter, youngster). I shuddered, 

5 buried the book under a stack of Captain - 
4 Billy's Whiz Bangs and old Liberty magazines, w 

then took off to see my old pal Ed, WGNHZ. 
m 

Ed was really a very astute fellow. After I 5- 
5 explained my problem, he came up with 

some real help-in the form of mnemonics; 

2 only he didn't call it that. I doubt if the word 

2 was even i n  existence then. Anyway Ed 

said, "For openers let's look at Ohm's law for 

dc. The law was invented by George Ohm 

sometime in the early 1800's. If you can 
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remember this basic equation you can solve 
almost any problem involving dc circuits. 
But don't ask me why old George assigned 
the symbol '1' instead of 'C' to represent 
current. Possibly he did i t  to avoid confusion 
with capacitance, whose symbol is C." 

I said, "Well, the symbols for voltage and 
resistance I can understand, because E repre- 
sents electromotive force, and R is obviously 
for resistance. But why 'I' for current?" 

Then Ed said, "I really have no idea. Maybe 
George had trouble remembering the equa- 
tion himself. For one thing, you'll notice 
that E, I and R are in  alphabetical order. 
Perhaps he chose this sequence of symbols 
i n  an attempt at helping t o  remember 
their relationship." 

I said, "Okay. All this is fine, but mean- 
while I gotta memorize all this junk so I 
can learn why. Incidentally, why does E = IR 
anyway!" 

Ed said, "Because it's the law, boy. Don't 

you obey the law?" 
1 said, "Sure, but how am I going to obey 

it if I can't remember whether E = IR, or 
I = RE, or R= El?"  

And now we come to the crux of the 
whole story. 

"Okay," Ed said, "If you don't like E = IR, 
how about temporarily changing I to A (for 

ampere)? If you can't remember E = AR then 
you may as well give up. E =AR . . . get 
i t? EAR? Them big flappy milk-wagon doors 
you hear with, old buddy." 

Then I said, "Yeah, yeah-l get i t !  In order 
to hear it with my ear, it's got to be changed 
to dc, right?" 

I won't repeat here what Ed's reply was, 
but he got his point across, and for that I'll 
be eternally grateful. 

So I went home and stared long and hard 
at all the equations, symbols, and other odd- 
ments that make up the basics of our hobby. 
I then devised a set of coded symbols to help 
me remember the necessities. 

Some of the more basic mnemonics are 
listed below with their symbolic derivations. 
The list is by no means complete because 
of space limitations. However, enough mate- 
rial is included to get you started; then you 
can invent your own. I've also added some 
material on transistors to keep up with the 
changing world. 

My mnemonic symbols suit me just fine, 
because they're personalized. Perhaps you 
have better ideas to adapt the mnemonics 
to your particular requirements. In any event, 
if I've provided no more than the initial 
push to help a new amateur get started, then 
this piece wi l l  have served its purpose. 

problem mnemonic pGn;, I. Phase relat ionship be-  E is the reference. Across 
tween E and I a pure inductance E leads 

I 
I TIME - I; across a pure capaci- 

, :  \ '  
I I tance E lags I. For XL and 
I :  

I 

I I Xc think: "+XLe,,, and '.-,' '. .' 
-XComes after." 

2. General equation for im- It's assumed you know Z 
pedance contains R, X,, and X,. Im- 

pedance equals the square 
root of R squared plus the 
n e t  reac tance  squared. 
Think: "Square Root of R 
squared plus (reactance) 
squared." From problem 1, 
+X, leads; Xc comes after. 
This takes care of the sec- 
ond term under radical. 
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3. Impedance ratio of trans- The transformer primary is 

former windings the reference. The symbol 

K7 T2 
resembles the equation. Let 

5 -  T 2 the equal sign represent 
7s - the transformer core. 

parallel and series elements 
1 

1. Combination of induct- Inductance and the nurner- 
ances in parallel. al are the reference for 

parallel elements. The sym- 
bo l  resembles the equa- 
tion. Think: "One over one 
over one Lth, plus one over 
one Lth, plus.. ." 

L~ = L, + ~2 + Ln 2. Combination of induct- The symbol resembles the 
ances in series equation. Think: "String of 

L, = L, + L,+ L, coils, L, plus L2 plus.. ." 
- 3. Capacitors in parallel This is the exact opposite 

c T =  +c, ice .-ten of the symbol/equation re- 
- - - lationship of the reference 

C, = C, + c,+- C, mnemonic (inductance). 

4. Capacitors in series Same rationale as in prob- 
lem 3 

transistors 

1. D i r e c t i o n  o f  e m i t t e r  The transistor base is the 
arrow reference. For PNP, think: 

PN P NPN 
" A r r o w  P o i n t s  t o w a r d  
base:" P NP. For NPN, 
think: "Arrow does Not 
Point toward base:" N PN. 

43 42 
2. Element names 

PNP NPN 

The emitter is the refer- 
ence. Think: "Arrow emits" 
current from, or toward, 
the base. The other ele- 
ments are then obvious by 
deduction. 

3. Emitter and collector The polarities must be op- 
polarities with respect posite. The emitter is the 
to the base reference. For PNP, think: :;@; +@q+ "Emitter Positive." For 

NPN, think: "Emitter Nega- 
- - tive." By deduction, the 
+ - 

other polarities are ob- 
PNP NPN 

vious. 

ham radio 
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photographic illustrations 
for 

I 
The mass circulation, high quality maga- 

amateur radio zines published in this country use photo- 

graphic illustrations in  great quantity. These 

magazines photographs, especially product illustrations, 
are made by skilled professional photogra- 
phers who work from layouts supplied by ad- 
vertising agencies, the magazines, or the 

6 client advertisers. It is customary to ship 
s the products to be photographed, at consid- 

$ erable expense, to the photographic studio 
chosen for this work. The photographer's fee 
is usually quite high. The manufacturer of 

- 

; the product pays for magazine space, agency - 
fees, photographs, etc. 

B 
-3 The amateur radio magazine editor's sit- 

Try these suggestions 3 uation is different. He depends, in  most 
cases, on the authors of technical articles for 
photographs to illustrate the subjects. Most 

when preparing photos of US have noticed otherwise excellent ar- 4 ticles in some amateur radio magazines ac- 

to 90 along companied by mediocre photographs. The 

- editor often has no choice but to accept the 
photos furnished by the author. He has'dead- with your manuscript U lines to meet, space and layout problems, 
and must also be very cost conscious. The 
purpose of this article is to aid the amateur 
photographer in  making photographs of ac- 
ceptable quality for publication, using his 

5 own photographic equipment, and without . 
3 the use of elaborate lighting setups. 

It i s  of course impractical, due to space 
limitations, to delve deeply into the techni- 
cal aspects of photography in an article such 

C - as this. Many different types of cameras are 
. owned by amateurs. I t  is quite obvious that 

f a view camera is ideal for illustrative photog- 
QI 

2 raphy. This type of camera makes possible 
such things as perspective correction, image 

~j size control, maximum control of depth of 
field, etc. It is also true, however, that few 2 hams own this type of equipment. If you do, - 
by all means use it. Regardless of equipment 
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or technique, photographs for publication 
must meet certain minimum standards: 

1. They must be sharp. A blurred or out-of- 
focus photograph cannot be improved 
in the making of the halftone negative for 
the printing plate. 

2. They should be on glossy paper, with a 
uniform gloss over the entire print. Mat- 
te-finish prints or color prints should not 
be submitted. 

3. They should have a normal range of con- 
trast-the lightest and darkest areas of 
the print should show good detail. If this 
guideline is followed, a slightly "flat" 
print, or one with excessive contrast, can 
be corrected in the plate-making process. 

4. The print should be somewhat larger 

dard camera, will cause the bottom of the 
panel to appear narrower than the top. 
This effect is due to a diminishing per- 
spective of the vertical lines, sometimes 
called "keystoning." 

We will cover briefly some of the more im- 
portant aspects of photo illustration includ- 
ing background, lighting, equipment and 
film. 

background 
The background against which a unit i s  

photographed is of prime importance. The 
background most favored by professionals is 
white, seamless, heavy paper, available at 
photo supply or display supply stores. I 
normally use rolls of paper 9 feet wide and 

used. 

5. Underchassis or other views showing 
component placement and wiring should 
be lighted so that confusing shadows are 
eliminated. 

6. Perspective distortion should be mini- 
mized. For example, a high-angle shot of 
a unit's front panel, made with a stan- 

fig. 1. In photo A, below, the vertical pad of th. 
bacbround is  refledod on the top of th. tnnsmltter 
cabinet; the dark cloth In photo 6, to  the right. 
eliminatem the nflnt ion. 

10 yards long. However, some display stores 
stock 28x44-inch sheets of the same material ..-- ~ ~ 

which is more practical for the occasional 
user. For photographing a light colored chas- 
sis or other object, a somewhat darker back- 
ground should be used. For some subjects, a 

The author has been a professional photographer for 
many years. To lend authenticity to the methods de- 
tailed in the article, all photograph$ were made under 
the same conditions that might be found in the homes 
of amateurs who have an interest in pho~ography. 
Commercial studio facilities were not used, and all 
film developing and printing was done by a custom 
photofinisher, as suggested in  the article. editor 
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black background is ideal. The background spots) on reflective surfaces. Ideally, a high 
should be large enough to extend well be- wattage spotlight would be used as a key 
yond the subject on all sides so that the edi- light and floods would then be used as fill- 
tor can crop the picture to fit his format. lights. A study of advertising photos will re- 
When positioning a unit on a white back- veal this widely used technique. However, 
ground, first wipe the rubber feet with a 
damp cloth, followed by a dry one, to pre- 
vent "footprints" on the background. 

It will be found that the vertical portion 
of a white background behind an equipment 
cabinet will sometimes cause an undesirable 
reflection in the cabinet top. This i s  illus- 
trated in fig. 1A. A dark cloth, hung on the 
background so that its bottom edge i s  just 
outside the picture area, as shown in fig. lB, 
will eliminate this reflection. This i s  a pur- 
posely exaggerated example but serves to il- 

fig. 2. In this view-camera shot (right), all 
three planes of the unit am shown in cormd 
perspective. The set-up is shown fixed photo- 
floods provide lighting. 

this equipment i s  not available to the aver- 
age ham so a good rule to follow when using 
floods i s  to use the minimum number neces- 
sary to do the job. This will minimize mul- 
tiple shadows from knobs and other pro- 
truding parts of the unit being photo- 
graphed. Refer to fig. 2 for a photo made 
with a 4x5 view camera. The simple lighting 
set-up i s  also illustrated in fig. 2. Cam- 
era "swings" and "tilts" have been used to 
eliminate perspective distortion. 

lustrate the point. The cloth must be cropped 
out in the published picture, so make sure it 
doesn't take up too much of the background. 

lighting 
Photoflood lamps in reflectors are the best 

all-around light source. Reflector-floods 
(lamps with built-in reflectors) are satisfac- 
tory. Floodlamps make it possible to study 
the lighting before exposures are made, 
thereby avoiding specular highlights (hot 

If photofloods are not available, a single 
low-wattage lamp can be used to make over- 
all views, using the light-painting method 
discussed in "underchassis lighting." 

underchassis lighting 
A good technique for lighting cluttered 

areas to eliminate confusing shadows i s  to 
"paint" with light. With the camera on a 
tripod, focused, and the chassis properly po- 
sitioned, the lens diaphragm is stopped 
down to the smallest opening, usually f.16, 
f.22, or on some cameras, as small as f.45. 
Incidentally, when focusing on a unit which 
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has considerable depth, the correct point on 
which to focus i s  about one-third of the dis- 
tance from the front to the back of the unit. 
This i s  because the depth of field of a lens 
(the nearest and farthest areas which will be 

fig. 3. Simplort nnthod for "painting with light." 

in sharp focus) increases as the lens is 
stopped down more rapidly on parts of the 
subject which are farthest away and less on 
areas which are closest to the camera. 

fig. 4A. Undmhassir v i w  made with fixed lights. 
Not bad, but "painted light" in fig. 4 8  is less con- 
fusing. 

Set the shutter to time or bulb. In the lat- 
ter case, a locking type cable release will be 
required. A low wattage (about 60 to 100 
watt) lamp in a reflector at the end of an ex- 
tension cord i s  used. If a reflector is not 
available, an &inch square of '14-inch styro- 
foam makes a good reflector and eye shield, 
or a piece of white cardboard may be used. 
See fig. 3 for a typical set-up. 

Before opening the shutter, move the light 
to various positions to determine whether 
any areas of the subject have undesir- 
able reflections. Avoid these positions of the 
light when making the exposure. Now, open 
the shutter and paint the light on the sub- 
ject, using side-to-side, up and down and 
circular motions, keeping the light constant- 
ly in motion. Do not allow light to strike the 
camera lens; a lens hood is recommended. 
Room lights should be turned off. 

The exposure time will depend upon lamp 
wattage, film speed and other factors. Typi- 
cally, using Plus-X film and a 60-watt lamp, 
an exposure of about 3 to 4 minutes at f.22 
should be about right. Subject brightness, 
lamp-to-subject distance and over-all tech- 
nique will introduce some variables. A little 
experimenting will quickly give you the feel 
for this type of lighting. The basic reason 
for painting with light is, of course, to keep 
the shadows of wires and components mov- 

fig. 48. Paintod with ligM using a lor-wattago bulb 
as discussed in the text. 
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ing so that no shadow will stay in the same position will result in more even lighting. 
place long enough to register sharply on the A bounce-light arrangement is shown in 
film-thus shadowless lighting. A fixed fig. 5B. The unit shown in fig. 5 A  was photo- 
photoflood-lighted shot i s  shown in fig. 4 A  graphed by bouncing the light from three 
and for comparison, a painted-light photo flashbulbs, each with the screen in a differ- 
made with a 60 watt lamp, in fig. 4B. ent position. 

lighting by bounce flash perspective correction 
I have "painted" hundreds of commercial The transmitter in fig. 2 was photo- 

photographs where cluttered areas dic- graphed with a 4x5 view camera. The front 
tated such an approach, and this meth- 
od is highly satisfactory. Another tech- 
nique which gives good results on some sub- 
jects is to bounce the light from a flashbulb. 
For example, a chassis standing on edge or 
placed flat on the floor with the camera 
above it can be well lighted by this method. 
A large white card or movie screen posi- 
tioned so that the light from .a flashbulb can 
be bounced onto the subject will diffuse the 
light and produce a near-shadowless shot of 
the subject. Open-flash technique (open 
shutter, fire bulb, close shutter) i s  recom- 

fig. 58. Bounce-flash set-up using a movie screen. 

panel, right side and top are shown in cor- 
rect perspective. A lens of 10-inch focal 
length was used. When using fixed lights, an 
exposure meter should be used. A 2l/4x2'/4 
twin-lens-reflex camera with a normal 
(80 mm) lens, and without the swings and 
tilts of a view camera, was used for fig. 6A. 
Perspective distortion i s  quite evident. This 
set-up is shown in fig. 6B. The improved per- 
spective achieved, using the same camera, 
by shooting from a lower angle (keeping the 
film plane of the camera parallel to the trans- 
mitter's front panel) and from a greater dis- 

fig. 5A. Und.rchassis shot bounce flash. tance, i s  shown in fig. 7A; fig. 7B shows the 
camera position. Thus, it i s  better to back up 
far enough to minimize perspective distor- 

mended. Camera diaphragm setting should tion and then make an enlargement to the 
be about two stops larger than if direct flash desired size. 
were being used. Direct flash on this type of 
photo is, of course, contraindicated. MOV- foreshortening 
ing the screen to two or more positions and In addition to perspective distortion, an- 
bouncing the light from a flashbulb in each other undesirable effect that results from 
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too-close use of cameras with standard focal 
length non-interchangeable lenses i s  fore- 
shortening. This simply means that the part 
of the subject nearest the lens will be dispro- 
portionately large when compared with areas 
of the same subject which are farther from 
the lens. Example: portraits made too close 
to the subject will result in noses too large 
and ears apparently set too far back. Fore- 
shortening and front-to-back keystoning are 

(see fig. 10B) with the greatly improved re- 
sults seen in fig. 10A. The image size on the 
film was as large as that obtained with the 
50 mm lens close up in a close-up position. 

some notes, on equipment 
Many amateurs own 35 mm cameras. Good 

quality photographs from the small nega- 
tives produced by these cameras are more 
difficult to make than those from larger 

fig. (A. Dlstortd view-standard camon positioned fig. 6B. Camera positlon used In fig. 6A; note down- 
too close end too high. ward tilt. 

evident in fig. 8. This shot was made with a sizes, such as 2'/4x2'/4, 4x5, etc. However, 
35 mm camera using a 50 mm lens. The same by using fine-grain film, properly fine-grain 
set-up was used for the perspective view in developed and printed, high quality photo- 
fig. 9A. Distortion i s  very noticeable. Cam- graphs can be made. It is interesting to note 
era position is shown in fig. 9B. Changing to that a good 35 mm camera usually has a 
a 105 mm telephoto lens, the camera was sharper lens than the larger cameras. The res- 
moved back to more than twice the distance olution of lenses used on larger cameras 

fig. 7A. Made with the sema cemare as fig. 6A. Im- fig. 78. Correct camera position; note that film plane 
proved perspective. Camen lower end camera-to- is parallel with front panel of equipment. 
subject distance increasad. 
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need not be as great, in general, as those mately twice the focal length of the camera's 
used on 35 mm. A 4x5 negative need be normal lens will yield pleasing results when 
blown up only two diameters for an 8x10 making close-up shots of equipment. 
print, whereas the same size print from a A comment on print quality: the best 8x10 
35 mm negative requires about seven diame- prints are made by contact printing 8x10 
ters enlargement. If the 35 mm camera has negatives. So it follows that one should, 
interchangeable lenses, a medium telephoto with any camera normally used by amateurs, 

get the largest negative image size possible 
consistent with good perspective as outlined 
in the foregoing text. This is especially true 
when using 35 mm. 

fig. 8. Fomshortoning crused by camera k i n g  too 
close to subject; lmobs appear canted outward and 
dowrrard. 

(100 mm to 135 mm) should be used when 
photographing equipment. I have read arti- 
cles which stated, "the longer the lens the 
better". This i s  not true. A long telephoto 
lens invariably introduces an undesirable 
"telephoto effect" or flattening of the sub- 
ject. Also, the depth of field of a medium 
telephoto will be greater at any f stop than 
that of the long telephoto. With any inter- 
changeable-lens camera a lens of approxi- 

Another camera in widespread use is the 
Polaroid. These cameras have the advantage 
of letting you see a finished print in sec- 
onds. However, most models have some in- 
herent disadvantages so that the use of stan- 
dard Polaroid cameras to photograph elec- 
tronic gear is, in general, not recommended 
One possible exception is the use of a Po- 
laroid back on a view camera. 

parallax 
Some cameras have viewfinders which see 

a different field of view than that seen by 
the lens. The difference in these fields of 
view is called parallax. On distant subjects, 
this is unimportant. In close-up photog- 
raphy, compensation must be made. You 
have probably seen photos of people with 
tops of their heads cut off. Someone didn't 
take parallax into account! In close-up work, 
center the unit to be photographed in the 
viewfinder. Then, before shooting, move the 
camera up and possibly sideways, depend- 
ing upon the location of the viewfinder, un- 
til the lens occupies the same position. 

fig. #A. Ma& with a I mm camm, 50 mm   no^ fig. 9B. Camera posltlon u u d  for taking fig. #A. 
mat" camera. Good image size but the camera is much too closa. 
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film and developing 
Most camera users probably have a favor- 

ite film. For what it i s  worth, I have found 
Super Panchro Press Type B to be an excellent 
all-around sheet film for commercial subjects. 
For 35 mm cameras, Plus X is recommended. 
Panatomic X is somewhat finer-grain, but 
Plus X, properly fine-grain developed, 
yields a somewhat more brilliant print with 
no objectionable graininess. For cameras us- 
ing 120 film, Professional Plus X is a good 
choice. 

If you don't do your own processing, try 
to avoid using "drugstore" photofinishing. 
This grade of work is generally not suitable 
for good reproduction. Most cities have cus- 
tom photofinishers who do high quality work 

fig. 1OA. Made with 35 mm camera, 105 mm Ions. 
Longer lens provides same image size as fig. 9A, but 
perspective is improwd. 

for professionals. Use their services, if pos- 
sible; the additional cost is justified. 

summary 
To summarize, if you don't have a view 

camera, shoot as nearly level with the unit 
as possible (film plane parallel with front 
panel) to avoid perspective distortion. Inci- 
dentally, some degree of correction of con- 
verging lines can be made by tilting the 
easel when enlarging. Dimensions of the 
unit photographed can be indicated in the 
article. A rule may be included in the picture 
if desired, but place it so it can be cropped 
out if the editor doesn't want to use it. Place 
the light or lights so that pleasing illumina- 
tion i s  achieved and hot spots are minimized 

on reflective surfaces. Paint or bounce the 
light into cluttered areas for greater clarity. 
Get far enough from the subject to minimize 
foreshortening. It is much better to have a 
smaller, distortion-free image, which can be 
blown up, than i t  i s  to have a larger one 
that overemphasizes areas that are closest to 
the lens. Finally, make sure that the pictures 
you submit are sharp. 

If you write descriptive matter for your 
photos to point out specific areas, do not in 
any case write on the photos. Instead, you 
should: a) write on a separate piece of paper 
and attach it flush with the bottom edge of 
the photo, using cellophane tape as a hinge; 
b) attach a tissue overlay to the print and 
write lightly with a soft pencil to prevent 

fig. 108. Camera position used for taking fig. 10A. 
Camera Is slightly lower and film plana is parallel 
with the front panel. 

scoring the print, or c) send a duplicate print 
on which you have indicated the areas to be 
emphasized. 

Here's a final item often overlooked by 
amateurs who submit photos to editors. 
Your high quality pictures are useless if 
they arrive at the editorial offices bent and 
cracked. Make a sandwich for your photos 
by cutting two pieces, large enough to ex- 
tend at least a half-inch beyond the edges 
of your prints, from a corrugated carton. 
Tape the edges of the corrugated board so 
the photos can't shift in handling. Most 
photo supply houses also carry photo mail- 
ers which are ideal for the purpose. Happy 
shooting! 

ham radio 
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IT'S HERE - THE 
G A L A X Y  

FM-21O! 
AT LAST, ALL AMATEURS HAVE AVAILABLE A 
TOP QUALITY, AMERICAN MADE 2 METER FM 
TRANSCEIVER AT A PRICE ALL CAN AFFORD. 
THlS FULLY SOLID STATE, FET FRONT END 
TRANSCEIVER OFFERS NO COMPROMISE PER- 
FORMANCE FOR DIRECT OR REPEATER COM. 
MUNICATIONS. A FULL 5 WATTS OF POWER 
OR 10 WATTS WITH THE OPTIONAL AC-DC 
POWER BOOSTER. HOW DOES GALAXY DO 
ALL THlS FOR 

$199.95 
PLACE ORDERS NOW FOR EARLY DELIVERY 

SMALL DEPOSIT 

- 
FALL CLEARANCE SPECIALS 

(Deflnltlon of CLEARANCE. 
Removal of Dbstructlons or Hlndrmnces) 

HALLICRAFTERS: 
HT-37 (Like New) 

Write for l ist of other Qear; 

What Are Y w r  Needst 

WANTED TO BUY FOR CASH. COLLINS EQUIP- 
MENT. "S LINE" KWM-2 or Whet Have You? 

2 krT~tJ* 
E L E C T R O N I C S ~  

'.THE COMPLETE H I Y  STORE" - - 
927 N.W. 1st Oklahoma City, Oklahoma 73106 

W E  TAKE TRADE-INS ON ALL LINES OF NEW EQUIPMENT" 
TWO-WAY RADIOS - SALES SERVICE . lh'STALLATlONS 
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saroc 
5th Annual National Convention 
QTH ... STARDUST HOTEL, Las Vegas, NV. 

QTR . . . February 48,1970 

%Cocktail Parties by 
Ham Radio Magazine, SWAN, GALAXY. 
Ladies Luncheon Program. 

SECOND NATIONAL FM MEETING 
Technical seminars; meetings by 
ARRL, MARS, QCWA, WCARS-7255, WSSBA. 

Send stamped, self-addressed envelope 
for SAROC accommodations, group rate and advance 
reglstratlon blank. 

saroc Box 73, 
Boulder City, Nevada 89005 
HOSTED BY SOUTHERN NEVADA ARC, INC. 

VHF COMMUNICATIONS 
provides s ~ x t y  pages of 
modern, but practical con- 

matten, recelven. conver- 
ters, transceivers, anten- 
nas, test equipment. etc. 
The designs reflect truly 

current technology. Solid state devlces and 
prlnted circuits are used extensively. All me- 
chanlcal construction data are Included. How. 
ever, for the amateur w~thout  fabrlcat~on facll. 
Ittes, spectal components, such as pc .  boards 
and st r lp l~ne cavlt~es, are made available, read~ly 
and Inexpensively. 

Subscript~on rates US $3.00 ($4.00 air mail) per 
calendar year. Single Issues $1.00. 





tebook 
attenuation. Therefore the tone frequency 

32s- 1 cw modification 

The 325-1 as originally designed uses a 
2.1-kHz-bandpass mechanical filter cen- 

tered on 455 kHz and two bfo crystals, one 

above 455 by 1350 Hz and one 1350 Hz 

below, operating on 456.350 and 453.650 

kHz respectively. 

In cw operation, a tone oscillator at 

1350 Hz is fed through the mike ampli- 

fier, balanced modulator and mechanical 

filter to create a cw carrier. The carrier 
is at 455 kHz in the low i-f by virtue of the 
relationship of the bfo crystal frequency 
(456.350 kHz) and the modulating fre- 

quency of the tone oscillator (1350 Hz) 
so that 456.350 - 1.350 = 455 kHz. 

The quality and stability of the diodes 
available at the time the 32s-1 was de- 

signed and manufactured was far below 
those available today. It is difficult to 

maintain carrier suppression better than 

50 dB over a long length of time with the 

original components and circuitry. However, 

a very easy alternate method of vastly in- 
creasing carrier suppression i s  possible. 

A 457.55 kHz crystal* is stocked for 
those amateurs who operate RTTY using 

a 212512975 tone keyer; this places the 

audio response between 1500 and 3600 

Hz. Of specific importance is the fact that 

the crystal is removed from the skirt of 

the mechanical-filter bandpass by 1500 Hz 

rather than the normal 300 Hz, so an ad- 

ditional 40 to 50 dB carrier suppression 

is obtained. The 1350 Hz tone oscillator 
no longer puts the "carrier" at 455 kHz, 
and its second harmonic could pass 

through the mechanical filter with little 

must be raised to, ideally, 2550 Hz 

(457.55-2.550 = 455 kHz). 

Refer to the 32s-1 schematic diagram. 

Locate switch SBF, just below V2B, the 
6U8A bfo tube, and to the right of the tone 

oscillator. The upper sideband crystal, 

Y15, i s  shown wired to the most clockwise 

position (cw); a jumper goes to the 
adjacent contact, which is the usb wiper, 

and to the tune and lock-key wipers. The 

jumper should be removed so that Y15 is  
connected to the usb wiper only. The 
jumper from the tune and lock-key wipers 

should be connected to the cw wiper. Do 
not solder yet, as the new 457.55 kHz crys- 
tal should be connected between the cw 
wiper and pin 3 of V2B (the pin where 
the other crystals are connected). 

To raise the frequency of the tone os- 
cillator, C l l l  should be changed from its 
present value of 430 pF to 220 pF, and 
C l l 0  should be reduced from 390 pF to 

180 pF. The exact frequency of 2550 Hz 

might not be realized but the resultant fre- 

quency is sufficiently close to meet re- 

quirements. 

Those amateurs who have operated 
modified 32s-1's report that they don't ob- 
ject to the higher pitched sidetone, al- 

though many use the sidetone from their 
electronic keyer so the frequency differ- 

ence i s  not a consideration. After this 

modification, carrier suppression should be 

on the order of 80 dB. This i s  sufficient- 

ly below the white noise output to be un- 

detectable. On-the-air reports have been 

excellent. 

'The 457.55 kHz crystal is available from the Coll ins 

Radio Company, Cedar Rapids, Iowa 52406. Order 

part number 290-8708-000; $5.50 plus sales tax, postage 

and inrurance. The prlce 1s subject to change at any 

t ime wi thout  pr ior  notice. 
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painless vox keying V line was shorted directly to ground by 
the key. This made i t  difficult to use the 
same contacts to operate other circuits. In 

The convenience and speed of vox keying 
fig. 1, a silicon controlled rectifier replaces the 

i s  well known by those who have this fea- 
key contacts, and a positive-gate turn-on vol- 

ture in their transmitter or transceiver. With 
tage is keyed. This removes the shock haz- 

this method, changing from receive to trans- 
ard and provides a keyed source of low vol- 

mit mode occurs at the first touch of the 
tage to turn on other circuits. 

key, which activates the vox circuit nor- 
The audio oscillator module is a small 

mally used on phone. A recently purchased 
code-practice type available at most amateur 

transceiver, while excellent in many other 
respects, didn't have this feature. So I in- 

equipment dealers. The speaker i s  a tiny 
8-ohm transistor radio replacement. Your 

corporated the keying method shown in 
junk box might provide a phase-shift or 

fig. 1 to provide vox keying. It also has 
unijunction oscillator.* However, at the price 

other possible uses. 
of the code-practice module, constructing 

Before using this method with your equip- 
ment, you should determine what additional 

one would hardly be worth the effort. 

modifications are necessary. The following 
R. J. Beck, VE7IG 

conditions must be met. 

I. The speech amplifier must be discon- ~ s I  and awards file 
nected from the vox input or its power sup- 

ply when the transmitter is placed in the cw You can easily get old wallpaper sample 
position. books from stores that sell wallpaper. These 

are bound books with hard covers, large 
2. The vox circuit must remain in operation 

enough for awards and certificates or several 
with the transmitter in the cw position. 

QSL cards. When preparing the book I use, 
3. The vox relay must control the same cir- I removed every other page, then sprayed 

cuits as the cw operate switch. the covers and page edges with gold paint. 
The certificates and QSL cards can be 

If all these conditions are met, all that's 
tacked in with one of the plastic adhesives, 

necessary is to connect the keyed audio to and arc easily i f  desired. 
the microphone input, place the operate Don Farrell, WPGA 
switch in vox position, and go ahead. 

Grid block was used in the 
E, R,  Davisson, KSVXL, "Replace One Unijunction 

inal circuit. A -180 V line was used to cut ~~~~~i~~~~ with T~~ T ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , M  ham radio, ~ ~ ~ i ,  
off the driver stage during standby. The -180 1968, pp. 58-59. 

fig. 1. Original vox keying circuit, A, and new circuit, 6. 

04GINAL KEYING CIRCUIT 

IPBY7A 
I 

NEW KEYING CIRCUIT 

BIAS 
GRID CIRCUIT 

t 
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update your Swan 250 
The new Swan 250C has quite a few im- 

provements over the older model 250. These 
include higher gain and better selectivity. 
Strong signals are handled much better by 
the new model. You can improve these 
characteristics in your 250 Model with a 
few simple circuit changes. You can also 
easily install the Swan noise blanker. 

JUMPER 
IE POINT TIE IWINT 

REMWE CIXX (011 AND 
+,?75V RNOl 11k1 B E M E N  '8. 

( E N D  OF R m 1  AND GROUND 

*ADDED a x v p a v ~ m  

fig. 2. Circuit changes for higher gain and 
improved selectivity in the Swan 250. 

Fig. 2 shows the circuit modifications. 
Remove the top and bottom covers, and re- 
move the 2-inch wire from pin 5 of V7 
(6HA5). Remove resistor Rl301 ( I  kilohm) 
and capacitor C1301 (.01 pF) from terminal 
"B" of 21301 balanced modulator trans- 
former. Ground terminal "B". Add a single 
tie point near pin 5 of V7 and one near 
terminal "A" of 21301. Connect a 0.001-rF 
capacitor from one tie point to pin 5 of V7; 
install another 0.001-pF capacitor from the 
other tie point to the input of the crystal 
filter. Install the slug-tuned coil, the 0.01-rF 
bypass, and 30 kilohm resistor in the plate 
lead of the 6HA5 as shown in the schematic. 

Add a short jumper wire between the two 
new tie points you installed next to V7. If 
you wish to install the Swan noise blanker 
later, you can remove the jumper and put 
the blanker between these two points. When 
all the new parts are installed, align the 

front end and i-f as outlined by the rnan- 
uals. Be sure to carefully peak up the new 
10.7-MHz coil and the slugs in  21301. 

Harold D. Mohr, KBZHZ 

miniature sockets 

Many MARS members have been receiving 
miniature vacuum-tube sockets. These sock- 
ets have 8 holes with one empty space so 
it's quite evident which contact i s  number 
1. These sockets are ideal for 6- or 8-pin 
integrated circuits or 6-pin transistors. 

James T. Lawyer 

spot switch for the heathkit 
sixer or twoer 

A momentary pushbutton switch and a 
one-watt, 47k ohm resistor are all that are 
needed to put a spot switch on the sixer 
or twoer. 

The resistor is in series with the switch, 
and they are mounted across the two mid- 
dle terminals of the terminal strip behind 
the neon lights. Fig. 3 shows the connec- 
tions. 

Sixer and Twoer. Push- 
button switch and 47k 
resistor are mounted 
across two middle 
terminals of strip be- 
hind neon lights. 

This puts about 50 volts on the B+ line 
to the driver stages of the transmitter when 
in the receive position. This i s  enough to 
get a carrier indication. The final doesn't 
draw current, because the cathode is open 
until the transmit switch i s  operated. 

The resistor drops 210 volts at a measured 
5 mA. The dissipation is one watt. Because 

it's not on for any length of time, I used 
a one-watt resistor without allowing for 
safety factor. 

Edmond DeCloedt, WAGFNR 
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send big with perfect CW,SSB. lots of watts power. sensational DX'ing. 
try ha//icm+??/s SR-2000 transceiver system. and the power-full line 
of accessories. put them all together. they make you a big sender. and 
we mean big. just get a load of this: 

HA-1A Keyer SR-2000 Transceiver HA-20 Remote VFO 
variable speed 10 to 65 wpm 2000 watts PEP simultaneous dual-receive 
digital circuitry for Sidetone less than 1 kHz readout less than 1 kHz Readout 
mercury relay built-in RIT, Noise Blanker, AALC built-in VSWR Metering 
transformer operated full metering VOX, MOX, PTT incomparable DX'ing Capability 

P-2000 console speaker power supply self-powered 

your local hallicrafters distributor has immediate delivery. so go to it, big sender. 

600 HICKS ROAD 

A Subs~dnary of Norlhrop Corporalnon ROLLING MEADOWS, ILLINOIS 60008 



MODEL 508 V F O - S W A N  SC)O(: T R A N S C E I V E R - 1 1 7 X C  POWER S U P P L Y - M A R K  II L l N F A f 7  

For several years Swan Electronics has been specializing in  value engineering of single sideband 
transceivers t o  give radio amateurs the best possible equipment a t  the lowest possible price. We're 
pleased t o  say that we have thousands of satisfied customers all over the world, many who have 
purchased their third or fourth Swan as we continue the evolutionary improvement of our product. 
(Trade-in value of a used Swan is well above average.) We would like t o  say that the station illus- 
trated above is a typical Swan station, but that would be misleading. Actually, the average Swan 
owner finds the quarter kilowatt or half kilowatt transceiver very adequate for his operating needs. 
What the picture illustrates is some of the Swan accessories that  wil l  add more versatility and 
greater operating pleasure t o  your Swan station. For the DX operator, the model 508 external VFO 
provides separate control of transmit and receive frequencies, or for the MARS and Net operator, 
the 510X crystal oscillator provides up t o  10 f ixed channels. For breaking through those weekend 
QRM pile-ups there's no better cure, legally, than the Mark II Linear Amplifier wi th i ts  2000 watts 
of P.E.P. 

@ TOP OF THE SWAN-LINE @ MODEL 117XC MATCHING AC SUPPLY 
THE FAMOUS 500C TRANSCEIVER FOR 500C TRANSCEIVER 

520 watts P.E.P. input on 10, 15, 20, 40 and 80 meters. For 117 volts, 50-60 cycles, with speaker and phone 
Finest crystal l a t t ~ce  f i l ter with 1.7 shape factor. % jack. $105 
microvolt receiver sensitivity. Voice quality, perform- 
ance and reliabil ity are in the Swan tradition of being @ 12 VOLT DC POWER 
second to none. $565 SUPPLY FOR 500C TRANSCEIVER 

Model 14.117, designed for mounting under hood. In- 
@ MODEL 508 cludes cables, plugs and fuses. Can operate from 117 

EXTERNAL VFO volt AC by detaching OC module and plugging i n  117 
volt l ine cord. 

Provides ful l  coverage of 80, 40, 20, 15 and 10 meters 
$1 30 

in 8 ranges of 500KC each. Enables you to transmit SWAN HORNET 
and receive on separate frequencies. Plugs directly 
into either the 500C or 270. 

@ BEAM ANTENNAS 
Latest addition to the Swan-Line. 
High qual~ty,  high performance antennas for the ama- 8 CRYSTAL CONTROLLED teur bands. Best known are the famous Hornet Tri- 

MARS OSCILLATOR banders, made i n  2, 3 and 4 ele- 
. -.*. --___ 

For Mars or Net operation. Model 510X. 10 channels. me" The TB-lOOO series -- 
Plugs directly into 500C or 270. Less crystals. $55 s i  - ---.. 

TB-1000-4 4 element . . $159 @ POWERHOUSE MARK II LINEAR AMPLIFIER TB-1000-3 elemmt:. , 2000 watts, P.E.P. input, 10 through 80 meters. Uses 
two 3.5002 triodes. Complete with matching power TB-750-2 element . . . . 89 

$660 TB-750-3 3 element.. . . 109 supply. 



MODEL 1 2 0 0 W  L I N L A R  AMPLIF IER - > W A N  270 c,YC7N1 T T R A N S C L I V L R  

The new Cygnet line is our latest development, and promises t o  become tremendously popular. Being 
self-contained with AC and DC power supply and loudspeaker, it is designed for easy portability, 
ideal for vacation or business trips, field day, or mobile operation. At the same time it provides al l  
the necessary power and versatility for a complete home station. The 508 external VFO or 510X crystal 
oscillator wil l  plug directly into the deluxe Cygnet 270, as wil l  the VX-2 Vox unit or FP-1 Phone Patch. 
And, i f  you feel the need for more power, the Cygnet Linear provides a 5 times increase t o  better 
than 1200 watts. The Cygnet l ine comes wi th  the same high quality and reliability that i s  traditional 
with all Swan products. And with the famous Swan customer service, i f  and when required. 

@ THE LITTLE GIANT @ CYGNET LINEAR AMPLIFIER 
DELUXE CYGNET TRANSCEIVER 1200 watts, P.E.P. input, 10 through 80 meters. Has 

MODEL 270 self-contained AC power supply, and same cabinet size 
as Cygnet Transceivers. Ut~ l iz ing a grounded grid, su- 

260 watts P.E.P. input on 10 through 80 meters. per cathode drive circui t  with four 6LQ6's, both ef- 
A complete amateur radio station including 117 volt ficiency and linearity are exceptionally high, plugs 
and 12 volt DC power supply and loudspeaker in one directly into Model 270, May be easily adapted to 
package with a handle. Has 103KC crystal calibrator, the 260 and other transceivers, 
Dial Set, A.F. Gain, R.F. Gain, AGC, ALC, S-meter, side- 

$295 
band selection, all the features required for home OTHER ACCESSORIES: 
station operation with enough power to work the world. 
Yet, the Cygnet is small and light enough for mobile @ PLUG-IN VOX. FOR 500C OR 270 
or portable operation; an ideal traveling companion on Model VX-1 
business or vacation trips. $525 $35 

@ PHONE PATCH. 
@ CYGNET MODEL 260 For all Swan Transceivers. Model FP-1 $48 
Standard version of Deluxe 270. Same power and cir- 
cuitry, without some of the Deluxe features. St i l l  a @ CYGNET CARRYING CASE 
magnificent talking machine. $435 Genuine leather, hand crafted i n  Mexico. With space 

for Mic., antenna and Log. $32 

@ SWANTENNA 
MOBILE ANTENNAS 

10, 15, 20, 40 and 75 meters. 
500 watt power rating. High,ef- 
ficiency. No more colt changing. 

MODEL 55 . . . . . . . . . . . .$95 
(Remote switching model) 

MODEL 45 . . . . . . . . . . . . 65 
(Manual band selection) 

E L E C T R O N I C S  
O C E A N S I D E ,  C A L I F O R N I A  

A Subsidiary of Cubic Corporation 
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"For that Personal Service and a Good Deal" 
SEE AL 

at Crabtree's Amateur Center in Dallas 
FOR THE NEW GALAXY LINE 

" H I / '  Husky, and Handsome! 
UP TO 90 DAYS SAME AS CASH IN OUR HOUSE - - - 

OTHER ARRANGEMENTS AND TERMS AT THE LOWEST RATES. 
WE NEED YOUR EQUIPMENT ON TRADES! MAIL ORDERS PROMPTLY FILLED. 

CALL, COME SEE OR WRITE 
AL MARKWARDT, W5PXH, MANAGER 

A M A T E U R  C E N T E R  

Radio Amateurs 

Wanted: top notch 
Production test 
technicians 
Engineering 
development technicians 
Must have i n t i m a t e  knowledge of 
solid-state single-sideband transceivers, 
10 watts to 1.000 watts. 

Puf your hobby to work 

stoner communications, inc. 
Don S t o n e r ,  WGTNS 
8751 Industrial Lane 
Cucamonga. California 91730 

WORLD PREFIX MAP-- Full color. 40" x 28". shows 
preftxes on each country . . . OX zones. lrme zones. 
calles. cross referenced tables postpald $1.00 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD - from the center of the Unnled States! Full 
color. 30" x 25".  listing Great Clrcle bearlngs an de- 
grees for six major U.S. ciltes: Boston. Wash~ngton. 
U.C..  Mlaml. Seattle. San Francisco (L Los Angeles. 

postpald $1.00 

RADIO AMATEURS MAP OF NORTH AMERICA! FUII 
color. 30" x 25"  - includes Central Amer~ca and the 
Carobbean to the equator. showong call areas. zone 
boundaries, preftxes and tnme zones. FCC frequency 
chart, plus ~ n f o r m a t ~ v e  lnformatton on each of  the 50 
U n ~ t e d  States and other Countrtes postpatd $1.00 

WORLD ATLAS - Only atlas complled for radlo ama. 
teurs. Packed wl th world-wade ~nformat lon - tncludes 
I I maps. In 4 colors wlth zone boundartes and coun. 
try pref~xes on each map. Also includes a polar pro. 
jectlon map of the world plus a map of the Antarctica 
- a  complete set of maps of the world. 20 pages. 
slze a'/," x 12" . . . . . . . postpald $2.00 

Complete reference l ibrary o f  maps - set of 4 as l isted 
above . . . . . . . . . . . . . . . . . . . . . . . pos tpa~d  $3.00 

See your favorite dealer o r  order direct. 

RADIO AMATEUR 

Lake Blufl, 111.60044 



Inoue Amateur FM Equipment 
VAR~TRON~CS INCORPORATED 

3835 North 32nd Street a Suite 6 Phoenix, Arizona 85018 

See us at SAROC in Las Vegas, February 4-8. 
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. Pollsomon . F1rern.n . Arnoteun . CB'en . Clvll Do ims*  . Ern*rgency Group. . Shorlffs . Det.ctivos . Industry . Poglng . Uobllo Tolophone . Shortwmva . Uorln. . ond othorsl 

S w c  on htrt l l -~n Iv.&t~nrn! . Incltfidt.> ' W A ~  & mcn8nI. . 4 %  r 21: x Dh inches. . (:n-stialr 8n t r r r h~n~ rnh l r  aithsn prp~ent mnlr. 
I'lr.~rr r lalr  Exad Lsrtrnnng Fr rqunnn!  

PRO with one crvst;~l. co~~nplete 

Sirnl,lr. butlpnx#f Crmvcmr tI~.tt wall 1111 

Order dfimct lmm - 

i o Amateur 
lems engraved 

I 

I 
3 Gold 

y o u r  call letters. 
I 

I 
I 
I 
I 
! I 

call letters 

$5.00 Ea. 
I 

I 
or. actual s1xe. I 

Rhodium I 
I 

call letters I 
I 

$5.00 Ea. I 
I I I 
I 
I Rush Order To: RADIO AMATEUR CALLBOOK, Inc. I 
I Dept. E. 925 She rwood  D r ~ v e ,  Lake Bluff, 111. 60044 1 L, ,,,,,,,----,--- -- ----- -- ---- 

90 a decernber 1969 

NEED CRYSTALS? 
48 Hr. 
DELIVERY 

supply crystals 
to  80 MHz in 

es of holders. 

Color TV crystal 13579. 545KHz) wire leads 11.60 4 for 15.00 
IOOKHz l r q  std. cryrtal lHCl3/U) 4 50 
1030 KHz freq, std. crystal IHCL/U) 3.50 
Any CB crystal TR. or REC. 2.25 
Any amateur band crystal (except 80 meters) 

an FT.243 holders 1.50 or 4 lor 15.00 
Any marone frequency IHCL/UI 2.85 
80 meter - FT-243 holders 2.50 

We have in stock over six million crystals which Include 
types CRlA/AR FT243 FT241 MC7, FT249, HC6/U, 
HC13/U HCZ</U, H C ~ E / U ,  {tc. Send 106 for our 
1970 cdta~og with oscillator c~rcuits, listing thousands 
of frequencies In stock for immediate delivery. (Add 10c 
per crystal to above prices for shipment 1st class mail, 

il). 

Special Quantity Prices to 
Jobbers and Dealers. 

ORDER DIRECT 
with check or money order 

to 

2400 Crystal Drive 
Fort Myers, Florida 33901 



put a complete 
station in his bag 
for only $525.00 \ 

- - 

That's right! The new Swan 270 Deluxe Cygnet is virtually a station by itself. 
All you add is an antenna, a microphone, plug it in . . . and you're on the air. 
The 270 is a 5 band, 260 watt transceiver with built in AC and DC power supply and 
loudspeaker. And that's just the beginning.. . Swan has packed an impressive 
number of worthwhile features into the 270. Far too many to list in this space. 

And if you're a real bargain hunter, check out the Model 260. It's still a complete 
station - AC and DC power supply, built-in loudspeaker, etc., just not quite the deluxe 
features. But the price is a low $435 and the 260 is still dependable Swan quality. 
You can't beat that! 

Henry Radio ha* a g r ~ a f  antenna package progronl . . . big sarvings. Writc  for literalitre. m 
EASY FINANCING 10% DOWN OR TRADE-IN DOWN NO FINANCE CHARGE IF PAID IN 90 
DAYS GOOD RECONDITIONED EQUIPMENT Nearly all makes and models. Our reconditioned 
equipment carries a 15 day trial, 90 day warranty and may be traded back within 90 days for full 
credit toward the purchase of NEW equipment. Write for bulletin. Export inquiries invited. 
TED HENRY (W6UOU) BOB HENRY (WOARA) WALT HENRY (W6ZN) 

11240 W. Olympic Blvd., Los Angeles, Calif. 90064 2131477.6701 
931 N. Eucl~d, Anaheim, Cal~f. 92801 7141772-9200 
Butler, miss our^ 64730 8161679-3127 

"World's I~zrgc7st Ilrstrlbutor o f  Amateur Radio Equipment" 
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GEM-QUAD FIBRE - CLASS 
ANTENNA FOR 10, 15, and 20 METERS. 

Two Elements $77.73 
Extra Elements $45.00 ea. 

)( Shipped Freight Collect 
INCLUDES U.S. Customs Duty 

KIT COMPLETE WITH 
SPIDER 
ARMS 

' WIRE 

[ ' BALUN KIT 
b e  BOOM WHERE NEEDED 

SEE O U R  F ( : L L  PAGE IN JLINE ISSUE 

Buy two clenrcntr now - n third nnd fortrllr 
mav be added loter with little rf7ort. 

Enioy optimrrm for~oard gain on DX, wit11 o 
maxinltrm back to front ratio and excellent side 
drscrimination. 

Get ;I n~aximtrnt strtrctrlral strcngtll wit11 low 
werght, using our "Tridctic" arms. 

MANITOBA DESIGN INSTITUTE 
AWARD UrlNh'ER 

20 Burnett Avenue, \\'inliepeg 16. Mnnitobn, Cnnndn 

TOROID CORES 
Red " E  Cores-500 kHz 

to 30 MHz- p = 10 
# - - OD - - 1 D EACH H -  

1-200-2 2.00" 1.25" .55" $3.00 
T-94-2 .94 .56 .3 1 .75 
1-80-2 .80 .50 .25 .60 
1-68-2 .68 .37 .I9 .50 
1-50-2 .50 .30 .I9 .45 
7-37-2 .37 .2 1 .I2 .40 
T-25-2 .25 .I2 .09 .30 
T- 12-2 .I25 .06 .05 .25 
Yellow "SF" Cores-I0 MHz 

to 90 MHz- p = 8 
7-94-6 .94 .56 .31 .95 
T-80-6 .80 .50 .25 .80 
1-68-6 .68 .37 I 9  .65 
T-50-6 .50 .30 .I9 .50 
T-25-6 .25 .I2 .09 .35 
1-12-6 .I25 .06 .05 .25 
Black "W" Cores-30 MHz 

to2OOMHz- = 7  
1-50-10 .SO .30 .I9 .60 
1-37-10 .37 .2 1 .I2 .45 
T-25-10 .25 .I2 .09 .40 
1-12-10 125 .06 .05 .25 
FERRITE BEADS: .125" x .125", f l  = WM. With Spec 
Sheet & Applicatlon Notes Pkg of 12, $2.00 
KILOWATT TOROID BALUN KIT: Still only $5.00 
EXPERIMENTER'S 2 CORE TOROlD KIT-This famous 
kit contains cores, wire, and charts so that you can 
make your own high Q modern inductors for hun- 
dreds of practical applications.: $1.50 

M I N I M U M  ORDER: 11.00 
Please Add 25e p e r  o r d e r  

f o r  Pack ing  & Sh ipp ing  

AMIDON ASSOCIATES 
12033 O t s e g o  S t r e e t  

N o r t h  H o l l y w o o d ,  Ca l i f .  91607 
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HAL D E V I C E S  7 - 
HAL 3118 

I C  KEYER 

$43.50 PP 

Incorporating al l  o f  the  features of the 
HAL l C  keyer line, the 3118 is the  most 
versatile keyer n o w  available. The 3118 
offers 

Transistorized ou tpu t  c i rcu i t  for both gr id  
b lock and cathode keyed transmitters. UP 
to 150 v, 500 ma. 
Keyed pulse generator, speed 8-50 wpm. 
Transmitter tune-up swi tch 
Connection po in t  for straight key  
Rugged GI0 glass PC board construct ion 
Iambic operation f o r  squeeze key ing 
Dot memory 
Automat ic  o r  semi-automatic operation 
Mon i to r  with tone and volume controls 
Regulated 1 1  5 V A C  power supply 
Connection po in t  for 3 V D C  source 
Beige and Walnut grain Designer Cabinet 

HAL Devices 
P.O. Box 365 
Urbana, 111. 61801 

Other  models available 
f r o m  $16.00. Write fo r  
details and o u r  listing 
of other products. 

I 

I N E W !  
- 5 l  

FMT-1 _-,-a. 

1 5 Watt 6 Channel 
All  Solid State 2 Meter 

' FM TRANSCEIVER 
1 12.15 Volt Operat~on 

, 
I 142.149 MHz w ~ t h  1 MHz maximum spread 

Recelver sensltlvlty 3 m~crovolt  for 20 db 
I quletrng 

Dual Conversion 
Mechanical F~l ter  for sharp 28 KHz bandw~th 
5 watt RF rnlnlmum power output 

146 34 146 94 suppl~ed 
Adjustable 5 to 15 KHz d e v ~ a t ~ o n  

i 
6 Channels . One set crystals for operatton 

Ready to  operate - Just connect to  12 volts I 
and an antenna 

I $289.95 FOB DENVER 

- C e r t ~ f ~ e d  Check or Money Order please - 

Extra transmit or receive crystals $7.00 each 
order f rom 

11 Including mobrle mount & dynamic microphone , 

VHF Associates, Incorporated i , P. 0. BOX 22135. DENVER, COLO. 80222 
- - -  -1 

1 



TWO STORES TO SERVE YOU 
New Address: 

L. A. AMATEUR RADIO EVANSVILLE AMATEUR RADIO 
24214 CRENSHAW BLVD. 1311 NORTH FULTON AVE. 
TORRANCE, CALIF. 90503 EVANSVILLE, INDIANA 47710 

Phone 534-4456 

- BIG CASH DISCOUNTS EVERYDAY - 
HAM & C.B. $AVE UP TO 15% 

HEADQUARTERS ON PACKAGE DEALS 
WON., WED., FRI. - 10-6:00 P.m. TUE., THUR. - 10-8:00 p.m. SAT. - 10-6:00 p.m. 

11 SPECIALS OF THE MONTH y 
NEW - Ham/M (reg. $129.95) $99.95 
NEW - TR-44 (reg. $59.95) $59.95 
DISPLAYED - NEW Swan 500C $485.00 

Write for Hy-Gain and Mosley package deals 

COLLINS 
KWM/2 W/AC Supply, Clean $675 
75S/1 W/6&2 Xtals & "Q" 299 
KWM2 Mob~ le  DC Supply 89 
KWM2 Mob~ le  Mount 30 

DRAKE 
R4A Very Clean 295 
R4B D~splayed, New 369 
T4XB D~splayed. New 389 
TR/3, Very Clean 369 
TR/4, Like New 449 
2A Rcvr. Clean 129 
2 8  Rcvr. Very Clean 179 
2BQ W ~ t h  Spkr 20 
2AQ Wlth Spkr 15 

HEATHKIT 
SB300 Rcvr. 3 F~l ters  $189 
SB400 Xmtr. Clean 195 
HW32 20 Mtrs, Clean 85 
HXlO AM Xmtr SSB 125 
HRlO Rcvr (Nov~ce) 55 
MRl&MTl  Combo, Works OK 75 
DX60A Xmtr (Nov~ce) 50 
DX60B Xmtr (Novcce) 69 

JOHNSON 
Johnson KW Match Box 95 
Johnson Ranger II 125 
Johnson 6&2 Converter 29 

NATIONAL 

C.B. EQUIPMENT 
Johnson 350 SSB. Special $149 
Johnson 320 Reg $199 175 
Johnson 323 Reg 239 199 
Johnson 123 Reg 179 149 
Johnson 223 Reg 209 179 
Johnson 100 Reg 129 99 
Johnson Ill Reg 159 135 

MIDLAND C.B. 
Midland 
Midland 
Midland 
Midland 
Midland 
Midland 

23Ch#13 875 B&M .,.I49 
5W 6Ch Hand Held ...... 75 
6Ch 5W #I3855 . . . . . . .  69 
23Ch lnte rated .. ...... 120 

$::: % ? $ 6 1 " 3 . 8 ~ ~ , . . : ~ ~  

GALAXY NC155 Rcvr. Clean 99 HYGAIN C.B. ANTENNAS 
389 NCL2000 Llnear 

GT550 D~splayed NC183D Rcvr. Clean 325 CLR/Z 5/8 Wave Base 29 
GAL V. Clean 239 NCX3. Very Clean iz: SDBlO Stack Fcves DX'R 135 
GAL Ill, Nice :$: NCX AC Supply SOB6 Stack Threes 75 
GAL MK 3, Like New 59 NCX DC Supply SDB4 Stack Twos 45 
GAL RVI VFO, New QUAD #574 2/Ele Hor/Ver 65 
DuoBander 40/80 109 P UAD "BIG GUN", Hot l  125 

SWAN /Ele "Long John" 9.7DB 44 

HALLICRAFTER 
3/Ele CB3 Beam 6.808 

Mark II Linear 
25 

500C Used. Like New 
$28 "Golden Rod Base Ant" 19 

HW 37 Xmtr 175 500 Used, Very Clean Economy Base . 1/4 Wave 11 
HT41 Linear, New Tubes 165 350 Used. Fine Shape 339 Half/Wave Base, CBV 24 
HT44 Xmtr 169 260 Displayed. New 32;; Balun Ferr~te, BN27A 12 
HT18 VFO, Clean 20 240 Nice Mobile Hygain "On/The/Airl' Lite 8 
SR500 TriBa 120 Great Standby Hygain Dummy Load 2 
SXlOO Rcvr 
SXlOl  Mark 9 TWO & SIX METERS 

ACCESSORIES 
SX140 Rcvr, 9 Mob~le Linear 200 Watts 149 
S120 SWL Rcvr 20 Ameco TX62. Clean 109 Base Ltnear AMP 200 Watts 119 

Gonset Comrn-4. 2Mtrs 185 500 Watt Base L~near  235 
HAMMARLUND Hall~crafter SR42 2Mtrs 119 1000 Watt Base L~near  375 

VHF 126 RME 39 2000 Watt Base L~near  
HQl lO  Rcvr. Clean 

695 
95 Clegg Apollo 6 Lnr 165 Drake 2000 Wattmeter 

HQ129X Rcvr 
47 

79 Heath HW17 2Mtrs 99 Galaxy 3000 Wattmeter 
HQ 170 Rcvr. Very Clean 150 Heath 2'R. "As Is" 65 

25 GD104 M ~ k e  w/Stand 
HQ170/VHF 2Mtrs. Clean 265 Heath HWlO 6Mtrs 28 

99 Turner plus Base Mike 
HQ170/180 Nolse Blanker 35 Clegg 99'R 6Mtrs 28 

85 Turner 454X Crystal Mike 18 
Poly Cornrn 6Mtrs 119 BTI L~near  LK/2000, New 679 

MISC. EQUIPMENT 
RME 6900 Rcvr 10/80 139 CALIF. SALES TAX 5% FREIGHT F.O.B. 

HAM TV Complete 235 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
SB2LA Llnear, Like Naw 189 
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Team up to give you 

A Top Performance Package 

See GLEN FADDEN, W2CXX 5 Band - 1000 Watt Transceiver 
or a member of h ~ s  staff a t  

stellar 
10 GRAHAM ROAD WEST, ITHACA, N. Y. 14850 . TELEPHONE 607 - 257-2424 

only  
$67.50 

Planar epitaxial infegrofed circuits for 1.11- 
ability. No tube+No separate  transistors. 
Precision feather-touch key builf-in. 

l Fully digital-Dot-dash ratio a lways  per- 
fect. 
No polarity problem-Floating c o n t a d t  
switch *300-V @ 100-ma. 
Rugged solid construction-will not  walk. 

l Send QSL or postcard for fro. brochum. 

. . . THE BEST 

2 M E T E R  

or  146148 MHz with a second crystal 
available tor $3.95 extra 

A full description of thic fant;istic mnverter 
wnuld fill thi\ p:ii:e. hut vqrn can take our word 
for it ( o r  thc~sp of hi~ndreds of satisfied users) 
that it's the htsst. The reasnn is simple - we use 
three RCt\ dual gate hlOSI'ETs, one hipolar, and 
3 dir~des in the hwt c i r r ~ ~ i t  ever. Still not con- 
vinced? Then send for t,ilr free cntalog and get 
the fi~ll descriptiol!, phis phntr~s nnd even the 
schematic. 
Can't wait? Then send 11s a pnstal money order 
for $34.95 and we'll n ~ s h  the 407 out to you. 
SOTE: The hlndel 407 is 8150 available in any 
f requ~ncy a~mhin;ition op tn 4.50 MHz (sorr.e at 
higher p r i e s )  as listed in our catalog. New York 
(:ity and State residents add local s:iles tax. 

VANGUARD LABS 
Dept. R, 196-23 Jamaica Ave., Hollis, N.Y. 11423 



partners 
- 

in 
excellence 

An outstanding technical guide 
to all phases of amateur radio. 
In 832 pages 20 complete chap- 
ters are devoted to such subjects 
as single sideband, antennas, mo- 
bile equipment, RTTY and much, 
much more. 

This excellent book has received 
wide acclaim on both sides of the 
Atlantic and belongs in your li- 
brary . . . now. $11.95 

OTHER 
POPULAR RSGB PUBLICATIONS 

Radio Date Reference Book $2.50 

Many thousands of you have be. 
come very familiar with the vari- 
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are familiar with their 
excellent magazine, Radio Corn. 
munication. 

This is the oldest and most widely 
read British amateur radio maga. 
zine. Published monthly it pro- 
vides complete coverage including 
such popular features as: Techni- 
cal Topics, a monthly survey of 
the latest ideas and circuits, Four 
Meters and Down, a rundown of 
the latest in VHF and UHF and 
much more. 

It includes numerous technical 
and construction articles in addi- 
tion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 

VHF-UHF Manual 3.75 
Amateur Radio Techniques 2.50 We can now offer this fine maga- 

Amateur Radio Circuits Book 2.00 zine to you along with the other 

World at Their Fingertips 2.50 
advantages of membership in the 
RSGB (such as use of their out- 

All prices postpaid in USA & Canada going QSL Bureau) for only $6.00 
a year. 

b o o k  div is ion 

Box 592 Amherst, New Hampshire 03031 
'WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS - 

DEALER INQUIRIES INVITED" 
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T A K E  YOUR P ICK 
These units will replace the 100 kHz ca l ib ra to r  built into m o s t  receivers. Using 

your 100 kHz crys ta l  this unit w i l l  p rov ide  s h a r p  accura te  markers  w i t h  readou ts  

at 100 - 50 - 25 - 10 a n d  5 k H z  usable thru 50 MHz. Keep your receiver  ca l ib ra ted  

a t  a l l  t imes,  locate sub bands, MARS f requenc ies  and band edges. 

Is 

CIRCUIT BOARD SELF-CONTAINED UNIT 
Glass epoxy board The TBL 1 Marker is  a complete unit includ- 
Adjustment t o  zero beat with WWV ing the circuit board shown at left and powered 
Uses 100 kHz crystal (not supplied) with 3 "C" type flashlight batteries. Merely 
3 to 4 VDC at approximately 75 ma - 2 UDW connect to  your receiver antenna - no internal 

size batteries wiring necessary. A front panel control allows 
Compact - 1.75 x 3.75 inches - Install beat with WWV. 

anywhere Special introductory price 
Complete easy-to- Wired and Less crystal and batteries $29.95 

assemble kit  $16.50 Tested $19.95 Add f 1.00 postage and handling USA 
These prices postpaid USA less crystal & batteries SOLD WITH MONEY BACK GUARANTEE 

THE RADIO SHOP, LAB 1 
48 ELM STREET, NEW CANAAN, CONN. 06840 - 1.1. 203-966-3553 

Reads output and reflected power sirnulta- 
neously. May be left in line up to 2000 watts. 
Low insertion loss. Size 5x2~2. Good to 

PRICE $15.95. FOB HOUSTON. 

MADISON ELECTRONICS SUPPLY 

1508 McKlNNEY - HOUSTON. TEXAS 77002 
(713) 224-2668 

WE PAY HIGHEST 
PRICES FOR ELECTRON 

TUBES AND SEMICONDUCTORS 
- 

H & L ASSOCIATES 
ELIZABETHPORT INDUSTRIAL PARK 

ELIZABETH, NEW JERSEY 07206 

(201) 3514200 

THE NEW "BOOMERANG ~ ~ 8 0 - 4 0  METER TRAP ANTENNA 
ALL STAINLESS STEEL HARDWARE - IDEAL NOVICE ANTENNA 

RUN FULL LEGAL POWER LIGH 7 WEIGHT 
ONLY 4 a r  PER TRAP 

INSTRUCTIONS 
SUPPLIED 

RECOMMENDED FOR BEST PREFORMANCE 
DEALER INQUIRIES INVITED I I LITERATURE ON REQUEST 

PRICE : AB-1 I: I BALUN $10.95 PPD 
ATH TRAPS PAIR ' 1 2 . 9 5 ~ ~ 0  

ATH TRAPS AND AB- I  BALUN ' 2 2 . 9 5 ~ ~ 0  

OffDEff FROY: 
M. WEINSCHENKER K3DPJ 
BOX 3 5 3  
IRWIN, PA. I 5 6 4 2  



COMPUTER BOARDS - over 30 slllcon translstors, 
tantalums, diodes, some with several trlmpots. Two 

flea 
sizes 6x11 @ $3.00, 6x7 @ $2.00 plus 30& posta e. 
Check or  M.O., aquarlus enterprrses, box 20888, 
Dallas, Texas 75220. - 
SAVE. On all makes of new and used equlpment. 
Write or call Bob Grimes, 89 Aspen Road, Swampscott. 
Massachusetts. 617-598-2530 for the gear u want at a ket the prices want to - ROCHESTER, N. Y. is again Harnfest. VHF meet and 
flea market headquarters for largest event In north- 
east. May 16. 1970. Write WNY Hamfest. P. 0. Box 
1388, Rochester, N. Y. 14603. - 
PHOTOCOPY of an article from alectronlc magazlnes. I RATES Commercial Ads 25P per $1 ea. Single pages 15d. XXXP boards etched 106 
sq. In. GE 156. Hornung, 1751 Creek Drive, San 

word; n o n - c o m m e r c i a l  ads lo$ per word Jose, Cal. 95125. - 
payable in advance. No cash discounts FOR SALE: FACTORY SEALED: 30L.1, 3128.4, 3126.5, 
or agency commissions allowed. 516F-2, 7553-8: 10% off (no trades). 30L-1, $385. 
I COPY No special layout or arrange- Waters #334 dummy load/wattmeter, $70. R.3904 

cabinet $750. HW.lP.A, Drake Filter. Mike. HP-13. 
ments avai lable. Material should be type- $125. Eldico SSB-100.~ Exciter, $250: SSB.~OOO-F 

Linear with new spare 4CX-300.A's, $250. KWM-2, written or clearly printed and most in. PM-2, $775. R4-A (factory updated 9/69), i n  factory- 
sealed carton, $325. MN.2000, $145. DC-3, $75. R4-B, 'Iude full name and address' We 
T4X-B, AC-4, MS.4, $695. Waters "Codax" Keyer. $50. the right to reject unsuitable copy. Ham Waters #3002 Hybrid Coupler, $50. Johnson #250.20 
Filter. $9. KWM-1, 516F-1, $225. Bird wattmeter, Radio can not check Out each advertiser 
model 693, $100. Stancor P-6468 (5VCT/30 amps). and thus c a n n o t  be held responsible for $9. P-6309 (6.3VCT/20 amps), $8. P-3060 (2.5VCT/10 
amps, 10 KV ins), $4. Power su ply (UTC "CG" claims made. L iab i l i t y  for correctness of 
components), 115/220 Input, 2500 e material limited to corrected ad in n e x t  

DC @ 400 MA 
output, $35. HA-1 Keyer and Vibrokeyer, $70. Vibro- 

available issue. Deadline is 15th of plex Key, $10. P&H LA-500-M "Spitfire" Linear, new. 
second preceeding month. $75. Comdel CSP.11. $75. SB.ZOO/new spare T-160-L's. 

$200. KW Match-box with meter/indicator. $135. 
I SEND MATERIAL  TO: Flea Market ,  KWM-2 #15750. 516F-2. (very latest!). $875. Trans- 

former. 115/220 input: 12/24V @ 60/30 amps. These 
Ham Radio, Greenvi l le, N. H. 03048. are FB for building P. S. around Leece-Neville alter. 

nator (to run 1 K. W. Mobile!). 3/$50. James W. 
Craig, WlFBG, 29 Sherburne Avenue, Portsmouth, 
New Hampshire 03801. - 
SAROC: now QTH Stardust Hotel, new QTR February 

SELL: LN FREQ. METER, w/cal book, w/l lOVAC 4-8, 1970. Cocktail parties hosted bv Ham Radio Mag- 
PS - $45. AlWA Stereo Tape Recorder - $80. azine, Swan and Galaxy. For additional information 
Send SASE for list. K6LBY, P. 0. Box 474, Port and Stardust Hotel special SAROC room rate card 
Hueneme, California 93401. (805) 649.9058. QSP SASE SAROC. Box 73. Boulder City, NV 89005. - - 
WORLD RADIO used gear has trial-guarantee terms! 
KWMZ - $695.00; G50 - $159.95; SR150 - $299.95; SWAN 250 with 117XC AC supply, VOX unit. 100 kc 
SR160 - s169,95; Swan 250 - s279,95; DuoBander callbrator $325. 6M. Gonset sidewinder 9108 with 
84 - $119.95; 753 - $129.95; TR3 - ~ ~ 6 9 . 9 5 :  N C ~ 3  AC S U P P ~ Y  $250. Gonset COMM 1 1 1  6 meters $130. - $169.95; ~ C 2 0 0  - $249.95; ~ ~ 3 3  - $199.95; ~ ~ 3 4  Gonset COMM IV 6 meters $155. Gonset VHF VFO - $299.95: Galaxy 300 - $139.95. M~~~ more and #3357 $50. Heathkit HR-108 ham tband rcvr. $60. 
free list. Write Box 919, Council Bluffs, Iowa 51501. ~ ~ o ~ ~ o "  ~ ~ ~ , " ~ ~ B ( ~ , b '  ;a32k)H5~~c2~~4Mg,",,~~v,",h'~~ 
FOR SALE, Ameco and meter trans- rcvr. SX71 $90. Hallicrafters military R-44/ARR.S 
mitter. In excellent cond. used less than 10 hrs. !CVc. 146 megs with AC S75. 
2 meter converter. Best offer gets it. P. 0. BOX 28. $ i ~ i n ~ ~ n t T ~ ~ d $ f ~ ~ i C ~ , n d W ~ ~ ~ ~ D D e ~ $ I e ~ ~ a d ~ ~ L ~ ~ ~  
Bienville, La. 71008, R. S. Luke., WA5ZYB. Vestal, New York 13850. - 
TOROIDS. 88 & 44mhy.. center tapped, not potted, 

- 
5/$2.00 POSTPAID. Model 32KSR 60 or 100 speed GREENE DIPOLE CENTER INSULATOR . . . see ad 
page printer. little use-good operating condition $200. Page 96. September 1969 Ham Radio. 
Reliable model 15 $70. Versatile Model 19 set $95. - 
FRXDlO Combination 14 typing reperferator and TD. SSTV MONITOR. 12 Transistors. 5 Tubes. 3RP7A CRT. 
sync motor $25. 11/161' olled repe,rf tape $3/box/lO $190 or Best Offer Plus ship pin^. Cohen. W4UMF, 
rolls. $10/case/40. Tape w~nders wlth sync motor $6. 6631 Wakefield Drive. Alexandria. Virginia 22307. 
FACSIMILE paper (12x19, 250 sheets) new $4. Heath - 
Seneca 6&2 meter $110. Hammarlund HQllOA $110. NEW 500 MFD, 25 vdc electrolytic capacitors In 
RCA CV-57URR Terminal Unit $120. Clegg 66er Brand diameter by 2l/,jf, 20/$3.50 pp. HAL Devices, BOX 
New $150. WANTED: Ham-M rotator: ,Stamp for list. 3 6 5 ~ .  urbana, llllnois 61801, 
Van WZDLT, 302H Passalc Avenue, S t~ r l~ng ,  N.J. 07980. - 
THE FOLLOWING GOVERNMENT EQUIP- QSTs OF MAY AND JUNE 1916 wanted. price or 
MENT has been reported missing from the ~ i ~ ~ t  US trade no object. WPKUW. 308 Hickory St.. Arlington. 
Armv MARS Station. A3USA (W3USA). Fort Georae G. N. J. 0703'. 
~ e a b e .  MD 20755: Transceiver, Collins. K W ~ - P A .  

- 
Serial #15513, power Supply. Collins, 516~.2, serial QSLS. SECOND TO NONE. Same day service. 

23397, Linear Amplifier. Collins 30L-1, Serial #69, Samples amnailed 250. Ray, K ~ H L R ,  Box 331, 
t rvsta l  Packet. Collins CP-1, Collins  art number Clearfield. Utah 84015. 
597-040-00. Request person possessing information - 
leading to  the location of this equipment, contact G3WP CHELMSFORD England wishes to  QSO some- 
the First US Army MARS Director by writing to: one in Chelmsford. Mass. G3WP. 43 Forest Drive, 
Headquarters First US Army. ATTN: AHACE-PT, Fort Chelmsford, Essex, England. 
George G. Meade. MD 20755 or telephone collect to: - 
301 677-3316 or 677.3858. WORLD QSL BUREAU - see ad page 101. 
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LATEST 4 
ARCTURUS I SPECIALS 

Color focus rectifiers, 14,030 P.I.V. at 
1 MA, 99C each. 6.5 KV - 799!. 
Color TV yokes 70" and 90' types. 
Fit almost all sets: $10.95 each. 
1700 Transistor types - 39e each. 
DS-501, 2N278 power transistor types. 
Cat. #349, 69C each. 
HEP170, Motorola HVICurrent silicon 
rectifiers, 2.5 amps at 1,000 P.I.V., 
49e each. 
Fully transistorized UHF tuners. Fit 
most sets. Cat. #UHF567. $4.95 ea. 
UHF tuners, 1 tube type. Fit most 
sets. Cat. #UHF3, $3.95 each. 

Complete listings of electronic Items at simi- 
lar bargain prices are available. Write for our 
latest catalog. Minimum order $5.00, plus 
postage. 

ARCTURUS I ELECTRONICS 
CORP. 4 

I 502-22nd ST., UNION CITY, N. J. 07087 
Dept. HR 

Phone 201 . UN 4-5568 1 
GIFT SUBSCRIPTIONS 

$4.00 for 1 year 
$10.00 for 3 years 

THROUGH DEC. 24, 1969 ONLY 

INCLUDE YOUR OWN 
SUBSCRIPTION OR RENEWAL 

HAM RADIO MAGAZINE 
GREENVILLE, N. H. 03048 

REVIEWED I N  DECEMBER. 1968 HAM RADIO - 
the permof lex key 

both a b i n  lever &straight hand Ley 
in a pivotl.ss 1 design. 

9iv.n inntant choice of automatic 
semi-automatic G straight hand Lqinp. 

us. directly with any tr.n.mitt.r or 
through an .I..tronic L.y.r. 

8 amp. gold di6fus.d si1v.r contach 
adiust From 0-.060" G 5-50 grams. 

distinctiv. blue padd1.s are of 
rugged G-I0 fiberglass epoxy. 

cabinet is  Ib gauge po1i.h.d chrome 
st..I: 1.95" sq. 15.75". paddles 95 c0mp1.h. 
extend I.15'. weight a p I pound. 

silicone rubber 6c.t Lr'stability. undachuk M m.0. 
loo$ US mad. G suarant..d lor  I yr. sold by mall only 

Jame!Research company,depit: HR- K 
20 w~ l l i t s  rd., glen cove, n.y. 11542 

A 

COMMERCIAL LICENSE EXAMS: Second $17.50: First 
$25.00; Sample questions: Price list $1 refundable. 
D. C. Enterprises. P. 0. Box 432. Sparks. Nv. 89431. - 
NORTHERN CALIFORNIA Ha~ns: Best deals - new 
and reconditioned equipment. Write or  stop for free 
estimate. The Wireless Shop. 1305 Tennessee, Valleio, 
California 94590. - 
TUBES - Lowest World price. Fore1gn.Amerlcan. 
Obsolete, current. Receiving, Special Purpose. Trans- 
m i t t ~ n g  tubes. Send for tube and parts catalog. 
Un~ ted  Radio Company, 56-HR Ferry Street. Newark. 
New Jersey 07105. - 
DEALERS. Do you carry R.S.G.B. publications? They 
are real best sellers. Interesting and well priced. For 
complete information write Comtec. Box 592. Amherst, 
N. H. 03031. - 
TOROIDS 44 and 88 mhy. Unpotted. 5 for $1.50 ppd. 
M. Weinschenker. Box 353, Irwin. Pa. 15642. - 
DAYTON HAMVENTION April 25. 1970: Sponsored by 
Dayton Amateur Radio Association for the 19th year. 
Technical sessions, exhihits and hidden transmitter 
hunt. An interesting ladies program for XYL. For 
information watch ads or write Davton Hamvention. 
Dept. H. Box 44, Dayton. Ohio 45401. - 
Q W S  WANTED: December 1915. January to  Decem- 
her 1916. Any unreasonable price pavrl! Ted Dames. 
308 Hickory St., Arlington. N. J. 07032. - 
DO YOU KNOW about the RSGB? See page 95. 

ORIGINAL EZ-IN DOUBLE HOLDERS display 20 cards 
in plastic. 3 for $1.00. 10 for $3.00 prepaid. Guar- 
anteed. Patented. Free sample to dealers. Tepabco. 
John K4NMT. Box 1P8R. Gallatin. Tennessee 37066. 

POLICE - FIRE - AIRCRAFT - MARINE Calls on 
your broadcast radio wlth TUNAVERTER SI Tunable - Crystal! Brochure. Salch Company. Woodsboro 
HMC, Texas 78393. - 
WANTED: Old copies of R9 magazine for private 
collection. WIDTY. Box 25. Rindge. N. H. 03461. - 
DEALERS AMATEUR-CB. Now is the opportunity for 
you to make money selling new ful l  warranty major 
line eauipment and accessories. Send letterhead 
for list c/o Robert Weaver. WA5UUK. Madison 
Electronics. 1508 McKinney. Houston. Texas 77002. 
(713) 224-2668. - 
TELL SANTA that you won't settle for anything but 
tickets for the ARRL Hudson Division Convention. 
October 17.18. The Hilton Inn. Tarrytown. New York. 
Exhibits. Lectures. "Surprises", Contests. Gabfests. 
New York City Sightseeing. Fun. The Greatest. Write 
A. Rauch. W2DID. 451 Smith Street. Central Isiip. 
New York 11722. - 
FOR SALE. 6.foot rack. good condition. $15. you come 
and get ~ t .  Viking Valiant, excellent shape, $150. 
Johnson Matchbox with swr bridge. $75. Waters 
dummy load. $40. All items fob. WIDTY. Box 25 
Rindge. N. H. 03461. 

QSL'S - BROWNIE W3CJl - 3111.8 Lehigh. Allen. 
town. Pa. 18103. Samples l o t .  Cut catalogue 256. 

HALLICRAFTERS SX-110, excellent condition. Best 
offer. Raymond Martin. Greenville, N. H. 03048. 
Phone 603.878-2758. - 
MAGAZINES. OST since March 1944. CO since 1947. 
Sold as individual copies. What issues do you need? 
Write KIPSR. Box 132. Amherst. NH 03031. - 
HAVE YOU SEEN the Radio Communication Handbook. 
Only $11.95 from Comtec. Box 592, Amherst, N. H. 
03031. - 
WANTED: 200 HZ and 1500 HZ FILTERS for Collins 
S.Line receiver. WlDTY. Box 25. Rindge. N.H. 03461. 

YOUR AD belongs here too. Commercial ads 25t  per 
word. Non.commercial ads 106 per word. Commercial 
advertisers write for special discounts for standing 
ads not changed each month. 
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1 HANDLES FULL KW INPUT-THEN SOME Broad 
R.~ride d 3 to 30 Mc 

2 HELPS NI PROBLEMS By Reduclng Coax Llne 
R.3dlatlon 

3. NOW ALL STAINLESS STEEL HARDWARE. 50239 
Double Sllver Plated 

YSTIIL 
4. IMPROVES F / B  RATIO By  Reducing Coax Line 

SlSltil 
C 

P ~ c k  Up 
5 REPLACES CENTER INSULATOR. Withstands 

Antenna Pull of Over 600 Lbs. 
6. BUILT-IN LIGHTNING ARRESTER. Protects Balun 

- Could Also Save Your Valuable Gear 
7. BUILT-IN HANG-UP HOOK. Ideal For inverted 

Vees and Multr Band Antennas 
8. SPECIAL SELECTED FERRITE. Permits H igh 

Power Operdt~on W~thou t  Breakdowns. 
9. FACTORY ADJUSTED LIGHTNING ARRESTER. 

Bleeds Off Heavy S ta t~c  Charges. Makes For 
Qu~e te r  L l s ten~ng  

10. BACKED BY 50 YEARS OF ELECTRONIC KNOW- 
HOW. 

Comes i n  2 models. 1:l matches 50 o r  75 o h m  un. '-J balanced (coax line) t o  50 or  75 o h m  balanced load. 

IT'S WHAT'S 4:l  model  matches 50 o r  75 o h m  unbalanced (coax 
INSIDE line) t o  200 or  300 ohm balanced load. 

THAT COUNTS1 AVAILABLE AT ALL LEADING DEALERS. I f  NOT, ORDER DlRECl 
Weighs only 6% or. 

UNADILLA RADIATION PRODUCTS ~ ~ R s ; o ~ - ~ 6 ~ 9 " ~ ~ ~ S  QUADS 

$ FOR $ 
YOUR BEST 

r BALUN BUY 

UNADILLA, N.Y. 13849 I 

4 

e3 Sd 
110 

h 

A HANDSOME PAIR 
MATCHING 

BOUND VOLUMES and BINDERS 
FOR YOUR 

HAM RADIO COLLECTION 

Binders $3.95 
1968 Bound Volume $14.95 

HAM RADIO MAGAZINE 
GREENVILLE, N. H. 03048 

Antennas Towers Rotators 
New Used Surplus 

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

Service % a m p  t o  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 deal ing in surplus 

Wri te for  latest catalog 

ANTENNA M A R T  
BOX 7 - RIPPEY, IOWA 50235 

R E V I E W E D  I N  MARCH. 1968 HAM RADIO- 

oscillator/monitor 
makes en audabl. ton. to monitor 

the RF of any CW transmitier from 
lOMr to I K r  G IOOKc t o  IOOOMc, 
using only an 8"  pickup antenna. 

can b. 1.16-triggered for cod. 
practic. or th. testing of lolid 
stat. compon.nts and circuits. 

aids in tuning up G testing RF 
oscillator and p a w  circuit.. 

4 transistor, 2 diode circuit 
~p.ak.r, ton. adjust. AA p.ncall, 
test leads, 8" ant., G magndic Lmsa. 1495 cornplate, 

cabinet i s  Ib  paus. black G claw ppd usa Lean. 
anodi..d aluminum, 3.4 * 2.3 r 1.2' send o chock or m.0 
US mad. G guarant..d for I year. sold by mal l  only 

James Research company,deplt: HR-M 
20 willits rd.. glen cove. n.v. 11542 
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GET YOUR NEW 
ISSUES NOW! 

Over 290.000 QTHs in  
the U.S. edition $7.95 ':'r 140.000 QTHs in  

.- the DX edition $5.95 

, ; \ NEW EDITION EVERY: - MARCH 1 - SEPT. 1 
JUNE 1 - DEC. 1 

PROJECT 
. 0-25v 

O 1 AMP . 50mv LOAD 
REGULATION . & lOmv LINE 
REGULATION . l m v  RIPPLE MAX 

II . REMOTE SENSING . 1 YEAR WARRANTY 

These valuable EXTRA features included in both editions! MODEL PZ-241-A 
a PSL Managers Around the Radio Amateurs' Prefixes 

Matching HC-25/U crystals: 8998.5 (USE). 8999.0 
SPECTRUM 

(BFO), 9000.0 (carrier). 9001.5 (LSB), $2.50 each. 
INTERNATIONAL 

BOX 87 TOPSFIELD 
MASSACHUSETTS 01983 

World! by Countries! 
Census of Radio Amateurs a A.R.R.L. Phonetic Alphabet! 
throughout the world! Where lo Buy! 

a Radio Amateurs' License Great Circle BearinEs! Class! 
World Prefix Map! International Postal 

a International Radio Information! 
Amateur Prefixes a Plus much more! 

See your favorite dealer or order direct (add 25C for mailing 
in U.S., Possessions & Canada. Elsewhere add 50th 

RADIO AMATEUR 

Lake Bluff, 111.60044 

CRYSTAL FILTERS 
By KVG of WEST GERMANY 

High performance 9 MHz xtal filters for SSB. 
FM, AM & CW applications. Perfectly suited 
for miniaturized solid-state equipment. 

Size 1 - 27/64" x 1 - 3/64" x 3h". 

100 a december 1969 

FROM STOCK 

For more information see page 114 of Burstein 
Applebee's 1970 catalog or write us today. 

C~CXROIYCS. IIIC. 
~ a t ~ , r a t o r r  and n r r.3 

P < I * P ~  SUPI>IIC~ and In<lrurnenlrlnan 

P. 0. Box 91 . Hudson. Wisconsin 54016 
715/386.5188 

XF-9M 

CW 

4 

0.5 kHz 

< 1 dB 

< 5 dB 
- -- 

500 D 

30 TF- 
- -  

(6:40 dB% 
-- 

Filter Type 

Application 

Number of Filter Crystals 
- -- - 

Bandwidth (6dB down) -- 
Passband Ripple 

-. 
l n s e r t i r ~ o s s  

-output Z t -- 
Termination Ct  

Shape Factor 

XF-9D 

AM 

8 

5.0 kHz 
-- 

<2 dB 

< 3.5 dB 

500 I! 

30 PF 
(6:60 dB) 1.8 

-. 

XF-9E 

FM 

8 

12.0 kHz 
- - 

< 2  dB 

< 3 dB 

1200 I2 

30 pF 

' (650  dB) 1.8 

Stop Band Attenuation 

Price 

XF.9A 

SSB- 
Transmit. 

.~ - 
5 

2.5 kHz 
- - 
<I dB 

- - - 

< 3 dB 
-. . . - 

500 !! 
- 

- 30 
.- - 

(6:50dB) 1.7 

a 

(6:80 dB) 2.2 
- - - 

) 100 dB 

, $29.50 

> 45 d B -  

$1935-, 

XF-9B 

SSB 

8 

2 7  ~ H Z  

< 2  d B  

< 3 . 5 d B  
-- - - 

500 I! 

30 pF 
-- - - 
(6:60 dB) 1.8 
.- .- - -  

XF.9C 

AM 

8 

3.75kHr 

< 2  dB 

< 3.5 dB  

500 !! 

3 0  pF 

(6:60dB) 1.8 
- - 

(6:80 dB) 2.2 
-- 
5 90 dB - 

$29.50 

(6:80 dB) 2.2 
- - - - - 
> 100 dB 

- 
$27.50 

(6360 dB) 4.4 
- - 
> 90 d c ~  

~ - 
$20.95 

(6:80 dB) 2.2 
-- - 

> 100 dB 

, $ 2 9 5  
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NCED AMATEURS 
best1 Use Telrex Communica- 
erformance and value' 

and rotable "Berthas". 
For commercial and military applications write for CM69. . . for amateur 
applicat~ons write for PL69. 

i th a material difference! 

The 
bridge @ 
omega4 built 
Historic . . . that's what it is. Particu- 
larly i f  you've been looking for test 
equipment that will aid in providing 
peak performance. You see, our An- 
tenna Noise Bridge will quickly pin- 
point any trouble you may be having 
with your antenna or coax feed line. 
Use it to test your antenna system for 
resonant frequency and impedance. 
And it can be used on all types of 
mobile and fixed antennas, or corn- 
plete antenna systems. Frequency 
coverage? 1-100 MHz with Model 
TE-701, and 1-300 MHz with TE-702. 
The cost is only $24.95 or $34.95 re- 
spectively . . . for a bridge that's 
quietly making history. 
Dealership inquir~es onvlled. 
For descrlptlve literature wrtte' 

@ED nmegn-t systems incorpnrnted 

300 rerrace V~llage Richardson. Texas 75080 
(214) 231-5121 

rn 

Send pafkt mom code - from 5 t o  50 w a r b  
per minute. Excellent t o  build up your code speed - 
anyone can send practice code. 

Selfcompleting characters with automatic 
character spacing. 
Precision k i t  includes all parts. such as metal 
wse and printed circuit boards, and de- 
tailed. illustrated instructions. 
Pressernbled keyboard with standard t ype  
writer key arrangement and spacing. 
Special characters included. such s AR, 
SK. BT, period, comma, question mark. 
slant bar. 
Selfcontained battery operated - two 
standard "D" cells. All solid state. 
Built-in sidetone and sp8aker. f an  acting 
relay output. 

10"W. 2X"H. 7X"D. $149.50 prio cincl. nippins, 

Micro .2  Go. 
Box 2426 Rolling Hills, Wf. 90274 

WORLD I lSL BUREAU 
5200 Panama Ave. 

Richmond, Calif. U.S.A. 94804 
P U N  1 

We forward your QSLs (please arrange alpha- 
betically) t o  o r  w ~ t h i n  U. S. A,. Canada and 
Mexico for  36  each, and t o  all other places i n  
World for  4r each. 

P U N  2 
You use our special log  f o rm  and send us a 
copy. We supply QSL - make out QSL - 
deliver QSL, all fo r  8 e  each. 

WRITE FOR FREE INFORMATION SHEET 

i 

MILITARY SURPLUS TEST EQUIPMENT 
SG-lA/ARN. SG-2/GRM-4, SG-13/ARN, 
SG-66/ARM-5, MD-83A/ARN, H.P. 606A, 
H.P. 608D, H.P. 612A, H.P. 618D, TRM-1. 
ARC H-14A, COLLINS 479T 2, 4798.3. 
NEW HAM GEAR TO TRADE OR CASH TO 
BUY. WRITE, WIRE, PHONE (813) 722- 
1843, BILL SLEP, SLEP ELECTRONICS 
COMPANY, 2412 HIGHWAY 301N, ELLEN- 
TON, FLORIDA 33532. 



VALUE 
5 SEGMENT 

READOUT 
SPECIAL 

Projection type. 1:'' x 1" numerals. Format is 
0-7, +, -, Red. & Blue illumination. Easily con- 
verted to  read 0.9. 1. -. by use of dry transfers. 
Minus the bulb holders. Make your own and save. 
5 sections ganged. Dimensions 7%') W. x 53/BP' D. 
x 2l/,fI H. Mfg. by Industrial Electronic Engineers. 

WHILE THEY LAST 

FOR 5 SEGMENTS GANGED $7.50 
Shipping Wt. 4 Ibs. We ship UPS if  possible. 

COPPER CLAD LAMINATES 
GI0  EPOXY GLASS 

1 oz. Copper 1 Side 

This i tem postage prepaid. 

Pkg. 
Quant. 3/64" 1/16!! 3/32N 1/81! 

TRANSFORMER SPECIALS 
1. Pri. 115VAC 

Sec. 1) 20.0.20VAC @ 10 A. 
$6.50 

Sec. 2) 14.0-14VAC O 5 A. 

$3.50 $5.00 

2. Pri. l l 5VAC 
Sec. 1) 17-0-17VAC O 2A. 

$3.50 
Sec. 2) 70-0-70VAC O 50 ma. 
Sec. 3) 30.0.30VAC @ 25 ma. 

4 4%x6I1 

$2.50 1 9x12" 

2 6x9" 

3. Pri. 115VAC 
Sac. 1) 20-0-20VAC @ 40A. 

$8.00 

$1.50 

4. Pri. l l 5VAC 
Sec. 1) 6.3VAC @ 6A. 

$4.50 
Sec. 2) 18VAC B %A. 
Sec. 3) 450VAC B 55ma. 

5. Pri. 115-230VAC 
Sec. 1) 1500VAC @ 250 ma. 

$8.00 
Sec. 2) 115VAC O 1.5A. 
Sec. 3) 33VAC B 0.7A. 

ALLOW 20 LBS. SHIPPING ON ALL TRANSFORM- 
ERS AND WE WILL REFUND ANY DIFFERENCE. 
WE SHIP UPS. 

Resistor Assortments $1.00 PPD. 
30 2W 5 & 10% 30 Asstd. 
30 mixed 1 10 to 5W 1 to 10%. 
al l  good values & long leads. 

Every order uncond i t i ona l l y  guaranteed. 

2614 Lakm Shore Dr. 

f Bought, too good to p a s s  up, even though 
new store is jammed.  Priced for a quick 
sell-out. I 

I 100 CFM muffin fan. l~,y ROTRON 115v. 60 
cycle. 14 watt. 4 %  square 1%11 deep. 

2 ibs. BRAND NEW $8.50 ea. 
BEAUTIFUL Chrome Plated Cabinets. BRAN0 

NEW. 5% wlde, 2%'' deep. 3'h1' hlgh. 
1 Ib 6/$2.75. 50r ea. 
As above, wlth feet attached. 1 Ib 

6/$3.25. 60Q ea. 1 

t MORE OVERSTOCK, Year End Clearance 

8.8 hry. 50 ohm. 500 ma. 6430 WV (9000~ 
peak) cased 7" x 5" x 7" h1gh.f 1" ceramlc 
terrnlnals. 35 Ibs. 41525.00, $6.50 ea. 

15 mfd. 100v. oi l  fllled. CP70 3%"  x 3'h" x 
4 % "  hlgh +Y8'r termlnals. 4 Ibs. 

6/$8.50. $1.50 08. 

MORE Variable Capacitor Close-Outs 

HAMMARLUNO MC type. stralght line frequency 
250 of. max. 4/$4.75, $1.25 ea. 

I HAMMARLUNO MC type, stralght llne freq. 
8.50 pf. 6/$5.75, $1.00 ea. 

5-20 pf. MC type, stralght ilne capacity. 3 plate. 
6/$2.75. 50e ea. 

0 Dual 3-15 pf/sec. wlth coll. 6 turns. tapped at 

I 
11/1 & 3 turns. tunes 140 to 300 MC. Ceramlc 
end plates 1 %If  sq. 6/$5.75. $ 1.00 ea. 

MORE Meter Close-Outs 

0-1 MA DC 21/Zr' sq wlde vlew plastlc. White 
figures on black background. Has 5000 ohm 
~nternal  reslstor. Scales: 0-10, 0.100 MA. 
0-500 output. $2.50 ea. 

s S meter. baslc 1 MA DC. JAP. 2%"  x 1%"  x 
1" hlgh. Wlde vlew plastlc. $2.50 ea. 

VU meter. 100 ua DC baslc. 1 %Ir w x 1" deep. 
EDGEWISE. JAP. 6/$10.00, $ 1.75 ea. 

Level meter, for tape recorders. 1" sq. JAP. 
Basic 100 ua DC. ..... . ..... 6/$7.W, $1.25 ea. 

31/21) round, by COLE. a11 less dials: 
0.100, or 0-200 ua DC. choice. mix or match 

6/$14.50. $2.50 ea. 
0-1 or 0.10 ma DC. choice. mix or match 

6/$11.50, $2.00 ea. - 
All prices are NET. FOB store, Chicago. 

PLEASE - include sufficient to  c w e r  postage. 

B C Electronics 
5696 N O R T H  RIDGE AVENUE 

CHICAGO, ILL INOIS  60616 

. . . Hours.. . 
Wed. and Sat., 10 a.m. to 3 p.m. 

O t h e r  times, by appointment 

. . . Phones. . . 
312-334-4463, if no answer  please c a l l  

3 12-784-4426 

Address  for a l l  orders, inquiries 
espondence:  c /o  B e n  Cohn,  5058 
a r e m o n t  Avenue, Chicago, Illinois 
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TACHOMETER 
KITS 

quantity We e te r  bought m e t e r  of Tachom a move. large ,m 
ments and dials as 
shown, and while we 
were wondering how 
to sell them, one of 
our customers show- 
ed us some ingeni- 
ous Tachometers he 
developed, u s i n g  
this meter movement. We bought the designs 
and are offering them to  you as kits of electri. 
cal parts only. which we are selling at far below 
the price of the meter alone. 
KIT 1 - Tachometer and dwell meter, operates 
from distributor of 4, 6 and 8 T&l c linder s5.00 engines. ppd. 
Transistorized 
KIT 2 - Out gtne tachometer. 
Simply hold wire lead n i a r  spark plug wire 
and pulses are picked up and registered. Works 
on 2 or 4 cycle 1. 2. 4. 6 or 8 cylinder engines. 
Transistorized . . . . . . . . . . . . . . . .  TK2 $12.50 ppd. 
KIT 3 - Photo electric tachometer. This IS 

very ingenious. Point the pickup head at Pro- 
peller of model airplane, or other rotating parts 
and meter registers RPM by measuring fre- 
quency of interrupted light. TK3 $12.50 ppd. 

TRANSISTOR POWER SUPPLIES 

-. , , 

Left illustration - Technipower 20.24 volt 3.0 
ampere variable supply size 6%" x 7%" x 5'r 
approx. Removed from new equipment. Last 
price $180.00 Tech P.S. 1 $27.50 
Same spec's as above except 6.0 amperes. size 
approx. 8" x 9" x 6". Tech P.S. 2 547.50 
Rtght illustration - Sola constant voltage regu. 
lated supply. 15 volts at 15 amperes. unused. 
but may have slight rust spots which will not 
impair electrical performance. 

SCVPSl5 $37.50 
Same spec's but 15 volts. 10 amperes and 5 
volts. 15 amperes outputs. SCVPS155 $49.50 
Not illustrated - Atlas controls 1~12 volts at 
50 amperes and -52 volts 10 amperes variable 
k 15%. Size 18" x 7%'' x 10". about 75 Ibs, 
with BUSS bar connections on one end. Only 
four available. ACPS $60.00 

-- 
Power Supplies Shlpped Frelght Collect 

TANTALUM 
CAPACITORS 

these b rand  % Tantalum Ca. 
i. 1. 

' I + .  ,. , 
Paci tors  f o r  less 
than the price of 
equivalent aluminum 

: *.:- - fotl units, and get 
high reliability. infi. Q- 
nlte life, small size. 

and high temperature performance in the bar- 
gain. The regular price of these units is from 
10 to 20 times our low price. 
Left . . . .  25 MFD 6 ,  180 Volts $1.75 ppd. 

8 MFD @ 270 Volts .. $1.50 ppd. 
Center 3.9 MFO G 75 Volts - 

Feed Thru . . . . .  .3/$1.00 ppd. 
Right ... 400 MFD ,G 75 Volts $2.00 ppd. 

1000 MFD C? 50 Volts $3.00 ppd. 
Middle ....... 26.5 MFD (;; 30 Volts, 

Non polar $1.00 ppd. . . . . . . .  
2 MFD roi 100 Volts 3/$1.00 ppd. 

Bottom . . . .  1 MFD 6 75 Volts ..... 4/$1.00 ppd. 
- -  - - - -  

PRINTED CIRCUIT CARDS 
Make your own printed circuit cards. We pro. 
vide a 4ff  x 5" double copper clad card and an 
18 pin connector (used). ECPCB $1.00 ppd. 

UNIVERSAL LOGIC CIRCUIT CARDS 

. . .  -- logicl-1-1 Instant 10 for pln 
d - - U -  -. - - .=. .. 

TO.5 
or - - .  - -  - 14 lead - 

I 
dual 

In.line 
INTEGRATED CIRCUITS 

These boards are the most useful Items we 
have ever offered for breadboarding with low 
cost Integrated circuits. The cards are made 
from 1/16" G.10 Glass Epoxy, with pads for 
14 lead dual inline mounting pads on one 
side and 10 lead T0.5 pads on the other. 
8 lead TO-5 cans will mount in the 10 lead 
TO-5 pads also. Discrete transistors and com- 
ponents can be mounted in  the locations 
between the 1.c.'~ power supply leads are 
already routed around the board. Our com. 
petitors charge $9.50 each for circuit card 
and mating connector. We give you a surplus. 
unused p.c. board with components on it 
(that you can keep for your junk box), a 
connector and its mate, and our great circuit 
card. You dri l l  out the desired hole pattern. 
unsolder the connector from the surplus card 
and install i t  on the new card, wire in the I.C.'s 
and compute. A few minutes of your time. 
and you save over 80% of the cost of com- 
parable p.c. cards. Get enough for your bread. 
boarding needs now because these are going 
to go fast. 

2 Cards & mating connectors 2 ICCC 
$ 2.50 p.p. 

10 Cards b. matlng connectors 10 ICCC 
$10.00 p.p. 

100 Cards & mating connectors 100 ICCC 
$88.00 p.p. 

EXPOSURE 
METER 

CONTROL 

?$& 
2/$2.00 * 

This little unrt lights ' o 
up a lamp when il. 
lumination is below 
predetermined threshold. Contains high sen. 
sitivity CDS photodetector, transistor, potenti- 
ometer, lamp and relay. About the size of a 
quarter. May require relay adlustment to  work 
properly. Complete with circuit applications 
and design data information. EMC 2/$2.00 ppd.- 

LARGER SIZE BOARD ?rr x 4" 

. -3, :,CY,.:-~&~ , y , + A ~  E $L?1 1 ! ~ - ~ ~ a  **?zis 1111111 - .  

Circuit on one side only, with space fo; more 
components. Same connector and salvage 
board as above provided. 
CB8T05 - Pattern for nine 8 pin TO-5 cans. 

(shown) order #CB8T05 - (quantity ordered) 
CBDlP - Pattern for nine dual-in-line I.C. pack- 

ages (shown) order #CBDIP - (quantity 
ordered) 

CBFP - Pattern for nine flat packs, order gCBFP - (quantity ordered) 
B10T05 - Pattern for nine 10 p in TO.5 cans, 
similar to our ILCB style, order #CBlOTOS - 
(quantity ordered) 

PRICES (mixed. any quantity o f  each type) 
(Part No.)-2 

2 Boards & Conectors ............. ..$3.50 ppd. 
(Part No.)-10 

10 Boards & Connectors ......... $15.00 ppd. 
(Part No.)-100 

100 Boards & Connectors ...... $125.00 ppd. 
- -  - 

SEND 25c FOR OUR LATEST, BEST CATALOG 
YET. JAM PACKED WlTH ELECTRONIC BAR- 
GAINS . . .  FREE WITH AN ORDER . . .  

- - --- ~ - 

Enterprises 
P. 0. BOX 44. HATHORNE. MASS. 01937 F 



375-1000 MHz. Stoddart RFI Meter Nh1.50A with pwr. sply 
cords, dipole holrler, 3 paw dipoles. Input 50 ohms. I F  66 
mhz. Bandwidth 1 mhz at  370 and 1.8 a t  1 ghz RF. 
Image & spurious-response reject, better than 40 db. Senstt. 
as a 2- term~nal  tuned voltmeter is 10 uv; w i l l  be less wi th  
1-pair dtpole, but you can make an array t o  brlng it up. I f  
the voltage-attenuation calib. charts didn't get lost it would 
be worth 51,250 in surplus, 52,852 from the factory . . . 
so we wi l l  sell it as a simple receiver In grtd- 
txcel. condition for only . . . . . . 

. . . . . . . . 

Versatile Plate & Filam. Transformer: 

FOUND! A NEAT & COMPACT SCOPE XFRMR! 
Freed 12691: DAS Loran Spares supplied 5" CR 
plates & htrs. Prl .  105-130v 50/60dz. Sec's. insui. 5 k v j  
1490 & 1100 v, 5 ma. 390-0-390 v 100 ma; electrosta- 
tically-shielded 6.3 v, 6.8 A; two 2 1 / 2  v, 2 A. Scc'r 
Insul. 1 1 / 2  kv: two 6.3 v 6 A. 5 v 3 A; 2 1 / 2  V, 
5A. Case 5 1 / 4  1 5 x 7 l j 4 .  ~ ' i t h  diigram. 
Shipped only by collect REA Express. - -- --- - -- 
FAIRCHILD SOLID-STATE SCOPES a l l  ~ /dua l - t r ace  Ti: 
ins 25 & 5 0  MHz w/delayed time-base plug. 
ins, w/books, overhuled & grtd. As low as . 825.00 

I 

LIBERTY PAYS MORE !! 
WILL BUY FOR CASH - ALL TYPES 

Electron Tubes ' Semiconduclors . Trst Equipment 
Mil i tary Electronic Equipment 

Wire, write, phone collect! We pay freight on a l l  purchases! 
L I B E R T Y  E L E C T R O N I C S .  I N C .  

548 B r o a d w a y ,  N e w  York ,  N. Y. 10012 
Phone:  2 1 2 / 9 2 5 6 0 0 0  

WE PAY CASH FOR TUBES 
LEWISPAUL ELECTRONICS INC. 

303 W. Crescent Avenue 
Allendale, New Jersey 07401 

s 
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, W2LNI 

B A R R Y  ELECTRONICS 
512 BROADWAY NEW YORK, N. Y. 10012 

212 - WA 5-7000 

R . d " < " ,  ,,,I.l'I.,I~I,,l. I"" 

"0I.C ,Of! 1 1 1  M.l*'.. '.!loll W.". 
,", A , ,  A,<,.,,?t,, ,,an, 

Rc.. ,"r, \  w a * e \  W o r l d  W,". 
mltfr.,. <.,lll,,lll?Fd lor low 

Re~c l ) l lon  S t l o l l l r r  I .l : l ' l .  

WII, .  P a r * ,  L i l h l .  Nrl l .  

, , ,, , : ,,..., .. . . l e d  ,' ,,,, ,,>", ,,.. "a",.,. an* <,a,, ,.dl., ,",~,.",.! ,,,.. , , ,P ,  ,, ..#.,lar.m... * " , " , 8  .,., W,,h t>e,,?t "",! , , >, e. ,,<#.t!a"t*e<? 
",,CLI ,110 .. .,., ,. 1 ,.,,, 1 l , I1 . I , ." ,C lil I. ,1995. 4 " . ' 0 , ' .  1 I ..-..,I.. Ilrn",. '14 
~t lo ,  vll l~rfrlds rnvir! r.wa r c ~ c o $ ~ o n ~  $ 1 8 ~ 5 .  send only $ 1  w ,r.nh. c * .  
,,lo, pay O1,..rt,l.lr> hdl.?n,b COD plu.. (pn\la/:v on a l t # r l l  i l r  >rllll lull ~ r t r c  lor ,'",,",,,,, <,.ll".~l" corn lrlr ,l,;l."rll,lll, <nrl,, l 'rdm , c..... ., .",.,.,,P n.n. ".I1 . *..m.. "a,,.. m 7  

W A N T E D  b y  F B I  
BENJAMIN HOSKINS PADDOCK, 

also known as Perry Archer, Ben- 
jamin J. Butler, Leo Genstein, Ben- 
jamin Hoskins, Jr., Ben H. Paddock, 
Jr., Benjamin Hodgens Paddock, 
Benton Hoskins Paddock, Pat Pad- 

,-. 4 , $ x k ,  Patri;! Benjamin P;ddock, 
Big Daddy "Chromedome, "Old ' + -  Baldy". ~UGITIVE, ESCAPED - FEDERAL PRISONER. IDENTIFI- 

CATION ORDER NUMBER 4261. 
Benjamln Hosk~ns Paddock is be- 

in. sought by the FBI  for viola- 
t lon of the Escape and Rescue 
Statute. 

On December 31, 1968, Paddock 
Utr,,autN HOsKINI C v  escaped from the Federal Correc- 

tional Inst i tut ion a t  La Tuna, 
Texas. 

A Federal warrant for his arrest was issued on February 
3, 1969, a t  E l  Paso, Texas. Paddock has been arrested 
numerous times for bank robbery. He has been convicted 
of bank robbery, automobile larcceny and confidence game. 

Paddock's personality has been diagnosed as being psy- 
chopathic, egotistical and arrogant. He is reputed t o  be a 
very smooth talker, an avid bridge player, and a stock car 
and baseball enthusiast. Paddock has been employed as an 
automobile mechanic, electrician, promoter, salesman, serv- 
ice station operator clerk and welder. He was formerly 
licensed as K7JIH a)nd might be known t o  readers of this 
magazine. Paddock has utilized firearms in the past and 
should be constdered extremely dangerous. 
DESCRIPTION OF BENJAMIN HOSKINS PADDOCK 

Born November 1 1926, Sheboygan, Wisconsin. Height, 
6'4r1. weight, 245 iounds. Build, large. Hair, blond, bald- 
ing (head may be shaved). Eyes, gray or green. Complexion, 
medium. Race white. Nationality, Amertcan. Scars and 
marks: scar oier r i ~ h t  eyebrow, vaccination scar upper left  
arm, scar over r i g h i  knee, birthmark r ight ankle. Remarks: 
may wear glasses or contact lenses. Social Security Number 
used: 340-18-9361. 

I f  you know anything about this man contact your local 
FBI off~ce. 
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5 LEVEL TAPE 
Made for teletype use but 
we have been advised they 
are just as useful for other 
methods of data transmis. 
sion when tied in with com. 
putors. Removed from used 
equipment. Last t ime offer. 
ed, they sold out in one 
advertising. 
order TAPE READER $15.00 

PISTON CAPS 

READER 

Corning glass, direct traverse type, min. Q a t  
max. C-500 at 50MC. 500 volt breakdown. 
Capacitance range 1.8 uufd. Brand new military 
surplus ..................... 3 for $1.00 or  $3.00 per doz. 

A selection of  unusual & normally high priced 
IC's, al l  factory fresh, guaranteed, wtth sheets. 
Limlted quantities. 

16 BIT SCRATCH PAD MEMORY 
4 x 4 matrix. 4 Inputs "X". 4 Inputs "Y". Dual 
lnllne package #AACVl $2.75 

FOUR 3-INPUT "AND" GATES, 
"OR'D" TOGETHER, 

BUFFERED & INVERTED 
Dual Inllne package #AAAB3 $1.75 

SYNCHRONOUS 
RICELESS FLIP-FLOP 

mav be converted to most anv f l t ~ f l o o  mode 

RECORDING 
MICRO 

BAROGRAPH 

Surplus U. 5.  Air 
Force Bendix- 
Friez recording 
barograph. The 
standord instru- 
ment for U. 5. 
Weather Bureau, 
armed forces. 

airlines. Records o ful l  week, powered by d 
jeweled spring-driven clock mechanism. A val- 
uable instrument for the yachtsman or anyone 
interested in weather variations. An unusual g i f t  
for "the man who has everything." These ore 
checked out, with a yeor's supply of ink and 
charts. Should lost a lifetime. Gov't. cost $367.00. 
Our price $125.00 plus shipping. 

Removed from h ~ g h  priced computors. Exlnt 
cond~t~on. 

'?/ 
4,000 Wired Core Plane 7+ $ 9.00 
4,096 Wired Core Plane $12.50 
8,000 Wired Core Plane 'P $13.50 
8,192 Wired Core Plane '% $15.00 

16,384 Wired Core Plane $19.00 

'12 for ~ i 0 . 0 0  

DECODER LAMP DRIVER 
HIGH CURRENT 

Similar to Fairchild SH2001. Dual 2-input gate 
w/amp. 14 pin dual inline ceramic package. 

#SHO-579 $2.25 

TUBES TUBES TUBES TUBES 
Used, guaranteed OK conditi 

4.00 
5.00 
2.00 

2N706A HI-FREQ. TRANSISTORS 
First line factory marked. 400 mc. 15 volt. NPN 

#2N706A 3 for $ 1.00 

SAPPHIRE ROD 
Pure sapphire rod. 1 inch long x 1/16 diameter 
polished each end and sides. Cuts glass used 
for bearings, end-window for UV or IR, &c. 

$ 1.25 each 

FIBRE OPTICS KITS 
WITH IMAGE TRANSMITER 

An experimenters delight, fantastic display of 
the unlque properties of clad-fibre-optics to pipe 
light as well as images. Kit + 1  includes PVC 
sheathed bundle of glass ftbres with polished 
ends (light pipe), bundle of plastic fibre optics. 
bundle of glass fibres, coherent light pipe 
(transmits images), instructions & experiments. 

BLISS-FULL PAK #1 $5.00 
Kit #2 includes all of the above but more 
fibres, longer lengths, fatter bundles and also 
include; light source, heat shrink tubing, a 5 
ft. light pipe, a longer coherent bundle (image 
transmitter) & more experiments. 

BLISS-FULL PAK #2 $10.00 

900 Buffer $1 .OO 
910 Dual 2-input NOR 1 .OO 
2-903 Dual ~npu t  gate 1 .OO 
914 Dual 2-input gate 1 .OO 
914-925 Dual 2-input gate 

dual expander 1 .OO 
923 JK flip flop 1 .OO 
925 Dual 2-input gate exp. 1 .OO 
946 DTL 4 2-input NAND/NOR 

gate 2/1.00 
DTL Clocked flip flop 2/1.00 

1M5 Dual 4-input logic gate 2/1.00 
7M6 6 NPN transistors in 

one package, gen. use 3/1.00 
12M2 D~ff. Amp 1 .OO 
711 Dual Comp Amp 2.00 

Above equipment on hand, ready to ship. Terms 
net cash, f.0.b Lynn. Mass. Many other unusual 
pieces of military surplus electronic equipment 
are described in  our catalog. 

Send 256 for catalog 69-2 
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: l N T R A T E C  
1 399 Jefferson Darir Highway 
! Arlington. Virginia 22202 
; Please rend me postage pald: 
I ................ I S-DeC's @ S 6.75 each 

................ I DOC STOR's @ $13.75 each 

................ I 4-DeC's @ $23.25 each 
.............. I I enclose a check/money order for S 

I Va. r*sidsnts add 4% sales tax 
I I am Interested In the IC verrlons. Send 1 Ilterrture and prlces. 
I 
I Name ......................................................................................... 
: Address ...................................................................................... 

........................ : State .............................................. zip code I 

I 

Amidon Associates 

........................................ Arcturus Electronics Corp. 98 

.......................................... Goodheart Co.. Inc.. R. E. 104 
........................... Gordon Co.. Herbert W. Cover Ill 

H & L Asso 96 
Hal Devices 92 
Hallicrafters 85 

........................... Hammarlund Manufacturing Co. 68 
.............................................................. Henry Radio 1, 91 

........... International Crystal Manufacturing Co. 63 
.......... International Electronic Systems. Inc. 107 

Madison Electronics Supply 
.................... Meshna. John, Jr. 

............................. ............................................ Micro-Z Co. .-- 101 
................................................ Mosley Electronics, Inc. 81 

National Radio Co.. Inc. 

Omega-T Systems, Inc. 

Palornar Engineers 

RCA Institutes 
Radio Amateur 

...................................................................... Laboratory 
........................................................ Tri Rio Electronics 102 

Unadilla Radiation Products 

VHF Associates 
VHF Communica 
Vanguard Labs 
Varitronics, Inc. 
Viking Electronic 

Western Electronic 
World QSL Bureau 
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ham radio 
index to volume 11-1969 

This index covers all articles published in 
ham radio during 1969. The articles are 
listed alphabetically under each category 
along with the author, page number and 
month. Categories are: antennas and trans- 
mission lines; commercial equipment; con- 
struction techniques; fm and repeaters; 
integrated circuits; keying; measurements 
and test equipment; miscellaneous tech- 
nical; power supplies; propagation; receiv- 
ers and converters; RTTY; semiconductors; 
single sideband; transmitters and power 
amplifiers; and vhf and microwave. Articles 
followed by (HN) appeared in the ham 
notebook. 

antennas and transmission lines 
Antennas and capture area 

(K6MIO) p. 42, Nov. 
Antenna and rotator preventive maintenance 

(WAlABP) p. 68, Jan. 
Balun, Simplified 

(HN) p. 73, ~ c t .  
Bobtail curtain array, forty-meter 

(VE1 TG) p. 58, July 
Coaxial cable connectors 

(HN) p. 71, March 
Coaxial feedthrough panel 

(HN) p. 70, April 
Coax, Low-cost 

(HN) p. 74, oc t .  
Collinear, six meter 

(K4ERO) p. 59, Nov. 
Converted-vee, 80 and 40 meter 

(W6JKR) p. 18, Dec. 
Cubical quad, Economy six-meter 

(WGDOR) p. 50, April 
Cubical quad measurements 

(W4YM) p. 42, Jan. 
Dipole antennas on non-harmonic frequencies 

(HN) p. 72, March 
Dipole center insulator 

(HN) p. 69, May 
Dipole, Sloping inverted-vee 

(WGNIF) p. 48, Feb. 
Ground plane, 2-meter, 0.7 wavelength 

(W3WZA) p. 40, March 
High-frequency amateur antennas 

(WZWLR) p. 28, April 
High-frequency diversity antennas 

(WZWLR) p. 28, Oct. 

Loads, Affect of mismatched transmitter 

( M J J )  p. 60, Sept. 
Log-periodic yagi beam 

(K6RI L, WGSAI) p. 8, July 
Long-wire multiband antenna 

(W3FQJ) p. 28, Nov. 
Measuring antenna gain 

(K6JYO) p. 26, July 
Microwave antenna, Low-cost 

(KGHIJ) p. 52, Nov. 
Mono-loop antenna 

(HN) p. 70, Sept. 
Parabolic reflector, 16-foot homebrew 

(WBGIOM) p. 8, Aug. 
Quad antenna, Multiband 

(DJ4VM) p. 41, Aug. 
Reflectometers 

(KIYZW) p. 65, Dec. 
Stub bandswitched antennas 

(WZEEY) p. 50, July 

Stub-switched, stub-matched antennas 
(WPEEY) p. 34, Jan. 

Switch, antenna for 2M, solid-state 
(KZZSQ) p. 48, May 

Tower, Wind-protected crank-up 

(HN) p. 74, Oct. 
T-R switch 

(KBKMO) p. 61, April 
Tuner, Receiver 

(HN) p. 72, March 
Vertical, top-loaded 80 meter 

(VElTG) p. 48, June 

commercial equipment 
- - 

Collins 3251 cw modification 

(HN) p. 82, Dec. 
Collins 51J pto restoration 

(WGSAI) p. 36, Dec. 
Heathkit Sixer, spot switch 

(HN) p. 84, Dec. 
Heath HW-100 incremental tuning 

(HN) p. 67, June 
HT-37, Increased sideband suppression 

(W3CM) p. 48, Nov. 
Knight-kit inverter/charger review 

(W1 DTY) p. 64, April 
SB301/401, Improved sidetone operation 

(HN) p. 73, Oct. 
SBE linear amplifier tips 

(HN) p. 71, March 
Signal one review 

(WINLB) p. 56, May 
Swan 250, update your 

(HN) p. 84, Dec. 
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Swan 350 and 400, RTTY operation Calibrator, Frequency-divider using 

(HN) p. 67, Aug. mos IC's (WGGXN) p. 30, Aug. 

T150A frequency stability Calibrator, Plug-in frequency 

(HN) p. 70, April (K6KA) 
p. 22, March 

Electronic keyer 
(VE7BFK) p. 32, Nov. 

construction techniques 
APC trimmer, Adding shaft to 

(HN) 
Center insulator, dipole 

(HN) 
Coaxial cable connectors 

(HN) 
Coax relay coils, Another use 

(HN) 
Grounding 

(HN) 
Homebrew art 

(WDPEM) 
Miniature sockets 

(HN) 
Mobile installation, Putting together 

(WBFCH) 
Transceiver, single-band 

(W1 DTY) 
Transformers, Repairing 

(W6NIF) 
Trimmers 

(HN) 
Underwriter's knot 

(HN) 
Vfo, Simple high stability 

(W8YFB) 
Watercooling the 2C39 

(K6MYC) 
Wiring and grounding 

(W1 EZT) 

p. 68, July 

p. 69, May 

p. 71, March 

p. 72, Aug. 

p. 67, June 

p. 56, June 

p. 84, Dec. 

p. 36, Aug. 

p. 8, June 

Low-cost linear IC's 
(WA7KRE) 

Noise blanker 
(WZEEY) 

Operational amplifiers 
(WBZEGZ) 

Receiver, fixed-tuned for WWV 
(W6GXN) 

Receiver, 160-meter 
(WBTNO) 

RTTY converter 
(K9MRL) 
Short circuit 

Using integrated circuits 

(HN) 
Using IC's with single-polarity 

power supplies (W2EEY) 
vox 

(WZEEY) 

p. 20, Oct. 

p. 52, May 

p. 6, Nov. 

p. 24, Nov. 

p. 6, Dec. 

p. 40, May 
p. 80, Aug. 

p. 69, May 

p. 35, Sept. 

p. 50, March 

p. 66, March keying 
Electronic keyer, IC 

p. 76, Nov. (VE7BFK) P. 32, 
Mini-paddle 

p. 69, May (K6RIL) P. 46, 
Monitor, cw 

p. 14, March (W2EEY) P. 46, 
Paddle, Homebrew keyer 

p. 30, June (W3NK) P. 43, 
Remote keying your transmitter 

p. 44, June (HN) P. 74, 
vox, IC  

Nov. 

Feb. 

Aug. 

May 

Oct. 

fm and repeaters 
Distortion in fm systems 

( W J J )  p. 26, Aug. 
Encoder, Combined digital and burst 

(KBAUH) p. 48, Aug. 
Fm techniques and practices for vhf amateurs 

(W6SAI) p. 8, Sept. 
Identifier, Programmable repeater 

(W6AYZ) p. 18, April 
Short circuit p. 76, July 

Receiver, Modular fm communications 
(KBAUH) p. 32, June 

Repeater, Receiving system degradation 
(K5ZBA) p. 36, May 

Repeater transmitter, Improving 
(W6GDO) p. 24, Oct. 

Tone encoder and secondary frequency 
oscillator (HN) p. 66, June 

integrated circuits 
Applications, Potpourri of IC  

(WIDTY, Thorpe) P. 8, May 

(WZEEY) 
Vox keying 

(HN) 

p. 50, March 

p. 83, Dec. 

measurements and test equipment 
Antenna gain, Measuring 

(K6JYO) p. 26, July 
Calibrator, Plug-in IC 

(K6KA) p. 22, March 
Cubical quad measurements 

(W4YM) p. 42, Jan. 
Encoder, Combined digital and burst 

(KBAUH) p. 48, Aug. 
Frequency meter, Crystal controlled 

(HN) p. 71, Sept. 
Monitorscope, Miniature 

(WA3FIY) p. 34, March 
Multi-box 

(HN) p. 68, July 
Oscilloscope calibrator 

(HN) p. 69, July 
Oscilloscope, Putting i t  to work in 

ham gear (Allen) p. 64, Sept. 
Oscilloscope, Troubleshooting amateur 

gear with (Allen) p. 52, Aug. 
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Reflectometers 
(KIYZW) p. 65, Dec. 

Signal generator, Tone modulated for 
two and six meters (WABOIK) p. 54, Nov. 

Tone encoder and secondary frequency 
oscillator (HN) p. 66, June 

Trapezoidal monitor scope 
(VE3CUS) p. 22, Dec. 

Uhf tuner tester for tv sets 

(HN) p. 73, Sept. 
Vtvm modification 

(WGHPH) p. 51, Feb. 
Zener tester, Low-voltage 

(HN) p. 72, Nov. 

miscellaneous technical 
Antenna gain, Measuring 

(K6JYO) 
Antennas and capture area 

(K6MIO) 
Bandpass filters, Single-pole 

(WGHPH) 
Bandpass filters, 25 to 2500 MHz 

(KGRIL) 
Blocking oscillators 

(WGGXN) 
Computers and ham radio 

(WTOM)  
Crystal oscillator, Voltage-controlled 

(WBGIOM) 
Crystal oscillators 

(WGGXN) 
Fm techniques 

(WGSAI) 
Frequency synthesis 

(WA5SKM) 

Glass semiconductors 
(W l  EZT) 

Graphical network Solutions 
(WlNCK, W2CTK) 

Gridded tubes, Vhf-uhf effects 
(W6UOV) 

Grounding and wiring 
(W1 EZT) 

Lighthouse tubes for uhf 
(W6UOV) 

Mismatched transmitter loads, Affect oi 
(W5JJ) 

Mnemonics 

(WGNIF) 
Noise figure, Meaning of 

(K6MIO) 
Operational amplifiers 

(WBZEGZ) 
Photographic Illustrations 

(WA4GNW) 
Product detector, Hot-carrier diode 

(VEBGFN) 

Radio communications links 
(W l  EZT) 

Safety in the ham shack 

(Darr, James) 

p. 26, July 

p. 42, Nov. 

p. 51, Sept. 

p. 46, Sept. 

p. 45, April 

p. 60, March 

p. 58, Oct. 

p. 33, July 

p. 8, Sept. 

p. 42, Dec. 

p. 54, July 

p. 26, Dec. 

p. 6, Jan. 

p. 44, June 

p. 27, June 
f 

p. 60, Sept. 

p. 69, Dec. 

p. 26, March 

p. 6, Nov. 

p. 72, Dec. 

p. 12, Oct. 

p. 44, Oct. 

p. 44, March 

Signal detection and communication 
in the presence of white noise 
(WBGIOM) p. 16, Feb. 

Slow-scan television 
(WAZEMC) p. 52, Dec. 

Slow-scan tv camera and monitor 
(VESEGO, Watson) p. 38, April 

Tetrodes, External-anode 
(W6SAI) p. 23, June 

Tuning, Current-controlled 

(KZZSO) p. 38, Jan. 

power supplies 
Dual-voltage power supply 

(HN) p. 71, April 
Short circuit p. 80, Aug. 

Knight-kit power inverter/charger review 
(Wl  DTY) p. 64, April 

Power supplies for single sideband 
(Belt) p. 38, Feb. 

Transformers, High-voltage, repairing 

(W6NIF) p. 66, March 

propagation 
Echoes, Long-delay 

(WB6KAP) p. 61, May 
Ionospheric E-layer 

(WB6KAP) p. 58, Aug. 
ionospheric science, Short history of 

(WBGKAP) p. 58, June 
Sunspot numbers 

(WB5KAP) p. 63, July 
Sunspots and solar activity 

(WBGKAP) p. 60, Jan. 
Tropospheric-duct vhf communications 

(WBGKAP) p. 68, Oct. 

receivers and converters 
Antenna tuner, Miniature receiver 

(HN) p. 72, March 
Calibrator, Plug-in frequency 

(K6KA) p. 22, March 
Calibrator, Simple frequency-divider 

using mos IC's (WGGXN) p. 30, Aug. 
Converter, Bandswitching hf, postscript 

(HN) p. 68, May 
Converting a vacuum-tube receiver to 

solid-state (W100P) p. 26, Feb. 
Cw selectivity with crystal bandpassing 

(W2EEY) p. 52, June 

Fm communications receiver, Modular 
(KBAUH) p. 32, June 

Fm repeaters, Receiving system 
degradation in (K5ZBA) p. 36, May 

Gonset converter, Solid-state modification of 
(Schuler) p. 58, Sept. 

Noise blanker, Hot-carrier diode 

(W4KAE) p. 16, Oct. 
Noise blanker, IC 

(WZEEY) p. 52, May 
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Noise figure, The real meaning of 
(K6MIO) p. 26, March 

Preamplifier, Low-noise high-gain transistor 
(WPEEY) p. 66, Feb. 

Product detector, Hot-carrier diode 
(VEBGFN) p. 12, Oct. 

QSer, Solid-state 
(W5TKP) p. 20, Aug. 

WWV receiver, Fixed-tuned 
(W6GXN) p. 24, Nov. 

1.9-MHz receiver 
(W3TNO) p. 6, Dec. 

144 MHz converter, Hot-carrier diode 
(KBCJU) p. 6, Oct. 

144 MHz converters, Choosing fets for 

(HN) p. 70, Aug. 
144-MHz preamp, Super 

(HN) p. 72, Oct. 
220-MHz mosfet converter 

(WBZEGZ) p. 28, Jan. 
Short circuit p. 76, July 

432 MHz preamp 

(HN) p. 66, Aug. 

rtty 
RTTY, Introduction to 

(K6JFP) p. 38, June 
RTTY converter, Miniature IC 

(KSMRL) p. 40, May 
Short circuit p. 80, Aug. 

Swan 350 and 400 equipment on RTTY 

(HN) p. 67, Aug. 

semiconductors 
Antenna switch for two meters, Solid-state 

(K2ZSQ) p. 48, May 
Converting a vacuum-tube receiver to 

solid-state (W100P) p. 26, Feb. 
Short circuit p. 76, July 

Crystal switching 

(HN) p. 70, March 
Glass semiconductors 

(W1 EZT) p. 54, July 
Hot-carrier diode converter 

(KBCJU) p. 6, Oct. 
Mobile converter, Solid-state modification of 

(Schuler) p. 56, Sept. 
Mosfet transistors 

(HN) p. 72, Aug. 
Q5er, Solid-state 

(W5TKP) p. 20, Aug. 
Receiver, 160-meter 

(W3TNO) p. 6, Dec. 
Transistors for vhf transmitters 

(HN) p. 74, Sept. 
Vfo transistors 

(HN) p. 74, Nov. 
Zener tester, Low-voltage 

(HN) p. 72, Nov. 

single sideband 
Grounded-grid 2 kW PEP amplifier 

(W6SAl) 
Linears, Three bands with two 

(HN) 
Power supplies for ssb 

(Belt) 

Solid-state circuits for ssb 

(Belt) 
Speech clipping 

(K6KA) 
Transceiver, Single-band 

(W1 DTY) 
Transmitter alignment 

(Allen) 
Transmitting mixers, 6 and 2 meters 

(K2ISP) 
Trapezoidal monitor scope 

(VEBCUS) 
Tuning up ssb transmitters 

(Allen) 

p. 6, Feb. 

p. 70, Nov. 

p. 38, Feb. 

p. 18, Jan. 

p. 24, April 

p. 8, June 

p. 62, Oct. 

p. 8, April 

p. 22, Dec. 

p. 62, Nov. 

transmitters and power amplifiers 
ART-13, Modifying for noiseless cw 

(HN) p. 68, Aug. 
Cw transceiver for 40 and 60 meters 

(WBNNL, K3010) p. 14, July 
Cw transmitter, Half-watt 

(KDVQY) p. 69, Nov. 
Fm repeater transmitter, Improving 

(WGGDO) p. 24, Oct. 
Grounded-grid 2 kW PEP amplifier 

(W6SAI) p. 6, Feb. 
Linear for 2 meters 

(W4KAE) p. 47, Jan. 
Linears, Three bands with two 

(HN) p. 70, Nov. 
Oscillators 

(HN) p. 68, Nov. 
Ssb transmitter alignment 

(Allen) p. 62, Oct. 
Transceiver, Single-band ssb 

(W1 DTY) p. 8, June 
Transistors for vhf transmitters 

(HN) p. 74, Sept. 
Transmitter, Remote keying 

(HN) p. 74, Oct. 
Transmitter, Universal flea-power 

(KZZSQ) p. 58, April 
Transmitting mixers for 6 and 2 meters 

(KZISP) p. 8, April 
Transverter for 6 meters 

(WASIGU) p. 44, July 
Tuning up ssb transmitters 

(Allen) p. 62, Nov. 
Vfo, High stability 

(WBY FB) p. 14, March 
Vfo transistors 

(HN) p. 74, Nov. 
Vhf linear, 2 kW, Design data for 

(W6UOV) p. 6, March 
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432-MHz exciter, Solid-state 
(WlOOP) 

1296 MHz frequency tripler 
(K4SUM, W4API) 

troubleshooting 
Analyzing wrong dc voltages 

(Allen) 
Ohmmeter troubleshooting 

(Allen) 
Oscilloscope, Putting to work 

(Allen) 
Oscilloscope, Troubleshooting amateur 

gear with (Allen) 
Ssb transmitter alignment 

(Allen) 
Tuning up ssb transmitters 

(Allen) 

vhf and microwave 
Bandpass filters, Single-pole 

(WGHPH) 
Bandpass filters, 25 to 2500 MHz 

(KGRIL) 
Gridded tubes, Vhf/uhf effects in 

(W6UOV) 
Lighthouse tubes for uhf 

(WGUOV) 
Log-periodic yagi beam antenna 

(KGRIL, WGSAI) 
Microwave antenna, Low-cost 

(KBHIJ) 
Microwave communications, amateur, 

Standards for (KGHIJ) 
Noise Figure, Meaning of 

(KGMIO) 
Parabolic reflector, 16-foot homebrew 

(WB6IOM) 

p. 38, Ocl. 

p. 40, Sept. 

p. 54, Feb. 

p. 52, Jan. 

p. 64, Sept. 

p. 52, Aug. 

p. 62, Ocl. 

p. 62, Nov. 

p. 51, Sept. 

p. 46, Sept. 

p. 8, Jan. 

p. 27, June 

p. 8, July 

p. 52, Nov. 

p. 54, Sept. 

p. 28, March 

p. 8, Aug. 

Signal detection and communication 
in the presence of white noise 
(WBGIOM) p. 16, Feb. 

Signal generator for two and six meters 
(WABOI K) p. 54, Nov. 

Transistors for vhf transmitters 

(HN) p. 74, Sept. 
Vhf beacons 

(KGEDX) p. 52, Oct. 
Vhf linear, 2 kW, Design data for 

(WGUOV) p. 7, March 
2C39, Water cooling 

(KGMYC) p. 30, June 
50 MHz collinear beam 

(K4ERO) p. 59, Nov. 
50 MHz cubical quad, Economy 

(WGDOR) p. 50, April 
50 MHz transverter 

(WA9IGU) p 44, July 
50 and 144 MHz heterodyne transmitting 

mixers (K2ISP) p. 8, April 
144 MHz antenna switch, Solid-state 

(KZZSQ) p. 48, May 
144 MHz converters, Choosing fets 

(HN) p. 70, Aug. 
144 MHz ground plane antenna, 0.7 

wavelength (W3WZA) p. 40, March 
144 MHz linear 

(W4KAE) p. 47, Jan. 
144 MHz preamp, Super 

(HN) p. 72, Oct. 
220 MHz mosfet converter 

(WBZEGZ) p. 28, Jan. 
Short circuit p. 76, July 

432-MHz exciter, Solid-state 
(WlOOP) p. 36, Oct. 

432 MHz fet preamp 

(HN) p. 66, Aug. 
1296 MHz frequency tripler 

(K4SUM, W4API) p. 40, Sept. 
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Herbert Gordon Company is pleased to announce availability of a limited number 

of brand new, factory fresh Clegg 66'ers, a t  only $175.00 FOB Harvard. 

Now you can obtain a high efficiency modern 6 meter A M  transceiver with 22 watts 

input and a dual conversion superhet with a built-in speaker, for  less than the price 

of most used rigs. 

In demand by Civil Defense Organizations, this fine piece of equipment is a worthy 

successor to the famous old 99'er. A built-in dual power supply enables you to 

operate mobile o r  from the regular house mains. Compact, efficient and with very 

pleasing audio quality, the 66'er is the ideal set for the new technician. Or even 

for we old timers who want to get on this f a s c i n a t i n ~  band. 

The 66'er features high level plate modulation, built-in push-to-talk operation, a 

spotting switch, very low dr i f t  8 khz selectivity, adjustable squelch, switchable 

noise limitation and coverage of 49.9 to 52.1. which includes VHF, M A R S  frequen- 

cies. The sensitivity of the set is better than a half microvolt for 10 db signal 

plus noise-to-noise ratio. This has a dual I F  receiver with the lower I F  being 456 

khz for modern monitoring. 

The size of the unit is 1235" wide x 12" deep x 79"" high. I t  weighs only 19 Ibs 

and accepts standard 8 mhz F T  243 crystals. 

Get on the band-wagon and order one of these today. 

HERBERT W. GORDON COMPANY 
Harvard, Massachusetts 0145 1 Telephone 6 17 - 45 6 - 3 548 

CCHelping Hams to  Help T b e r n s e l ~ e s ~ ~  



t 

Catch Him. . . 

. If You Can 
HOW DO YOU FIND OUT. . . in traffic and DXing . . . SSB and CW . . . 
if a product i s  al l  it's cracked up to be? club and ARRL affairs . . . the kind of 

guy who makes amateur radio go. Joe's 
EVEN 

lucky too . . . Last summer in Louisville 
CAN'T DESCRIBE . . . 

he walked off with the KENvention grand 
l the smooth feel of a VFO . . . 

prize . . . and became one of the first 
mthesolid,stablefeel of a quality in- hams to own a production CX7. Judging 

strument. by al l  we've heard of K8HKM since, he 
ethe natural feel of operator-oriented must be trying to wear it out. When he 

controls . . . gives up . . . 
ethe pleasure of operating a rig that 

seems to have been designed just for IN A YEAR OR SO, MAYBE . . . 
you. . . we'll catch him for a testimonial. MEAN- 

WHILE, if you run across K8HKM, ask 
ONLY THE MAN WHO OWNS ONE.. . Joe how he likes the instant bandswitch- 
can give you the straight story- Like ing, razor-sharp selectivity, velvet-smooth 
Pontek. He's technically trained. . .active tuning with Hz readout, hard-punch- 

SlGNALlONE has an exceptional career o p  
portunity for a competent, aggressive, product 
design engineer with 5-1 0 years' experience in 
state-of-theart HFISSB receivers and transceiv- 
ers. BSEE is essential. MSEE and leadership 
experience desirable. Send resume including 
background and salary history to General Man- 
ager. SIGNAL/ONE is  an equal opportunity 
employer. 

ing SSB, full break-in CW . . . in short, 

THE FEEL OF THE CX7 . . . 

"It Speaks for Itself" r5/9/7a//o/I/lp A Div~sion of  EcI  ( A n  NcR  Subsidiary) 

2200 Anvil Street N.  St. Petersburg, Florida 33710 
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