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iforia l eriles
\Vith this issue, I comp lete one year as

editor of 73. I t has been a very full year for
me, and therefore has gone quickly.

Having given some serious thought to
amateur radio from what might be considered
a commercial view, I am becoming more nnd
more impressed with facts. The 'magic'
quality of ham radio simply d oesn't exist
any longer. Our image has changed, and
certainly the role of ham radio has changed
in the past years .

\Ve ( and I'm speaking of amateurs in
genera l) developed the communications in
dustry. "We" created the firs ts in rad io tech
nology. Gradually, the ones with foresight
began manufacturing radio equipment . They
developed a better product than most of us
could produce in the dim, dark, dank, dis
mal , buggy basement to which we were
confined by the dictates of our spouses. And
. . . we bought their p roducts .

\ Ve are often confronted by the term
"Appliance Operator," used in a derroga
tory manner. Do we sneer at the housewife
with her push button e lectric stove, her
refrigerator, her modem zig-zag sewing ma
ch ine. \Ve use these app liances as they were
d esigned to he used. \Ve take advantage of
the industry's ability to make a machine
which will fill our needs.

Taking a look at other hobby maga zines,
does a photography magazine tell us how to
build a camera? Does the sport car mnga
zinc tell us how to b uild an automobile? Do
they tell the flyer how to build an airplane?
The answer is, of course, no . T hev tell us

•
how to lise the eq uipment we have bought
from a commercially organized company
which produces the p roduct we want.

\Vhy is it that amateur rad io must take
the stand that if you d on't build, you aren't
really a ham. I firml y believe each ham
should understand how his equ ip ment works
and be ab le to do maintenance. But I don't
believe many of us could build a modern
transceiver which would stack up to any of
the commercial equip ment availab le today.

Some hams get their kicks from building.
Some read construction articles (even though
they d on't plan to build ) the way others
read Playboy. They complain that 73 doesn 't
have enough construction ar ticles. Believe
me, good construction articles are few and
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far between. \Vith few exceptions, there
isn 't mu ch new being built. I suspect, and
hope, that ICs are going to spark a whole
new era in building, b ut predictions are
dangerous. Where does all this leave four
magazines, which are, because of public
op inion, devoted to construction? QST has
no problem. They are blessed? with a large
technical staff who can come up with a con
struction p roject. The other three have to
fight for the good authors and resort to
bribery to try to get their articles . Some you
win, some you lose. I will continue to work
to get the best people in the field to contrib 
ute construction ar ticles as often as possible.

However, the appliance operator should
not be looked upon with disdain . Having
run the gamut of building and refining until
our eq uip ment has reached a point of so
phistication which we canno t reproduce in
the ham shack, isn't it time we learned to USe
it to its best advantage. Having built equip
ment which is designed for communication,
shouldn't we learn the art of communicating?
Listening to some of the idiotic stuff which
goes on, I think we have a long way to go.

lf what I hear fr om members of the in
dustry is true, we may well have to begin
building again. Going back to Callbook fig
ures, they say we have roughly 290,000 hams
in the U.S. By the time we eliminate the
duplicates ( those holding more than one
call, or with exp ired calls remaining in print )
and those who are inactive, we can cut that
figure in half. \Vhen we eliminate the Nov
ice (don't get mad kids) who doesn't spend
much money on gear, we wind up with per
haps 100,000 potential buyers of amateur
rad io equipment. This is a generous estimate.

T he manufacturer of a soph isticated trans
ceiver has an initial investment of perhaps a
half million dollars in the design of the
eq uip ment before it can actually go into pro
duction. The average ham buys a new rig
about once in 5 years. So the tot al market,
divided between all the manufacturers, is
about 20,000 rigs per year. At an average
expendi ture of $1,000 per happy ham, di
vided between eigh t major manufacturers,
the whole opera tion borders on charity. You
may think, when you spend $500 on a new
piece of equipment, that someone is getting

turn to page 91
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T his UFO business is beginning to come
out in the open a bit more and it is almost
respectable to ta lk about them in many cir
cles. It is in teresting that there does not
seem to be one single scientist who has care
fully investigated the subject without be
coming convinced that not on ly do the UFO's
exist, hut that they are extraterrestrial. If
you have any friends who are still skept ical
about UFO's you might suggest that they
spend 6¢ and write to their Congressman
and ask him to send them a copy of the
H ouse of Rep resentatives Symposium on Un
identified Flying Objects, a Hearing before
the Committee on Science and Astronautics
on July 29, 1968.

The report should leave little room for
disbelief in UFOs. Dr. James Harder,
Associate Professor at DC Berkeley, says
this : "Over the past 20 years a vast
amount of evidence has been accumulating
that bears on the existence of UFOs. Most
of this is little known to the general public
or to most scientists. But on the basis of the
data and ordinary rules of evidence, as
would be applied in the civil or crimina l
courts, the physical reality of UFOs has been
proved beyond a reasonable doubt. With
some effort we ca n accept this on an intel
lectual level, but find a difficulty in accept
ing it on an emotional level, in such a way
that the facts give a feeling of reality. In
this respect we might recall the attitude
many of us have toward our own deaths:
We accept the facts intellectually, but find
it d ifficult to accep t them emotionally." Dr.
Harder suggests that the first thing that
should be done toward further serious in
vestigati ons of the UFO's is the establish
ment of an early-warn ing network. Since
UFOs are frequently seen in the same area
on succeeding nights he suggests that re
search teams set up immediately after a
sighting with all of the instruments they can
muster. He suggests that the Air Force pro
vide transportation for the teams and their
gear.

Dr. Baker of UCLA explained to the Sym
posium why most tracking radar is adj usted
to ignore UFOs and why little is seen of
them on our early-warn ing radars. He sug- I

ges ted changes in the radar systems which

would permit them to sense UFO's and not
just throw them out because they don't fol
low the missile trajectory pattern that the
radars are set to watch for. It seems that
there are hundreds of uncorrelated targets
monthly which are not investigated at all
because they are obviously not missiles.

I t is interesting that UFOs are seen pri
marily by people who have not hitherto been
believers in UF Os .. . though there is no
record of anyone remaining a disbeliever
after the experience. Of course only a very
small percentage of the people who have
seen them actually report their sigh ting. A
recent poll indicates that ubout 5,000,000
people in the U.S. have ssen the UFOs so
far, while there have been only about 12,000
filed reports.

Are UFOs spotted on radars? Yes, time
after time . . . from land and air radars.
Are they ever seen by large groups of people
or arc they almost always seen by isolated
ind ividuals? Frequently by groups and now
and then by large groups. Three were seen
Hying across the airport at Longview, W ash
ington during an Air Show, each from a
d ifferent direction, about fifteen minutes
apart. All three were seen by over 150
gawkers a t the show when they were pointed
out by the P.A. system an nouncer. All were
seen clearly. Many airline pilots have seen
them up fairly close, though few report them
any more due to the jibes they get from
other pilots and the company.

The hope of the scientists who gathered
for the Congressional Symposium was that
the "curtain of laugh ter" could be ra ised so
tha t serious scient ists could study UF Os and
observers could more freely report on sigh t
Ings. They also hope that a world-wide com
mun ications network can be estab lished and
that automa ted and

l
instrument teams be set

up to provide more information on UFOs.
Stanton Friedman, a physicist ,vith ' Vest

inghouse Astronuclear Laboratory takes to
task the few remaining critics of UFO re
ports such as Stenzel and Klass saying, "I
fee l that these gentlemen have made strong
attempts to make the dat a fi t their hypo
theses rather than trying to do the much

(Turn to page 70 )
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ROHN, as the largest tower man
ufacturer in the United States,

provides outstanding com
m ercial quality equf p

ment for amateurs.
We're best known

in 'this fie ld for our
crank- up, fold-over and
#25G towers. Like all ou r big
commercia l t owers, they're hot
dipped galvanized after fabricat ion
accord ing to EIA specifications. We also
make commercial hardware and accessor
ies amateurs use, too, and it's all des igned '
with an understanding of your needs, par
ticularly in the area of quality. And don't ~

overlook our constant search for new ideas, :<

processes and produ cts - just for you. •
Keep an eye out for the ROHN name. It's
well worth your wh ile. I.

•

5

,



Robert A . Hirsch/eld, W6DNS
Section /lead, Communication Microcircuits
National Semiconductor Corporation
29.50 San Ysidro Way
Santa Clara, Calif. 95051

Using the First Ham

Integrated Circuit

Squelch, VOX, Speech Compression, and
more, in a new Integrated Circuit designed
with the Ham in mind!

Fig. J. Block diagram 0/ variable gain amplifier.

>-.,

~ ". eo.,••,
"'TO" "

OJ .. • •

te rmines an IC's cost, so that the L~1270,

which is about the size of a single med ium
power transistor, is already cost competitive
with the less complex discrete-component
circuits it replaces. As volume commercial
use of the circuit increases, the circuit is
likely to be availab le at even more attrac
tive prices.

" "

•

Inside the can

The L \ f270 consists of several separa te
func tions, designed to work together in a
se lf-contained system. to produce control
voltages for external use, or to respond to
applied control signals. Heart of the cir
cuit is a balanced series-shunt variable at
tenua tor, formed by the four transistors in
Fig. I , wh ich allows a large gain control
range, with low distortion (for inputs less
than 100 mV pop), and which can be di
rectly coupled to other parts of the system,
elimina ting the transformer or capacitor

For several years, 73 has been a leader
in publishing articles on ham applications
for currently available digital and analog
IC's. Until now, however, no IC's had been
produced specifically for two-way-radio use.
At least one IC manufacturer, recognizing
the need for such circuits, in the potentia lly
large commercial, military, and amate ur
market, is now aiming a ma jor development
effort toward communication "subsystems on
a chip", and it is expected tha t other man
ufacturers will follow. Besides the direct
benefits of improved performance, decreased
size, and lower component costs, which will
reach amateur radio through commercially
built rigs, the new specialized chips will
enable even the casual homebrew artist
to construct sophisticated, complex equip
ment he might previously have considered
beyond his reach .

The fi rst Communication IC now available
is the National Semiconductor L:r..f270 Audio
AGe/Squelch Amplifier. It is basically an
operational amplifier, whose gain is con
trolled by a de voltage, plus a built-in sen
sitive squelch threshold detector. The ten
pin circuit replaces entire sections of to
day's transmitters, receivers , or transceiv
ers, and makes speech compression, VOX,
receiver squelch, and other functions prac
tical in even the simplest homebrew rigs.
While the chip contains 36 junction devices
(transistors and diodes), and 20 resistors,
it is size, rather than complexity which de-

6 73 MAGAZINE
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Fig. 3. Differential input circuit and squelch de
tector.

-40
1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6

VA G C CO NTROL, VOL TS

Fig. 2. Typical voltage gain rs. control voltage ap
plied at pin 4.

Remote gain-controlled audio amplifier

A simple applica tion is a preamplifier,
F ig. 5, whose gain is manually controlled,
noiselessly, by a de voltage from a remote
loca tion, rather than running long, capaci
tive coax signal lines to and from that loca
tion. Pin 4 is bypassed by an external capaci
tor, to eliminate noise pickup. Since the
gain-control curve, Fig. 2, is approximately
logarithmic, a linear pot will give a desirable
logarithmic audio attenuation characteristic.

For illustration, the second control input
is shown connected to an IC logic gate, of
the DTL, RTL or TTL varieties now avail
able at low cos t. Th is gate, operating from
a five volt supply, can be part of a logic

Practical ham applications

Before going into specific circuits, a few
general remarks arc in order. T hose familiar
with operational amplifiers will easily rec
ognize the LM270 configuration. Differen
tia l inp uts allow inverting or non-inverting
gain, or drive from a "Boating" signal source.
If single-ended drive is needed, the unused
inp ut is simply tied to the same reference
voltage as is the ac tua l inp ut. All that is
required is that both inputs be a t eq ual de
potent ial, somewhere between + 4.5 volts
and the positive supply. Like an "op amp",
the L~12iO's dc output voltage stays at ap
p roximately half of the positive supp ly vo lt
age, for all supplies between + 4.5 and + 24
volts, so that symmetrical outp ut clip ping
occurs.

Two identical gain control inputs, pins
3 and 4, are provided, which allows con
trol by two independent sources at the same
time, such as simultaneous AGe and squelch.
By bypassing pin 2, the gain control inputs
become emitter-follower positive peak de
tectors. The control inputs are protected by
6.5 volt zeners (Q33 and Q34). If the con
trol input is expected to rise above +6.5
volts, a 10K series resistor at that input
should be used to prevent excessive dissipa
tion in the zeners.

re lease squelch, which catches fi rst speech
syllab les, and waits long enough to avoid
"cutt ing out" between words.

The complete circuit appears in Fig. 4 .
A detailed explanation of each part, too
length y for inclusion here, may be found
in the references.

....~
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sponds to very small inputs (as little as
a millivolt, depending on setting of the ex
ternal th reshold pot ), by rapidly d ischarg
ing an external capacitor. In the absence of
input signal, C(ext) charges above + 2.6 V,
which, when tied to the gain control input,
keeps the output amplifier "off'. A mom
entary input peak above the threshold causes
Q2 l to rapidly d ischarge C(ext) below
+2 volts, turn ing the amplifier fully "on".
This a rrangement gives a fast a ttack, slow

coupling necessary with all other variab le
arrangements. From a twelve volt supply,
the gain vs. control voltage relationsh ip is a
smooth curve, as in Fig. 2, which gives a
constant gain of + 40 db for control voltages
between zero and + 2 volts, and is e!fectively
"shut off" above + 2.6 volts.

A separa te subsystem within the LM270
is the squelch detector, F ig. 3. Using the
same inp ut differential amplifier as the var
iable gain circuit, the high gain peak de
tector formed by Q20, Q36 and Q2 1 re-

-
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Fig. 4. Complete LM270 Schematic.

arrangement to override the remote con
trol, and shut off the amplifier under pres
ent conditions. The resistors and capacitors
shown biasing the single-ended input are
used to illustrate one way of operating the
inputs a t a fi xed de voltage; subsequent
examples will show simpler schemes.

Fig. 5. Remote or digital control amplifier.

Speech compressors

F ig. 6 and 7 are basically audio AGC
systems, wh ich respond to peak speech levels
above a set threshold by q uickly red ucing
gain to a level which keeps succeeding simi
lar peaks below the threshold . This differs
from the usual "speech clipper", as it
causes no distortion, but simply keeps the
outp ut level a t an approximately cons tant
level. In a modula tor (any type), such AGC
keeps modulation always near, but never
in excess of, 100 percent. In F ig. 6, a PNP
transistor (almost any type will do) adds
enough gain to the control loop to operate
over a large range of input levels. In Fig.
7, the addit ional gain of the receiver or
modulator is used for this purpose. Vary
ing load impedances can cause the gain of
these stages to vary; taking the control
signal from the system's audio output
automatically compensates for load varia
tions in much the same wav as an ALe• •
system operates. The scope photo, Fig. 8,
shows how the outp ut (vertical axis) remains
nearly constant wh ile the input (horizontal
axis) varies over a wide range. Note that
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lOGIC "1

AUDI O

'"'

-
LOllG lin

'"

_I2Y

'"
"

,,
LM110 •

" " -(
, m

;An

•T 111(
-.J,- f-

_ •.J,-'- - l"b •.,10l<F

:---1 + I "-
+

av

AUOI,

l' "f

8 73 MAGAZIN E



Fig. 7. Speech compressor using subsequent gain
fo r better control.

r-----.---_ " N

ual fadeout of background noise, when re
leasing. T his is because the RC combina
tion charges slowly along an exponential
curve, and passes through the variable gain
region on its way to complete cutoff. F ig.
10 shows the squelch action with a 25
«F capacitor and 100 k charging resistor.
In the upper trace, a constant I kHz sig
nal just below the squelch threshold keeps
the output, in the lower trace, off. Abruptly
increasing the input above the threshold
immediately turns the amplifier on. Reduc
ing the input does not turn off the out
put, but mere ly reduces it proportionally,
during the release period. Finally, after
about one seco nd, the output tapers off to
zero again.

In this example, ano ther input biasing
scheme is illustrated ; the L:\1270 can be
driven d irectly from a high impedance d y
namic microphone, such as the Shure 401A,
with de bias for both inputs derived from the
positive supply, and no other external com
ponents required . In receiver sq uelch, one
of the previously illustrated inpu t arrange
ments might be used. The high frequency

Fig. 8. AGe transfer characteristics, input L'S. out·
put, for carving input .

,"

both Ace circuits use the internal emitter
follower detectors, and that both inputs are
biased from the positive supply through
equal resistors, although other biasing works
eq ually well.

,/"+

~~F ~ IS"
IH'UT~ + -=
Fig. 6. Speech compressor.

Squelch preamplifier with hyste resis

Audio sq uelch is useful in both receiv
ing and transmitting systems, to cut out
background noises. The sens itive circui t of
Fig. 9 includes a number of refinements,
which make it smooth-acting, and easy on
QR\1 weary ears. T he threshold pot at pin
7 can be a front-panel control, to cut in
at any desired level. Attack time is on the
order of a millisecond for nearly any capaci
tor value at p in 6, but release time is deter
mined by the external He time constant.
The fixed 100 k resistor may be replaced
by a 100 k pot, in series with a 10 k re
sistor, to give operator-adjusted re lease
time.

Part of the voltage at p in 6 is fed back
to the threshold pot; since there is an "on"
and an "off" voltage at pin 6, this crea tes
a controlled amount of threshold hvsteresis, ,
which greatly enhances the circuit's im
munity to rapid fading or erra tic speech
patterns. A typical threshold control setting

might be one at which amplification cuts
in above 20 mV p-p inputs, With the feed
back values shown, the input level must d rop
below 12 mV P'P for a time eq ua l to the
He time constant, before gain is cut off.
Shorting across the 200 ohm resistor de
feats the hysteresis.

Unlike most sq ue lch systems, which are
just switches, the L~1270 provides a grad-

DECEMBER 196B 9
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....----< .-------0---+12V formancc.) This takes advantage of the dif
ferential inputs provided on the L~vI270, to
cancel ambient speaker signals reaching the
mike (anti-tr ip VOX). A diode shunts the
relay coil to protect the PNP power tran
sistor. Any relay drawing less than 100 rnA
from a +12 volt supply may be used, small
model-airplane types being suited for inclu
sion inside the mike case. In Figs. 11 and 12,
amplifier gain is not cut off by the squelch
detector; however, the VOX circuit may
combine with any of the preceding applica
tions to give, for example, a preamp con
taining both VOX and speech compression.

I lOOK
our CHARG ING

"
RESISTOR•DYNAMIC

MICR OPHONE
1-5 mVOUT

,
--

SQUELCH '"THRESHOlD '"
+

TIME ".,
lOOn

CONST

(SHORT TOGROUND TO
DHEAT HYSTERESlSI

•

-

' -.: ,.,.~ :;:::'.. t- <OK." $0"".",.,L- ..,••,,,.

>---
•

-

,

..
1..< , ' ,.
-f

l

,; j 1""
'"

---'--- .

h9=d .... .._..
••.......--..-

~--

Fig. 11 . VOX/m ike preamp.

•

Twin-tee constant amplitude audio
oscillat or with remote level control

Oscillation occurs in a twin-tee, op-amp
type circuit, when total feedback gain equals
unity (includ ing filter losses). Conventional
methods of regulating oscillator amplitude
usually rel y a ll nonlinear loading of the
gain stage. \\' ith the L~1270, however, gain
may be se t by detecting the output, and
using this to force the gain to exactly the
minimum value required to sustain low dis
tortion oscil lation. The "AGe Oscillator"
circuit. Fig. 13, automatically compensates
for changes in oscillator load impedance.
The exact amplitude a t which this action
occurs is se t by an external pot, and may

Fig. 12. VOX/ mike pre
amp with anti-trip.

Fig. 9. Squelched preamplifie r with hysteresis.

response of the squelch may be rolled off
with a .05.uF capacitor from pin 7 to ground,
to reduce sq uelch triggering from high
frequency noise above the speech spect rum.

A simple VOX mike preamp

Using a small power transistor driving a
relay, the L~12iO makes a combination VOX
and microphone preamp small enough to
b u i 1d into a mobile-type communications
mike. With the relay contacts wired across
the push-to-talk switch, such a microphone
can add VOX to existing transmitters with
minimum di sturbance of wiring. The basic
circuit of Fig. 11 can be improved, as in
Fig. 12, by driving one amplifier input from
the microphone, and the other from an at
tenuated part of the receiver's loudspeaker
output. (Correct phase must be determined
experimentally, b y reversing e ither loud
speaker or microphone leads for best per-

Fig. 10. Fast attack, slow release squelch action.
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Moving? Please
Let Us Know!

Conclusion

T he L~l 270 is a very versa tile ham IC. ,
which can make your next homebrew rig
more advanced than many commercial jobs,
with a minimum of the usual headaches.
A little thought will reveal many applica
tions, not covered in this article, in speech
processing, RTTY, mountaintop repeater con
trol, and others requiring either a variab le
gain amplifier or a sensitive squelch de
tector.

Futu re developments in the communica
tions IC area are going to ra ise a few more
eyebrows; it is expected that nearly all low
power level sections of both receive rs and
transmitters will be b uilt in integrated
form in the ncar future, but these develop
ments must wait for subsequent articles.
.~.l ean\\'hile, whet yOUT appetite with the
L~1270, the fi rst ham IC. . . _ W 6D NS
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Fig. 13. Twin-Tee constant ampfit/lde audio oscil
lator.

be set at any value below the maximum
undistortcd outp ut of the amplifier itself.
T he " twin- tee" values shown give a 1 kH z
output; other frequencies can be calculated
from the formula:

A modulated 455 kHz signal generator

An inexpensive, high "Q", 455 kH z ceramic
filter can be substituted for the twin-tee
feedback network in the p receding exam
ple, to make a regulated-output A~l if align
ment generator, Fig, 14. If the AGC thresh
old voltage, which determines the ampli
tude of stab ilized output, is va ried at a slow
(audio) rate , the output rf amplitude will
be forced, by the AGC feedback, to track
the audio modulation.
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Mouse Tunnels
An Answer to the R at's Nest

J. A. Carroll K6HKB/l
CJIR I Box 1438
fr estouer AFR, Mass. 01022

Cables laid in the tunnel

Final llppearance-cables in place, lids closed

the cables inside.
I buil t four sections totalling about 20

feet in one evening, and using: all new
material, spent a little less than $8.

Installation consisted of laying the
tunnels on the floor along two sides of
the room, putting the cables inside, and
closing the lids. Cables come out the nearest
notch to each piece of equipment, and excess
is snaked back and for th inside the racewav, . . ,
so there s no pile left on the floor. Changes
in the cable runs are relatively easy, because
the cables run pa rallel, and they don't get
tangled becau se they can't be disturbed.

Wire mesh trough would probably be as
good or better, though I haven't tried it.
In either case, cost and construct ion time
for a foot-long piece are negligible.

.. K6HKB/l

----'.

Most of us get a good-sized collection of
cable behind the rig, and sooner or later
find reason to cuss the tangle it gets into.
About the time my roommate (F red 'Virth ,
WA8DO~I) and I couldn't get into certain
parts of the room without walking on the
wiring, we decided to do someth ing. The
objective was to get the wiring out of the
way and into a compact form without tying
it down permanently and making it hard to
rearrange.

Our answer was the «mouse tunnel,"
a low-cost adaptation of the sheet-metal
raceways used in commercial installations.
It's a wooden trough with a lid, 2'8" x 3~"

inside, with notches in the front every 6
inches to permi t cables to exit where desi~ed .

The photos show most of the construction.
After the front board gets its notches, nail
a few pieces of scrap wood temporarily to
the top edges of the front and hack hoards
to hold them the proper d istance apart, so
that the joints to the bottom board will
hold them that way later on. The two side
boards are glued to the bottom, with enough
fin ishi ng nails to hold them until the glue
sets. One every 6 inches is enough. They
should be driven below the surface with
a nail set, so they won't scra tch the floor
later. .

One small hinge every 4 feet is enough
to keep the lid from sliding off, but a section
of any lengh sho uld have at least two. No
other fastenings are needed, because the
weight of the lid will hold it closed with

Wiring during rearrangement, about the way it
looked before installing the raceways
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the amateur's most wanted gift

Heathkit®58-101

$370

for free catalog write

Heath Company. Dept. 11-12.

Benton Harbor. Michigan 49022
AM-209



u

----:.: *~~F nOKl\1II0V

~
,"A '"A

CENTERING CENn'UNO

~ 1:~O...F ~~Kn• ~ CItT I, Dl ...F.::!:: '" ,~IUOV

H~ ~"" ~ ~ u· • TUfIINI&oovJ; 800'1 DISC. et"TEIt TA~'D

~~ t.:r...n ,
/ ~ , I I Mtl

DlSO
... J'I. \ I .. IN ICUCTOR

.01...F
600'1

'\ /1 .s ..oo~ ~
to... !'::

+ DISC .01.. '" S1Kl\ 7200 It~

" '" -, ,I' l TUIIIN.. UOKll I r_-.- 4FOCUS) r
.~20... 1' 1'--

,
PAPD~~111 'lAC eeov ,.

.~"
a lK1\. t~ :h---

~ ~ UOKA ' Ir,aWl *.' 04
ON Itl tOe' ~Il- uv..svn .1

20K1'I.

0 ..... OS "I
PINSlall R. L. Winklepleck WA 91G

IO....~: '!',oa. 'OKA 107 Berk eley Drive
IIfT~N'1TT

DO, Terre Haute, Ind .,

Circular Modulation Monitor
It's as important to keep an eye on your

modulation as it is to regularl y check your
power outp ut. Both characteris tics combine
to give you a good, intelligible signal.

T here are many ways to check your
modulation percentage and freedom from
distor tion. Each method has it's advantages.
Nothing, however, is quite as good as CRT
observation and here's a unique scope pres
entation. It'll have you going around in cir
cles.

For a circular modulation indication it's
only necessary to shift a sample of your
rf output 4.5 0 each way and feed these two
signals, phased 90 0 apart to the vertical
and horizontal plates of a cathode ray
tube. This shift is accomplished with a cen
ter- tapped inductance with trimmer capac
itors across each half. The trimmers tune
to the exact phase shift necessa ry to pro
d uce a c ircle ami resistors across the tuned
circuits lower the circuit "Q" sufficiently to
prevent them from locking in phase. L2, the
rf pickup link. is adjusted to provide the
pattern size desired.

You may usc this tuned circuit with any
scope you have available or you may build
one especially for this p urpose. The one il
lustrated uses a surplus two inch scope tube
usually available for a couple of bucks.
The circuit is standard excep t possibly the
high voltage supply. High voltage scope
transformers a re somewhat expensive . The

voltage multiplier/rectifier circuit used here
is simple and inexpensive. It provides 800
volts and can be duplica ted with almost
any silicon rectifiers and electrolytic capaci
tors with a ODD-volt or higher ra ting. Cur
rent consumption is only two or three mils
so even 5 mfd capacitors will do the job.
While it's connected directly across the pow
er line there is no hazard since the chass is
is grounded only for rf. Xo horizontal sweep
is required.

The chassis is formed from two bent up
rectangles of sheet aluminum. Tie strips are
used for those components which don't
mount directIv to the base. The CRT bezel

The row oj electrolv tics ft'ith associated diodes
make up the high voltage S/l fJ fJ1r. The mini-d uctor
on thr back 1'unel is /"1 and 1.2 is the single tu rn
0/ wire with whit e insulation.
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is a plastic wide-mouth bottle cap with
the center cut out. It is epoxied in a press
fit hole cut in the front panel. The base
of the CRT is supported by the fi lament
transformer. If no socket is available a few
pin clips from octal sockets will provide
convenient pin connections. Be sure that all
60·cycle and de voltages are isolated from
the chassis. The only chassis grounds, other
than in the phase shift circuit, are rf by
pass capacitors , C7. C8 and cs.

Before rf is applied, a single spot will
appear on the face of the CRT. This can
be centered with R8 and R9 and focused
with R4. It's intensity is ad justed with R7.
Try one or two turns around Ll for L2,
connect the transmitter output to one co
ax fitti ng and the antenna or a dummy
load to the other. If a diagonal line ap
pears before rf is applied, reverse the Pow
er line plug. Turn on the transmitter and
the CRT pattern will become a circle as
Cl2 and Cl3 are adjusted to produce the
900 phase shift. This circle should be no
more than one-half the diameter of the CRT.
If it's too la rge red uce the turns or the
coupling of L2. If too small change L2 to
increase power transfer.

Mod ulate your transmitter and an annulus
will result bounded by two circles; one hu g
er and one smalle r than the circle produced
bv the unmoduluted carrier. As vou talk,

• •
this annulus will become thin at low moclu-
lation levels and quite thick on modulation

peaks. The percentage of modulation is
eq ual to the difference of the two radii di
vided by their sum multiplied by 100. At
100% modulation a completely shaded circle
will be produced with a dark dot in the
center. A bright dot in the center warns
of over 100%modulation.

The CHT pattern also tells several other
things about your signal. If the shading of
the annulus is not uniform when a steady
tone is transmitted some distortion is pres
cut. If you adjust to a perfect circle using
a purely resistive dummy load an antenna
with capacitance or inductance will pro
duce an ova l. The amount of distortion ac
curately indicates the .extcnt of maladjust
ment. Since the size of the unmodulated
circle is directly rela ted to the amount
of rf in your feed-line this monitor can
serve as a very sensitive tune-up indicator.

The value given for Ll permits use on
the six meter band. By using less inductance
you can tim e up on two, or move down to
the de bands with more inductance . In
creasing LI to ten turns will permit use
all the Cit izens' Band. The few Clt 'ers who
still are running five watts will need to in
crease L2 several turns to pick up enough
rf for a good pattern. The correct induc
tance for the frequency of interest can b e
determined from the charts in the Hand
hook. Possibly a more scientific approach
is by cut and try with a grid d ip meter.

. . .WA91GU

-, -

".itbout a carrier a
white spot shows in the
center oj the CRT. An
unmoduloted carrier pro
du ces a circle.

1. Very low modula
tion.

2. A pproximately 33%
modulation,

3. Nearly 100% modu
lation .

4. Bright spot in cen
ter warns oj over
1000/0.

-
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The Mr:nr:-Square
Clifford KUnert WB6Blll
520 Division Street
National cu-; CA 92050

I •

I I r Construction

As shown ill the photographs, the Cir
cuit is assembled on a small p iece of per
forated board mounted inside a commer
cially manufactured (L.\. IB) aluminum box.
Layout is not at all critical, and almost any
method could be used provided that leads
are not too long. A small slide switch was
used to tnrn the power off and on from
the standard nine volt transistor radio
battery. The capacitors can be mylar or
ceramic with any voltage rating of ten
volts or more. The resistors are half-watt.
RCA jacks were used as input and output
connectors.

Any technic ian who has worked with
audio equipment knows the value of
square waves for checking performance
of aud io equipment. This article describes
a simple and inexpens ive in te grated
circuit amplifier/limiter that can provide
a good q uality square wave when driven
by a sine wave source. The unit should
not take more than a weekend to assemble,
and will provide the experimenter with
an interesting demonstration of the cap ab il
ities of this integrated circuit.

The circuit

The CA3011 is a wide band amplifier;
limiter that contains ten transistors, seven
diodes, and eleven resistors in a TO-5 case.
\ Vith the connections shown in figure one,
taken from RCA, it has a typical voltage
gain of 70 db. The input limiting voltage
required is about 250 microvolts, but the
input voltage for using it as a square wave
generator may be as high as several
millivolts. It is usable up to 00 ~ I Hz, but
the gain decreases, and the input voltage
required for limiting increases above one
.\.IHz. The performance at the lower fre
quencies may also be reduced. The CA3011
is used typically for F.\. I amplifiers at 10.7
.\. IHz. For information on performance
and applications, consult the reference at
the end of this article.

16

Conclusions

This unit will provide a symmetrica l,
good quality output wave form, but it must
be driven by a good sine wave fo r best
resu lts. Impedance m is-ma tching can cause
distortion in the waveform, and the builder
may wish to ra ise the values of the inpu t
und outp ut resistors . For the same reason,
varying the outpu t level con trol may also
cause d istortion. Increasing the gain control
setting on the oscilloscope also affected
the shape of the output waveform on the
'scope pattern in the picture.

This has made an interesting project with
only a nominal expenditure of time and
money, and can introduce the experimenter
to other useful and facinating projects in
the wonderful world of integrated circuits.

. . . WB611IH

Reference

Radio Corporation of America. RCA Linear Integrated
Cir/:llitlf. Harrison, xew .Jersey : RCA, 19 67 .
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TELEGRAPH
KEY STAPLER

Handsome reproduction of antique telegraph key
This Morse Code Telegraph Key cleverly functions as a
stapler. Bostitch stapling mechanism. The rheostat is a staple
remover. Antique gold finish on black metal with Chinese
red velvet base. 6'12 x 3'12. Ideal for an original gift for
the office or the radio shack.

Built to last
$10.59 + 80¢ Postage

10 Days money back guarantee
.... Sorry no C.O.D.
Please send __ key sta pler(s) to

ZIP _STATE:-;:-:::;:,- _
plea se print

NAME _

STREET _

CITY _

HUGO H. ROUSSEAU & SONS
SAN FRANCISCO

210 Post Street • Suite 915
CALIF. 94108
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Glen E. l ook, K9STH
818 Brentwood Lane
Richardson, Texas 75080

Add-On FM Test Set
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to house the meter and switches. The
schematic appears as Fig. 1. This unit is
quite satisfactory for the casual FM'er who
requires limited versatility. In fact, the basic
unit is similar to the Motorola P-8449-B
metering chassis used in many up-right base
sta tions.

For the more serious F 'M'er or for clubs
which desire a more versatile piece of
equipment the basic test set may be ex
panded in varying degrees. The first ex
pansion consists of add ing a microphone
and receiver audio output circuits. The mic
rophone circui t allows a conventiona l Mo
torola microphone to be used to key and
modulate the transmitter without the need
for going to the control head . The use of
a speaker in the test set will allow incom
ing signals to be easily heard. The addi
tional circuitry appears as Fig. 2.

The th ird expansion is the addi tion of
field strength meter faci lities. The circuit
is quite conventional. A short whip may be
used for the input circuit. The additional
circuitry appears as Fig. 3.

The fourth expansion makes the meter
movement into a 0-15 VDC voltmeter for
measuring automobile hatter y v ol tage s.
This is quite useful for many VOM's do
not have a 0-15 volt range. Most meters have
a 0-10V and 0-50 V range, which do not
allow accurate measurement of 12 volt
automobile systems. The calibration of the

Fig. 2. Addit ion # I Makes Fig. I more versatile.

"'IC JACK

•
•

O-SO.,
~,...J
I8K V2W S~

REVEIIlS IMG
SWITCH ~ 1,,

ALTERHATE CIRCUIT fOR O-SO

Fig. 1. Th e basic Schematic fo r The Casual FM'er.

Most Amateur Fbf 'ers are aware that
Motorola base and mobile equipment have
centra l metering jacks for both the trans
mitter and receiver. These jacks provide a
convenient method of measuring each stage
during tune-up and align ment procedures.
The basic Motorola test set, consis ting of
the alignment meter, field strength meter,
and if xtal oscillator, costs approximately
8200. The extra deluxe version with the
deviation meter and peaking genera tor costs
almost $500. Thus, it is easy to see why
most amateurs stick to their VOM's when
aligning their Motorola eq uipment.

The purpose of this a rticle is to outline
the construction of a suitahle test set for Mo
torola equipment which can be constructed
in varying degrees of soph istication. The
basic set consists of a 50 pA meter, and a
seven position two pole switch. an 18K
5% J% \ Vatt resistor, and an 11 pin plug
to match the metering socket. This basic
unit may be plugged into either the trans
mitter or receiver to meter the various
stages. If a 0-50 pA meter is used a
reversing switch will have to be used to
allow the discriminator (receiver position
4) to be read in both a positive and nega
tive direction. If a 50-0-50 pA meter is used
(as in the K9STH unit) this switch is not
needed.

The basic unit may be constructed on
a small chassis or mini-box large enough
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be used to calibrate an oscilloscope for
measuring deviation. Since mv semi-conduc
tor supply and knowledge ' are rela tively
small, I referred to the Murch 1967 issue of
73. T his is the issue that contains the ar
ticle entit led "73 Useful Transistor C ircuits".
The 100 kHz calibrator circuit, figure 62,
will oscillate at 455 kHz. The schematic is
reproduced as Fig. 5.

The sixth expansion is an audio oscillator.
When this oscillator is adjusted for an out
put of I volt RMS the devia tion of the
transmitter may be easily set. Also, an au-

die oscillator is quite useful in troub le shoot
ing both receiver and transmitter circuits.
Again reference is made to the article men
tioned above. Figure 61, page :'6A, is a
1 kH z oscillator. The value of inductor listed
may be hard to find , but an audio inter
stage transformer (1:3 ratio) worked in a
bread-board circuit when the primary was
used for the inductor. The schematic is re
produced as F ig. 6.

The actual constructural details are left
to the individual amateur. A medium sized
chassis will hold the complete circuit while
the smaller versions may be scaled down
as needed. The simples t version could be
built in a small mini-box with the 50 p.A
movement of a VO~I used as the indicator.

If you are not an ac tive I'M'er or have
no interest in VHF then this article will
have been of no use to you. If you are
interested in VHF and/or F~I , then I hope
tha t VOl! will find the Add-on Test set a
useful addition to your test equipment in
ventorv.

Fig. 6. Audio Oscillator.
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Fig. 3. Adding a Field Strength Meter.

Fig. 4. The Meter becomes a Voltmeter.

The fifth expansion is the addition of a
crystal controlled 455 kHz oscilla tor. This
is needed when zeroing the discriminator
during receiver alignment procedures. Two
other crystal posit ions may be used for the
freq uencies of 450 kHz and 460 kHz (for
narrow band ) or 440 kHz and 470 kHz
(for wide hand ) . This allows the low if
filter to be checked (if the second limiter
reading is not almost identical on both
crystal positions, the filter is probably de
fective). Also, the crystal positions may

Fig. 5. Adding 455 kHz Oscillator

meter can be done either mentallv or bv
the addition of another scale. Th~ easiest
method is mental calibration, for each 10
increments on the meter scale represent 3
volts . The additional circuitry appears as
Fig. 4 .

X (FIO.II
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CliDord KUnert WB6BIH
520 Division Street
National City, Ca. 92050

The Elusive H Parameter

Fig. 1. Basic ideal elements.

Ever since the transistor became readily
available at low prices, it has been very
popular with experimenters. \Vith a little
read ing and a good deal of playing around,
these people can become quite proficient
at this fascinat ing and relatively inexpensive
hobby. Some, however, are quite puzzled
at the seemingly nonsensical names given to
transistor param eters such as hhand ht..
A description of the origin and development
of the h param eters is not a complicated
task, and makes a very interesting story.
The first step in this investigation will
he to consider a few basic concepts in
elec tronics theory that will be used to intro
duce the h parameter model and explain its
elements.

The model concept

The model is a purely theoretical circuit
or element that is used to represent or de
scribe a more complex device. The model is
made up of "pure" elements that are inter
preted as containing only the properties that
they describe. For example, the symbol for
an inductor would indicate only inductance,
while any real coil would also have a finite
resistance associated with it.

Three basic elements that will be dealt
with in this discussion are indicated in
F ig. 1. In part (a). the symbol for a voltage
souce is shown. The idea] voltage source
is assumed to have zero internal resist
ance so that no matter what is connected in
parallel with it , the voltage will always
he the same. The magnitude of the volt
age is usually given with the symbol, and

v

lOUt. VOLTAGE........

j lOR Y

IMAL CURR£NT "PEOAJr$C£ Oil:
SOl.IlCE AO"'TTAfIICE

is represented by the "V" beside the ideal
voltage source. The voltage source also
can be a variable source, and the magnitude
of the voltage will be given by a mathe
matical expression, usually the product of
two numbers. The ideal current source is
shown in part (b) of Fig. 1. This element
has an infinite internal resistance, and any
thing that is connected in series with it will
have the same current flow, the magnitude
of the source. The magnitude of the current
is given by ''1'', and can also be variable or
controlled as with the voltage source.

The reader will probably notice a simi
laritv or con trast between the ideal voltage
source and current source. The two are pre
cise opposites, or duals. The concept of
duality is a useful tool when an individual
gets used to working circuit problems in a
certain way. If he does not like the way a
circuit is arranged , he can change the cir
cuit to its dual, work the problem, and then
get the dual of the answer which will then
be the desired resul t in the original circuit.
For example, the dual of voltage is current,
the dual of capacitance is inductance, and
the dual of series is parallel.

T he third basic element that will be
needed for this d iscussion is shown in Fig. 1
part (c). T his is the ideal res istance, or its
dual the ideal conductance. At this point
it will become necessary to make a change
in terms. Since the expression "resistance"
is valid only for de, a new term will be
needed. The word we are seeking is im
pedance. Impedance can be used with either
de or ac, and will always mean the voltage
in the circuit divided by the current, regard
less of whether it is Ole or dc. Admittance
is the dual of impedance, and wi1l replace
the term conductance. The symbol for im
pedance is Z, and the symbol that will be
used for admittance is Y.

The two-port concept

Fig. 2 shows a two port network with an
input and output. A signal applied to the
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Fig. 2. T wo-Port circuit.
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Table One
Defin ition of H Parameters

PARA~IETER

INPUT nIPEpA :"CE

REI'ERSE VOLTAGE
FEEDBACK
FORfrARIJ CURRE:"T
GA IN hre
OUTPIIT AD~IlTTM'CE ho.

Fig. 4. High impedance model.

H~ IN~EOANC( a.l0DE1.

possible configurations are common base,
common emitter, and common collector.
These terms are listed in Table 1 with the
underlined word in the left column indicat
ing th e word from which the symbol was
obtained. Most of the terms are self-ex
p lanatory, h ut thc term h.., is probably un
familiar. This refers to thc effects of base
width modulation at the emitter junction.
This is shown as a voltage source in the
input, and tends to oppose the input signal.
The voltage source is controlled b y the col
lector-emitter voltage, e~ .., and the magni
tude of the source is h ., multiplied by c-...
The tC1'1I1 h -, is the one that is often ignored
because of its very small magnitude, und is
usuall y insignificant for most applications.
The forward current amplification factor, h » ,
is the most important p arameter, and the
value of the current source is h « multiplied
by ill, the base or input current . This dis
cuss ion has referred to the common emitter
config uration because it is the most popular,

Fig. 5. 1J parameter model for common emitter.

v
+

v
+

LOW Ia.lPEDAHC£ ecce,

z

Fig. 3. Low impedance model.

left terminals, or port, will appear at the
right terminals, modified in some way d e
pending on the contents of the "black box"
in the middle. The object in the m iddle can
he any device that is desired, such as an
amplifier. It would b e handy if we could
find a su itable model made up of ideal ele
ments that could be used to represent the
behavior of the thing in the b lack box. One
model that could be drawn is shown in
Fig. 3. This model can be used to repre
sent a voltage amplifier, and has a charac
teristically low impedance associated with
it. Also, we can take the dual of the circuit
as shown in F ig. 4. Note tha t the dual of
a voltage in series with an impedance is a
current source in parallel with an admit
tance. It just so hap pens that this circuit
can represent a current amplifier, and has a
characteristically high impedance associated
with it.

Now all the building blocks are present
to enable LIS to assemble the final model
that will represent a bipolar transistor.

The hybrid model
Since the transistor has a low input and a

relatively high output impedance, it is pos
sible to make an appropriate model by com
bining the models of F igs. 3 and 4 to give
the hybrid model of F ig. 5. This model will
have a low input impedance and a high out
put impedance, which is just what we desire.
Thus, it is from the word "hybrid" that the
h in the h parameters was obtained. The
Barnes of the elements in the model repre
sent characteristics of the transistor, and
their names were picked completely by con
vention. The first subscript is used to indi
cate which particular characteristic in the
model is being described, and the second sub
script ind icates the configuration. The three

-
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A common problem with chokes in high
voltage supplies is arcing from the winding
to the core. This is due to the full supply
voltage appearing between these points. A
simple remedy is to move the choke from
the positive to the negative power supply
lead. This reduces the winding to core po
tential to a small fraction of its original
value and for all practical purposes elim
inates choke breakdown. The following half
wave example demonstrates the required
change. Note that nothing about the cur
rent metering, load , or p rotective circuitry
is affected .

Conclusion
The hybrid model is a very handy tool

that was conceived to represent the b ipolar
transistor and provide a way of naming and
describing the characteristics that the de
signer must know to bu ild any particular
piece of electronic hardware where transis
tors are used . T he model is also useful in
learning some of the concepts that must be
explained in basic transistor theory. Regard
less of the way that it may have looked , the
h parameters do have a very real meaning,
and were not given their names "just for the
h of it:'

HV Choke Protection

William P. T urner, WA0ABI

, . , WB6BIH

hut a similar explanation could be con
st ructed for the two other configurations as
indicated in table one. The model d iscussed
is applicable only to uc signals and does not
give any information about de or steady
state voltages or currents .
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A. Lorona W6WQC
1424 W. Victoria Ave.
Montebello, Cal. 90640

A Zero Temperature

Coe icient IFET VFO.

2 Id••
V" =

Gm."

Ie•• is called saturation drain current and is
that value of drain current which flows with
zero gate to source bias voltage. emu is
another FET parameter and is the maximum
low frequency FET transconductance. It so
happens that this maximum value occurs at
zero gate to source bias al so. Therefore these
two quantities can h e measured simultane-

.47 ,ooF

"er
OUTPUT

LINK

2NI202

"3301\

Eo
E ", RI

,..
R512K

fli R3 R4
1001\ 3901\ IK

01 9~HE R

s

D

\Vhere Gmu

"1 ·47,ooF

I.lPF 106

e

"OSG l.aK

~
I.lPF 10 5

"6.3 ...HY '----,---;1
AIR OUX I
NO.1606 CI RFC
sr

Fig. 1. Schematic diagram.

lished typical sp ecification sheet values. ( 2)
we are faced with the decision to fix a point
on a gradually increasing quantity because
drain current or gate voltage do not change
abruptly in the region of p inch-off. Even
manufacturers have difficulty in this re gard.
A study of several manufacturers specifica
tion sheets will reveal drain current cutoff
values ranging from 1 milliampere to 1
microampere.

However all is not lost. It simply b ecomes
necessary to measure FET pinch-off. In or
der to avoid the second difficulty cited above
we shall measure pinch-off indirectly. An ex
pression fo r V" is:

The major causes of vfo drift and insta
bility are voltage variations, loading, shock,
vibration and temperature . The effects of
the fi rst four on oscillator stab ility can cause
chirps, clicks, sudden jumps in frequency
and the like. A gradual long or short term
oscillator frequency drift on the other hand
is primarily a function of temperature.

This article describes a vfo in which the
drift due to temperature has been reduced
substantially while using inexpensive com
ponents and by taking advantage of a pe
culiar characteristic of the Junction Field Ef
fect Transistor not shared by either tube or
transistor: zero de drift. The FET can b e
bi ased to an operating p oint where its param
eters remain constant throughout as large
a temperature range as _ 5.5 0 C. to +150 0 C.

The operating point at which the FET
exhibits zero parameter change with temper
ature is called the zero temperature coeffi 
cient op erating point and is determined by
the FET gate to source bias called V,.. It
has been experimentally determined that this
req uired bias is from .6 volt to I volt less
than FET pinch-off voltage.' F ET pinch-off
voltage Vp is a parameter which appears on
F ET specifica tion sheets. It is defined in two
ways. ( I) is is that value of gate to source
bias vo ltage which results in drain current
cutoff. (2) it is also that value of de d rain
voltage corresponding to a point just to the
right of the drain voltage/drain current char
acteristic curve knee. These two voltages are
equal in value. An increase of drain voltage
above the V" value results in a very small in
crease in drain current.

If the attempt is made to use the pub- ,
lished va lue of V" in order to determine the
zero temperature coeffi cient operating point
V,,~ we immediately run into a two-Fold p rob
lem. ( 1) individual FETs, like transistors,
may deviate to a large exten t from pub-
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Fig. 2. Simple test set up.

ously . Lin and Gmu can be measured in the
simple test set-up shown in Fig. 2A and 2b.
Once Ia-, and G mu have been measured we
can calculate V» by means of the equation
for Vp . It then becomes a simple matter to
know what the zero temperature coefficient
operating point Vs, must be . Referring to
Fig. 2B, Eo is the ac signal output voltage
measured across drain load res istor Rl by
means of an ac voltmeter. E» is the ac signal
voltage input to the F ET as measured by
the ac voltmeter. Eo should be kept in the
range of tenths of a volt in order to avoid
overdriving the test FET into saturation or
cutoff. The signal input voltage should be
just sufficient to yield usable readings on
the ac voltmeter.

In order to reduce further calcula tions the
graph of Fig. 3 has been prepared. From
this graph the value of drain current can be
determined as a percentage of I« , saturn
tion current p lotted against p inch-off voltage
Vp •

2

FETs are inherently high impedance de
vices. In the usual class C oscillator opera
tion the inpu t gate to source junction be
comes forward biased d uring part of the in
put voltage cycle. The FET inpu t impedance
then drops to a very low value and resul ts in
heavy damping of the tuned circuit. The
presence of the gate leak resistor imposes ad
ditional loading of the tuned circuit . In some
oscillator designs this has reached a surpris
ingly low value. The net result is a lower
ing of tuned circuit Q which in a vfo must
be maintained as high as possible. To cir
cumvent th is undesirab le situation the FET
oscillator will be operated class A.

Fig. 1 shows the schematic of a JFET
class A oscillator operating at the zero tem
perature coefficient point in the 3.5 mHz
band . The immediate distinguishing features
of the oscillator are the absence of the
fa miliar gate resistor/ capacitor combination
and the presence of the source bias resistor.
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>40 introd uce an equal and opposite drift char
acteristic to that of the tuned circuit. Alter
nately a thermistor or temperature sensitive
resistor can be used in the source lead to in
troduce a precise temperature d rift cor
rection. . . . W6WQC

.0

In class A operation the gate-source junc
tion must not be driven into forward
bias. Since the gate bias has been fixed due
to the considera tions described above the
only remaining variable is gate signal voltage.
Cate signal voltage is determined by the
ratio of C2 and C3. The source tapping point
is a compromise between sufficient volt age
feedback to insure oscillation and a value
of voltage which will not overdrive the gate.
\Vhile the F ET is oscillating momentarily
ground the gate lead; drain current must not
change by more than a barely perceptible
amount. As a p ractical matter, there is
nothing particularly critical about the source
tapping point and the values of C2 and C3
shown on the schematic are correct for sev
eral FET samples.

In this circuit, in which, particular at
tent ion has been given to achieving maxi
mum drift stability do not expect appreci
able power output from the FET . FET power
output is in the region of microwatts. A two
transistor buffer amplifier is used following
the FET to provide load isolation and yield
a usable power outp ut.

No degree of drift stability in the FET
can ever compensate for the thermal drift
characteristics of the tuned circuit coill
capacitor combination . In ordinary operation
a FET is a negati ve temperature coefficient
device . At a gate voltage or bias beyond
Vu the FET exhibits positive temperature
coefficient characteristics. The intriguing pos
sibility immedia tely suggests itself that the
operating bias can be trimmed to purposely

2.2 v.

E. .32
-E", RI .5 (l00)

2 Id.. 2 (.007)
-Go". .0064

Gmu

v.

The value of the FET source resistor was
chosen to result in a drain current of 1
milliampere. The resistor value was 1.5 k.

References
References

(1 ) Spu iflling "'Er ·s-.]. S. She r w in, E lectronics
Produ ct s , AUl:'u ~t 1966 .

( 2) R f'h a l"ior of F jf'l,'·Bffut Tra ne ist or C lw ru('taistka
With T""I" 'raturf'-I•. •T. Sevin . 'Texas Inatru
mente ,\ p pliell i ion xcte. July 1, 1963 .

r.,
From the graph of Fig. 3 15%

Ie••
therefore I", = .15 (I, .. )

I"" = .15 (.007) = 1.05 milliamperes.

= 6400 micromhos.

Vp was then 2.2 volts.

Appendix

In the vfo constructed by the author a
Motorola MPF 106 F ET was used. The test
results from Fig. 2A yielded an I".. of 7
milliamperes. The test result for Gn,." using
Fig. 2B with .5 vac input yielded .32 vac
out across the 100 ohm drain load resistor.
Gmu was therefore 6400 micromhos.

3.l .'1.0 U 2.0
Vp PINCH OFF

••

Fig. 3. See Text.

"I :~~

.0
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75 Meter DSB Rig
Allan S. Joffe W3KBM
531 E. Durham Street
Phila., Penna. 19119

After some len years of absence from the
low frequency ham bands in deference to
the sun spot cycle and the lack of sp ace for
an antenna for other th an six and two meters
I heard rumors that ten meters was once
more opening up. In a fit of wild spending
I purchased a Lafayette HA-350 and started
listenin g ill on the low hands . Everybody
seemed to be run ning gallons, h alf gallons
and some poor slobs were only using quarter
gallons. To me this was very surprising and
just a bit painful to contemp late. as in th e
old days 100 watts was a thing to reckon
with. Everybody seemed to he SSB and any
one who was running an "old fashioned"
A:\I rig always seemed to be somewhat apolo
getic about his behaviour. To be very honest
I don't know a thing about the hi ghly refined
theory of how the modern ssn rigs work so
I promptly subscribed to "73 Magazine" to
get a good ham periodical coming once more
into the shack. I cracked the Radio Hand
book and started to read the ads for commer
cial rigs. The price structure of an outfi t I
would like to own caused me to review the
finances and after rejecting a new mortgage
on the family shack I felt that there had to
be a home brew means of getting back on
the low ham bands without having the SSB
boys become unhappy with «another old
fashioned ham" on the band.

The answer I turned to was DSB. Sure I
would radia te two sidebands, but that tell-

28

tale carrier would be so weak that I would
maintain my respectability.

A search of the junk box turned up a
conple of 6146 tubes from my old modulator
end a husky p ower transformer from an old
TV set. \Vith an assortment of old chassis
at my d isposal I started to work. The orig
inal design called for crystal control but
when I went to m y friendly ham store and
asked for 80 meter phone crystals he looked
at me like I was from Mars. He patien tly
explained that he hadn't had a call for RO
meter phone crys ta ls in seven years. Back
to the drawing board. I had heard about the
Clapp circuit and all its variations h ut the
good old High C circuit with a 6AG7 was as
up to date as I was prepared to be. The VFO
was huilt in a sep arate 3 by 4 b y 5 inch box
with heavy components rigidly braced. The
main fault of the old High C circuit seemed
to be capacitor heating due to the somewhat
high circulating tank cur rent. I attempted
to avoid this by using four good quality
mica's in series parallel in the feedback
divider of the oscillator. This plus the lack of
heat d ue to the VFO being in its own box
away from all tube heat turned out a 'VFO
tha t just sits where you set it from a cold
start. With a stahle VFO under my belt I
next turned to an isolating stage between
the VFO and the hi gh level balanced modu
lator . T his used another 6AG7 with an uu
tuned or aperiodic grid circuit and a tuned
plate circuit. This tuned circuit is a center
tapped coil wound on a five inch piece of
old broom handl e. The coil is shunted b y
two 220 pF silver micas in series. The
variable element is a split sta tor capacitor
(donated by a fellow ham ) of 100 pF
in each sect ion. The tuning range covers the
entire 80 meter band with 10 kHz to spare
on each end so there is no chance of acci
dentally doubling in this stage.

The balanced modulator which feeds the
antenna was next. Since the 6 146 grids are
heing fed in push pull the plates have to be
tied together to get the carrier elim inated.
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feeding audio to D SB screens, but I per
sonally went through a small crisis getting the
modulation to perk. Here is what I found
out as regards this particular rig. I found
that about 130 volts H~IS was needed from
each screen to ground for fuB peak modula.

*ALL DIODES ARE 800 PlY )OChnA

'so: ....

_--<;~O-+-+--+-----+---J----Jo

T his makes the use of a Pi output ta nk very
handy. The audio is fed to the final screens
in pushpull. Note th at there is no B plus
applied to the screens.

Either I d idn't have the right hooks avai l
able or everybody but me knows all about
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tion. The modulator I used was a junk box
three watt amplifier with a 6V6 in the out
put and an output impedance of 8 ohms.
After much trial and error I found that feed
ing the 8 ohm output of this audio ampli
fier into the six volt winding of a small
power transformer whose secondary was
250-0-250 was just the thing to do. Under
modulating conditions the amplifier and the
transformers are running pretty much un
loaded and this can lead to transient difficul
ties on peaks which earned me a few reports
of lousy audio before I found out how to
solve the problem. One side of the 8 ohm
primary was grounded and about six d13 of
feedback was introduced into the modulator
from the hot side. This feedback from an
essentially unloaded winding acts like a peak
limiter, in effect up to a point the quality im
proves with increased output. With this
modification to the modulator the "poor
audio" reports vanished. A feedback loop
within the amplifier did not do the job, it
was only when the output transformer was
included in the loop that the problem
vanished.

Power supplies

The VFO and the buffer are fed from their
own 300 volt supply. The particular trans
former used measured 300-0-300 and is a
conventional full wave condenser input sup
ply using 800 V PIV rectifiers of the bargain
type. Notice that the filament winding on
this transformer is used only to light a pilot
lamp and to operate K-l.

The High Voltage supply for the 6 146
high level balanaced modulator consists of
an old TV transformer which gives 800 volts
across the secondary. This feeds a fuIl wave
semiconductor bridge and is filtered by three
80 mfd 450 volt electrolytics in series. Each
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diode in the bridge is parallelled with a
470 k 1 watt resistor and a 0.01 disc ceramic
for voltage division and spike protection. The
entire bridge assembly is mounted on a 4
by 4 by ~ inch plexiglas sheet. Each electro
lytic is parallelled with two 47 K 1 watt
resistors in series for voltage division and
bleeding purposes. This supply delivers
about 1100 volts unloaded and about 1000
volts full load. Respect its ability to put
vou out of this world if vou get careless.
;":otice that the fil ament -winding of this
transformer does nothing but light a pilot
lamp indicating th at the transformer is hot.

As a tribute to modern technology, the
low voltage supply boasts a VR-150 to sup
ply regulated voltage to the VFO screen.

AIl fil aments are lit from a separate six
volt six amp filament transformer. which
same also sports a pilot light showing that
the filaments have been energized.

Relay operation
K-l performs two functions. The first is

to cut off screen voltage to the VFO in the
receive mode. If this were not done the VFO
would continue to operate until the low volt
age supply filters had drained down below
about 15 volts. The second function is to
throw a shunt across the receiver antenna
so that on either th e "spot" function mode
or transmit the receiver is not overpowered
with rf. This Relay is a small DPDT 6 volt
ac unit.
K~2 Performs three functions . Frst, one

pair of contacts shunts the send /receive
switch of the receiver. Secondly, it transfers
the antenna from the transmitter to the re
ceiver. The third function is to complete the
ac circuit to the high voltage supply pri
mary, and the low voltage supply primary.
The switch that operates this relay is the
one designated as transmit/receive. ( S\V~3) .
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Spot function
In the spot position of 5w-2 K-2 is by

passed and the low voltage primary is ener
gized. KcI closes, turning on the VFO and
shunting the receiver antenna input. When
spotting has been accomplished 5w-2 is
returned to the normal position and the low
voltage supply is once more under control
of the 1:-2 contacts.

Metering
The final stage is the only stage metered.

A nine position two pole rotary switch is
used with every other posit ion being blank.
This is to get enough physical separation
between positions for easy marking of the
functions. Each grid cu rrent and each cath
ode current is metered for the final tubes ac
counting for the fi rst four positions of the
switch. The fifth position is used to measure
total plate and cathode currents along with
the small current through the light bleeder
on the !IV supply.

Electrically the meter is a 0-1 mil move
ment with enough series resistance to make
it a two volt meter full scale.

The grid currents are read across 200 ohm
resistors making the meter appproximately
0-10 rnA. Each cathode current is read across
a 20 ohm resistor making the scale approx
imately 0-100 rnA and the total cur rent is
read across a 10 ohm resistor connected be
tween the negative terminal of the bridge
and ground. This scale is roughly 0-200 rnA.
Normal grid current is between three and
four rnA, normal cathode currents is 12-15
rnA with no modulation. Total plate current
on voice peaks will hit 60-80 rnA on the
meter. \Vith steady sine wave input the
meter will hit 90-100 plate mils. With this
much input the transmitter will fully light
a 75 watt lamp used as a dummy load. Ac
tually it's a pretty bright 75 watts but this
is subjective and not very scientific so use
your imagination.

The only mildly critical thing about the
metering set-up is to try to get the two grid
current metering resistors as close as pos
sible in value. This will help in balancing
the modulator as we shall see later on .

Tune Up from a cold cold start

Plug in the ac cord , cross your fin gers and
tum on the filament switch (5w-1) Throw
5w-2 to spot which will tum on both the
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VFO and the b uffer. T une in the VFO sig
nal on the receiver and set the slug in the
coil so that the upper and lower limits of
fr equency are those that you desire. The
prototype hit the upper band limit with the
slug almost all the W~lY out of the coil. The
phone band covered 80 divisions of the 100
d ivision dial.

T urn the meter to check for final grid
current. If you are unusually lucky the cur.
rents will be equal b ut the odds are quite
against it. The small 3-20 pF trimmer
across the grid tank should be ad justed to
make the grid currents eq ual. Depending on
your own physical layout as it affects the
capacity balance of the grid tank you have
to experiment with which side of the coil
the trimmer has to go to be most effective.
You only have two choices so it's no b ig deal
to get the right position. Once you have the
grid currents balanced the cathode curren ts
may be checked for curiosity but their bal.
ance is generally more indicative of the
shape the tubes are in than anything else
and the readings are not critical as long as
they are within 10-20%of each other. Restore
5w-2 to its "normal" position which is oppo
site to the "spot" position. Connect a 75 watt
lamp as a dummy load and plug the modu
lator into the rig.

Throw 5w-3 to Xmit and recheck the grid
current. Using the grid tuning as an excita
tion control set the grid currents for about
4 rnA.

Put some sort of a sine wave signal into
the modulator (steal some filame nt ac thru
a resistor if you don't possess an audio gen
erator ) and crank up the gain a bit. Put the
meter on the plate current position and goose
up the audio until it shows about 30 rnA.
Tune the Pi input condenser for plate dip
and the outp ut condenser for maximwn out
put as shown by the bulb load. Then crank
up the modulator un til the plate current rises
to about 80-100 mils. Retune the final tank
condensers and if all is well your 75 watt
bulb sbould be glowing with a nearly blind
ing irridescence. Disconnect the rig and in
stall the mike into the modulator. Talk into
the mike and observe the action of the plate
meter. A full whistle will make the meter
and the bulb agree that power is being pro
duced . It wil also show you that only a pro
fessional liar could look at the plate meter
under modulation and guess what the input
power is. On a rough basis the peak plate
current is about 60% over what the meter
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sluggishly shows. With a convenient 1000
volts on the plate which makes each input
mil an input watt (isn't that convenient) you
can questimate to your hearts content what
your power input is. What really counts is
the other guys receiver combined with your
consumate operating skill to make a success
ful contact.

Making a hulh light up is one thing but
getting the soup into the antenna is some
thing else. My own personal antenna for
80 meters is 180 feet of wire that goes from
the cellar back to the garage, over the garage
roof and back to the old apple tree. Since
the Pi net won't match the wild blue yonder
impedances of this lash-up (apple tr.ees have
very high impedance when used as antenna
terminations ) I feed the Pi output into an
L section, which consists of about thirty turns
of # 18 wire close wound on a scott towel
core followed by a shunt variable of about
200 pF. This lets me feed my long wire
in good style. A true space age rf tuning and
modulated rf output indicator consists of an
NE-2 with a 47 K series resistor shunted
across the L section condenser to ground.
This little blinking light never fails to impress
visitors to the shack much more than the
miracle of ham radio communication, the
unanimous never varying comment being
"ooooh look, that little light blinks when you
talk.

Most articles end just about here because
the writer has just torn up the tenth rewrite
and snarled at his wife and kids for some
peace and quiet. The end result is that some
things meant for inclusion never get included
much to the discomforture of the innocent
reader who promptly damns the publisher.
Take heart and read on.

Little things that count
If the plate meter is watched carefully as

you switch from receive to transmit you will
see it bounce to full scale before it settles
down to normal readings. This is normal as
it is the result of filter charging current.

If you hear a sort of gargling sound in
your receiver as you switch from transmit
to receive your own particular VR tube may
be at odds with the world. Don't throw it
out. Just ground the unused contact on K-l
that is on the B plus switching side. This
will cure the problem, Personally I like the
sound so I took the ground off after I learned
it would cure the trouble.
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During the spot function you may notice
some modulation on your signal it someone
happens to talk in the shack and the mike
gain is up. This is normal. The rf to the
grids of the final is being modulated by the
audio getting to the screens.

Also regarding the spot function. You
may find that having the oscillator and the
buffer on during "spot" is just too much rf
floating around for your particular receiver.
Notice that Sw·2 calls for a DPDT switch
but the schematic shows only one set of con
tacts being used, namely those associated
with the low voltage xfmr primary. If you
are troubled by excess spot rf simply wire
the unused contacts of this switch so that
the buffer plate and screen gets no B plus
in the spot function mode. If you wire the
rig in this manner don't forget to short out
the switch connections during the initial first
tune up or you will not be able to check the
grid drive and set the grid balance as de
scribed earlier. After this balance is set re
move the shunt from the switch and you are
in business.

Make sure that the modulator you use
will give a good three watts of clean audio
measured into a resistive load. If you do
this and troubles arise you can be sure that
it is not "Modulator power:' It helps greatly
to tailor the audio response of the modula
tor. Ideally it should be well down by 250
cycles and roll off pretty well by 4500·5000
cycles. If somebody says you sound mushy
it means you forgot something. What you
forgot is that the screen bypasses in the final
are across the high impedance winding of
the modulator secondary. Do your high fre
quency roll off correcting with these shunt
condensers in mind and you won't get a
"mushy" report.

The VFO inductor utilized a national
XR·50 slug tuned coil form wound full of
#20 plastic insulated hook up wire. This
may cause some consternation from the
purist to use such wire for a VFO inductor,
all I can say is it works just fine.

The Final tank inductor is in reality a
part from an ARC-5. It is a winding as de
scribed, wound on a beautiful ribbed ceramic
form. It cost all of forty cents at Fertik Elec
tronics, 9th & Tioga streets here in Phila,
delphia.

The three pole double throw 115 volt ac
relay came from the same place with a $1.50
price tag. Naturally you can substitute other
coil voltages depending on your junk box.
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The virtue of the control set-up as described
is that there is but one switch to throw in
going from transmit to receive.

Th is little rig puts out a clean DSB signal.
It has given no TVI trouble although I do
make it through the little 5 tube acdc
cracker box in the kitchen, a Ia d onald duck.
T he low freq uency bands have changed
greatly in the last ten years but some things
never change. If you have some guy running
a gallon on your frequency, you lose. How
somever, intelligent listening, picking your
spot, plus a good receiver and a fair amount
of good old fashioned ham courtesy will let
you make many enjoyable contacts with this
rig. Happy DSIl.

• • • W3KllM

SPECIAL
TV CAMERA
PARTS KIT

ONLY

$99.95
Controlling the Linear

Changeover Relay

One of the design considerations faced
by the builder of a linear amplifier is how
to activate the antenna changeover relay
within the linear.

It can be don e directly with a switch
or in a more elaborate manner with an
rf-biased tube with a control relay in the
plate circuit.
T he system shown here, particularly useful
in connect ion with a mobile truck-mounted
linear amplifier, impresses the relay control
current onto the coax link between the ex
citer and the final right along with the ri.

.0 1 de isola ting capacitors must be used
at either end of the line as shown, if not
already present. The rf chokes can be al
most any variety that will safely handle
the relay current, since the ri voltage is
Iow an a low impedance line and hence
not very demanding on the characteristics
of the chokes used.

A removable jumper or a switch must
be used at the exicter end to disconnect
the relay supply voltage when the exciter
is used to drive an antenna directly.

R. B. Kuehn WI/JHKF

Dept. H
196·23 Jamaica Ave., Hollis, NY 11423

To meet t he many requests for a low-priced
soli d state TV ca mera kit, we have made ava il
a ble from o ur factory stock the following parts
which you can assemble at very little add ition al
expe nse into .. supe rb TV camera. Included in
the kit a re th e following :
1) Completely assembled and tested video
amplifier plug·in circuit board with a 10
transistor 6 MHz bandwidth amplifier and
keyed clamp with adjustable pedestal and
sync mixer.
2) Completely assembled plug-in sweep cir
cuit board with 8 transistor and 5 diode
horizontal and vertical sweep generators
and amplifiers featuring excellent linearity
and more than enough drive for 1" vidicons .
3) Excellent quality deflection yoke and
focus coil with beam alignment magnets and
r a st e r positioning adjustment. Also included
Is the vidicon tube clamp and target con
ne ctor.
4) C a mer a tested vidicon excellent for
amateur us e alld matched to the deflection
a ssembly above.
5) Good quality Fl.' or better achromatic
lens with matching lens mount.
Note: All items are bran d new exce pt vid icons
whic h we guarantee wi ll work wit h the pa rts kit
supp lied when assembled accord in g to t he sc he
matic a nd ad justed acco rd ing to normal pro
cedure. Since ste p-by-step instruction s a re not
ava ila ble, we recommend this kit only to those
who can follow .. sc hem atic .
Due to the low price a nd limited quantity, we
cannot sell the a bo ve compone nts se para te ly.
Whe n our present stock is exha ust ed. it will cost
at least $ J60.00 to repeat t his offer. O rder now
to avoid disappointment.

including vidicon and lens!
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Sam Creason K6DQB,
4140 Diego Way,
Rocklin, Calif. 95677

A Novice FET Converter

IllPIIT

MPF'IOS

IHIOO MOO

00 & e

2Jtll80

'7RAHSI$TOR TERNIKAL LAYOOT

BOTTOM '¥Itw

NOTE
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ALl CAPACITORS (lISC CEIW,llC ElICEPT
tML.ESS OTHERWISE SPECI" D

Fig. 1. Schematic diagram of th e Novice Converter.

Because the author has obtained good re
sults from home-brew multi-band FET con
verterst -v, an effort was made to design
a 15 Meter converter suitab le for construe.
tion and use by the novice. The resultant
converter is stable and performs well when
used with a reasonably good 80 Meter re-

•ccrver.
The converter schematic is shown in Fig.

I. Motorola MPFlO5 FET's are used for the
rf amplifier and mixer, while a 2N 1180 is
used as the local oscillator. For the Novice
who is 100 kin g at his first converter
schematic, the following paragraph may he
helpful :

The heart of a converter is the mixer
stage, which, in the Novice FET converter,
consists of those components to the right of
C3 and above C.. in the schematic. After
passing through the rf amplifier, a signal
from a distant Novice's transmitter, be
tween 21.10 and 21. 95 ~IHz, is applied to
the mixer through C3 , while a 17.5 MHz
signal, generated in the local oscillator, is
applied through C-t - If the Novice signal is
at, say, 21.15 MHz, then an inspection of
the mixer output will reveal (among oth
ers ) a signal at 3.65 ~IHz, which is "iden
tical" to the Novice signal, except for fre -
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qucucy. T he mixer has combined the 21.15
MHz Novice signal and the 17.5 MHz local
oscillator output to produce a signal cor
responding to their difference frequency,
3.65 MHz, which can be received on an
80 Meter receiver. A little arithmetic will
show that the entire 15 Meter Novice band
can be tuned by tuning the 80 Meter re
cciver between 3.60 and 3.75 MHz.

The rf amplifier is designed to provide
only enough gain to override the noise gen
erated in the converter, thereby minimiz
ing susceptibility to cross-modulation. How
ever, the use of stagger tuned input and
output circuits to broaden the bandpass of
the rf amplifier may degrade the converter
performance somewhat in this respect. In
ductors for the tuned circuits are wound
on toroid cores for the sake of compactness
and to minimize coupling between coils.
Since the magnetic flux of a toroidal coil
is almost completely contained within the
coil, magnetic coupling between the input
and output of the rf amplifier is minimized
and no sh ielding is required. As it stands,
the rf amplifier ( and the entire converter )
is stable either with or without an antenna
connected.
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Fig. 2. Component side 0/ the prin ted circuit board lor the Nor/ice converter.

win' , close-wound on
tun ed for m ( Miller

Three models of the converter were made
using conventional air-core coils and all
were unstable to a degree, even with shield
ing.

A pair of I NIOO diodes is connected across
the converter input to prevent excessive
voltages from being applied to the first FET
when the station transmitter is on the air."
A socket is provided for this FET to facili 
tate replacement , if necessary.

Coil data
Cs-c-t .....o z -I nch len gt hs of in su la te d hookup wire

twisted toget her.

L ,-23 t ur ns 110. 24 ena mel ..... ir e , t apped at 4 tu r ns.
011 1/ 2- il\(·h 0 .0 ., 5 / 16-in('h I.D., 3 / 16-i ll('h long
po wderad-h-on toroid core. ( Ami-T r oll Associa tes
T -50-2 R ed ) ,

L.- 2 1 tu r ns no. 24 enamel wire, tapped at 4 tu r n s.
011 811mI' t ype form a ll 1..1

La--25 t u r ns 110. 30 enamel
1/4 -in ch diem. iron elu g
20 AOOOHIH u aa ble ) ,

+

Fig. 3. Copper foil side 0/ the printed circuit board jar tiv e NOIJice converter.
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Fig. 4. Detail of th e toroid.

The converter is constructed on a 3 x
4 inch printed circuit board as shown in
the photograph. The component layout and
masking pattern arc shown in Figs. 2 and
3. The author used au E-Z E tch kit from
Ami-Tron Associates- which contained a 4
x 6 inch board, etchant powder, and masking
material. The board was cut in half and
etched with half the etchaut supplied. Al
though the kit provides ample masking ma
terial for making narrow lines and small
circles, there is no p rovision for masking
the large solid areas at the ed ges of the
board. A heavy coat of fin gernail polish
makes an accep tab le mask for this purpose
and can he removed with polish remover
or steel wool after etching is complete.

The tuned circuit inductors are wound
on toroid cores which were also obtained
from Ami-Tron. A convenient method for
tapping the coils is shown in Fig. 4. Start
ing with the iuput (I) lead, add turns until
the tapped turn is reached. Form the wire
into a U on the outside of the toroid and
twist the sides of the U together. Scrape
away the enamel at the bottom of the U
(but do not b reak the wire ) and solder on
the ground (G) lead. Continue winding un
til the required number of turns is in place.
The turns should be spaced around the full
circumference of the toroid.

The transistors and diodes should be the
last components to be soldered to the board
as they are quite susceptible to heat dam
age. As a transistor or diode 'lead is soldered
to the board. it should be held firmly by
a pair of long nose pliers on the component
side of the board. The pliers will act as
a heat sink and protect the device.

After the converter is completed, check the
foil side of the board for accidental shorts,
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poor connections, and the like. When all is
in order, insert the 17.5 MHz crystal
and the rf amplifier F ET in their sockets,
connect the converter to an antenna and
80 Meter receiver , and ap ply power. Never
insert or remove transistors with power ap
plied. Tighten the screws in C1 and C2 .

If no Novice signals are heard when the
receiver is tuned between 3.60 and 3.75
MHz, adjust the slug in L3 until they are.
Tune in a weak 15 Meter Novice signal near
3.65 1.1Hz on the 80 Meter receiver and
ad just the slug in L3 and the screw in C 1
for loudest signal. Then tune in a 15 Meter
Novice signal near 3.70 MHz on the 80
Meter receiver and adjust the screw in C2
for loudest signal. If either signal is loudest
when the screw of C 1 or C2 is fully clock
wise (maximum capacity), add a turn or
two to the output (0) end of the approp
riate coil and readjust the capacitor.

The author has no means by which to
quantitatively evaluate cross-modulation sus
ceptib ility, but the converter seems to per
form well in that respect. It's sensitivity is
about the same as that of the 'authors' 10
20 Meter FET converter of similar design .
For a $15 investment (if all parts are pur
chased new ), it gives a good account of
itself. . .. K6DQB
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MODEL 500C A comp lete SS8 -A M-CW transcei ver. Five
bends, 520 watts . . . for home ste tion, mobile and portable
operation. Voice quslity, performance and reliability are in
the Swan tradition of being second to none. $520.00

MODEL 350C An improved version of the classic Model
350. An SS8-CW-AM transceiver, featuring 5 bands, 520
watts SSB PEP. inpu t. Ideal for home station, mobile
or portable operation. Dependable and l oaded wi th worth-
~~~tu~ ~moo

MDDEL 250C The newest member of the Swan family. A
ful/6 meter SSB-AM-CW transceiver. 240 watts P.E.P. input,
selectable sideband, built-in 250 kc calibrator . . . plus many
more worth-while features. $420.00

Or~~t kf.btG{t (1~T~
D~ (01M~otiA.fA.d£Ud)•••aSwan
transceiver from Henry Radio

.~ ~ .~_. - --
.', ~l ,. ,.'.'- . • - .

MODEL TV-2 2 meter single sideband, 144-148 mc 240
ootts P.E.P. input. The new Swan TV·2 trensverter is a
superb receiving and transmitting converter for the 2 meter
band, designed to operate with most Swan transceivers.

$295.00

Henry Radio and Swan, long a great team and old time friends of Hams the world over, presents a
choice of transceivers to fill the heart of any amateur with joy. There is no better time to buy than
now and, of course, the very best place to shop is Henry Radio. At Henry Radio you can compare
makes and models from exceptionally large stocks. You can trade in your old equipment and take
advantage of our generous terms.

Exports! Of course, Henry Radio makes it simple for amateurs around the world to own the finest
American radio equipment. Write for details.

CAll DIRE CT ... USE AREA CODE

Butler . Missouri. 64730
1/240 W. Olympic. Los Angeles, Calif.. 90064
931 N. Eu cl id, Anaheim. Calif. , 92801

816 679 ·3127
213 477·6701
714 772·9200

" vvorkl:s Largest Distributor of Amateur Radio Equipment"
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Transceiver Review

Heathkit
Heath is producing a sizable line of trans

ceivers, and at the top of the pile we find
their 5B-I01 transceiver tuning all ham bands
over 80 thru 10 meters. It goes in a case
14~" x 6%" by 13%" deep, and weighs 17]f
pounds. The kit comes for $340, or you can
purchase it assembled for $540. An external
power supply is required priced at $64.95
for the mobile 12-volt supply or $49.95 for
the ac supply.

Tuning ranges and stability are guaranteed
by Heath's preassembled Linear Master Os
cillator. Receiver sensitivity is better than
0.5 microvolt for 10 db. signal-plus-noise to
noise ratio in sideband operation. Sideband
selectivity is 2.1 kHz at minus 6 db., 5 kHz
at minus 60 db. for a 2: 1 shape factor. An
optional filter is available for CW work offer
ing 400 Hz bandwidth at minus 6 db. and
2.0 KHz at minus 60 db. When this filter
is installed a choice of filters is available
from the front panel.

Transmitter final power input is 180 watts
PEP continuous voice, or 170 watts CW at
a 50% duty cycle. RF power output is 100
watts to a 50 ohm nonreactive load on 80
thru 15 meters, down to 80 walls on 10
meters.

Transmit-receive control is PTT or VOX
on sideband, keyed-tone VOX on CWo A
CW sidetone is available to speaker or
phones when operating CW.

Heathkit HW-100
Heath's Single-Banders have been extreme

ly popular and several conversion articles
have appeared describing modifications for
greater utility. Seeing the writing on the
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wall, Heath has recently introduced a 5-band
version of their Monobanders, with a few
trimmings thrown in from their more ex
pensive SB~101A rig. The economical design
methods and use of already-available engi
neering components have held the price
down to $240 for a really versatile piece
of gear.

The HW-100 weighs under 18 pounds,
uses a Monobander power supply to run
180 walls PEP sideband or 170 walls CWo
Operating range is 80 thru 10 meters in five
bands, and frequency stability is less than
100 Hz per drift after warmup or for plus!
minus 10% line voltage drift. Sensitivity is
better than 0.5 microvolts for 10 db signal

- ~

to noise ratio, and filter bandwidth is 2.1
kHz at minus 6 db, 7 kHz at minus 60 db.

Heathkit HW.12A,
HW.22A. HW-32A.

Shown above is Heath's HW-12A, one of
three 200 watt PEP single-band transceivers
that have been very popular over several
years. All are designed to use the same
stable low-frequency VFO, tuning from 1.5
to 1.8 MHz, and in their latest form all offer
a choice of upper or lower sideband. Size
is 6}4" x 12'4" by 10" deep, weight 15 pounds
for all models.

Separate power supplies are required, and
these are available for ac operation, or for
dc mobile application.

Receiver sensitivity is 1 microvolt for 15
db signal to noise ratio, audio output 1 watt
into 8 ohms. Drift is 200 Hz per hour after
warmup, selectivity fixed by a crystal lattice
bandpass filter. Carrier and unwanted side
band suppression is 45 db. HW-12A, $99.95;
HW-22A, $104.95; HW-32A, $104.95.
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58·34
T he SB-34 is unlike most transceivers in

having a bu ilt-in power supp ly. And the
sup ply is a universal type, which will op
erate from either a 12 volt battery or from
117 VAC. The only revision required is a
change of leads. And for mobile operation
the SB·34 has a low-drain standby setting
which turns off the transmitter tube filaments
and some other circuitry to reduce car bat
terv drain to ~ ampere.

~"requency coverage is 3 .775 to 4 .025,
i .050 to 7.300, 14.100 to 14.350 and 21.200
to 21.450 kHz, with 1 KHz divisions on all
bands. Selectable upper or lower sidebands,
three IF's with a collins Mechanical Filter
on 455KHz.

Case size is 5" x 1134" by 10" deep, weight
19 pounds. The transmitter PEP input is
135 watts to two 6GB5's, and drift is under
100 Hz per 30 minutes under normal am
bient conditions.

-
0 0 0. . ..

I
0 0 0
• 0 0 0 0•
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YAESU FTdx 400
A recent arrival from Japan, the FTdx 400

transceiver w as planned and designed for the
American amateur utilizing standard locall y
available parts. It covers the bands 80 thru
10 meters, with provision for three addition.a!
500 KHz receiver bands. Frequency stabil
ity is better than 100 Hz drift per 30 minutes
after warmup.

The transmitter is rated at 500 w atts PEP
sideband, 440 watts CW or 125 watts AM.
This transceiver has a built-in power supp ly,
which must be a pretty good one because al
though the transceiver is not notably larger
than others it is considerably heavier : it
weighs 50 pounds. Its cabinet size is 15~" x
6~" by 13~" deep.

Receiver sensitivi ty is 0.5 microvolt for 20
db. signal to noise ratio on 14 MHz sideband.
Bandwidth is 2.3 KHz at minus 6 db. and 3.7
KHz at minus 55 db. with IF and RF images
better than 50 db. down. Audio output is 1
watt at 5% distortion, and frequency stab il
ity is less than 100 Hz drift per 30 minutes
after warmup.

Active elements are present in unusual
profusion. The Yaesu transceiver us.es 18
tubes, which is about average, but It also
has 42 add itional semiconductors in a hybrid
circuit, designed to make the most effective
use of both tubes and semiconductors. One
unusual feature is calibration points at 25
KHz intervals as well as 100 KHz points,
with vernier dial accuracy specified as better
than 500 Hz when calibrated at the nearest
25 KHz point.

Any units not shown in this review

are not due to lack of editorial in

terest, but because the manufactur

er did not send us information.

SWAN 350C
Looking at the model designation you

might believe the Swan 350C is rated at
350 watts somehow. Actual ratings are 520
watts PEP sideband input on all bands, 360
watts CW and 125 Watts AM SSB plus
carrier.) 5 .

Receiver sensitivity is better than O. rm
crovolt for 10 db signal-plus-noise to noise,
with audio outp ut rated at up to 4 watts into
a 3.2 ohm load. Filter specs are 2.7 kHz at
minus 6 db, 4.6 kHz at minus 60 db, and
ultimate rejection better than 100 db.
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The tuning range is 80 thru 10 meters in
five bands. Metering checks PA cathode cur
rent to 800 rnA on transmit, with the same
meter indicating up to 70 db over 59 on
receive.

Swan's Operation & Maintenance manual
contains some very nice material about side
band theory and operation, and includes
some useful information. For instance, if a
sideband signal is transreceived at 20 db
over 59 and the unwanted sideband is sup
pressed 50 db (Swan's spec for their 350C)
the unwanted sideband wiII be audible at
about 55. The manual is a strong sales point
for the transceiver. Price: $420.00.

A power supply with speaker is available
for 117 vac operation, at $105, or for 230
volt operation at $115. Another supply with
out speaker is available for $65. For de mo
bile operation an ac supply can be used with
Swan's Converter Module, at $65, or the ac
supply can be left in the house and the Swan
operated from a complete 12 vdc supply
costing $130. The uew 500-C Swan described
below uses the same power supplies as the
350C.

SWAN SOOC
The new Swan 500C is similar to the

350C, but has been refined by the intro
duction of a pair of RCA's 6LQ6's, develop
ment of the drive mechanism, a new if fre
quency of 5.5 MHz, and an increased num
ber of tuned circuits in the receiver. All this
has upped the price from the 350C's $420
(the 3,50C is still in production) to $520 for
the improved model.

General technical specifications remain
about the same, but Swan mentions the new
6LQ6 final can usually get up to 570 watts
before Rat-topping. Also, the new Swan has
acquired a number of additional diodes and
two new tubes. One of these is a 100 kHz
crystal calibrator, optional in the 350C. The
new panel suggests other changes not men
tioned in the manufacturer's literature.
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Hallicrafters SR·400
Hallicrafters' SR-400 contains some in

teresting ideas in transceiver design. For in
stance, it has a noise blanker circuit that
turns off the receiver if when noise pulses
exceed a given level. This prevents over
loading and blocking, allowing the if to re
turn to operational condition in far less time
than would be required for an overloaded
circuit to recover.

The SR-400 comes in a 16J~" x 7~" x 15"
deep case. Power supply is external, and may
be Hallicrafters' PS-500 supply containing a
loudspeaker. or a de supply operating off 11
to 16 volts for mobile operation.

Transmitter linear power input is 400
watts PEP 011 sideband, or 360 watts maxi
mum for CVV. Distortion products are down
30 db minimum, carrier and spurious emis
sions 50 db below rated PEP output. An 800
Hz sidetone oscillator is provided for C\V
monitoring.

Tuning ranges cover 80 thru 10 meters in
eight 500 kHz bands. with the variable-tun
ing portion of the circuitry always operating
in the range of 6.0 to 6.5 MHz. The six-pole
crystal lattice filter is 2.1 kHz wide at minus
6 db, and 4.2 kHz wide at minus 50 db.
Frequency stability 'is better than 250 Hz
drift in the first hour and under 100 Hz drift
per hour after warmup.

Receiver sensitivity is better than 0.3
microvolts for 10 db signal to noise ratio.
Audio output is one watt maximum, and the
AVC control is at least 60 db input change
for 10 db change of output level. Price:
$799.95 less Power Supply.

Hallicrafters SR·2000
Squeezed into a cabinet the same size as

Hallicrafters' SR-400 we find a complete
kilowatt-type transceiver. It tunes all the
amateur bands, and runs up to 2000 watts
PEP sideband or 900 watts CWo
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Shown next to the transceiver is the special
power supply required. This supply is prob
ably about 50 pounds weight, and contains
metering as well as a loudspeaker for the
transceiver. T he metering is designed for
safety.

Tuning ranges and general performan ce
are very similar to the SR-400, evidently the
SR-2000's junior b rother. Cost is higher,
though , a t $1095 for the transceiver power
supply.

Drake TR.4B
Trying to get a TR-4B photo we wound

up with a TR-4 instead. However, the B
version is not very different. Fitted into a
case 1 0~" x 5~" x 14%" deep, this transceiver
uses 20 tubes, two transistors and eight
diodes. \Veight is 16 pounds, external power
supply required.

Transmitting specs are 300 watts PEP in
put to the PA in sideband operation, 260
watts C\\'. This transceiver can run A~I,

using screen modulation, with 260 watts
PEP input. VOX and PTT functions are
provided, and a transmitter ale circuit p re
ven ts driving the ou tput stage into non
linearity. For C\V, there is a sidetone oscil
lator.

The filter shape factor is extremely good.
Minus 6 db bandwidth is 2.1 kHz, and at
minus 60 db the bandwidth is broadened
out ( if you can call it that ) to 3 .6 kHz, for
a shape factor of 1.7: I.

Receiver sensitivity is less than 0.5 micro
volt for 10 db signal to noise, and audio out
put is 2 watts maximum. An rf gain control
also adjusts the effect iveness of the age sys
tem, which at maximum setti ng can main
tain the output within 3 db for a 60 db
change in input signal. That is, if the input
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increases from 1 microvolt to one millivolt,
you will just about hear the difference.

T uning ranges cover the amateur bands 80
thru 10 meters in seven 600 kHz ranges. The
solid state VFO is a linear permeabili ty tun
ing design , fixed at a coverage of 4.9 to 5 .5
MHz for all input frequency ranges.

An ac power supply is ava ilable at $99.95,
or a 12-volt de supply for $125. A new 24
volt dc supply has just been introduced at
$210, and this one carries a 110 VAC out
let for operating accessory gear. A remote
VFO and additional accessories for mobile
operation are also available. Price : $599.95.

Galaxy V
T hat frequency scale way off to the left

side of the panel looks as though it is about
ready to jump off. But by all reports the
users like it , and it seems to be a good ar
rangement for mobile work.

The Galaxy transceiver is rated at 300
watts PEP sideband or 300 watts CWo Upper
or lower sideband outputs are available, with
VOX operation with an accessory unit. Side
han d suppress ion is better than 55 db, with
the carrier 45 db down. Overall audio re
sponse in transmit ting is down 6 d b at 300
and 2400 Hz.

Receiver sensitivity is better than 0.5 mi
crovolt for 10 db signal to noise ratio. The
age system will maintain the audio output
within 6 db for a 60 db change in signal
strength. Over a 40 db range, the output is
essentially free from pops and pumping, and
these nuisances can be avoided over any
range with the help of the rf gain control.

The receiver audio output is 3 watts at
low distortion into a speaker impedan ce of
4 to 8 ohms nominal impedance. Price is
$420.00.
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HCX·SOO
National's new N CX-SOO is a surprisingly

light ( 15 lb.) transceiver, rated at 500 watts
PEP sideband, 360 watts C\V or 125 watts
A~l. An external power supply provides for
fixed or mobile operation.

Carrier suppression in the transmitter is
minus 50 db, and the unwanted sideband
is at least 40 db down. The transmitter is
designed to work into an impedance of 40
to 60 ohms. An ALe system prevents flat
topping from noises or too-loud speech. Side
band output is Lower on 80 and 40, Upper
on 20, 15 and 10 meters.

Receiver sensitivity is nominally 0.5 mi
crovolts for a 10 db signal/noise ratio. Full
AGe on receive, and audio output is 2 watts
into 3.2 ohms. 5 kHz dial calibration is the
same on all bands. The crystal lattice filter
operates at 5.202 ~IHz with a 2.8 kHz band
width at minus 6 db, and a 2.2:1 shape
factor.

The transceiver is 6=YJ.6" high, 13~"

wide and 11" deep. It front panel is ~~"

extruded aluminum. The AC-500 power sup
ply is the only one listed in National's liter
ature but since the rig comes with a mobile
mounting bracket a de supply should be
along very shortly. An accessory 100 kHz
crystal calibrator is available.

Priced at $399.95, the l\'CX-500 is avail
able from National Radio Co., 37 Washing
ton St., Melrose, Mass. 02176. The AC
500 power supply, which operates from ac
only, is priced at $95.00.

Collins KW M.2
The KWM-2 comes in a 14~" wide, 7~"

high , 14" deep case, light gray with a simu
lated leather front panel. Weight is 18
pounds three ounces. External power supply
is required.

Frequency coverage is in 200 KHz wide
tuning ranges fixed by a set of 14 crystals.
As provided, the K\VM-2 covers the amateur
bands from 80 thru 10 meters. For com
mercial or MARS operations the K\V~1-2A

carries an extra crystal board for an addi
tional 14 ranges. Except for this modification
the KWM-2A is the same as the KWM-2.

Power input to the final is 175 w atts PEP
sideband, 160 watts CWo There is no AM
capability. Carrier and unwanted sideband
are minus 50 db. Other engineering specs
are equally impressive, with the help of
special negative feedback design of the fin al
amplifier.

The receiver sensitivity is 0 .5 microvolt
for 10 db signal to noise. Selectivity is 2.1
kHz at 6 db, 4.2 kHz at 60 db down. Image
rejection is better than 50 db, receiver output
1 watt max. AGC holds audio within 20 db
for a 100 db input signal change from 10
microvolts to 1 volt.

Related gear is Ole external power supply,
$168; de external power supply, $235; 30L-1
linear power amplifier for 1000W PEP, $520.
Price: $1150.
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Great Things are>

• Happening with

C Verticals

Mosley's World-Renowned TRAP-MASTER t raps offer a new
dimension in Vertica l Performance ••• plus easy, low

cost installation. Three New RV -Series Verticals with the
Versatility of Six! New design - from the Simplified

Ground Mount I no longer is a concrete footing necessary)
to the addition of a 'Top Hat' where it counts most for

a low. low angle of roof-top radiation.

Trap·Master Verticals will take you places • • • Outstanding
Omni -Direc tional Rad iation - Top DX-Ability. Whatever
your needs, Mos ley has a New Hv - V er ti ca l des igned and

engi neered to g ive you a real 5.9 signa l.

• Model RV-3C for 10 . 15. and 20 Meter Bands
e Mode l RV-4C for 10. 15. 20, and 40 Meter Bands

e Mode l RV·5C for 10. 15. 20. 40. and 75/80 Meter Bands

For detai led Brochure on Specifications and Performance
Data, see your nearest authorized Mosley dealer . or write

factory direct: Dept. 170

.. I L"J1--J. • . " 4610 N. Lindbergh Blvd ..
"'II7SIS¥~.:maBridgeton. Mo. 63042
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30 Watt Transistorized

Transmitter
Roy E. Gould W5PAG
4748 DeBeers Drive
El Paso, Texas 79924

For several years I have b een interested in
transistorized transmitters and have read all
the magazine articles I could find on the sub
ject with interest. The first transmitters I
read about were very low power, but the
power has slowly been rising. The biggest
problem in building a transmitter that puts
out very much power has been in locating
a suitable transistor for the final.

I have been disappointed until recen tly
in finding an Inexpensive transistor tha t can
handl e much power at amateur frequencies .
Several months ago I lea rned about the
Texas Instruments TIP 14, which has a 10
watt power rating and sufficient frequency
response to be a good 80 meter amplifier.
It doesn't cost a fortune, only 81.50. After
learning of the existence of this transistor, I
couldn't resist building a transmitter with a
pair of them in the final.

This article describes that transmitter, a
30 watt, 80 meter C\V rig. While 30 watts is
not high power it is sufficient to do a good
job when conditions are favorable and is
relative high power for amateur band tran
sistorized rigs. The fina l uses a form of e-net
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coup ling, an unusual circuit In amateur
transistorized rigs.

The circuitry
The oscilla tor is crysta l contro lled and is

otherwise untuned. The circuit is simple and
a major component in the circuit is the
transformer. This transformer is wound on a
toroid core. The primary is connected to the
co llector of the oscillator transistor. A feed
hack winding excites the crystal and the
remaining secondary drives the next stage.
The 47 ohm emitter resistor raises the inp ut
impedance of the stage to a level the crysta l
can work into easily.

The use of the toroid allows the build ing
of a small circuit, makes tuning the stage
unnecessary, and greatly reduces fee dback
from the final tank coil. These are important
considerations when building the transmitter
into a small cabinet. The cost of the toroid
core is about the same as that of a tuning
capacitor.

The oscillator stage can also be used as an
amplifier and can be driven by a vfo. I used
a Knight tube type vfo that has a no-load
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Fig. 4. Circuit diagram of the transistorized transmitter.

outp ut voltage of 110 volts rrns. The vfo
voltage is fed to the base of the oscillator tran
sis tor through an attenuatar network to ob
tain a drive voltage the stage can safely work
with . The circuit works well and greatly in.
creases the flexbiJity of the transmitter.

T he driver stage is basically an emitter
follower and isolates the oscillator from the
final and drives the final from a low imped
ance source. The driver transistor is opera ted
with no bias and amplifies only the positive
portion of the input voltage. \Vhen there is no
drive, the transistor draws no current. The
stage provides no voltage gain, but does give
current gain.

The final amplifier is a parallel class-C
amplifier. T he collectors and bases of the two
T IP 14's are connected together but the
emitters go to ground through 1 ohm
resistors. The main purpose of these
resistors is to divide the collector currents
evenly between the two transistors. This
helps to minimize the effect of using two
transistors whose gains are far from equal.

The rfc p rovides a de connection to
ground for the base circuit of the final tran
sistors, placing a small reverse bias on the
final transistors. Since transistors don't con
duct unless base current flows, no collector
current will flow unless drive is applied

Proper tuning is indicated by an rf volt
meter. The rf voltage is rectified and the
pulsating d c is applied to the tuning meter
through a resistive volta ge divider. Proper
tuning is indicated by maximum indication on
the meter.

The Texas Instruments TIP 14 transistor

is ideal for use in an 80 meter power am
p lifier because it has a minimum F, of 40
~IHz and has a power rating of 10 watts up
to a temperature of 75 °C. I t is fu rther attrac
tive because it costs only $1.50.

Since the TIP 14 is rated a t 10 watts up
to a temperature of 75 °C, it can handle more
power than most transistors with a 10 watt
rating. This is because most transistors a re
rated a t their maximum power level at 25 °C
(room temperature ). Above this temperature ,
the power rating of the transistor decreases.
Because the transistor ordinarily has to be
above room temperature to get rid of the
power it is d issipating, its power ra ting is
reduced . The T IP 14 need not suffer any d e
crease in power rating because with a good
hea t sink, its temperature can be kept below
~- OCI:> •

The combined power dissipation ra ting of
the two TIP 14'5 used in the final is 20 watts ,
and if the efficiencv of the fi nal were 50 per-• •

cent, the power input to the final could be
40 watts without exceed ing the power rating
of the transistors. In a breadboard circuit,
the power output from the final was measured
to be sligh tly over 19 watts and the power
input was nearly 40 watts . The transmitter
described in this article cannot deliver that
much power because there is not enough
drive for the fina l. The breadboarded d river
circuit would not work in the small cab inet
used because the transmitter oscillated se
verely in the close quarte rs. A different driver
circuit was devised and it cannot drive the
final to full outp ut.
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Figure 2. Basic -e-neuoork used as the final lank
circuit.

Top view of the inside oj the transmitter. The tun·
ing capacitor is moun ted on the top and back oj
the loading capacitor and the tank coil is glued to
jour plastic moun ting rods.

Construction

Good high frequency construction tech
niques should be used. The oscillator cir
cuitry should be separated from the final
tank coil as far as possible to avoid unwanted
oscillations. A wire connection sho uld be
used between ground points rather than re
lying upon the chass is connection. All b y
pass capacitors a re disc ceramics excep t the
0.1 «F capacitors wh ich are made with
Mvlar.

The tuning capacitor must be electrically
insulated from ground. The section of this
capacitor that is connected to the shaft
should be connected to the high side of the
loading capacitor because the voltage a t
this point is not high . Preferably, the shaft
should be insulat ed from the knob.

The oscillator transistor does not require
a heat sink, but the driver and fin al tran
sistors do. The driver transistor is easy to
heat sink because its case has a mounting
flange. I bolted a piece of aluminum to the
top of this transistor using silicone grease to
increase heat transfer. The TIP 14 tran
sistors are easy to mount with one screw.
They are encased in plastic and are mounted
with a mounting tab which also p rovides the
connection to the heat sink. This tab is in
electrical contact with the collector and must

sistors. The basic e-net circuit I used is
shown in Fig. 2. The basic difference be
tween this circu it and the one normally used
for tubes is that the input element is the
induc tor and the horizontal element is the
capacitor. The input impedance across the
inductor is high but a tap near the hottom
of the coil p rovides the imped ance trans
formation needed to match the load to the
transistor.

The w-ne t used in this rig was designed
to match 5000 ohms across the inductor to a
resistive load of between 25 and 100 ohms.
The coil is tapped near the bottom of the
coil at a point which presents a load of 30
to 40 ohms to the fin al transistors. The tank
is designed to have a Q of 15.

A tank using the same circuit could be
used with tubes but ord inarily would n' t be
because there is no advantage over the con
ventional circuit, and the tuning capacitor
has to be isolated from ground. Isolating the
tuning capacitor fro m ground is not really
a serious disadvantage however, and creates
a problem mainly in mounting the capacitor.

Le'.LOAD ING II

..

The tank

Perhaps the largest stumbling block for
the designer of t ransistorized transmitters is
the requirement that the final must operate
into a relatively low impedance load if a
very large amount of power is to he obtained.
Tank circuits conventionally used in tube
circuits are not practical because very large
values of capacitance and low values of in
d uctance are required if a tank with a low
input impedance is to be ob ta ined. The
often used e-net in its common fonn could
provide the required impedance transform»
lion but is not very practical because very
large tuning capacitors in the 0.01 «F range
arc required. Two e-ncts could be used back
to back but th is is not very handy because
three controls would be required. The usual
tank used by amateurs is a simple L-C cir
cuit with two taps on the coil; one for the
fina l and one for the antenna. This works
but has the disadvantage of requiring an
antenna tuner or of finding the proper tap
points b y trial and error for the antenna to
provide a proper load.

I have always liked the -r-net as the tank
and coupling circuit for final amplifiers be
cause of its flexibility and ab ility to ad just
to changing loads. Therefore, I tried to de
sign a a-network tha t would work with trau-

t
INPUT

j
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Most 01 the parts used should be easy to
obtain, however, the RCA 40392 transistor,
the toroid core and the TIP 14 transistors
may be difficult to obtain locally. All are
listed in the Newark Electronics Corporation
Catalog No . 68. The 40392 costs 91 cents,
the TIP 14 costs $1.50 and the toroid core
costs $1.20. The ~ inch diameter toroid core
is manufactured by the Indiana General
Corporation and is made of Q-I material.

I built the transmitter except for the
power supply in a 3 x 4 x 8 inch Bud Mini
Cowl cabinet. There is plenty of room in this

MINI·LAB
Here is a complete test laboratory all in one
package! A modern miracle of electronics.
This one unit contains an AC-DC Voltmeter :
50 , 150, 500 volts; 0-500 rnA; 10K, lOOK , 1M
ohms; resistance and capacitance substitu
tion; 9 vdc battery supply; R F Signal gen
erator 455 kHz (an d up to 700 kHz); p lus
an audio generator at 400 Hz. You can serv
ice just about anything with this lab. You
can signal trace and align receivers and
trace audio systems. speech equipment. hi-fi
and tape recorders. This is probably the
single most useful piece of test equipment
ever to come a long.

Distributors and Reps Wanted!

Please write to J ohn Kneela nd , Sales Man
age r about handling this fi ne line of im
ported test eq uipment.

SPECIAL $24.95

Table 1
Toroid Transformer Data

' Vinding No. of Tum ' Vire Size

Primary 16 26
Output 9 32
Feedback 14 32

. ...

If your local d istri butor does not handle the DGP line you
may orde r direct from Red line, J affrey, N.H. 03452. Please in
clud e a little extra for posta ge charges.

•
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ONLY $22.50
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Here is a n exceptional
value. Th is solid state
signal tracer will make
servicing of your re
ceiver. AM/FM and TV
very easy. Comes com
plete with shielded prod
and clip cord . Self-pow
ered. S i x t ransistors.
fou r diodes a nd o ne
thermistor. B u i I t in
speaker and ZOO u A
meter. Attenuator 20-40
60 dB. Gain over 70 dB.
Outputs for 8 and 600
ohms. You can track
down the t rouble in a
receiver in minut es wit h
t h is little u n it.

TRANSISTOR
DC SUPPLY

This power sup
p ly w ill operate
transistor radios
a nd ot he r de
vices under re
pair or where
batteries are a
drag to replace.
Voltage range:
0-20 vd c contra -
uously variable. Meter ranges: 0-20 vdc. 0-20
rnA. O-ZOO rnA. Maximum current capacity:
150 mAtZO v or ZOO mAflO v , Pilot lamp. AC
ripple : less than .25 mv rms. Fused. Has
built in power transformer and 30 watt
power transistor. Built for continuous duty.

ONLY $16.95

be insulated from the cabinet on which it is
mounted. I mounted the two final transistors
on the inside of the front panel using mica
and silicon grease. One reason I mounted
them on the front panel was to make it easy
to test their temperature with a finger. With
the low voltages used there is no shock
hazard, but slight rl burns can occur. (Don't
touch the mounting screws when the key is
down.

The transformer used in the oscillator is
wound on % inch diameter toroid core.
Winding data for this transformer is given
in Table 1. The transformer must be con
nected with the polarity indicated in Fig. 1
if the oscillator is to operate properly.

The final tank coil, Lh was made from a
one inch diameter Miniductor with 16 turns
per inch. The coil has 29 turns and the final
transistors connect to a tap 3;2 turns from
the bottom 01 the coil.

SIGNAL TRACER

co. P. 0. box 231 JAFFREY, N. H. 03452
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Figure 3. Schematic diagram of th e power supply.

Final comments

This is not a high powered rig, but it has
been a good performer for me. I used it with
a quarter-wave antenna about 20 feet high.
My best DX was with a station in Washing
ton state. an airline distance of about 1500
miles. It should do as well for you.

. .. W5PAG

apply over 60 volts under any circumstances.
The de from the power supply should be
fused with a 1 ampere fast blow fuse to
protect the final.

A ground and a good antenna, preferably
a half-wave dipole, should be connected to
the transmitter. Even though the final uses
w-net coupling, it cannot match badly mis
matched loads. If a badlv mismatched load
is to be matched, an ext~rnal antenna tuner
can be used or the tap on the final tank
coil could be changed.

An aclive 80 meter crysta l should be
plugged into the crysta l socket or a vfo into
the vfo socket. Mo~t crystals should operate
satisfactorily in the circuit. If a vfo is to be
used, its no-load output voltage should be
near 110 volts rms. If it is much diffierent
than 110 volts, the value of the series re
sistor in the attenuator network (4.7 Kn on
the circuit diagram) may need to be changed.
If there is too much drive, increase its value;
if there is not enough, decrease it.

The only controls on the transmitter are
the final tuning control and the loading con
trol. The final should be loaded by first com
pletely closing the loading capacitor. Then
tap the key and turn the tuning knob until
maximum voltage is indicated on the tuning
meter. Then turn the loading control until
maximum voltage is indicated, followed by
again peaking the voltage with the tuning
control. After the maximum voltage indica
tion has been obtained by alternately adjust
ing the tuning and loading knobs, the rig
should be ready to operate.

The power input to the final can be de
termined by measuring the input power to
the entire transmitter and subtracting 4
watts, the approximate amount of power con
sumed by the oscillator and the driver. The
efficiency of the final is about 50 percent, so
the output is about one-half the input power.

A~k no....· It'd" t' men t

The a uthor is indebted to Mr. Brice for t ak ing the
photoR'raph, .
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cabinet although the construction is fairl y
compact. The final tuning capacitor is
mounted on the back of the loading capaci
tor. Since a shaft extension was needed, I
used a piece of polystyrene rod for the ex
tension, which insulated the knob from
the ri,

The oscillator and driver stage could be
built on a printed circuit board or on a
vector board, but I used two, five terminal
strips to build these sections. There are not
many connections and this is an easy way
to build the circuits. Most of the components
in the fin al are mounted to the cabinet and
a two terminal strip was required to wire
this section.

The power supply

The power supply uses two 24 volt fila
ment transformers with the secondaries ccn
nected in series. The secondary voltage is
rectified by four diodes in a bridge. The
voltage is then regulated by the transistor,
whose reference voltage is fixed by the
Zener diodes. The voltage is then filtered by
the 2000 " F capacitor.

The power supply works well and the
regulation is good . The Zener diodes I used
are actually a litter higher in breakdown volt
age than their rating indicate, and the no
load output voltage is 47 volts. The output
voltage with a 1 ampere load current is 43.5
volts and the percent ripple at this current
is 1.4 percent.

The construction of the power supply is
not critical. The main problem is getting
the secondaries in series so that their volt
ages add. If the voltage from the two sec
ondaries in series is nearlv zero reverse the- ,
con nect ion to one winding.

Operation

The transmitter should be connected to a
fairly well regulated power supply capable
of delivering 40 to 50 volts at I ampere.
The transistors have 60 volt ratings so don't
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That's right-simultaneous dual receive! Un like any other transceiver/ VFO
combination, the SR-400 Cyclone and HA-20 VFO lets you " Double-Team"
the competit ion in any OX contest. You ca n "Band-Scan" for a second
contact w hile yo u are working another. You can set VFO's on tw o separate
OX stations. receive both simul taneously, and be instantly ready to "Tail- End"
on either station. And of cou rse, Hall icrafters' winning perfo rmance featu res
don't stop here. Get in front of th is rig and you'll know. Hall icrafters has bui lt
another "great one" in the fine tradition of the HT-32 and HT-37.

-

ps: Want simultaneous dual
receive with 2 KW on SSe?
Put an SR-20aO in your
shack.

A Subsidiary of Northrop Corporation

600 Hicks Road. Roll ing M eadows. Illinois 60008



The Care and Feeding

o a Ham Club-VI

Carale Allen WSNQQ
308 Karen Drive
Lafayette, La. 70501

Do Something Different!

Variety is the sp ice of radio club life,
and some of the country's most active groups
credit their successes to their special proj
ects. The Stuyvesant High School Radio Club,
for instance, distributes "The Groundwave,"
a publication acquainting over 1000 area
residents with accomplishments in the elec
tronics field.

The RAMS of California decided to equip
its members with as many hand-held trans
ceiver type emergency units as possible.
They also assisted an invalid boy in getting
his novice license and setting up a station.
Since there are countless hams around the
country who cannot see or move about to
erect antennas, construct equipment, or main
tain it, one of the most worth-while projects
a club can choose is to aid a handicapped
ham in keeping his station in running order.

Volumes could and should be written
about groups such as the San Gabriel Valley
California club who developed a satellite
tracking receiver in 1957 which was nation
ally recognized . The receiver design incor
porated a principle which was soon being
used by U.S. tracking stations.

Along this same line, club participation
in satellite tracking and high frequency com
munication offers the ultimate in electronic
adventure. Information on transmitters, re
ceivers, antennas , frequencies, and all the
necessary scoop is available from the Ameri
can Radio Relay League. Newington, Con
nect icut. Project Oscar (Orbiting Satellite
Carrying Amateur Radio) launched Decem
ber 12, 1961, was a grand chance for a
club to listen with collective ears for the
Fading HI it sent on its orbits.

Back to earth, there are smaller projects
to be undertaken that are just as rewarding.
Club stations can be constructed, permanent
antenna installations completed, emergency
power plants set up, trouble-shooting gear
bought. and other jobs that are too big for
one but just perfect for many.
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And as a strictly-far-fun project, the Pos
sum-Trotters, a club with headquarters at
Paris, Illinois, bought matching hamfest
shirts in bright yellow for every ham and
famil y member from baby to grandpa. Every
summer. they pack picnics and "caravan"
together to hamfests.

Whether it's big or small, pick a project
and see the club light up!

Double "Trouble"
If your club has a high percentage of

"live wires" and an extra portion of pep.
why not sponsor a hamfest or a convention
some time? Sure, either one takes a lot of
work, but it can also be fun . And just in
case you're thinking you need a hundred
members to try something big, take a look
a t the Starved Rock Radio Club of Ottawa,
Illinois. Here in the Midwest scarcely more
than a dozen hams put on a hamfest every
June for over 5000 persons. Admittedly, the
more workers the easier the job, but the
point is that a tiny club can sponsor either
a hamfest or a convention if they put their
minds and shoulders to it.

A convention can be called more of a white
shirt and tie affair while a hamfest is a
shirt sleeve gathering with families and pic
nic baskets in the great out-of-doors. Wea
ther, of course. is a very vital factor at a
hamfest while a convention is usually held
in a hotel and lasts two or three days re
quiring an hour by hour schedule of forums,
lectures, exhibits, luncheons. banquets, and
speakers.

Aside from these basic differences, much
of the same planning goes into both events.
For instance, most of the committee chair
men, listed below, would also be needed to
promote a hamfest:
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CONCORD NH 03301

FONE 603·225-3358

We ma inta in the lo .g u t l tock of \ned equ ipment
in the North.a$t - En'il ineer;n'il Oepartment - Time
Payment Pia... a vailable.

....._ W RITE FOR LATE ST CO MPLETE LIST

lOX 893

~(,t(JlH4 RADIO

. . . plus many more nationall y
advertised standard brands .

"~""~""""""""",,#,q,,qq,q,,

CAN I GET A PRIZE
WITH MY RENEWAL?

Yes • • • if you bring a friend.
Your renewal (or extens ion of subscrip

t ion) plus a new subscript ion for a friend
is t he key t o the prices given below. U SA
or APO onl y. And plea se send us the ad
dress f rom your wrapper. A ll items a re
postpaid unless marked FOB.

your cost
I. Digital clock with date ($50) _ _ $38.00
2. Cadon Digita l desk clock ($25) ._. ._......•_ 15.00
l . Rotatlng three tier parts b in ($5) _ f e
4. K&E Slid e Rule 1$5) _ _ free
5. Ins id e· outslde thermometer ($5 ) .._.._ _....... 1.00
6. Rand.M cN a lly Imperial Atlas ($ 13) 4.00
7. Rand-M cNally Mage llan Globe ($14) 6 .00
8. Car blanket with case ($12) free
9. 15 TransIstor AM/FM bat .-ac (US ) . 18.00
10. AM/FM-Clock ($65) 30 .50
II . Lamp-clock-radio ($35) _ 18.50
12. 13" Hammond world g lobe ($1) ) 5.00
I) . 13" Hammond lighted 9 10be ($1 7) _ 8.00
14. 18" Hammond world 9 10be ($17) ..__ 10.00
15. 18" Ha mmond lighted globe ($25) ._.. ._ 12 .00
16. Po la roid Big Swinger camera ($25) _.._ _.._ 17.90
17. Po laroid 215 camera ($56 ) •..•.. _ _ 43.00
18. 4-d ra wer desk 1$45) (FOB! .__.. . _ 24.00
19. Encyclo pe dia I 1601 (FOB .._ _ __ . ._._ 52.00
20. Ca sse tt e tap record e r (S45 _ 30 .00
Send us your address from your wrapper ,
the name, ca ll and address of your f riend
on a 3 x 5 card who gets t he new one year
subscr iption t ogether with $6 f or your one
year renewal, $6 for your friend and the
amount for one of the above "g-ifts" .
USA-APO only. Offer expires December
31, 1968,

General Chairman
Vice-Chairman
Publici ty
AREC and RACES
ARRL Booth
Exhibit Manager
Finance
Ladies Program
Awards Booth
Registrations
Mobile Judging
Hidden Transmitter Hunt
H ospitality
Programming
Parking

If you and your club are "newcomers" in
the sponsoring "game: ' irs good to take a
look at other clubs. Hit the road for every
hamfest and convention you can find . T ake
a notebook along and jot down ideas you
like and those you don't. \Vhoever said to
profi t by other's mistakes must have planned
a hamfest .

The D ayton Hamvention and many other
large gatherings are held year after year
resulting in committees of cool-headed vet
erans who can meet any emergency. But,
for the most part, conventions are spon
sored once-in-a-blue-moon by a group or
council of clubs. Enlisting the help of ten
or twenty clubs and coordinating all the vol
unteers is a challenge; in fact, the General
Chairman has to be a "miracle worker" to
organize all the groups and come up with
cooperation.

A small club actually has the advantage
here because all the members know each
other. Around a metropolitan area, there arc
so many hams that few are well-acquainted,
and the Gene ral Chairman has to introduce
his helpers right off the bat.

The first big machine to roll is pushed
by the publicity people since hams have to
know before they go. Individual mailings
may be expensive but they're vita l in order
to get dates and rates around. Notices in
magazines and signs erected at events earlier
in the year are effective with last minute
mailings to jog an absent minded ham's
mind.

George Griffis, K7EIS, was Promotion
Chairman of the ARRL's 25th Annual Con
vention September 1, 2, and 3, 1962 at Port
land, Oregon. Knee-deep in planning, he rc
ports that a skeleton group of eight men
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A regulated DC supply for
any application ...or budget

Model PZ-121
.5·15V @ 100ma

• Input: 11O·125v 60 cy
• Regulation: ='= .2v
• Ripple: 5mv
• Size: 6lA x 3% x 2
• Weight: 2 Ibs. (shipping)
• Protecte d agai nst short

durat ion short circuits
FACTORY ASSEMBLED $19.95

KIT $15.95

-
Model PZ-131C
.5-15V @ 350ma

• Input: llO·125v 60 cy
• Line Regulation: "'" l Omv
• Load Regulation: 50mv
• Ripple: 1rnv
• Impedance: .2 5 ohm
• Size 4 'h: x 2 '12 x 4
• Weight: 3 Ibs. (shipping)
• Elec t ron ic cu rrent limiting

$39.95

-Model PZ·241A
.5-25V @ 1 amp

• Input: llO·125/220 ·250v
50-60cy

• Line Regulation: :I: l Omv
• Load Regul ation: 50 mv
• Ri pple Imv
• Impeda nce : .l ohm
• Size: 5 V2 x 3 x 7
• Weight: 6 lbs. (shipping)
• Adjustable electronic

current limi ting
• Remote sensing

$69.95
SAME DAY SHIPMENT ON MOST ORDERS.

Terms: Cash. Ra ted f irms. ;nst itutions-I'let 30 dllYs. COD orders. requ ire m il'l imum $5.00 deposit . Prices F.O.B . St. Paul (include posl aKe)

COMPLETE LINE OF LOW COST POWER SUPPLIES. WRITE FOR OUR CATALOG.

were carryi ng the ball there. Starting at the
top is an Executive Chairman, then the
Council Chairman of radio clubs in the Port
land area, with Chairmen of Registration ,
Promotion, Program, Finance, and Entertain
ment and a Convention Manager, too. Be
hind the scenes are dozens of assistants and
just as many pati ent XYL' who spent many
a lonesome evening and probably wound up
at the registration desk or working on the,
women s program.

Decisions by the hundreds face the folks
who organize hamfests an d conventions, and
since at least 75 per cent of them involve
money, the first thing to do is get financial
feet on the floor. Ideally, the committee
should strive to keep prices as low as pos
sible- not only for registrants but for man
ufacturers who sign up for booths and ex
hibits. Money doesn't grow on anvbody's tree
not even the fellow who represents the hot
test selling rig in the country. Sure, manu
facturers make hay among crowds of pros
pective check-writers, but let's face it, they
have a load of expenses for transportation,
meals, tips, rooms, and you-name-it. Since
no big affai r is complete without exhib its of
new and surplus eq uipment, it seems only
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fair that factory reps and their budgets
should be handled with kid gloves.

Along this same dollar-sign line is the
price of registration. "The lower the better,"
most hams agree, but obviously a conven
tion held at a hotel where minimum pay
ments must be made, come rain or shine,
will cost more than a hamfest held in an
open pasture. Those who like conventions and
can attend them regularly expect to pay,
but if entrance fees can be kep t down , a
greater number of hams will probably flock
in to enjoy the exhibits and forums. The
treasurer may get nervous about the lower
charges, but not when he finds himself open
ing the cash drawer twice as often to take
in registrations.

Prizes, of course, are a "must" and two
important poin ts to ponder are (l ) how to
get 'em and (2) how to get rid of 'em. Prac
tically every manufacturer or businessman
in the electronics game is prepared to do
nate a raft of prizes every year or offer
some kind of "mark-down" on new equip
ment. It's up to the committee to decide
whether to put all the eggs in one basket and
give a complete station as firs t prize or to
buy lots of small prizes to accompany the
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donations. Unless you have personally waltzed
out of a convention or hamfest with a $1000
prize, you'll probably agree that the more
pnzes awarded, the happier the hams in
volved.

It's going to take time to award a lot of
loot. and many pnze chairmen advocate
hourly drawings to get rid of small prizes,
saving the big stuff until last. This elimi
nates a three hour drawing of log books.
single tubes. and screw drivers while an
an tsy audience boils in the sunshine or
fidgets about getting the suitcases out of
the hotel room before check-out time.

Anyone who's been through the mill will
tell you that it would take at least ten
volumes to describe every phase of planning
for a hamfest or convention. And, beside
that, the best way to learn is to get into
the swim of things. In short. if you and
your club aren't afraid of hard work, late
hours, and last minute jitters followed by
feelings of real accomplishment and wonder
fu l memories, take some advice from our
astronauts, and CO! ... W5NQQ

TRADE EVEN
NEW BOXED SWAN 500C WITH
117XC POWER SUPPLY FOR ANY
OF THE FOLLOWING SURPLUS IN
GOOD CONDITION.

TEST E9UIPMENT: SG- IA/ ARN W ITH pp_
348, SG-2/GRM-4, SG-13/ARN, UPM-98, UPM
99. ARM.22, ARM-2S, ARM-47, HlI-103A.
ARC H-14A, MD-83A/ARN, HEWLETT.PACK
ARD 606A, 6080, 612A, 618A, 620A, COL
LINS 4795-3, 479T.2, 477U-2, 678Y-3, TEK
TRONIX 535A, ETC.

AIRBORNE E9UIPMENT: ARC.51, ARC-54,
ARC.94. ARC-102, ARC-I34, RT-220C/ARN-2 1,
61 8T, 6185, ARN-83.

RECEIYERS: R·390A/URR WITH DUST COV
ERS.

Write, wire, phone (813) 722.1843, Bill
Slep, W4FHY, if you have any of the
above and we will trade even!

SLEP ELECTRONICS COMPANY
2412 HIGHWAY 301 N.

ELLENTON, FLORIDA 33532

MERRY CHRISTMAS!
Yes.

ALREADY?

YOU SEND A CHRISTMAS GIFT
SUBSCRIPTION TO 73 AND WE
WILL REWARD YOU WITH AN
ABSOLUTELY FREE COPY OF
OUR GIANT DX HANDBOOK WITH
WALL MAP OF THE WORLD!

Name Call .

Address .

City 5tate Zip _

New sub Renewal (Please send
address from wrapper if possible).

GIFT SUBSCRIPTION PLUS DX HANDBOOK TO YOU

Your name __ _ Call _ .

Addre55 _ _ _. _.. _.. _.. _ _._ .

City _ _ State Zip .

.•• TOTAL $6.00!

W hile you are a t it
enter a new or
renewa l sub for
me for $5 per year.
(Please enclose label
from wrap per on re
newals)

•

Gift subscriptions will start with the January issue. Gift note will be sent too if desired.

73 MAGAZINE PETERBOROUGH NEW HAMPSHIRE 03458
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Getting Your Higher

Class License
Part IX-.More on Transmitters

Much of the technical content of all our
license exams deals with the proper adjust
ment and operation of transmitters. This
month, we'll wrap up the last of three in
sta llments covering the Advanced Class tran
mi tter-oriented questions.

The specific questions we're covering this
time are as follows (numbers, as always,
are those from the FCC study list ) :

28. How does a Full-wave bridge rectifier
operate? \ Vhat is the schematic diagram
of this rectifier circuit?
43. Define frequency deviation in F~I

transmission.
49. How should a linear amplifier be ad
justed for linear operation?
50. How is the power output of a 100·
percent modulated AM signal related to
the carrier power?
51. Why does a type 6146 tube have three
prongs connected to the ca thode?
As you can see, this is somewh at of a

Mulligan stew of sub ject matter; the power
supply question could just as easily have
been d iscussed und er the h eading of "re
ceivers" and the remaining ones include de
sign, adjus tment, and operating techniq ues.
However, we'll try to follow our usual
practice and rephrase the quest ions into
hroader ones covering not only the specific
details asked in the study list but as many
related points as possible.

In order to define "frequency deviation"
a knowledge of all the special terms used
to describe FM is necessary. Our first ques
tion thus becomes "What Terms Are Used
To Describe FM and What Do They Mean?"

Adjustment of linear amplifiers is in
cluded in the answer if we ask "How Are
RF Amplifiers Adjusted For Proper Opera
tion?", so that becomes q uestion number
two for us.

The full-wave bridge is only one of the
popular power-supply circuits . Question num-
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bel' three therefore is "What Are The Pop
ular Power Supply Circuits and How Do
They Work?"

Multiple cathode conver tions on the
6 146, again, are only one example of some
of the practical problems of tube design .
All can be answered if we find out "\Vhy
Are Tube Pins Connected As They Arc?".

And finally, power output of an A~l sig
nal when mod ulated is just one (1f the fac
tors involved in determining the power out
put of any rig. "\Vhat Is Output Power,
Anyway?" wraps them all up.

Ready for our modified question list?
Let's go!

'Vllat terms are used to describe FM?
What do they mean? While the theoreticians
insist that only two kinds of modulation
are possible-amplitude and angle- those
of us who must deal with the real ( that
is, non-mathem at ical ) world h ave q uite a
few more kinds to keep in mind. To n am e
only those more commonly used in ham
dom, there are CW, A~I , SSE, DSE, and
nl.

Each of these h as its own part icular
set of words to describe the essential char
acteristics of the modulation ; in C\V key
ing may be "hard" or "soft", A~I may
nvermodulate, ei ther type of sideband may
generate "buckshot"- and EM m ay do al
most anything.

Most of us have already learned th e es
sential words to talk about AM , CW, and
sideband just in the course of everyd ay op
eration . Unless you're an FM huff, though,
the ch ances are good that you aren't as
familiar with the F'M jargon-and that's
what this question is all about .

\Vhile it doesn't really work like this,
most of us find it easiest to think about
F~[ by visualizing: a carrier of steady pow
er b eing moved about in frequency by the
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audio which is modulating it. The rate at
which the carr ier frequency swings is de
termined by the [requencij of the audio,
and the distance from the center frequency
that it swings is determined bv the loucl-

•
ness.

In this oversimplified picture, a low-fre
quency signal and a high-frequency signal
(both aud io, that is ) will swing away from
center equally if both are equally loud. The
bass tone, though, will swing more slowly
than the treble.

While an AM signal can overmodulate and
cause objectionable splattering across the
bands, an Fl\I signa l canno t be overmodu
la ted at the transmitter. "Overmod ulation"
in F~I is determined at the receiver; any
time the signal swings across a wider range
than the receiver can handle, it is over
modulated. For legal purposes, the eq uiva
lent of A!\l's overmodulation is "excessive
frequency deviation" - or too wide a swing.
In the bands below 52.5 ~fHz, maximum
swing permitted is 3 kHz.

Now about those words. W e've been us
ing some of them so far. "Freq uency
swing" is the number of Hertz, kilohertz.
or megahert z that the signal moves from
one side to another. The bandwidth oc
cupied by the signal is equal to two times
its maximum frequency swing. "Frequency
deviation" is the same as "freq uency swing" .

"Modulation index" is another term em
ployed frequently in F~1. The modulation
index of an FM signal is eq ual to the fre
quency deviation divided by the modulat
ing frequency. That is, if your audio is a
3-kIIz tone and your deviation is also 3
kHz, the modulation index is 1.0. With
the same deviation but a modula ting fre
quency of 300 Hz, the modulation index
is 3000/300 or 10.0.

"Modulat ion index" also applies to AM but
is determined differently there-"modulation
percentage" is simply 100 t imes the "modu
lation index" in an AM transmit ter, so that
the maximum modulation index permissib le
in AM is 1.0 and the average is more like
0.3 to 0.5. The higher modulation index
atta inable in F1\'f is one of the advantages
of this type of mod ulation.

F~I is frequently divided into two classes
for d iscussion-"wide band" and "narrow
band". "Narrow band" always has a small
er modulation index (less frequency swing)
than does "wide band", but beyond that
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the terms "wide" and "na rrow" are stric tly
relative.

For instance. when hams talk of nar
row-hand F~l (NBF~I ) they mean FM with
less than 3 kHz frequency deviation or
swing. as prescribed by F CC rules for oper
ation below 52.5 11Hz. In this kind of con
versation, "wide band" means anything
with wider deviation than 3 kHz.

But in the two-way communications in
d ustry, "wide band" means anything great
er than 15 kHz or so swing, and "narrow
hand" is anything less. Thus a signal with
5 kHz swing would be "wide band" to a
ham and yet "narrow band" to a two
way man .

It gets worse. F~l broadcasting has a
maximum frequency deviation of 75 kHz
while TV's deviation (on the FM audio part
of the TV signal is 25 kHz. The TV audio
signal is sometimes called narrow-band since
it is not as wide as F~I broadcast. So it
a ll depends to whom you're talking.

We've used an 0 the r F~l term "cen.,
ter frequency", quite a bit already with
out defining it. That's the frequen cy of the
carrier when no modulation is present. ] t
gets its nam e because it's at the "center"
of the channel. Frequency deviation is to
both sides of the center frequency. If your
center frequency is 50.055 MHz, for in
stance, and you are using 3 kHz deviation,
your signal may swing from a low of 50.
052 to a high of 50.058 MHz as it is
modulated.

The fin al important term in F~I is "thres
hold"; FM signals have a special character
istic not found with any other type of mod
ulation. \Vhen they're strong enough, they
actually take over and suppress background
noise. They even suppress any interfering
signals on the same channel. Up until the
FM signal is strong enough to exercise this
"capture effect", though, you can't even
fi nd it.

The signal strength at which the signal
is "strong enough" is known as the "th res
hold" of the signal. It is determined almost
exclu sively by the modulation i~de~ of
the signal. The greater the modulation in
dex, the greater the signal you must have
to reach the threshold-but the greater will
be the noise suppress ion, once the thres
hold is reached.

For illustration, if an F~I signal has a
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Fig. 1. A typicai r/ amplifier circuit is shown al
lejt ; Audio equivalent al right. Ad justments are
drive (inpul circuit's , tun ing ioutput circuit} , and
loading (indicaled) .

justments, let's examine again how any such
amplifier works.

Fig I shows a block diagram of a typ
ical rf amplifier. This may be a linear, a
CW final, or a high-level modulated unit ;
it makes no difference. In fact, you could
even replace the input and output tank cir
cu its with transformers as shown in Fig. IB
and it would be a good audio amplifier (if
the tube voltages were properly chosen).

The tube amplifies the signal, by using
the grid voltage to control plate current.
The particular class of amplification (A, B,
or C) and a major portion of the ampli
fi er's linearity as wen will be determined
by the voltages applied to the tube.

The input circuit's main job is to pro
vide the desired amount of voltage swing
to the grid of the tube. Depending upon
the amplifier design, this circuit may have
to transform "power" input into voltage for
the grid, or it may merely have to transform
the voltage to a higher or a lower level
than that swing provided by the preceding
stage.

The output circuit has many jobs, but
we'll concentra te on only OTIe: it provides
the "transformer" action necessary to con
vert the plate current swing into rf power
at the right impedance level to feed our
antenna line. This normany involves an
impedance step-down, just as an audio am
plifier ends up at a transformer which
steps the output tube's impedance down to
match a speaker's voice coil.

When this step-down is correct, the out
put circuit provides a "Ioad" for the tube
-and the choice of voltages for the tube
depends in part upon the load seen by the
tube. Thus an three major parts of this cir
cuit interact with each other, and no one
can operate properly unless both the others
are also in the right ball park at least.

An aud io amplifier is a broad-band de
vice; the average stereo console amplifier
handles a frequency range from below 50

\8---~\r~--Armodulation index of 1 (such as a ham
N BFM signal), the signal must be about
3 db above the background noise for the
threshold to be reached. By the time the
signal is 4 db above noise, capture effect
has cut in and the noise is reduced another
4 db. This gives an 8 db signal-to-noise
ra tio, twice as good as that provided by
the signal alone.

If, however, that same signal had been
a ham ' VDFM signal with modulation index
of 4, it would have had to be at least 10
db above the noise level to reach the
threshold. The improvement, however, would
have been almost 15 db instead of just 4
so that the received signal would be 25 db
above received noise instead of merely 10
db. The total signal-noise ratio, in this case,
is 3 times better than that for the NBFM
signal.

How are rf amplifie rs adiusted for praper
operation? Like any other amplifier. an rf
amplifier consists of three major portions
-the input circuit, the amplifier itself, and
the output circuit. To operate properly, all
three of these portions must be functioning
as the designer intended.

The ad justments available to us as op
erators, though, normally affect only two
of the three portions. The amplifier itself
usually has no adjustments which we can
readily reach (although in some cases, bias
on the amplifier tube is adjustable) . Op
erating adjustments-for any rf amplifier,
linear or not-are usually limited to those for
drive, tuning, and loading. The drive ad
justment is a part of the input circuit, while
tuning and loading are in the output cir
cuit.

All rf amplifiers must be properly tuned
in order to opera te . This is accomplished,
as you probably are aware, by applying a
steady input signal and tuning for a pro
nounced "dip" in fin al plate current. The
only critical point here is to be certain that
the amplifier is tuned to the desired fre
quency rather than to some unwanted har
monic of the input signal-and that's a rela
tively easy check to make.

The differences in adjustments for the
d ifferen t kinds of amplifiers (CW , modu
lated AM, linear AM, or sideband linear)
show up most prominently in the drive and
loadiog controls, although loading and tun
ing adjustment do interact with each other.
Before we look at the details of these ad-
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Hz up to at least 15 kHz, which is a
300-to-1 ratio. rl power amplifiers, on the
other hand , are all relatively narrow-band.
Even a "broad-band" final which would
cover 80 through 10 meters without retun
ing would be covering only a 10-to- l fre
quency ratio. And the average final tuned
to, say, 3900 kHz is covering on ly about
a 3 kHz bandwid th, for a l -in-1300 ratio of
bandwidth to frequency.

The broad-banded audio amplifier re
quires a specially designed transformer to
p rovide its output Ci rcuit. H andling rl as
we do, we get out more easily. A simple
tuned circuit, if properly adjusted, docs
the impedance transformation for us. One
of the "proper" adjustments, though , is the
tuning. The other one is the "load ing"
adjustment, which actually adjusts the cou
pling between the amplifier and the an
tenna. The effect is to change the trans
formation ratio of the output circuit .

The tube's load , provided by the output
circuit, is electrically the same as a large
resistor. Adjustment of the "loading" con
trols varies the effective resistance. The
lighter the loading, the higher the effec
tive resistance. \ Vi th higher resistance, less
plate current flows and the "dip" when
tuning is extremely deep.

T he higher resistance also, though , means
less power ca n he transferred through the
circui t-or even produced by the tube in
the fi rst place. W ith light loading, the tuhc
is virtua lly loafing along and little power
is delivered to the antenna. This is bad for
any rf amplifier because all that potentia l
power's energy is still wandering around
the rig in the form of excessively high volt
age swings, and sparks may be expected
at the very least.

As loading is made heavier by increas
ing the adjustment of the loading control,
the effect ive resistance of the output cir
cuit goes down . As the resistance drops,
more plate current flows. The add itional
pla te current is able to p roduce more pow
er by using that high-voltage energy, and
the increased coupling which increased the
loading in the first place permits more of
that extra power to flow out to the antenna.

\Vith a normal class C amplifier (non-li
near ). standard pract ice is to crank up grid
drive until rated grid current flows, tune
the fi nal for the dip which indicates that
it is tuned to proper frequency, and increase
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loading until the desired amount of plate
current is indicated on the meter ( taking
care that the tuning remains correct, since
a change of loading will affect the tuning
adjustment also) .

If you're going all out for maximum pow
er, you may keep on cranking up the load
ing until the "dip" is virtually undetectable
in the belief that this is producing maximum
outp ut .

Unfortunately, when you get the effec
tive resistance of the output circuit down
to a much lower value than the designer
intended in the first place, the amplifier
actually puts out less power-although it
continues to draw more and more current,
as you would expect with less resistance.
This too is a condition to avoid; the ext ra
current isn't go ing to the antenna, but is
merely trying to mel t out your rig!

If maxim um power output is your goal,
you must have some type of relative power
indicator to tell how much is actually get
ting out. This can be anything from a S\VR
bridge in the feedline to a field-strength
meter-or even a pilot bulb coupled to the
Feed liue, not to the fin al tank where it won't
te ll you nearly as much. Then increase load
ing so long as the power output keeps
cl imbing-and stop!

Drive, the third adjustment, is relatively
uncritical in a class C rig. The only re
quirement is that there be enough of it.
Good operating practi ce indicates that there
should not be an excess of drive, which
will increase the chances of harm onic prob
lems. The grid-current ratings, though, are
not Gospels. Once the rig is tuned and
loaded properly, drive can be reduced until
a reduction in power output is just de
tectab le, and then increased about 20% above
this point. For C\V use, no increase is
necessary. If the rig is modulated, though,
addit ional drive is advisable in order to have
a reserve on hand for peaks of modulation .

So far we've looked at the three ad
justments for non -linear amplifiers. \ Vhat
happens to them if we are t rying to be
linear instead?

Tuning remains p retty much the same,
if we keep in mind that the permissibl e
operating range of the tube is much more
critical for linear than for non-linear use.
H the amplifier is p roperly designed, though ,
this factor will already be taken care of.

Loading is much more critical. Either
under-loading or over-load ing in the output
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circuit of a linear leads directly to distor
tion.

Drive adjustment also is much more cri
tical. Under-drive is no problem, but ex
cessive drive will lead directly to severe
distortion and splattering. Let's look at
these two adjustments more closely.

when a linear amplifier is not loaded
heavily enough, the effective resistance of
the output circuit is too high. At very low
levels of input signal this has no harmful
effect-but as the input signal increases
d uring transmission of even a single syllable
of speech, the too-high resistance sets a limi t
beyond which" output signal cannot climb.

The result is peak clipping, which gen
erates splat ter all over the bands and can
even put the suppressed sideband back on
to the signal.

As the load increases, by adjusting for
tighter coupling to the antenna, the effective
resistance of the output circuit decreases.
When it gets to the point at which the
amplifier circuit was designed to operate
as a linear, the maximum output power is
developed and distortion is minimum.

Increasing loading still more reduces out
put but does not add significant d istortion
until the over-loading is severe. Usually
the tube is damaged by excessive power
dissipation by the time this point is reached .

Distortion is still present in an amplifier
which is too heavily loaded, although it is
not so severe as in one which is under
loaded. The distor tion created by too
heavy loading is more usually in the form
of intennodulation or "third-order" distor
tion, which is not so obvious when listen
ing to the desired output signal but which
does put back in parts of the sideband you
went to such trouble to get rid of in the
first place.

While the loading of a non-linear am
plifier can be checked quite easily by means
of an output-power indicator, that of a lin
ear amplifier virtually requires oscilloscope
measurements of the signal. We'll go into
this a little later, since most im prop er op
eration of linears is due to maladjustment
of the drive rather than of load ing.

The drive adjustments are probably the
most critical ones in ad justment of a linear
amplifier. Excessive drive in a linear is a
sure way to generate a lousy and illegal
signal.

The idea, in adjusting drive to a linear,
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is to provide enough d rive for the arnpli
f ier to operate properl y yet not provide too
much. Since a linear's input signal may be
anything from no signal at all up to the
maximum perm itted by the drive adjust
ments, the condition of "too littl e" drive
simply cannot exist. All the adjustments have
to do with setting an upper limit beyond
which d rive cannot go.

In the ini tial adjustment of a linear
rig, each stage from the exciter on out to
the final must be adjusted individually. Only
after the lowest-power stage in the rig is
operating properly can you move on to the
next stage toward the antenna: Of course,
if you're adjusting a factory designed and
built unit, most of this will have already
been done for you.

In each stage, the drive must be adjusted
so that enough is available to drive that
stage to the full ra ted undistortecl output,
without driving it over the limit into d is
tortion. Once distortion is put into the sig
nal, at any stage, getting it back out is
like trying to remove one p iece of solder
from the middle of a molten blob on the
bench!

In many rigs, the output circuit for one
stage is a part of the input circuit of the
next. In these cases, the loading control
for the first stage is the drive control for
the second, and so forth.

\Vith such rigs, the "drive" control em
ployed for fin al operator adjustment is us
ually the audio gain control on the exciter.
To tune such a unit up-and the same prac
lice can be employed for any linear am
plifier- firs t apply an audio signal a little
stronger than your mike can ever develop
to the mike jack and ascertain that the
audio amplifiers in the exciter can handle
this signal without distortion.

When the exciter is adjusted to produce
undistorted output from such an input sig
na l, connect the exciter to the linear am
plifier and adjust the linear one stage at
a time until each, in turn, is producing its
rated output-still without distortion.

Should any stage prove incapable of p ro
clueing its expected output, check that sta ge
carefully. Try ad justing the loading for
that stage, as well as rechecking all pre
vious stages.

\Vhen the entire amplifier is tuned up in
this manner, it will he able to handle any
signal delivered by the mike in a linear Iash-
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is correct. Fig. 3 shows the hookups for
generating both types of displays. Fig. 4
shows some of the abnormal patterns you
may get with excessive drive, under-load
ing, or over-load ing.

'Vhat are the popular power supply cir
cuits and how do they work? Power supplies
show up in many places. In this question , we
aren' t even considering the transistori zed
power supplies used for mobile work. eith
er. But receivers, transmitters, and test
eq uipment alike share the requirement for
dc to opera te-and the wall plugs provide
us with ac. The power supply does the job

of changing the liS-volt 50-liz ac from the
wall plug into de of the proper voltage and
current characteristics to power our eq uip
ment.

All power supplies for this purpose em
ploy rectifiers. either solid state (silicon
diodes or selenium stacks) or tube type
(vacuum tubes or mercury-vapor tubes ) .
Most also employ transformers to adjust the
voltage level although some operate directly
from the power lines.

The job of the rectifier is to change ac
into de. Any individual rectifier element
operates by simply blocking half of the ac
waveform so that what gets through is all

Fig. 4. Typical patterns exhibited by linear ampli
fier with operation not normal. Refer to SSR hand
books for more detailed eiews ; these are to illus
trate the theory involved rath er than to provide an
operating guide.

ENVELOPE

=1= (§)
'-

o m O"o
LOOP

v SWEEP H
0

FRON
,.j.,

E XCITER

NORMA L

BOWTIE

ion. Lock all the adjustments excep t fi nal
tuning and d rive.

It should go without saying all these ad
justments should he made using a dummy
load , rather than with the rig actually on
the air. If a legal-limit amplifier is being
tuned in this fashion, it will be opera ting
at several times the legal limit d uring the
final stages of adjustment.

All that is now necessary to complete
adjustment on the air is to retune the final
and readjust final loading after connecting
the antenna, to the same operating condi
tions. This is easiest to do if, after the
initial tune-up, you red uce the audio gain
until the rig is operating at about half its
ra ted power. Note the audio gain setting
and final plate current. \ Vith steady-tone
audio, plate current will also be steady.

Then after connecting the antenna just
apply the same input signal with the same
audio gain setting, and load for the same
value of plate current. The same loading
conditions will automatically be estab lished.

From this point on, the only opera ting
adjustment is the audio gain control-which
determines the drive applied to the entire
rig.

To determine the proper settings, though ,
requires (as we mentioned earli er ) a scope
hooked up to view the output signal. Either
an "envelope display" or "bow-tic" pattern
ca n be used. Fig. 2 shows the output pat
terns to expect from either when everything

Fig. 2. Oscilloscope displays above are normal in.
dications of linear-amplifier operating properly.
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Fig. 3. Test set-ups [or both types oj disp lays. In
either case, tank circuit is tuned to operating ire
ouency and connected through a capacitor directly
to vertical deflection plate of CR T.
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Fig. 6. Full-wave circuit and waveforms.

\Vith the advent of the solid-state recti
fier 11 different type of full-wave circuit,
has come into popularity. (\ Vith vacuum
tubes, the circuit requires separate trans
formers for the rectifier filaments and so
was used only rarely.} This is the b rid ge
circuit shown in Fig. 7.

T he major advantage of the b ridge cir
cuit as compared to the older full-wave cir
cuit of Fig. 5 is that the full, transformer
secondary is used at all times . It also per
mits ful(~waYe rectification without requir
ing a transformer. The bridge circuit op
erates entirely by "steering" current flow.

For instance, at the point marked "I"
in the waveforms both rectifiers A and C
can conduct while rectifiers Band Dare
blocked. This condition continues until time
"2", and so current flows out of the bridge
as indicated by the arrow.

At time 2, the polarity 01 the ac input
reverses. This blocks rectifiers A and C, but
permits rectifiers Band D to conduct. Cur
rent out of the b ridge still flows in the same
direc tion.

At time 3, the ac polarity reverses again
and returns to the same condition that
existed at t ime 1. You can see that the
full uc cycle is steered through to th:
load, hut is always flowing in the sa~e ~l

rection when it reaches the load circuit.
F or half a cycle it flows throu gh rectifiers
A and C, and lur the other hall through
rectifiers B and D.

Most tube-type receivers use either the
full-wave circuit of Fig. 5 or the half-wave
circuit of Fig. 6 (if they are inexpensive
receivers withou t a power transformer ) .
Solid-state equipment, on the other hand ,
employs the b rid ge almost exclusively. Trans
mitter power supplies almost inv.ari~ble use
Full-wave rectification because It is more
efficient and is also easier to filter into
"pure" dc required by law. The c~oi~e b~

tween bridge and center-tap CIrCUItS. l S

about even, though, with medium-power rigs
more likely to use the bridge and high-power
equipment usually using center-t~p circuits
together with mercury-vapor rectifier tubes.

L
~,

INPUT I,,

1
LOAD

,,

OUTPUT V\ (\
Fig. 5. Hall-wave rectifier circuit and waveiorms.

going the same direction-and ~his accom
plishes the change. T he resulting de, al
though still pulsating at a rate related to
the frequency ' of the original ac, is all going
the same way. The filter circuit then
smooths out the pulsations to provide «pure"
de for our devices.

\ Vhile any individual rectifier merely
blocks half the ac waveform, rect ifier cir
cuits are divided into two classes called
"half-wave" and "full-wave" respectively.

The half-wave circuits operate just like
the individual rectifier; they let half 01 the
ac wave through and hold back the other
half.

The full-wave circuits, though, contain
several rectifier elements. These circuits
steer the nc waveform through one or the
other of the rectifier elements, so that both
halves of the waveform come out as de go
ing in the same direction. Since they use
the lull waveform, they are called lull-wave
circuits.

The most common full-wave circuit cheats
a little by using a center-tapped transformer
to reverse the direction of the ac current
flow. Only half of the transformer is in usc
duri ng any half-cycle, and the rectifiers
determine which half this is.

Fig. 5 shows the operation of th is cir
cuit in comparison to the half-wave cir
cuit' in Fig. 6. You can see that the cir
cuits are most similar. In both, rectifier A
begins to cond uct at the point marke~ "I"
in the waveforms and conducts until the
point marked "2". \ Vhen time "2" is reached,
rectifier A begins blocking current flow. In
the half-wave circuit, no current flows again
until time "3". In the full-wave circuit, rec
tifier B begins to conduct at time "2" and
conducts until time "3". However, rectifier
B is connected to the other side of the trans
former center-tap, and the circuit's elec
trical return path is through the center
tap. Thus the transformer is effectively
turned end-lor-end at time 2, and back to
its original position at time 3. Both halves
01 the input ac are used-but only hall the
transformer is in use at any given instant .
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IS soon reached, for any particular tube
design, beyond which the inductance of
each lead cannot be reduced .

Three resistors co nnected in parallel will
have only one- third the resistan ce of
each one individ ually ( if a ll are of the same
value ) . Simi larly, three separate leads con
nected in parallel will have one-third the
effective inductance of one.

Thus b y using more than one lead wi th,
a separate pin for each, the tube d esigner
can reduce the inductance between the
actual tube element and the point outside
the tube to which it is connected.

T hat's one of the reasons . Associated with
this reason is a sub-reason: In any circuit
using a vacuum tube, the reference "ground"
point for the circuit's current flow is not
the equipment chassis. Instead, it is the
tube's cathode. All plate and/ or grid cur
rent must flow through the cathode surface.

Since the cathode must be in vacuum in
side the tube, though, you can't get to it
directly to make any connections. All your
co nnections h ave to be made to the tube's
pms.

The inductance of the lead s from the pin
to the cathode itself, as we said, ads about
like a resistor. When current flows through
a res is tor, it prod uces a voltage across that
resistor. Similarly, when rf flows through an
inductor it produces a voltage across that
inductor-even if the inductor is a length
of wire inside the tube.

Modern amplifier tubes have extremely
high gain. A very small signal in the grid
circuit is amplified into a rather large sig
nal in the p late circuit .

The cathode's surface is in both the grid
and the plate circuits. This cannot be
avoided. If both the grid and the plate ex
ternal circuits return to the cathode bv
way of the same tube pin, then the indu~
tance of the lead from cathode surface to
p in is also in both the grid and the plate
circuits.

And when the amplified signal in the
plate circuit fl ows through this inductance,
the resulting voltage is automatically in the
grid circuit as well. The result-feedback
and possible oscillation (see Part III of this
series for more on this ) .

By using two or m ore separate pins, each
with its own leads, from the cathode to
the rest of the circuit, the lead inductance
can be kept effectively ou t of the picture.
With the grid circuit returning to one pin

-
"
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r
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,,
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' Vhy arc tube pins connected as they are?
The earliest vacuum tubes had only four
pins- two for the filament, and one each
for the grid and the plate. Many modern
tubes h ave many more pins, but no more
elements-and yet every pin is connected
to an element. A 9-pin miniature receiving
triode for VHF amplifier use for instance, ,
may have two of its nine pins connected
to the filament. one to the plate. three to
the grid, and the remaining three to the
cathode.

A single wire suffices to make electrical
contact between two points. \Vhy, then arc
tubes buil t with two, three , or even four
pins connected to the same internal ele
ments?

Manufacturers design tubes this way for
two major reasons. Both reasons have to
do with high-frequency performance.

Multiple grid pins are m ost frequently
found in tubes intended to be used as
grounded-grid amplifiers at VHF . In such
an application, it's important that the grid
actually be at ground for the rf as well
as for d e. In fact, there's really no need
for a de ground so long as the grid is com
pletely grounded for the rf-and some cir
cuits are so designed.

And while a single wire suffices to make
electrical contact between two points so far
as de is concerned, it m ay not do so for
rf.

Any wire has a cer tain amount of induc
tance, even if it's not bent into a coil.
To high-frequen cy ri, this inductance acts
about the same way a resistor does to de.
A single wire, if it has great enough in
d uctance, doesn't make proper electrical con
tact.

The inductance can be reduced b y shorten
ing the wire's length, or by using larger
wire. In a tube, thou gh, both the length
of the wire and its m aximum diameter a rc
fixed by m echanical considerations . A limit

Fig. 7. Full-wave bridge circuit and waveiorms,
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that external connections can he made with
the shortest possible wires. This is the rea
son why several types of tubes are avail
able having identical electrical characteris
tics, hut different pin arrangements- some
are arranged for one specific circuit, and
others for others.

Not all tubes, of course, even use pms
for the external connections. The popular
4x150/4CX250 series 01 power tubes, lor
instance, has no plate pin ; the outer shell
of the tube is the plate and any connec
tion is made directly to it. The older "light
house" tubes featured similar construction,
as does the 416B UHF tube. Planar tubes
carry this idea into today's designs. Again,
elimination of lead inductance and sh ield
ing between input and output circuits are
the primary reasons for such arrangements.

What is output power, anyway? One of
the least understood quantities we'll ever
deal with in radio is that known as "trans
mitter output power".

For instance, most of us are aware that
the maximum legal input power to a trans
mitter, as indicated on the meters, is 1000
watts. It's also no secret that most trans
mitters are at best no more than 75% effi
cient at turning this input power into out
put power, so it would be logical to expect
that the maximum legal output power
would be somewhere fairly close to 750
watts.

However, it's possible to run a rig legally
on the HF bands with as much as 4000
watts input power and corresponding 3000
watts output power with one type of modula
tion while another type of modulation is
restricted to only 1000 watts in and 750
wat ts ou t. When you get into the VHF and
UHF regions where pulse modulation is
permissible. input powers on the order of
100.000 watts can be had legally. At these
frequencies efficiency drops so your output
probably won't exceed 50 kilowatts or so
-but still!

The trick in all this lies in that innocent
phase "as indicated on the meters". Even
when running 100-kw peak input during
pulse modulation, the meters must not ex
ceed a l-kw input reading. Since meters
are relatively slow to react-a de meter
cannot, for instance, react rapidly enough
to indicate 60-cycle ac-the meter cannot
tell whether you are applying 100 kilowatts
for 10 microseconds and then no power at

)

and the plate circuit to the other, any volt
age developed across the plate circuit's lead
inductance cannot get into the grid region
-and one built-in source of feedback is
eliminated. This is the reason that most
modern high-gain transmitting tubes pro
vide multiple cathode connections, as in the
6146.

Fig. 8 shows this effect pictorially. The
lead inductance is shown as an rf choke
-because, as the frequency gets high
enough, that's how it acts. And we learned
back in Part HI 01 the series that feedback
can be effective at any frequency, not just
at the frequency you're tuned to. The type
of feedback the multiple pins are intended
to elimina te is one of the primary causes
of parasitic oscillation.

The other major reason for use of mul
tiple pins also has to do with feedback,
but does not involve lead inductance at all
and is usually applicable to VHF receiv
ing tubes not intended for grounded-grid
amplifiers.

Many of these tubes have multiple cath
ode pins, all of which are intended to be
strapped directly to ground . These pins are
located on the base in positions which sep
arate the grid, plate, and other-active-ele
ment pins. \Vhen all these pins are grounded,
they form effective shields to reduce feed
back between input and output circuits of
the tube.

The pin arrangement on multi-section
receiving tubes is also chosen with a sharp
eye toward the intended uses of the tube.
Pins are usually located in such a manner

Fig. 8. Multiple pins are used in modem tubes to
provide separate paths for input and output cir
cuits involving same element. A shows only one
cathode pin is available, so grid,. plate, and screen
current all circulate thro ugh inductance of single
cathode lead and may interact . Three separate pins
in B permit the three circuits to be kept complete
ly separate. E ffect is of importance only at high
frequencies.
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all for the next 990 microseconds, or are put
ting in a steady 1000 watts all the time.

This is not the magic trick it might ap
pear to be; the receiver at the other end
of the line is hard -pressed to tell the dif
ference either. A 100-kw pulse signal which
is present only I percent of the time is no
more effective than a 1-kw steady signal
which is always there. The advantages, if
any, of pulse modulation do not lie in the
fi eld of getting extra power for nothing.

The 4-kw figure mentioned for HF bands
is more of a play on word s. Power, e ither
input or output, comes in several d ifferent
flavors. There is "peak" power-which may
mean any of three distinctl y different con
di tions-, "average" power, and "H~ I S" pow
er.

To get an idea of the different possible
meanings of the term "peak power". let's
look at an ordinary 60-watt ligh t bulb op
erating from normal 117-volt nc wall power.

During each cycle of the nc power, the
voltage on the line rises from some negative
value through zero to a positive peak, then
falls hack smoothly through zero to a nega
tive peak which is a mirror image of the
positive peak, and ' returns to its original
value.

This complete cycle is repeated 60 times
every second. And while we call this pow
er "1l7-volt" or maybe "110 volts", its
voltage is actually always changing. It is
exactly 117 at only four instants during
each cycle-once on the way up between
zero and positive peak, once again on the
way down. a third time between zero and
negat ive peak. and the final time as it climbs
from the negative peak toward zero.

The reason we call it "l I v-volt" power
is that it will produce the same amount of
heat in a resistor as would 117 volts of de
applied to the same resistor. This is the
"JD IS" value. and is a convenient label,

But the peak voltage of this 117-volt pow
er linc is actually about 165 volts; it reaches
this voltage only twice during each cycle,
and doesn't stay there any appreci able length
of tim e ei ther time.

Our light bulb is a resistor. The marc
voltage we apply to it, the more current
will flow. The RMS current in a 60-watt
117-vclt bulb would be 60/ 117 amp. or
about 0.51 3 amps. The resistance, by Ohm's
law, eq uals the voltage d ivided by the cur
rent or 117/0.513. which comes out to he
about 230 oh ms.
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Now when we apply that "peak" volt
age of 165 volts to the 230-ohm resistor
which is our light bulb, we wilI get a "peak"
current of about 1.38 amps-and when we
mul tiply voltage by current to find out the
"peak" power we discover that our "60
wutt" bulb uses a peak power of 230 watts!

This is an impressive fi gure, sure. But
the bulb doesn't give us a bit more light
at peak power of 230 watts than it docs
at "60" watts. This is one meaning of "peak
power", and you can see that it's not very
meaningful. By this viewpoint, any full gal
lo» is running 4000 watts peak input pow
er.

This kind of peak power is sometimes
called "instantaneous peak power", because
it is present only for an instant at the
peak of each cycle of the ac.

A more meaningful way of talking about
"peak" power is to discuss "peak envelope
power". This refers to the RMS power (or
de power. if input power is under d iscus
sian ) present when the audio modulating
signal is a t its peak. Most sideband rigs arc
rated on PEP pGwer.

This kind of peak power is what actually
gets the signal through . T he figures are
much less than those for the same trans
mitter for "insta ntaneous peak power", hut
arc higher than for "meter peak power"
which we'll discuss next, or "average pow
er". In sideband operation, PEP power is
the power you get when the rig is ad justed
for maximum linear output as discussed
curlier in this installment.

In a F~I rig, the output power does not
change appreciably with modulation. In a
C\V rig, the power is either there or it is
not. PEP power of a C\V rig is the same
as the key-down power; the term is almost
meaningless for F~1.

An A1\1 transmitter, with carr ier. is much
like an Fl\l or a key-down C\ V rig when
nobody is talking. The carrier is still pres
ent. \Vhen you modulate , however, the aud io
power from the modulator is either added
to, or sub tracted from , the carrier power.
The result is that peak envelope power is
greater than the average carr ier level.

Virtually all of the theory about AM
modulation and its effects on power assumes
modulation with a steady aud io tone rather
than voice, because the steady tone is a
known signal and voices differ in their char
acteristics.
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\ Vith a steady tone, and modulating the
carr ier to the 100-percent level, the result
ing modulated signal's power will drop ex
actly to zero at the negative peak of the
tone's cycle. In order for this to happen ,
the modulator's average power must be ex
actly half that of the carrier. On the posi
tive peak of the tone's cycle, then, the en
velope will have all the power of the car
ricr plus all the power from the modulator,
and so will be half again greater than that
of the carr ier alone.

The peak envelope power of a 100-per
cent modulated AM signal-when the modu
lation is a steady tone-is always half again
greater than the PEP of the same carrier
unmodulated.

\ Vhen voice is applied rather than the
steady tone, the picture changes. Voices arc
not symmetrical; their positive peaks may
be higher than their negative peaks or vice
versa. The " I uu-percent" modulation point
is defined as that amount of modulat ion
which permits carrier power to be reduced
to zero at any point in the modulating cycle.
If the voice's highest peak comes out as
a negative peak from the modulator, this
will cause IOO-percent modulation to occur
with less voice loudness than if it comes out
positive. In any case, the average level of
the voice is far lower than those peaks
and so the 50-percent increase of power w ith
modulation never occurs.

Now let's look at the "meter peak" power.
This is simply the highest power indi
cated by the rig's meters while you're talk
ing. Its chief importance is that it is the
power which is regulated by the F CC, and
must never exceed 1000 watts .

A properly operating AM rig will show
no fluctuation at all in the meters when
audio is applied, unless it's using "controlled
carr ier" modulation. Any fl ickering indi
cates improper modulat ion. The theoretical
50-percen t increase in PEP is never visible
on the meters, because the meters indicate
only de and the power from the modulator
is ac in the audio range.

A sideband rig, on the other hand, will
Ricker widely with speech. So will a C' V rig
being keyed, or an AM rig using controlled
carr ier. Regulations specify that power of a
C' V rig be measured with key down; for
the others, the requirement is simply that
the meters never indicate power above the
legal limit.

N ext Month, We've come all this way
and managed to bypass those little problems
which require arithmetic, such as the cal
cula tion of series impedances or determi
na tions of transformer turns ra tios. Next
month we'll explore those. Don't let the
prospect scare you-nothing more complex
than arithmetic is involved. U ntil then,
happy hunting. •

Give "him" or "her"
THE ALL·SEASON

INCOMPARABLE

GREATEST VALUES EVER OFFERED

SYSTEMS
SINCE 1921

Communication
Engineeringrex Laboratories

ASBURY PARK, NEW JERSEY 07712, U.S.A.

I

••

. 'c •."',-.'.

BEAMS
Also, Rctator-Selsyn-lndicator

Systems, Inverted·V-Kits,
"Baluns," Towers, "Bertha" Masts,

12·Conductor Co ntrol Cable
and Co-ax. Se nd for PL68.

,..
•.. .• •••.' .......~-----
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is the best $1000 linear amplifier
ever made for the amateur service

(~UJtsefQt~~7{~Other manufacturers look at the 2K-3 and shake their
heads in disbelief. They say it can't be sold for $745.
But we do it! We do it by working a little harder, by
being a little more efficient and by selling DIRECT
from factory to user.
Compare the quality of the components used in the
2K·3 and its true value becomes more apparent.
1. Look at the superb 20 mfd 5000 volt test oil filter
condenser ...exceptional dynamic voltage regulation.
2. Heft the heavy duty, high efficiency
transformer.. . 38 pounds of brute power with
exceptional voltage regulation and peak current
capability.
3. Observe the rugged, high-cost, double section
bandswitch.
4. Note the commercial duty 25 ampere mercury
power relay.
5. Experience the reliability of special design solid
state bridge rectification.
6. Relax with a host of other conservatively rated
deluxe components no other competitive amplifier can
equal... high efficiency, silver-plated tank coil,
silver-plated Lssection coil, unique toroid type
filament choke, resonant input filter choke, high
reliability bronze gear drive assembly, modern design
illuminated push-button start-stop switch, all DC
relay systems. And there is more, but let us send you
a descriptive brochure on the 2K·3. Let us help you
own this outstanding linear amplifier.
The 2K.3, Floor Console or Desk Model $745.00
A TTENT/ONI Military. commercial, industrial and scien tific users. . . please write for information on our
custom line of high power communication linear amplif iers and RF power generators.

EASY FINANCING • 10% DOWN OR TRADE-IN DOWN • NO FINANCE CHARGE IF
PAID IN 90 DAYS • GOOD RECONDITIONED APPARATUS. Nearly all makes & models.

CAll DIRECT . • . USE AREA CODE

Butler . MiSSOUri . 64 730 816 679 ·31 27
11240 W. Olympic. Los Angeles. Calif. 90064 213 477-6701
93 1 N. Eucl id . Anaheim. Calif. 92801 71 4 772·9200
Ent Ccest Rep.: John W . Richard t. Route 40,
Pine broo k, N.J . 07058, (201) 228·0600

"World'!' La rgest Distributor oi Amateur Radio Equipment"



MERRY
CHRISTMAS

You can do good and do w ell at the sam e time. Do
aced by selling or giving gift subscr iptions to 73 to
friends . Do well by getting rather nice p remiums f or
your effort or thoughtfulness. Some amateu rs a r e
wcrktng- their way rig bt through our w hole list. All
subs, o ther t han one for you rself, m ust be new and
will Btart w ith the November issue. You ca n r enew
you rs if you sen d your address label from the wrap
per and it will cou nt towa rds the p r izes. To make
some- of t he billll'er items easier t o get you have a
choice- of substituting cash f or som e subscr ipt ions.

Polaroid Big Swinger
F ree with 10 subs or
$20 1vith 2 subs. Uses
regular pack Polaroid
film, gives big size pic
t uree. F oolproof ?

24 HOUR DIGITAL
DESK CLOCK

F ree with 7 subs
or $15 with 2 subs.
Large nu m be r s,
prize-winning de
sign. Makes ham
shack look like
$million. Sells f or
$25.

AM-FM 10 TRANSISTOR
AC-BATTERY RADIO

Free with 8 subs or $18

~
;;;:;;;;==~:: 'With 2 subs. Wo rks likecrazy. Fabulous gift

too. B e loved.

Free with 8 subs M ' $18 with 2
eube , Th is radio sells for $30
no nnally. A C or battery.

AM-FM 15 TRANSISTOR RADIO

20,000 O/V V-O-M,
5000 VDC

Free with 3 subs or $7 with
1 s ub. K eep one in the car,
one in the w orkshop and one
in the shack. Plus may be a
loaner ?

Costs $17. Fre e with 5 subs
or $12 w ith 1 sub. Wonder
ful globe for DXing as long
us you don' t u sc any pins. ~

$25 MINI-TEST LAB
Free wi th 7 subs or
$15 with 2 su bs.
VOM, l-{-a/ genera
tors l ' & c eubetitu 
tio n, etc. Lncrediblv
hand y .

Free with 3 subs or $6 with 1
sub. 300 pages of maps and
info . Fine f or DXing, school ,
argu ments.

HAMMOND WORLD GLOBE
18" DIAMETER

$13 RAND-MCNALLY IMPERIAL
WORLD ATLAS

HAMMOND 18" LIGHTED
$25 WORLD GLOBE

F ree with. 6 subs or $12 with
2 subs. Get two , one for i r
op. N o pins.

,

J
NAME s (ALL PLATE
Free with 1 sub. Up ~..;;
t o 20 let ters and t'
spaces on 10" desk
plate. lValnut with
w hite letters.

$12 WARM CAR BLANKET
F ree with 2 su bs or $4 with 1
enb, H a nd y a round house, f oot
ball , etc. Comes with zipper case
& handle.

K & ESLIDE RULE
Free with 2 su bs or $2 with 1 sub.
Y ou need a good slide rule eV CJ"Y
now and then.
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COPYMATE PHOTO COPIER MACHINE

,

AM·FM TELECHRONE CLOCK RADIO

Free with 10 subs or $24 with 2 subs. T his docs
every bit as good a copy job us a well known
$400 copier and uses same ineepeneive paper.
Comes wit h pape r all set to go.

F ree with 12 subs or $30 with 2 subs . T his l'cally
beautiful clock-radio uSl/ally sells for $65. H as
bllzzer, radio alarm , slumber button, and delayed
81100ze turn off. Giv e yourself one . . . or the
XYL .

F ree with 12 subs or $30 with 2 subs . IVe tested a dozen recorder»
bef ore we found this darb. R eally works. R ecord birds, rare DX,
family squabbles , jokes , singing. Sneekily small.

$50 CASSETTE TAPE RECORDER

RAND·MCNALLY MAGELLAN
WORLD GLOBE

$15 globe f ree with 3 subs OJ' $8
with 1 su b. Y'on can't bea t a
deal like that .•

Fre e with 9 subs or $23
with. 2 subs. $35 desk just
right size for modern
transceiver ham station .
Shipped F OB f actal'y in
.M ichigan.

OPERATING DESK

CASLON 601 DIGITAL DATE·DAY CLOCK

DIGITAL ClOCK AM·FM RADIO

This $50 F erra ri of desk clocks is free with 12 subs or $32
with 3 subs. Brushed aluminum. The last word in operatillg
aids. 24 hour clock, naturaUy. Those who can't tell time
should specify the 12 hall)' model.

F ree lvith 9 subs or $20 with 2 subs. T his is t he only
digital clock radio wc'ue ere I' eeen, F ine FM radio built
in tvith sleep alarm, buzzer. whole schmear. L ike the
wmsual and ne1(,'?

$160 ENCYCLOPEDIA SET
Free with only 20 subs or $45 with 8 subs. This is a first ra te ency
clopedia . This one is FO B the pu blisher. T ap your fellow club mem
bers for 73 subs and win this l1WSS of book s.

Send each gift subscription on a separate 3 x 5 card with uame, call, address and zip.
All must be new one year $6 subscriptions to start with the December issue. Y ou want
to rel/ew your own subscription? OK , if uou include the label [rom YOlO· wrapper. On
another card write you r name and addess and indicate which prize yOll wish . A llow IIp to
eight weeks for deliveru in case we arc back ordered /l'om the f actory. P rizes w ill be sent
postpaid unless otherwise stated. T his offer is good f or the USA and APO only and ex
pires shortly .

73 MAGAZINE, PETERBOROUGH NH 03458
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Unique opportunity to own
one of tile world's finest
all-band receivers.
500 kc to 32 mc!

Limited quant ity of fam ous
R-390A/UR R rad io receivers ...
brand new. Original manu facture,
1968 product ion . .. ful ly tested
t o meet U.S. Government
speci fications. Range 500 kc to
32 me, 30 t -mc bands, digita l
readouts. Original pack, includes
two instruction books, complete
set running spares. New low
price $1,700· ... fully
guaranteed.

R·390A/URR -A f ew new, but she lf-wo rn, units
Radio Receiver ava ilable at lowe r pr ices.

WRITE OR CALL FOR DETAILS

EAC Industries, lnc., 20 Bridge Avenue, Red Bank, N.J. / 2011747·5100, Ext. 51.

W2XSD /1 from pg 4

more difficult job of creating hypotheses
which fit the data ," H e goes on further to
say, "I have concluded that the earth is be
ing visited by intelligently controlled veh icles
whose origin is extraterrestrial."

Dr. ~lcDonald of the University of Arizona
has been studying UFO reports on an in
tcnsive basis for over two years and has
interviewed several hundred witnesses. He
has reluctantly come to the conclusion "that
the UFOs are entirely real and we do not
know what they are, because we have
laughed them out of court. The possibility
that these are extraterrestrial devices, that
we are dealing with surveillance from some
advanced technology, is a possibility I take
very seriously:' Dr. :\lcDonald goes on
further to say. "For the record, 1 should
have to state that my interviewing results
dispose me toward acceptance of the exist
uncc of humanoid occupants in some UFO's.
1 would not argue with those who snv this
might be the single most important el~ment
of the entire UFO puzzle."

Friends, something very definitely is up
here and it looks as if a large responsibility
for the expansion of investigation of the

70

UFOs rests on the shoulders of amateur
radio. \ Vith only a small amount of organiz
ing we can be set up to provide nationwide
alerting when UFOs are spotted.

Send for the free 250 page book on the
Congressional Symposium and read about
hundreds of virtually unarguable sighting
cases . . . cases that have been exhaustively
investigated. Read about hundreds of pic
tures and films that have been taken. Sec
63 UFO photographs assembled on one page.

Next comes the need for your own per
sonal decision tha t you are going to try to
help those interested in doing something to
bring this problem out into the open. Your
interest and a little time are needed to get
the amateur radio UFO network built up
into a 24-hour a day alerting amateur net.
Amateurs who have substantial signals and
will be available on the same evening week
afte r week for about an hour of net opera
tion should drop a card to Jim Sipprell
K2HYQ, the overall net coordinator, at Box
209, Kenmore, New York. The frequency
is 14.3 and the time is 0200 G~IT, which is
9 p~ [ EST.

By next spring I hope we will be ready
to get everyone interested in the net set up

13 MAGAZINE



See your favorite dealer or
order d irect (add 2S¢ fo r
mailing in U.S., Possessions
& Canada. Elsewhere add
SOC).

GET YOUR NEW
ISSUE NOW!

Over 283,000 QTHs
in the U.S. edit ion

$6.95
Over 135,000 QTHs

in the OX edition
$4.95

• Rad io Amateurs' Prefixes
by Countries !

• A.R .R.L. Phonetic Alphabet!
• Where To Bu)'!
• Great Circle Bearings!
• International Postal

Information! .
• Plus much more!

RAD IOAMATE UR116 k
~

ca 00 INC
Dept. 8,4844 W. Fuilerton Ave.

Ch icago, III. 60639
n 'G"

Th ese valuable EXTRA features
Included in both editions !

• QSL Managers Around the
World!

• Census of Radio Amateurs
throua:hout the world!

• Rad io Amateurs' License
Class!

• World Prefix Map!
• International Radio

Amateur Prefi xes

° Four (not two) type 572B tubes for a
full 2000 walt P.E.P. SSB input.

° Full wave solid state power supply.
• Universal rear of cabinet circuitry

may be connected for transceiver or
receiver·t ransmit t er use without
internal modification.

• Plus many, many more features.
AMATEUR NET $375.00

Also available: GSB 201 MK II - em
ploys four type 811A economical t riodes
for 1500 walt P.E.P. input.
AMATEUR NET $325.00

See your favorite distributor
- Write for brochure

...-- ....."

--
-

Exceptionally compact-only
8~ " high, 12 5h " wide and 17" deep-the

Gsa 201 lends itself readily to table
top mounting.

... Wayne

with an alerting system. I believe that we
will use a 60·cyc1e calling arrangement. This
will be easy to standardize. Craybar has
some 60-cycle tuned relays available inex
pensively which can be hooked up to the
receiver and left tuned to the Net channel.
They are sensative to within a half cycle
so other frequencies won't bother them .
\Vhen any station comes on the net channel
and sends a tone which is modulated with a
GO-cycle note the relay will pick up and let
you know. This means that both A~l and
SSB stat ions can work together in the net.

If you feel that you are ready to become
involved in somethi ng rea lly important then
join the UFO net merely by checking in on
any \Vednesd ay night. In your own area
you should contact your newspaper, radio
and television stations, and police and let
them know that you are a member of a
national communications effort towards in
vestigating U FO's. Ask that any reports be
given immediately to you and offer to let
them know, if they are interested, if some
thing should appear to be headed your way
from some other area.

GONSETO

ANOTHER DIVISION OF AEROTRON, INCORPORATED
P. O. Box 6527 / Raleigh, North Carolina 27608
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Christmas Gi t Ideas

Are you trying to choose a gift for some
body with technical or amateur radio in
terests? That can be a very hard problem,
i f you do not understand what it is all
about. Wh ere can you tum for advice?

After reading through this list maybe
you will feel a little more confident, and
would like to try a catalog. Why not try
our advert isers first? If you have a rather
general kind of idea com ing up maybe it's
right in here on another p age. Still another
good approach is to talk with somebody
having interests similar to the set you're
trying to m atch. Finally, it helps to do some
outside reading. Maybe you'll catch the bug
and becom e a radio amateur too!

The items listed here are not specialized .
Test instruments are good reliable gifts,
since some overlapping of their functions is
good practice and the fellow with an expen
sive piece of gear usually likes to have a
simp ler, cheaper one. And since the fellow
who is just starting generally wants the less
expensive variety, too, a purchase in this
d epartment is almost sure-fi re . Some cau
tion, and good advice in choosing your pur
chase is indicated, though .

73 Magazine
At a risk of sounding slightly prejudiced

we have to admit 73 Afagazine is an ex
ce llent publication for anybody seriously
interested in modern ham radio and tech
nology. This year's issues have carried a
wide variety of material rangin g from sim
ple cons truction articles to news about re
cent events in technology. from using old
transistor radios to the latest on those re
m arkable rad io signals from space. ;\0 oth
er ham magazine offers this wide range of
material, interesting to the career oriented
man as well as to the hobbyist. A sub
scription will set you back $6.00 per year
or $12.00 p er three years. and mi ght be
supplemented with a b ook or two from 73
Press. Try our "73 Useful Transistor Cir
cuits" or "D iode Circuits Handbook," tw o
of the best idea books on the market and
available at a dollar each.

72

New Coax Switch
You can disconnect your antenna and

still use it, with this new 4-position tapped
coaxial switch. In addition to the usual UHF
fittings it has four RCA jacks p ermanently
connected to the output lines. Circuits or
antennas may be m onitored even when they
are not connected into the operating system.

Some sugges ted applications are the con
nection of a general coverage of \V\VV
receiver to the antenna system, installation
of measuring devices or fix-tuned monitor
receivers, or operation of a low-power rig
through one of the disconnected antennas
while the high-power rig is feeding another
antenna.

Priced at about $12. For further infor
mation contact John W. Richardt, Jr., Elec
tronic Applications Co., Route 46, Pine
Brook, N.J. 07058.

James Research Presents
Permaflex Key - $19.95

Oscillator/Monitor - $14.95

Many of the items offered in the Chris
m as Present line tend to be quite gadgety.
Here are a couple of items that could b e
confused with members of this class, if you
have to go by eye alone. but which really
belong in the active & useful category. Both
appear simple, yet both arc unusual in some
way. and will do effective jobs around the
h am shack.

13 MAGAZINE



.Jill ,on OWl Plan.
Cltel lT 10'''1

---

The Mark 2 Oscillator/monitor incorpor
a tes all of the features of the original unit
which has gained acceptance by amateurs
as a sensitive rf type of C\V monitor and
a code practice oscilla tor.

Extended ama teur as well as professional
lise of the unit as a Test Instrument has
p rompted improvement in its performance
and utility.

The "lark 2 features:
Increased rf sensitivity by the use of cryo

genic production control techniques. The
Murk Q will trigger on less than 10 Milll
watts without direct connec tion.

Greater audio volume and wider tone con
tro l range through the use of improved com
ponents.

Improved reliability by the use of stain
less steel battery contacts which are imper
vious to corrosion.

A more rugged finish by the use of hard
anod ic coating on the aluminum cabine t .

Improved ease of lise by supplying test
leads, tip jacks, battery, and convenience
magnetic base with each unit.

Longer assurance of trouble-free perform
ance as backed up by our extended guar
an tee of 1 full year.

Price $14.95.
Addre ss all correspondence to : T HE

JA~IES RESEARCH CO~lPANY, DEP"T
AH-'\I 11 Schennenhorn Street, Brooklyn,
New York 11201.

Printed Circuit Kit
Injectorall E lectronics Corp. has just re

leased a much-needed printed circuit cir
cuit kit. I t contains etehant, resist ink, re
sist solvent, and other material required

"..'
. '" .--J-.__~ _lb • ...,'"'" ....,..

F irst, there is the Permntlcx Key. It looks
simple, and it is, in a way which hides the
ingenuity and careful thinking that has
gone into making this a really versatile and
reliable key. We can expect imitations to
appear in a few months; get the original.

•

The other item is a simple monitoring
d evice, offering remarkable sensitivity. I t
serves to tell the operator when his C\V
transmitter is radiating ri, rather than
when the transmitter is expected to be
working. There is a large difference, some
times. It requires no connection to the
transmitter, a point with appreciable safety
factor. It can also be used for workbench
applications in new gear cons truction, and
finally it will serve as a code practice os
cillator.
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to make up two small printed circuit boards.
And then the pen and ink will do for very
manv addit ional boards, using surplus or
other available board materials. Retails at
$5.95, from local distributors. For further in
formation write to lnjectorall Electronics
Corp., Great Neck, N .Y. 11024.

New Mosley Antennas

Here is a simple 2-meter antenna, en
gineering and construction all done, which
comes at a very competitive price. The
price is cven competitive with building
your own, if you consider the time that
takes and the cost of materials. VS\VR
better than 1.5 :1 over the range of 144
to 148 MHz. $10.58, ask for the Model
D 1-2 manufactured by Mosley Electronics,
Inc., 4610 N. Lindberg Blvd ., Bridgeton, Mis-

•scurr.

Which are the three best ham bands?
If you'd like to try for 10, 15 and 20 meters,
or for 10. 15 and 40 meters. here is a
trap antenna that will operate as a half
wave on three bands without any switching
operations. A strain-relief connector takes
52 or 72 ohm coax cable. and end insu-

74

Iators arc provided with the antenna. Rated
at 1000 watts PEP for sideband communica
tions. Priced a t $17.59 from Mosley Elec
tronics, Inc., 4610 N. Lindbergh Blvd.,
Bridgeton, Mo. 63042.

MOSLEY DIPLOMAT 6

ANTENNA MODEL 01-6

+

Hated at 2000 watts PEP or 1000 watts
C\V. the Mosley D l-6 six-meter antenna
offers an omnidirectional pattern for gen
eral communications use. It is vertically po
larized . A specia l adjustable coupling ar
rangement provides for optimizing opera
tion at either end of the six-meter band,
and swaged aluminum rods serve to reduce
wind loading and metal fatiguc. The an
tennu mounts on 1" to B~" pipe. Priced
at $ 19.76. Write to Mosley Electronics, Inc.,
4610 N. Lindbergh Blvd., Bridgeton, Mo., or
ask your local ham or electronics dealer.

Here is a complete dipole antenna sys
tcm priced well under our rather stretchy
$25 limit. A dipole antenna is about the
simplest kind of antenna that is really ef
fective without getting into special circuits.
Very appropriate for the young short-wave
listener. the antenna can also be used for
transmitting up to maximum legal power
on all amateur bands through 10 meters.

The set comes with detailed assembly
instruct ions for installing the antenna as a
horizontal dipole or inverted V configura
tion. A center connector provides for con
nection to a coax cable, and end insulators
are included. The DIV-80 kit is available
from Mosley Electronics, Inc., 4610 N. Lind
bergh Blvd., Bridgeton, Mo. 63042. Shipping
weight 3 pounds. and it is indeed under
$25-it's priced at $7.42. A Best Buy.
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SURPRISE THE OM WITH A
NEW GALAXY FOR XMASI

..-,

•

W ''' A H ~ -,...._....

Less
Accessories

MARK 3GALAXY V
500 WATT TRANSCEIVER

$42000

GALAXY Phase·locked
Frequency

R-530 Synthesin,
(b} (4'

~ .

$695.00
fo, Maximum - _~_h - ---

Stability! • W

The superb, new
IReady for immediate de liver y)

• 500 WATTS PEP·SSB
• 4i5 \\'ATTS CW
• Precision Dial and Vernier

LOKKillJ' Scale
• Solid Slate YFO
• CW Sidctonc
• CW Fi lter (opt ion)
• CW Brenk-in (opt ion)
• A C Power $79.95 ('11r 8

(All ite ms in d od)

TRADE IN THAT OLD EQUIPMENT ON A NEW GALAXY!

LOOK AT THESE CHRISTMAS SPECIALS!

169.00
75.00
5.00

17. 00

11 \\"- 12 $89. 00
11\\"- :-: 2 $89.00
AC pw r $39.0 0
1I1l -1l 10.00
11 0 -10 29. 00
VIlJo' .1 149.00
UX . I 00 $39. 511
Hiler .•••• ••.••••• 39.00
111' -20 29.00
IlX · ~ O ~9.00

UX · 30 li5.00
G1l - 5~ i 9.9:)
SH · 300 .. 2U.OO
S n· ~llO .. 295.00 ~ 93. 00
sx.n ~9.00
8 R·400 (like newj .. 6i5.00

HAMMARLUND
nll -110C _ 100 .00
IIIJ · IOOC 110.00
IlX -50 225.00
Ull · liO 169.00

E. F . Jc hn$O n
llanKer II l i 9 .00
\"lk ln lC m(lblle kit • 50.00
('llUrler Ampli fi er . 139 .00
A ..n enture r 35.00
l ' ha ll ffi ltCr 59.00
Aud io ,\mllilfter . . i5.01)
\ ·.ll an t I •. .••.•• 1.~O.OIl

\ ' Ik in l!" II 75.00
Y1kl nK 1 .~~.95

Valiant 159.00
122 n 'o 17 .00
exa \ TO 2H. OO
T hunl1erho lt •. .•.•• 325. 00
Pacemak er 149.01)

Barker &. Williamson
i'ilOO $ 89.00

Centra l Electron ics
1011 69. 00
n C· 4511 A 49. 00
20·A 99.00
6001 199. 00

Colli ns
i5~ - 1 295.00
KWS -I $500.00
)11 ' , 1 119 .00
5161-:- 1 69.00
35 1D-1 65.00
i5.-\·3 2f15.00
32-51 650.00
.-\C •.•.•••••••••.• 150.00
3:!53 EHfI.OO
K\\"~(- :! = 16011 .. srss.cc
i 5A :! wjfllttr .•.... 169.00
i583 $395.00
3:;H3 $1;50.00
312114 U 45.00

Cleor /Squlres " Sanden
T hor 6 li5.00
.-\C SUIlP]Y •.••••• i5.00

Dra ke
2 ·1111 29.00
:!A 159.00
2.-\11 . •. •. . ... •. • . . 29. 00

Ei co
753 .:":EW rvw 1!19.00
i .~3 99 .00.,,1 .. .. 49. 00
720 49.00

Eld lco
Til -IT\" .•.• .•.• .• 150.00
\"foU -2 15.00

Elmac
A fo' -67 45.00
1'~lIl· i 45.00
A5~ -1I 3~. 00

1' ~lIl - 1i 95.00
Afo' · 68 85. 00
A "' -68A 95.00

Globe/Gl luy/ W RL
soo n $195.00
usn . I IlO k it . ne :i!J.00
Dsn· l 00 ~9. oo
JOO 199 .00
}'H..\3oo 75.00

Gou et
0·63 .. . ... . .. .... 119.00

HI li n afters
H_3!!": 34.95
S X-IOU. .. 199.00
S It-2000 $i95.00
At: • •• ••••••••••• 325.00
HIt- 46 149.00
}' - 150 - 12 i 5.00
1' · 26 49.00
IIT.3i 225.00
~X - !l9 . 5.00
S - 108 99.00
~-Il.'I 69.00
~X-71 99 .00
~ X -62 149.0Il
~X _ l " 13'1.00
HIUOO·1'8 500 $i50.00
AC2000 $325.00

Heath
H A - I Vll P -14
II A · 20 .
Qf' - l .
VJo'- 1 .

Knhht
1t · 55 . .. ... .. ... . 39.00

U - 100 , " 59 .50
T -61f 35 .00

Lafayette
HA · 90 29. 00
H E -30 39.00
1H: . 45B 75.0
1I ~: - 50 / 3 - 1 0}1 69.00

IIltlleY
e n-l _... . 95.00

Nati onal " Special"
:\"(, L- ~'OOO ;>;EW •• 495.00
':-;C ·4Ii .•.•.••••• •• 45 .00
IIRO~60 'o\"/colls •. 225.00
S C- l OOA . .•....... 50.00
:seX- A 95. 00
YX -501 .........•. H 9.00
:S<:-I09 .. .•. i 9.00
:Sf' .155 99.00
HRO-:;(lQ SEW ..• 16i5.00
:sex 3 219.00

Polytroniu
I'C - 6~n 199.00
P C 6 li3.00

.M'
YHF- 1l02 189.00
4300 89.00

Swan Elutron1cs
HW- 120 125.00
HW- 2~n I!HI.OIl
RW -lliAC 85. 00
T I' [J . .. .. .•.•. .•• . G.~ . OO

S . B. E. S H33 • . .. .. 199 .00
M rseenenee ue It ems :

500 watt phone &
I"W xmt r. 6' ra rk
& rabinc t $2!l9.0 0
Assert ed power SlIPlll)' 10. 00

FRECK RADIO & SUPPLY CO., INC.MORE WATTS
PER DOLLAR
AT FRECKS!

38 Biltmore Avenue
T, T. Freck W4WL

•
704.254.9551

Ashville, N,C. 28801
Doul) Jones WB41HO
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SPACE AGE KEYER
,

Ie Project s Handbook
If you'd like to pick up two or three

I'C's and try getting your feet wet in the
field, a copy of Brown & Kneitel's book may
be just the th ing for you. There isn't much
chance of going in over your head, and
some of the projects are unbelievably simple.
To an eye accustomed to the complex sche
matics of discrete-components circuits I'C
circuits just don t look real. Yet the trend
in electronics is to these tiny functional pack
ages, and they do deserve a lot of attention ,
\Vith this handy collection, you can get in
some good bench work without spending
days catching up on the literature.

The fifty circuits include power supplies
(which I'd have placed to the front of the

Antenna Swit ch
Not all ham radio work goes on indoors, as

you probably know already. Maybe there are
several outside antennas, fed by one trans
mission line (which may be a powerful
economy arrangement ) or perh aps there are
adjustments that must be made at the base
or the center of the antenna. The least ex
pensive approach involves many trips out
to the antenna, or up the mast, but here
is a remote-control switch arrangement that
may do the same joh. It will work with bal
anced or unbalanced lines (and that's all there
are! ) for switching or tuning applications.
Ask for their Tenna Switch from the Cubex
Co., PO Box 732, Altadena, Calif. 9100 1, at
$17.95 postpaid. Also available from some
dealers.

LABS

$160.00 FOB Hollis

Each month we have a lim it ed n umber of
u sed TV cameras which we make available to
h a m s at greatly reduced prices. These camer as
were rented out for temporary surveillance
jobs on construction sites, county fa irs, con
ventions, etc. All have been checked out a nd
are guara nt eed for 90 days. Com plete with
v idicon and le n s.

Used Model 501 sale priced
$160,00 FOB Hollis

Dept. H, 196-23 Jamaica Ave ., Hollis, N.Y. 11423

USED MODEL 501 TV CAMERAS

PALOMAR
ENGINEERS

BOX 455, ESCONDIDO,CAL. 92026

'<,
MADE ;;

IN U.S .A.

• Planar epitaxial inlegraled circuits for rell
ability. No tubes-No separate transistors.

• Precision feather-touch key built-in .
• Fully digital-Dot-dash ratio always per..

fect.
• No polarity problems-Floating contads

switch I -amp.
• Rugged solid construction-will not walk.
• Send QSL or postcard for free brochure.

" " ' . '." ,

Only
$67.50

" -~,

I
{

Don 't delay. On ly a few used cameras a re
available each m on th. For specifications sen d
for ou r illustra ted catalog.

VANGUARD
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book), a variety of preamps, amplifiers to
50 watts, three code keyers, some signal
boosters and other circuits. There are sev
era l lab circuits, and I specially noticed a
TV color-bar generator that is about as corn
plex as a basic A~f receiver- because it
uses's IC's.

I though t the book seemed a little odd,
without any schematics of the circuits in
side the IC·s. But then I came to p age
127 and found Brown provided a complete
set of Ie schematics in a separa te section.
Sometim es these are needed to answer hard
q uestions about circuit behavior. It would
have been nicer if parts values could have
been included since manufacturers do sup
ply this information. And a couple pages
01 acknowledgements and a bibliography of
other places to look for more details would
have been nice, too.

T his looks like a nice book to have around ,
if you're interested in modern electronics.
Electronic Hobbyist's Ie Project Handbook
TAil book # 464 by Bob Brown and Tom
Kneitel $6.95 hardbound , $3 .95 Paperback

-,
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• Radio Amateurs ' PrefixeS
by Countries!

• A.R ,R ,L, Phonetic Alphabet!
• Where To Buy!
• Great Circle Bearings!
• International Postal

Information ! .
• Plus much more!

GET YOUR NEW
ISSUE NOW!

Over 283.000 QTHs
in the U.S. edit ion

$6.95
Over 135,000 QTHs

in the OX edition
$4.95

RADIO AMATEU R116 k
~

ca 00 INC
Dept. 8,4844 W. fullerton Ave.

Chicago, II I. 60639
_.,~~._.

,

• aSL Managers Around the
World!

• Cen sus of Radio Amateurs
throughout the world!

• Radio Amateurs' ueense
Class !

• World Pr efi x Map!
• tnternat tenal Rad io

Amateur Prefixes

--
See your favorite dealer or
orde r d i rec t (ad d 2SC f or
maili ng in U. S., Possessions

These valuable EXTRA features & Ca nad a. El sewh ere add
included in both edi t ions! SOC).

WRITE FOR
FREE

BROCHI/RE!

Second Op.
Recently revised and brough t up to date,

the Second Op operating aid quickly pro
vides DX data on stations all over the world .
Which zone is he in? \ Vhich continent?
Country? How about postage, IRC data,
QSL bureas? 1t is all there and the corn
plete collection. ready to use. sets you back
a buck and a half postpaid. Current fifth
ed ition. from Publications in Electronics,
Inc., 610 Tower Bldg., 2 16 West Washing
ton Ave., South Bend, Ind iana 46601.
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Battery Recharger
If you have an applica tion that uses lots

of batteries, why not think about a re
chargeable cell installation? For instance,
Gold Seal Battery Co. announces one of thei r
new low cost rechargeable cells will replace
a series of I OO-zinc-carbon cells, at a cost
of $1.10. The rechargeable cells are scaled.
A charger drawing 3.3 watts ' is also avail
able, with a capacity of one or two cells
for recharging .

Rechargeable batteries are available from
stock at $.10 per D cell, and the Model 201
charger is priced at $4.75. Mail orders add
50~~ p lease, or you can try a local dealer .
From Gold Seal Battery Co., 7350 Reseda
Boulevard, PO Box 927, Reseda, Calif. 91335.

relation is clearest to the beginner who uses
it most, and Radio Shack's 10-8 in-one Elec
tronic Project Kit is a good beginner oriented
instruction device.

\ Vithout soldering or exposure to high
voltages, the beginner can q uickly wire up
several assorted, quite different circuits .
They can be torn down and reassembled
again, in the manner of a Tinkertoy set.
Are those still on the market? If you're old
enough to be raising a family you may re
member those. well, this is a sort of an
electronic Tinkertoy set, and has excellent
educational and practical value.

Ask for Radio Shack's #28-202 Electronic
Project Kit, at $7.95.

-
- ---

•

RCA Hobby Circuits Manual
This new 224 page manual contains de

tailed instructions on the construction of
35 practical solid-state circuits for use in
the home, automobile. photo lab , and ham
shack. It also contains easy to read sec
tions on the theory and p ractical applica
tion of solid-state devices, including ICs
and MOS FETs. It should be a useful and
interesting hook to anyone interested in
the dynamic field of semiconductor circuits.

The d ip-wave meter being examined by
Jack Sterner \V2GQK is only one of a dozen
solid state circuits of interest to the amateur,
covered in the Solid State Hobby Circuits
Manual (H~I-90) which is available from
RCA for '$1.75. Additional information is
available from your RCA Distributor or from
Commercial Engineering, RCA/ Electronic
Components, Harrison, N. J. 07029.

e •• _ ~ ~ ,. >0->

AADfOSHACK._.._._-
Radio Shack

A very important part of learning elec
tronics is the discovery of the basic rela
tion between real physical circuits and the
schematic diagrams that represent the cir
cuits to the engineer and the designer. Th is

From Spark To Space
The story of ham radio in Canada is

presented in a very interesting and readable
booklet put out by the Saskatoon Amateur
Radio Club. I very much enjoyed reading
it. The editors ( I think it was written by
a group) used a h istorical approach, cover
ing their subject from the beginning right
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NOT FOR THE NOVICE
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THE FT DX 400 nFULL HOUSE "
Conservatively rated at 500 watts PEP on all bands
80 through 10 t he FT dx 400 combines high
power with t he hottest receiving section of any
transceiver avai lable t oday. In a few short months
t he Yaesu FT dx 400 has become t he pace setter
in the amateu r f ield.

FEATURES: Built- in power supply ' Bui lt·in VOX
• Built-in dual cali brators (25 and 100 KHz) • Built-In
Clarifier (off-set tuning) • Al l crystals fu rnished 80
t hrou gh the complete 10 meter band ' Provi sion
for 4 crystal-cont rolled channels wit hi n the ama
teur bands • Provision for 3 add itional receive
bands ' Brea k-in_CW with sidetone • Automat ic
dual acti ng no ise l im it ed • and a sharp 2.3 KH z
Crystal lattice f ilte r wi th an optimum SSB shape
factor of 1.66 to 1.

Design fea t ures include double conversion system
for both transmit and receive functi ons result ing
in, drift free operation, high sensitivity and image
rejection - Switch selected metering · The FT dx 400
utilizes 18 tubes and 42 silicon semi-conductors in

hybrid ci rcuit s designed to opt imize the natural
advantages of both tu bes and transistors· Plane
tary gear tuning d ial cover 500 KHz in 1 KHz
increments • Glass-epoxy circuit boards • Final
amplifier uses t he popula r 6KD6 tubes.

This imported desk top transceiver is beautifully
sty led wit h non-specu lar chrome front panel, back
lighted dials, and heavy steel cabinet finished in
functional blue-gray. The low cost. matching
SP-400 Speaker is a ll that is needed to complete
that professional st at io n look.

SPECIFICATIONS: Maximum input: 500 W PEP
SSB. 440 W CW, 125 W AM . Sensitivity: 0 .5 uv.
SI 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 2 1.5, 28 t o 30 (mega
hertz). Frequency stability: Less t han 100 Hz drift
in any 30 minute period after warm up.

0 a~1 0 (1
0

· 'Ai
0 0

o
•

',~"-"• o Q 0 0•SELECT CONTROl - Offers option of
internal or ou tboard VFO and crysta l
positions for convenient preset ch annel
operation.

FUNCTION CONTROL- Selects crysta l FT ox 400 $599.95 - SP-400 $14.95
calibration marker frequency and de-
sired tran smit mode of operation.

CLARIFIER CONTROl - Ooes the work
of an external VFO - allows operator
to vary rece ive frequency 10KHZ from
transmit freq uency, or may be used as
an extra VFO combining transmit and
receive functions.

ClAIIlrlER

, - ! +1

~.n ih ' 0 . J
~. .

•

SELECT
e~ , CM'

u .[..~e~'J
lilT,. 0 .eM'"

r UNCTION

CAl n Ke. " ." MOX
c.o.L l_C '~)"~TT

on. 0 '¥OX

_.!=:;~;"~SS-PPEE~C;:T~R0 N ICS BOX 356, LOS ALAMITOS, CALIFORNIA 90720

_ PROFESSIONAL EQUI PM ENT FO R THE AM A T EUR -



HOTEL

_..,_ ..-, _ ,_ .

ALLIED
ELECTRONICS
FOR EV E R YON E 1969

Allied Radio

up to some space communications work
hams are doing now. I especially liked the
many excellent photos of old radio gear
and workers, and on page 87 I noticed the
Lakeshore Darts, Draughts, Chowder and
Marching Society.

Seems some Canadian hams had a prob
lem of commuting to Montreal to make
regular meetings. After discussions on 75
Meters they tried. a meeting at a local tav
ern. About 50 hams uttented the meeting
and shortly decided on a highly informal
approach. Wonderful idea, isn't it? Some
how they ended up with a club t itle that
is often abbrevia ted to "The D arts &
Draughts Club."

I ts thoroughgoing historical approach rec
ommends this book. Grade: A.
82.50 from P. O. llox 751, Saskatoon, Sask.,
Canada

If you are interested in some good basic
hardware and utility test gear, try Allied.
Incidentally, they sell some very expensive
and good materials, too.

Allied's KG-646 VO~I kit # 22C3907 goes
for 811.95 (one pound ) , is a general-pur
pose basic meter, very appropriate for many
bench testing applications. It is good around
a car, too. A more elaborate instrument, well
worth the higher price, is Allied's KG·620
VTVM kit. 22C 3911 \V The VTVM does
the same job as the KG-646 multimeter
but uses a vacuum tube to improve its sen
sitivity. It can be used for applications

11 ,12,1969JAN, 8, 9, 10,

hosted by Southern Nevada ARC, Inc.

in HOTEL SAHARA'S new
SPACE CONVENTION CENTER

LAS VEGAS, NEVADA

Sahara Amateur
Radio Operators Convention

FOURTH NATIONAL
FUN CONVENTION

SAROC

LAS VEGAS, NEVADA 89109

EXCITING ENTERTAINMENT•••
Buddy Hackett and Dean Jones in
Hotel Sahara's Congo Room

LUXURIOUS ACCOMMODATIONS •••
1,000 beautiful rooms. Special "SAROe "
ROOM RATE OF ONLY $10 plus room tax per
night, Singl e or Double occu pancy

" SAROC" CONVENTION SPECIAL
EVENTS" •

• Ladies Program in Don the Beachcomber
• Golf and Bridge Tournaments
• Breakfasts and Luncheons
• Ham Radio Awards
• Three evening Cocktail Part ies hosted

by HALLI CRA F.T EAS • • • SWAN ••• GAlAXY

ADVANCE REGISTRATION $12
per person accepted unt il Jan. 1, 1969;
regular registrat ion at the door

INCLUDED IN REGISTRATION ...
• Special " SAROe" room rate
• Buddy Hackett and Dean Jones, lata show

and drinks
• Admillance to Exhibit Area , Technical Seminars,

Cocktail Parties
• Sunday Safari Hunt Breakfast 10 am to 2 pm

Ray E. Meyers, W6MLZ, Maste r of Ceremonies
Edward Perkins. W7PRM, Clu b President
L, M. Norman, W7PBV, " SAAOC" ChaIrman

Send separate checks now fo r regis trat ion and
accomm odations to " SAAOC"
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where the less sensitive multimeter will not
work, and there are typically so many of these
that a technical worker will purchase the
VTVM first.

Two other items from Allied's huge cata
log deserve special attention. One is their
top-q uali ty Ersin solder, availab le in 1 pound
rolls at $3.40 (1% lb. shipping wt.) Order
#26C I733. This is very good stuff and a
pound will last for some tim e. And the other
suggest ion is several Vlchek plas tic parts
boxes, #26C2094 at $1.95. (1 lb. shipping
wt. each). These are the best product avail
able for dealing with the parts situation .

Remember to ask for their catalog # 280,
too. All from Allied Radio, 100 N. Western
Ave., Chicago, Ill. 60680.

Lafayette Radio Co.
Maybe this is a bit out of the ham radio

field, or maybe not. A really good loud
speaker can do wonders for a rad io receiver,
since incoming signals are distorted less dur
ing their transit ion from electrial to sound
waves. Lafayette has been selling their
SK-58A speakers for several years, and these
remain popular because they offer a lot for
the price. Try their number 99H00l4W 12"
hi-f speaker (11 pounds) at $24.95.

Or if you want to achieve the same effect
on a smaller scale you could try a pair of
Lafaye tte's F-767 hi-f stereo headphones.
Consumer Reports gave these an excellent
rating a few years back and they have been
selling like mad ever since. T wo significant
advantages are, they will do a fine job on
a couple of miIIiwatts of power, and they
are not audible all over the house. Tone
quality is excellent. Lafayette #99H0035,
(2), pounds) a Best Buy at $11.88.

ARRL Books
The ARRL sells a large variety of srm

plifi ed technical literature. Some people
think this material does not reflect the
progress of modern communications and
electronics, but there is a gradual year-to
year improvement. And the publications are
found everywhere.

At $3.00, the Radio Amateur's Handbook
is one of the most generally used construc
tion and shop practices handbooks avail
able, and you can probably find it locally
at a radio store. T ry your library jf you
want to see a copy, and almost anybody
who is an amateur operator will have one.
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Ver· r-r·)' Inler-r-r-esling Bar-gains!!!
Send for our ver-r-r-r-y lnter-r-r-estlag 68 page
catalog! ! ! 23c (Free with an order! ! ! )

P.P. = POSTAGE PAID
D. C . to 400 CYCLE POWER SUPPLY KIT

T his is an indisp ensahle Uem If )'011
want to ru n O OI" 't Surplus aircraft or
mis s il e elertrtmles. I t wi ll convert
l~\'nc or 6Yl lC to 110 vcns. ~ OO c)'ele
:j.~ wa tts. The kit Includes a hh:h qual
it)· potted t ransforme r, transistors. r e ,
<lstors. dtodes an ,i ros teucuons. Xo
hardware or cabinet is p rovfded. T he
out lllit waveform is square, ra ther than
s tnusotua r. hut our experience has been
lhat t his will not make an d difference
<lneo military e'lull.. is In~enslthe to waveform dhlortlon.
W I. 3 lb. ~OO Hz l'. ~ $3.50

SILICON RECTIFIER AND HEAT
SINK ASSEMBLY - 4 fOI" $2 .50

T his Is b)' fa r the bes t rectifier dea l we
have ever ottered. Four heat sinks each
containing two ) lotorola or D elco I -='
::Ili61 25 am pere 200 PH' re«tifl. ers.
These are not facton rej ect s hil t un used
term Inalion materia l. W tth the fou r
ass"mhltes rontalnlng eight (8 ) diodes

rou can ma ke either one 50 ampere hrldge, two 25 A)JP
bri dges, or tour 25 A:\[P fu ll wave center tapped recti fi ers.
Comp. w/ins!. ~S IU IS $2. 50 1' .1'.

DIGITAL VOLTMETER KIT $19. 50
Would rou heliel'(l a D igital Voltmet er for $50.00? Would

you bf."lIe\·e $25.00 or $19. 50.
We supply a Iargo 6 D i git al X umeral Preci sion Counter .

a IX 4 ~ !J I' rects ton uererence z enee D iode, a 10 turn 0 .2 5%
I,l lI ear l!}'. r'ot enuometee. A .D.C. :\fotor. and a precision
gear t rain with mounting. Cor $19. ;;0. YOII must beg. buy.
co-row or stea l a $10.00 onerat tonaj ampl ifi er (Analog D e
Vices. N exus or equal} & rou'rc r ead)" to roll. scnemaue,
inst ruct ions Includt'd . Ltst price of components we supply
h OH r $115. nO.
DIGrrAL vor zmc ren KIT $19.50 P .P.

B & F ENTERPRISES
P.o. BOX 44, HATHORNE, MASS. 01937

TWO WAY RADIO
CALIBRATION

We can repair, align and calibrate:

Gertsch FM7 a nd FM9
G eneral Rad io 1606A
G eneral Radio 9 16AL
Ge nera l Radio f60 lA
Empire Devices eq uipment
RF Voltmet ers
RF Ammeters
Stoddard Field Intensity mete rs
Na rrow band
High band - low band FM

We do authorized warantee repairs for:
Julie Resea rch Labora tories, Datapulse, Mlcrc
Power, Power/Mate, National Radio, Data Tech.
nolog y Corp. (digital volt mete rs), Singer Met.
•ncs.

LEGER LABORATORIES
Groton Street, East Pepperell. Mass. 01437

Phone: 617.433·2721
To get here f rom Ha rvard take 495 north to 119 an d
th en II r int o Pepperell. From Concord NH ta ke th e
Everett Tu rnp ike to route 3 to 111 to Peppere ll.
Come see ou r new building . Come buy a beam or a
tower ... or get just abo ut anything fixed.
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Carl C. Drumeller 1T'sEHC
5824 N.W. 58th St.
Warr Acres, Oklahoma 73122

Three Black Boxes

Fig. 1. Three black boxes which make up a sta
tion.

The basic concept of a radio transmit
ting station often gets overlooked in con
cern with details. It is good to back off and
take a look at just what makes up a radio
transm itting sta tion. With this thoroughly
understood, we can make a more fruitful
approach to the design and application of
those components that make up a station.

If we erase the black and look into the
left-most box, we could see anyone of an
almos t infinite variety of radio-frequency
generators plus its primary power supply.
Stripped down to basic symbolic represen
tation, it looks like what's shown in Fig.
2. This is true regardless of whether the
transmitter uses vacuum tubes, transistors,
rf alternator, or any other simple or exotic
device for generating rf energy. It's also
true whether the device is for radioteleg
raphy or for rad iotelephony; whether it
is amplitude modulated, frequency modu
lated, pulse modulated, or any other variant
you can dream up.

For the next step. let's skip the middle
box and consider the right-hand one. It
denotes the radiating device, normally an
antenna. An antenna, like a generator,
can have an infinite variety of forms : Ca
pacitor, loop, ferrite, magnetic, electrosta tic,
vertical polarization, horizontal polarization,
ac t i v e, passive, frequency-discriminat ing,
broad-band, etc., etc.

To this, add another infinite series of
possible feed systems and you'll see why
it's wise to show just a black box! Re
gardless of its p hysical nature or its elec
trical configura tion, the antenna (and its
Feedl ine, if one's involved) has but one func
tion: To couple the rf power output of the
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transmitter to the 377-ohm intrinsic im
pedance of space in such a manner as
to ob tain the required radiation pattern
(directional. non-directional, vertically-polar
ized, e tc.) At the space-antenna interface,
the impedance is 377 ohms. \Vhat that im
pedance is at the spot where the antenna
feeder system inter-connects with the mid
dle black box is a matter that varies greatly,
both in the magnitude of impedance and
in the nature of impedance (resistive, ca
pacitive plus resistive, inductive plus resis
tive). This is why the middle box is so im
portant to the functioning of the total ra
dio transmitting station.

Two basic functions are performed by
the middle black box. One is frequency
discrimination (or selection). The other
is impedance matching. Very few generators
of radio-frequency alternating current pro
duce pure sinusoidal waveforms. Almost
always there is an appreciable harmonic
content which must be rejected. In cer
tain types of transmitters, there are unde
sired by-products of frequency conversions
that must not he allowed to radiate. There
fore the middle box has a "tuning" func
tion.

Fig. 2. Basic sym bolic representation oj any rJ
generator.

The second function, impedance match
ing. is more complex. Because of this com
plexity, it is more difficult to achieve dur
ing design and construction. By the same
token, it's less well understood. Too many
publications gloss over the subject with a
few time-worn platitudes that serve only to
entrench midunderstanding. The discussions
you hear over the air and at amateur
radio gatherings reveal the lack of under
stand ing. Yet the basic subject, like most
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Write for defoJls

.. . W5EHC

25 + j0 or 100 + j0 cuu be cop ied
readily, These idyllic situat ions seldo m are
found in amateur radio stations other than
those using rhombic, disc-cone, or log-pe
riodic antennas! So let's go back to that
doublet. As soon as you depart from the
one frequency where you found the "ideal"
impedance, yo u' ll notice j 0 vanishing. In
its place will be a finite value of either
plus or minus j (depending upon the direc
tion of frequency departure) which will
increase in magnitude quite rapidly as you
swing away from the "idea l" freq uency,
These values of reactance C() are not so
simply dealt with by the usual pi-network.
They can be coped with, within reason, but
to do so requires the design (and con
struction) of a very flexible impedance
matching circuit. If the middle black box
is to perform its full function, this flexibility
must be present. Because this device helps
to achieve an impedance match, it should
be thought of as an integral part of the
middle black box.

So you see, a radio transmitting sta tion
mav be shown as three black boxes. One
holds the generator, one holds the Im
pedance-matching portion, one holds the
rad iating section . One generates the rf pow
er, one matches the generator to the ra
diator, one matches the radiator to space.
Quite simple!

HUNTER SALES INC.
lIox 1128A University Station

Des Moines. Iowa 50311

LINEAR AMPLIFIER
by Hunter

basic subjects, is quite simple and should
not be difficult to understand thoroughly.
This, of course, hol ds true only if you don't
co nfuse the situation b y making it unneces
sarily complex.

Go back to Fig. 2 and take another look
at it. You'll see a genera tor wi th its in
ternal resistance. To take maximum power
out of this generator, yo u need to have a
load eq ual to that internal res istance. (Some
times, for reasons we'll not treat here, we
wan t to mismatch the load. This will de
crease the transfer of power but may
achieve another, and desired, purpose. ) Note
that I wrote "resis tance", not "impedance".
In almos t all instances, we'll need a p ure
resistance to load the generator. Supplying
this pure resistance, in the desired magni
tude, is the second job we ask the middle
black box to do.

You'll recall that the right-hand hlack
box, the antenna plus its feed system, had
a very wide range of possible impedances.
The middle black box m ust p rocess these
impedances and convert them to a stipu
la ted value of pure resistance. Note that
I used the plural form, not singular. Very
seldom will this impedance remain constant
in an amate ur radio station, with its ability
to cover many frequencies within a band
and many bands within the Amateur Serv
ice allocations.

Let's sav ' ...'e have a transmitter with
a vacuum' tube requiring a load (res istive
of 4000 ohms. Also, that we have a doublet
antenna center-fed with 52-oh m coaxial
cable. There is a small p robability that
at one frequency (hopefully with in an am
ateur band) this will present an imped
ance of 52 + j0 to the middle black box.
T ransforming this to 4000 + j0 with a
pi-network presents no real problem to
either a des igner or a constructor. Even

DIODE CIRCUITS HANDBOOK
An inva lua b le refe rence b ook.

Covers rectifie rs, meter ci rcuits,
mi~ers, detectors, mod ulat ors,
pr oducts, FM detectors, noise
limiters, sque lch , AGC~ BFO'/O
mul ti p lie r, xstr protection, AFC,
Varic<l p tu ning , a udlc clip per s, FM
modul.ltor, ba lanc ed mod s, varec
tor multip liers, field-strength
mete rs, wavem eters, RF pro b es,
du mmy loa ds, SWR brldg e, teeh
ometer noi se g ene rator, aq ue re
wave g en, 'lener s, contr ol ci rcuits ,
voltage contro l, etc . 111 different
ci rcui ts.

An absalute steal at $1.
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Ralph St einberg K6GKX,
110 A rgonne A ve.
Long Beach, Cali], 90803

Facsimile and
the Radio
Amateur

It's fun and exciting to experiment with
facsimile. T his mode of communication is
grad ua lly becoming as popular as slow-scan
television and teletype. There are many po
tentials for which facsimile can be used in
amateur radio. Before we discuss these po
tentials there are some facts and experiences
your author had with facsimile which may
be interesting.

From April to the middle of September,
Propect F acsimile Antarctic logged more
than 300 hou rs transmi tting pictures to
KC4 USV at McM urdo Station. Although the
distance was 8000 miles from the trans
mitting sta tion to the receiving station, eight
five percent of the p ictures received were of
good quality and contrast on their initial
transmissions. The small percentage which
were of poor or fair quality were retrans
mitted and received in normal quality. Suc
cessful transmissions were made with
signal reports of 53 although for the majority,
reports were 57 to 59. Some evenings only
one p icture got through to McMurdc
Sta tion before the band "folded", while on
other evenings as many as two to ten p ie
tures were transmitted with very good copy.
Very little interference was noticed during
the six months period of facs imile operations
and th is mnv have been due to the selection
of frequencies (14.100 to 14.200 ~[Hz) au
thor ized by the Federal Communications
Commission. The b iggest problem of the fac
simile operations were the magnetic storms
in the Antarctic wh ich delayed transmitting
schedules fro m one day to a week at a time.

For those not acquain ted wi th facsimile
equipmen t or the operations, this int roduc
tion may be of interest and possibly the
beginning of another mode of communica
tions for experimentation.

84

Facsimile Photo oj .1!iss Calijornia as received at
Mc.llurdo.

Introduetion

Facsimile transmission consists of sending
pictures or other printed material by radio
or land line. It makes use of the process
known as scanning. The scanning like the
human eye follows each horizontal line from
left to right and returns to a starting point
at the left hand side of the page or picture
and repeats the process many times to reach
the bottom. This produces a permanent copy
of any material whether type, scrip t) photo
graphs or schematics. Facsimile equipment as
used today requires a slow speed (usually
60 rpm for amateur radio) which produces a
copy of the record in a matter of minutes.

In the transmitting of facsimile a picture
is scanned about 100 lines per inch. As the
light beam passes over each portion of the
picture it is reflected into a photoelectric
cell and the variation in the intensity of the
reflected light. due to the character of the
p icture, creates voltage variations in the
output circuit of the photo-cell. These vari
a tions make up the picture signal and are
a source of modulation for the radio fre
quency carrier of a transmitter. At the re
ceiving sta tion) the signal is demodulated
and the voltage variations created at the
transmit ter arc used to operate a recorder.
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The potentials of facs imile communica
tions in amateur radio arc unlimited . I t needs
only imagination to find ways to use fac
simile for many purposes. Some common
applications in amateur radio are sending
and receiving pictures, schematics, bulletins
or QSL cards p lus anything tha t calls for
a permanent record. There arc radio ama
teurs who have facsimile equipment and use
it for copying weather maps from Canada
and the satellites high above the earth. In
tornado and hurricane areas, these weather
maps would help the NCS of the warning
networks. The i'\CS with facsimile equip
ment would have advanced information on
the weather and a permanent record of the
weather map.

Equipment

The equipment used by Project Facsimile
Antarctic during the facsimile operations to
the Antarctic was the TXC-IB Times Corpo
ration Transceiver, ~ID 168 Mod ulator, RD
92A /UX Receiving Recorder and CV 1066A
Receiving Converter. This was all compatible
with the Fuscsimile equipment at McMurdc
Station in the Antarctic. Although the
TXC-IB Transceiver can he used for trans
mitting and receiving, the HD 92A/UX was
used as a monitor for all transmi ssions and
occasionally for receiving.

The TXC-I B Transceiver is an e lectro
mechanical -optical facsimi le set of the re
volving drum type for the transmission and
receiving of pictures, printed matter, maps
or ske tches. Received copy is recorded on
chemically treated paper. The equipment
will transmit or receive a page of copy 12 x
18 inches in 20 minutes. The :\I D 168 Modu
lator is used to convert amplitude modulated
facsimile signals from the TXC-IB Trans
ceiver to audio frequency shift facsimile sig
nals of 1500 to 2300 cycles. The input sig
nal to the modulator has a frequency of 1800
cycles and an amplitude that varies with the
light and the dark parts of the picture being
scanned at the facsimile transmitted. The out
put signal from the modulator is an audio
signal with 1500 cycles the maximum signal
input and 2300 cycles the minimum signal
input to the modulator from the facsimi le
transmitter. As the audio frequency-shift
signal from the modulator is of constant
amplitude the transmitted radio frequency
from the radio transmitter is modulated at
a constant percentage of modulat ion and is
known as suhcarrier - frequency mod ulation.

DECEMBER [968

To receive the audio frequency-shifted
signal, the HD 92A /UX Recorder was con
nected with a CV 1066A / U X Converter.
This converted the audio frequency-shifted
signal output of the radio receiver into an
amplitude modulated signal suitable for the
facsimile recorder.

Although Times Corporation Facsimile
equipment was used for the operations of
Project Fecsimile Antarctic, there are other
manufacturers of this equipment such as
J. P. Secburg Corp. who build their ma
chines for Western Union Telegraph Com
pany and the Alden Electronic & Imp ulse
Recording Equipment Company for the u .S.
Weather Bureau Stations. Both companies
have adjustable speeds on their recorders
and can he made compatible be tween re
ceiving and transmitting stations.

Radio amateurs interested in experiment
ing with facsim ile equipment can secure it
through the ~I ARS program, when avail
able. Recently Western Union Telegraph
Company donated some of their older model
" In terfax" equipment to the rad io amateurs
in some of the larger cities. If you live in
or nenr one of the la rger cit ies of the United
States, contact the technical service mana
ger of the telegraph company..Mention you
arc a radio amateur and that you wish to
experimen t with facsimil e und would appre
ciate one of their discontinued models of
facsimile equip ment, inter/ax. You might
be lucky. On the Alden Facsimile equipment,
this company se lls their discontinued models
and inquiries should he addressed to their
main office in Westboro, Mass.

Facsimi le operations a t present arc as
signed to the frequencies from 50 ~IHz to
40,000 ~ I Hz, however special permission
must be authorized by the Federal Communi
cations Commission to usc it on the low
hands. \ " ith slow-scan television just re
cently becoming legal on the low bands, it
is hoped that facsimile operations will also
be legally allowed on these bands.

There was lots of work attached to Proj
ect Facsimile Antarctic, but Earl , \ VA6UR\V,
Ell is, \ VB6EGH and I enjoyed every minute
of it. Try experimenting with facsimile and
you will feel the same way. . .. K6G KK

T ell Our A dvertisers
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ySSB?
F. Dale Williams, K3PUR
H'Rb-Singer, Inc.
Slate College, Pa. 16801

Required Reading for the Die-Hard

AM Operator

would you believe that, in this elec tronic
age, there are still amateur ra dio stations
without the capability of SSE operation?
II you find this fac t plausible, it should not
he difficult to convince you that there are
also many hams who don't really know what
single sideband is all about (and some of
these ham s are operating SSE exclusively).
\Ve are all familiar with the cliches of the
SSB versus A~1 controversy: "Twice the out
p ut of AM with the same power"; "I would
need a special receiver" ; I don't want any
thing to do with that quack sounding stuff";
"It only uses h alf the spectrum space of A:\f'.
But how many of us have actually taken the
time and trouble to do a little reading to see
just what the advan tages arc to utilizing
single sideband as a mode of transmission,
and what we must obta in in the way of basic
equipment, or put out in cash, to either
change to or add SSB to the present station?

F ig. 1 is provided as an overall compari
son of AM, double sideband, and single side
band in easy-to-read table format with the
hope that it will create enough interest
among the non-believers to convince them
to read the arti cle. The gain fi gures arc com
puted with a reference of I and are given
only as average power values which do not
show actual gain advantage. If you have al
ready designed an d constructed a single
sideband transmitter, this article probably
won't te ll you anything: new. If you have
just added a p roduct detector to that old
station receiver to make it easier to receive
SSB signals, but haven't gotten around to
obtaining a transmitter, this article should
convince you to take th e final step. In the
event any of the die-hard AM operators have
been stimulated to read this far, be advised
that th is article is mainly m ean t for you.
Even if you don 't believe everything yon
read it m ight give yon some extra am muni
tion for your altercations with the "Quack.
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ers". In the following paragraphs I have
tried to state the di fferen ces (not necessary
advantages) between Aft'! and SSB in easy
to understand terms and give examples
which should emphasize the points in vari
ous ways. Although double sideband is not
a common mode of transmission for hams,
its characteristics are included for comp ari
son purposes.

Power

Unfortunately, the most imp ortant consid
eration of the present-day ham appears to be
the amount of power the transmitter can pro
vide. With a well matched antenna system
we expect all the power in the transmitter
final to be transferred to the antenna and
into the e ther. This case naturally considers
the transmission line to be lossless and the
antenna to be a perfect rudiater. This gen
eralized impression is misleading. F irst,
considering A~l tran smitters, we must re
member that the power is usually given by
the manufacturer as so many watts input.
This value is de watts input to the final
and, since we cannot expect the final tub e to
be much over 75% efficient, the unmodulated
output will be m uch less than the rated in
p ut. \ Vhen the transmitter is modulated
100% with a p ure sine wave the de p ower
is vaned at the fre quency of the sine wave
and increased 50% in amplitude. That sounds
fine , you say, because allowing for some peak
power loss we still have as much average
output when modulating with voice as the
stated de p ower input. However, the power
leaving the fi nal of the A~l transmitter, an d
thus that power being sent along the air
waves toward that rare DX station, is no t all
contr ihuting to the best possible reception
on the other encl. The transmitter had a car
rier frequency which was modulated ill order
to tran smit some intelligence, in this case
your voice. T herefore, a band of frequencies
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1000 W
Ax. Output

Eft'. - 100%
A 11

D SB
SS B

Power Distributio n
Car rier u sn L SB

666 .6 W 166.7 W 1 6 6.7 w
Iusi g. 500 W 500 W
Ln alg. 1000 ,V in either

sid eban d

System
Gain
25 db
27 d b
30 db

Power
Gain
22 db
2 7 db
30 db

Spectr-um
Hpaee
6 kHz
6 kHz
3 k Hz

SIN
Adva n.

None
None
None

Example 2: Looking at it another way, the
AM transmitter in the above example
must have a total output of 30KW to
equal the power of the 5 KW SSIJ
transmitter. Therefore, the system gain
of the SSB transmitter is six times that
of the AIvl transmitter and the gain in
db is:

10 log 6 = 7.78 db
The above examples were made on the

basis of equal signal-to-noise ratios at the
receiver, which as explained later is valid,

Fig. 1. Overall comparison of the three modes.

determined by your voice and the circuit
elements of the modulator was mixed with
the carrier frequency, producing the carrier,
upper sideband, and lower sideband, both
of which contain the same information. How
ever, as you remember, we said above that
the power could be increased a maximum of
50% by 100% modulation. This increase in
power is equally divided between the two
sidebands while the major part of the trans
mitted power is taken by the carrier. Since
the carrier contains no intelligence, and only
one sideband is necessary at the receiving
site for demodulation, our effective power is
only one sixth of that being transmitted. In
other words, the transmitted AM signal has
two thirds of its power in the carrier and
only one third in the sidebands.

If we were to suppress the carrier and
feed only the two sidebands to the final
stage all power would be transmitted in the
sidebands, thus doubling our effective power.

Progressing further along this line of
thought, if we suppress the carrier and feed
the final stage with only one sideband, it
should be possible to use the available power
to transmit the single sideband , thus utliz
ing all the power for the transmission of in,
telligence. This is indeed the case and we
have again doubled our effective power.

Example 1: F or a transmitter rated at
5KW output and modulated 100%, the
power will be divided:

E2
P = If

AM
D SB
SSB

LSB
833.aw
2.5 KW

5 KW

Ca rrier USB
333il,2W B3S.3 W

I n aiz. 2.5 K W
ill either sldebnn d

and no limitation to the peak power of the
AM final amplifier. However, since the am a
teur service is allowed to feed the final
transmitter stage with only 1000 \V, this
value obviously becomes the limiting factor.

In an AM transmission the peak amplitude
(at maximum voltage swing) for a 100%
modulated wave is twice the amplitude of
the carr ier wave alone. Therefore, the peak
power of the modulated wave is four times
the normal carrier power. This is caused by
the doubling of the plate voltage of the
amplifier at the peaks of the modulating
wave. When the voltage (E) is doubled, the
power will increase four tim es according to
the formula :

\Vhere P Power out
E B+ Voltage
R B+ Resistor

In other words, the power in a 100% modu
lated wave is 50% greater than the carrier
wave alone. Then, if we have a 1 K\V car
rier signal and a 100% modulated feeding
the final stage, our modulated output would
be 1.5 KvV, disregarding tube efficiency.
The peak power output would be four times
the normal carr ier power or 4 K\V.
Example 3: Using the limiting factor of

1000 W unmodulated input to the fin al
we can see that only 500 \ V can be
provided for both sidebands or 250 W
in each. This means the AM system can
provide an average power (both side
bands) of 500 W to 1000 W for the
SSB system, or a 2 :1 advantage for the
SSB system.

Example 4: Utilizing peak power as a refer
ence, the AM system must peak at 4
KW to equal the SSIJ peak power of 1
K\V. However, the AM system can pro
duce only 500 W in both sidebands
while the SSB system can put the whole
gallon in one sideband. This ra tio of 4
KW :0.5 KW or 8 :1 gives the SSIJ sys
tem a signal power advantage of:

10 log 8 = 9 db
This is just about the difference be
tween a dipole and a junior sized 3 ele
ment beam!
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Spectrum Requirements
A well designed communications system

is not in tended to efficient ly transmit high
fidelitv music. If we desired to transmit such
material with a freq uency ran ge of 20 Hz
to :'0 kHz using norm al amplitude modula
tion , 40 kHz of spectrum space would be
necessary. Some time ago telephone com
pany engineers found that satisfa~tory vo.ice
communications could be transmitted usrng
only the 300 H z to 3 kHz portion of the
audio range. Therefore, audio amplifiers,
modulators, and filters are designed to pass
onl y this range of frequencies. Although
seemingly narrow when compared to the
high fidelity limits, this band of audio fre
quencies provides intelligible communica
tions. If you have ever noticed the problem
of tuning in a YL operator on SSB, you will
realize that the higher range of voice fre
quencies appears to make the bandwidth
narrower than it really is.
Example 5: Utilizing only these aud io fre

quencies, the normal A~I transmitter
will produce sidebands a minimum of
3 kHz above and below the carrie r fre
quency. thus using a total spectrum
space of 6 kHz,

Example 6: A single sideband transmitter
using the same audio frequencies will
produce only one sideband either 3 kHz
above or below the carrier frequency,
depending on which sideband is being
transmitted . As shown, a single side
band transmitter requires only one half
the spectrum space necessary for A~I

transmission .
In addition to the above saving in spec

trum space, there is another benefit of SSB
wh ich is often forgo tten. By greatly sup
pressing the carr ier, we have removed a
major source of interference from the hands.
\Vhen two A~l stations are utilizing frequen
cies less than 6 kHz from each other, inter
ference is caused by heterodyning of the
carriers. Two SSB stations, both operating
on the same sideband, can easily transmit
within 3 kHz of each other without causing
interference. It is also possible to operate
SSB at even narrower intervals due to the
missing carr ier, the only interference being
in the form of "monkey chatter" caused by
the audio of the nearby station.
Example 7: Considering the above facts, a

96 kHz portion of the frequency spec
trum could be effectively utilized by 16
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A~l stations or 32 SSB stations. Intel
ligible communications could also be
obtained if an additional 16 SSE sta
tions were evenly spaced among the al
ready present 32. This would give
everyone of the 48 SSB channels a
bandwidth of 2 kHz. Thus an average
ratio number of possible transmitters
per mode to required spectrum space
would show a 48:16 or 3 :1 advantage
for the SSB mode.

Noise and Propagation

In examples 1 and 2, we noted that the
calculations were made on the basis of equal
signal-to-noise ratios in the receiver for both
AM and SSB signals. The A~f receiver de
tector usually has a 6 kHz bandwidth signal
to work with so that both sidebands are de
modulated producing equal audio outputs.
The SSB system has only one sideband to be
demodulated, thus produces only one detec
tor output at one half the amplitude of the
AM radio.
Example 8 : Although the A~( receiver de

tector produces twice as much aud io
from an A~I signal, the noise on both
A~I sidebands is twice that on the one
SSB sideband, thus there is no signal
to-noise advantage for either system.

At first glance it would appear that we
should see some improvement in A~l long
d istance communication over SSE, as far
as the signal-to-noise ratio is concerned , due
to the wider bandwidth. The Hartley-Shan
non law tells us that the total information in
a signal is directl y proportional to the band
width, time taken to send the Information,
and the signal-to-noise ratio. Therefore, a
certain amount of noise interference on a
long transmission path can be overcome by
increasing the bandwidth of the signal.
However, although the A~l sidebands co
operate to raise the power output in an A~I

system, they tend to work against each other
over the long distance path when fading
occurs. This is due to the fact that the side
bands in an AM system are being "trans
mitted" by the carrier. \Vhen the carrier is
received by two different ionospheric signal
paths, the dilTerent lengths of the paths
cause the received signals to be out of phase
with each other. The amount of phase differ
ence is dependent on the signal paths and
can be 180 0

, in which case complete can
cellation occurs . Any phase difference of the
carrier other than 180 0 will cause some de-
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gree of fading but, mor~ important.. it will
cause the sidebands to mterfere with each
other producing distorted audio. Such fading
can be avoided by diversity reception (two
receivers and two separate antennas) or re
fined receiver design with special phasing
circuitry.
Example g: Since the transmitted SSE signal

contains no carr ier, selective fading is
not a problem and, under the same con
ditions, a 12 to 16 db improvement
over A~1 can be realized.

It is possible to use the scatter phenomenon
for medium distance ( 1000-2000 miles )
communications. This effect is more prev
alent on the high hands and is utilized by
the military and government for reliable
"back-up" systems. The transmission path is
scattered and therefore is dependent on
transmitter power rather than propagation
conditions.
Example 10: Since communications using

the scatter phenomenon is dependent on
transmitter power and more power is
available in the SSB system as compared
to an A~'1 system, it is possible to make
contacts with SSB when the bands are
"dead" for A~1.

90

Reception
Because an A~1 signal is transmitted with

a carrier it is a simple matter for the op
erator to find the signal and for the receiver
detector to demodulate it producing an audio
output. However. in SSB, where no signifi
cant carrier is transmitted, there will he no
indication at the receiver of any signal being
transmitted except when the operator at the
other end speaks into the mike. Without a
carrier to beat with the receiver heterodyn
ing oscillators the AM detector has no refer
ence and produces only unintelligible dis
tortion. In order to receive SSB the carrier
must be reinserted at the receiver. The point
of insertion may be almost anywhere before
the detector but must be the frequency of
the transmitted signal. The best way to con
vert an A~1 receiver for SSB reception is to
add a product detector. Since this article is
not meant to get into the necessary circuitry
fur single sideband, suffice it to say that the
product detector is essentially a mixer /de
modulator which is fed with the incoming
SSB signal at the if frequency. Because there
is only one sideband, the driving oscillator
output must be quite a bit higher than the
signal amplitude to provide a useful audio

OUTSTANDING
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5,000 volt de range!

DC Volts: 2.5, 10, 50, 250, 500, 5000,
Ohms: 12K,120K, 1,2M, 12M
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plus 90c postage a nd shipping
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output. The biggest problem in this system,
which may be considered a disadvantage by
homebrcders, is the necessary stab ility re
quired for the BFO, or oscillator feeding the
p roduct detector.
Example 11 : If the reinserted oscillator fre

quency is different from the transmitter
suppressed carr ier frequency, the output
from the synchronous detector (prod
uct detector ) will show an equal differ
ence in the audio from the original
modulating frequency. The injection os
cillator frequency may differ from the
carrier frequency by + 20 H z without
affecting intelligibility. However, fre
quency deviations greater than 50 H z
will produce only distortion from the
product detector.

Reception of SSB on a receiver with a bfo
is possible by setting the bfo at the center
of its range and adjusting the rf gain con
trol for best reception . Since only one side
band is being received, the audio gain will
have to be increased. Although changing the
rf gain will affect the S meter reading, such
adjustment is necessary so that the bfo signal
amplitude will be as high as possible above
the signal level.

Transmission and Basic Costs

There are a number of companies which
manufacture SSB adapters which can be used
with most A~-1 transmitters. The best route
to go, however, is to purchase a new trans
mitter or transceiver. If you are still using
an old A~1IC\V rig remember the trade-in
value is getting lower every day. The cost
of a 500 W ( 1000 WPEP ) single sideband
transmitter, which can be used on AM and
C\V by inserting the carrier, is no more ex
pensive than an AM rig of the same power.
Although the transmitter front end compo
nents, such as filters, aud io networks, and

WIEMV continued from pg. 3

rich. D on't you believe it. H am radio is mere
ly a sideline with most of our manufacturers,
or they couldn't afford to stay in business.
The best you can say is that they get a tax
break on their losses from ham radio. Just
hope they stay with it, or you may have to
d rag out the solclering iron and go back to
to the easy building of A~f equ ipment.

.. . Kayla W lEMV
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balanced modulators are more expensive to
design, there is a savings in the fin al amplf
Her where dissapation ratings can be lower
than those required for AM . If you don't
want to layout any more cash than neces
sary (who docs?) you can use the old trans
tnitter and receiver as trade-ins on a new
transceiver.

Example 12: Old
Surplus SP-600 $300
65 W Ranger 11 $150

Trade-In Value $450

New
400 WPEP Swan 350 $525
w/Power Supply
Trade-In $450

Cash Outlay $ 75
If you have a linear amplfier, it can be

used on SSB as well as Al\L If you have
been using a Class B amplifier for AM, there
are plenty of articles in the "Radio Amateur's
Handbook" and past issues of "QST" and
"73" which provide information on construc
tion of a linear and which could be used to
modify the Class Il amplifier to Class All .

Now that you have read about the differ
ences and possible advantages of SSB, how
about dropping a line to one of the equ ip
ment dealers advertising in "73" and asking
for a trade in quote on your old rig toward
a more efficient SSB system. They will even
pay the sh ipp ing costs!

.. . K3PUR
Rererences :

Stoner, "Xew S ideband H a ndbook "
Cupttol R ud lo Enginuering- Institute, "Communications

Engineering' Tetllnolog)' ''
ARR!., " 'fhe R adio Am ateur's Handbook"
Goodman, "What is Single Sideban d Telephony}",

QRT • .Innuai-y 1948
Xorjrn a r d, "What About Single Sideband 1", QST , May

1948

MOVING?

Every day we get a handful of wrappers
back from the post office with e ithe r a change
of address on them or a note that the sub.
scriber has moved and left no address. The
magazines are thrown out end just the wrap
per returned. Please don't expect us to send
you another copy if you forget to let us know
about your new address. And remember that
in this day of the extra rapid computer it
takes six weeks to meke an address cho!lnge
instead of the few days it used to when we
worked slowly and by hand.
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Limitations on

Antenna Reciprocity

W. B. Cameron WA4UZM
324 South Riverhills Drive
Temple Terrace, Florida 33617

This is an attempt to answer the ques
tion "How come?" in the Feb ruary, 1968
issue of 73. Most amateurs arc acquainted
with the theory (variously called the Ray
leigh-Helmholtz theory or th e Carso n
theory of reciprocity) that a good trans
mitting antenna is recip rocally a good re
ceiving antenna. This works well enough
for us to tune an antenna in the one mode
with reasonable confidence that it will then
perform adeq uately in the other. H owever,
as with m ost scien tific theories, there are
a number of underlying assumptions about
other conditions being limited, u niform, and
unvarying, and if one or more of these as
sumptions is not met, performance will b e
differen t from what is theoretically pre
d icted. As anyone who h as studied antennas
carefully will attest, the complications in
this field are indeed wonderful, b ut let us
briefly examine a few which are quite likely
to affect the amateur's attemp t to estimate
antenna performan ce.

In the fi rst p lace, arguing that an antenna
wiII perform reciprocally in the receiving
and transmitting m odes assumes that the
m edium in wh ich wave propagation takes
place is homogeneous. This is pretty nearly
true for antennas which are mounted high
above the earth and operating at line of
sight distances with th eir m ajor axes prop
erly oriented, such as with VHF antennas
situated on high towers operating over flat
te rrain . This assumption is almost never
met on the lower bands or under skip con
ditions. Most amateurs are acquainted with
what is called "one-way skip". Conditions
can exist whereby the m edium in which the
wave is p ropagated is much more favorable
for transm ission from p oint A to point B
than it is from p oint B to p oint A. One
of the situations in which this is most readily
apparent is on the VHF b ands when there
is a discontinuity in the temperature of the
air masses overhead, prod ucing what is fr e
quently called tropospheric bending. The
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len s or prism effect in the air m asses does
not always work precisely the same going
h oth ways. However, the lens is merely a
crude analogy when applied to a discon
tinuity of the air , as is the analogy of a
mirror to describe the higher ionized strata
which turn a radio wave b ack toward earth.

Another complication of reflected prop a
gation is that radio waves which go into
the ionosphere m ay become turned around
or twisted before b eing sent back. The re
sult is that a wave which is vertically p ol
arized upon leaving the transmitter may
return to some far distant receiving station
in a h ori zontally polarized condition . This
means, of course, that an antenna which
favors horizontal polarization usually works
much better in receiving such a DX signal,
although it m ay not make much difference
in tran smitting. This m ay be one of the
reasons why people complain about the in
effectiveness of vertical antennas for receiv
ing, although they consistently perform well
for low-an gle radiation in transmitting. It
is not merely that the antenna m ay not work
exactly the same both ways, but the same
antenna used for receiving m ay not face
the same conditions that it itself produces
in transmitting.

On 144 MHz in the early 19,50's, some
of us in Cincinnati established to our own
satisfaction that, for receiving, capture area
was almost as important as gain itself . One
of m y friends found that transmittin g with
a large collin ear ("bedspring") instead of
a Yagi did not produce an app reciably great
er signal in the other m an's receiver but its
use would greatly enhance the signal re
ceived at his own end. The explanation
seems to lie in the greater capture area
of the . large "flat" antenna comp ared to
the small "pointed" one. Unfortunately, to
sim ulate this on low frequencies would re
quire an Installation comparable to some of
the big transmitting antennas at the Voice
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CLEVELAND OHIO

DUAL GATE MOSFET

Please use Jour Zip
Code Jr' hen 1fTr iling 73

Dept. H
196·23 Jamaica Ave., Hollis, NY 11423

VANGUARD LABS

to 175 MHz. $19.95 ppd.
to 300 MHz. $23.95 ppd.
to 400 MHz. $27.95 ppd.
to 450 MHz. $31.95 ppd.

• AVolliiolIbl. f ro m 5 MHz. to 450 MHz. Ba ndwidth is
a p proximately 3% of freq uency.

• Voltag e g a in 30 to 40 DB depending on freq uency.
• Two Dual Gate MO SFET am p lifier sta ges with each

having a tuned Input and tuned output . Each Dual
GolIle MO SFET Is actua lly oli n integ ra t ed cascede cir
cuit thu g iving you 2 cascode circu its equ ival ent
to 4 trlodes.

• Except ionally low noise (2.5 DB a t 175MHz. ) , great
ly red uced crou modulat ion and 10 t imu th e dy
na mic ra nge (s ig nal hand ling ca pa bili ty) of the best
bl- polar t ran sisto rs. Also su perior to p rea mps using
'Iunction FETs an d SIng le Gate MOSFETs.

• ntema l co nnections for high impe da nce AGe or
man ual ch,ln co ntrol if need ed.

• Type BN C inpu t a nd output recepta c les fo r minimum
loss a t UH F. Stand ard im pedance is 50-75 ohms.

• Ca refu ll y tuned a t ou r la bora tory with swee p gen era
to r a nd oscillosco pe fo r th e best bandpa ss cha racte r
istic.

• Full wave UH F dlod u protect input t ransistor.
• Opera tes on 6 to 16 volts DC, 5 to 15 Moll .

... '

PRE-AMPS

,

TTS3A R e p ea ter NEW 34.95
255A P ola r R ela y N EW 2.95
1D91BjARN6 Ra d io Compass Used G ood 4.95
l\lod el 19, li ke new _ 145.00
D u odial Turns Counti ng 0-40-~:''' Shft. 1.25
IM-123/PD R adiation D e tector _...... 10.95
Sound Powered T e lepho n es . new case .... 10.95
AA 210 Monitor Scope 2" PT of U RA/ B.... 7.50

DIXONS 586 E, I"'_AT_FREEWAY
216-42 1-22]0

of America , conseq uently few hams ever
get a chance to investigate the effect of
capture area on the low frequency bands.

Related to this p roblem of cap ture area
is what we might term the angle of ac
ceptance of an antenna. This becomes a
factor in multiple element arrays which are
not flat with respect to the incoming wave
front, whether of the Yagi or Quad or
other type. ' Ve said that the reciprocity
theory could be expected to work only if
the antennas were p roperly oriented. Very
few amateurs, even on the YH F or UH F
bands, have facilities for controlling the
orientation of the antenna excep t in rotat
ing it horizontally ( nor theast, southwest, etc. )
We know that the signal is not coming in
parallel to the eart h, but we usually do not
do anything about it. Now if we were able
to tilt the antenna boom and also rotate
the boom axially we could hegin to adjust
the antenna to the proper attitude with re
spect to the wave fronts coming in. Some
very surprising things would result if we
could do so, and anyone who has t ried it
will bear this onto

I suspect that it is this factor of vertical
orientation which may go far to explain
the question asked by ' V4YM, with reference
to comparing his two-element and four-ele
ment Quads. .\ 1uch of the signal coming
into either antenna is not coming straigh t
on in to the cone which we imagine in front
of the lead ing element. Much of the signal
is coming in from various angles above this.

Now if the vertical pattern of the an tenna
were smooth and regular, the angle at
which the signal ca me into it would of
course affect the "S'' meter reading to some
extent , but would not be very critical. Cer
tainly it should not be any more critical
than the horizontal angle, which is what
we usually consider in the case of a beam.
However, the fact is that on many antennas
the vertical pattern exhibits several lobes
and partial nulls. T hese are not planned
and they are not particularly useful. and
for the most part they are completely ig
nored. However. if the antenna happens to
have a null in the forward direction at say,
thirty degrees from the vertical, then with
signals coming in at this angle, rotating
the antenna horizontally will have very
slight or erra tic effects as compared to the
antenna's performance on low-angle DX
signals. Anyone who has p layed around with
rotary beams d uring times of extreme short
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HEY, THERE!!!! YOU WITH All THAT
ELECTRONIC GEAR IN YOUR SHACK!

Don't clutter up you r home with all that st uffl
Bette r +0 clutte r up our ware house - and get
pa id In th e bargain I Don't waste time asking
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COLUMBIA ELECTRONICS, Dept. 1
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skip can verify these fac ts and can p rob
ably appreciate this explanation . This does
not in any way mean that under condi
tions of high-angle radiation and reception
a b eam antenna is worthless, but it d oes
m ean that we just can't p oint the receiv
in g antenna at the transmitting station in
one axis alone and expect optimum results.

By the way, one of the major advantages
I see in the Quad over the Yagi is that
it compresses the sign al vertically as well
as horizontally and for a given horizontal
angle of rad iation or acceptance compresses
more energy, and with a smooth pattern,
smce it is compressing at about the same
angle vertically. \ Vi th m any Yagis things
arc very much d ifferent. Som e Yngts w hich
show a fine smooth pattern horizon tally
have a m iserable and erratic pattern ver
tically. The easiest way to test this is to
build sm all tabletop an tennas, using as a
signal source something like an rf inter
ferometer. You can learn a great many in
structive things about antenna p atterns
in this way without a great deal of expense.
A satisfactory setup is a pingpong table
sit ting in your carport or out in the b ack
yard, assuming that the antenna half-wave
is only about four or five inches. A severe
limitat ion 0 11 this method, however, is that
it is exceedingly difficult to learn anythi ng
about antenna feed line impedences on these
small antennas. As with all other branches
of antenna experimenting, you give up some
t hing for everything you get.

Further complications in trying to com
pare a given antenna for tran smission and
reception lie in matching the feed line to
the load. \Ve all know that, in transmitting,
antennas should b e m atched, to reduce the
S\VR. Moreover, we have reasonably good
methods of m easu ring this in most modern
amateur shacks . Note that I only say reason
ab ly good, b ecause our methods are fa r
from any laboratory standard, but they are
about as close as any practical need re
quires. However, I have never b een in a
ham shack which could do an equally good
job of de termining the match to the re
ceiver. If the line is b ehaving differently
in the receiving mode from its performance
in transmission, we should not expect closely
reciprocal results.

\Vhen it comes to signal level m easure
ment, most amateurs are unable to compare
from one station to another with even a
usable degree of accuracy. About all an



"S" meter is good for is a tuning indicator
and a take-off point for limited conversa
tion with the man at the other end. I have
tried calibrating "S" meters carefully oil
some of the receivers that I have built, but
in recent years have given up and left the
things off the receiver entirely. It was simply
too much trouble to try to get a scale honest
and linear across a usable range and when
I did, an accurate report merely insulted
the guy at the other end, who had been
used to inflated reports from other people
using some of the commercial receivers. Let
me just state briefly and succinctly that any
definitive work testing the reciprocity of a
receiving-transmitting antenna would re
quire signal measurement capabilities which
were both appropriate and comparable at
both ends of the circuit. This is almost
never approximated. The best I could ever
do was to calibrate my own receiver ac
curately for one band, using as a reference
a transmitter across town where we had
a pretty good measurement of the input
power, and then testing the antennas we
wished to compare between these same two
stations, holding other variables constant.
This, bear in mind, was for one path only.
I could not say anything definitive about these
same antennas operating across the reverse
path.

Even working between stations in close
proximity you may have to select sites care
fully to get a clear path. Reflections from
objects near the earth do some mighty funny
things to a signal and severely distort the
"free space" antenna patterns. Reflections
from objects far from the earth can also do
funny things. I'm told that signals com
ing back from the moon have a reverse
sp in , which means that the best antenna
for transmitting is precisely the opposite in
this aspect from the best one for receiving.
The well known spiral ray used on VHF
bands attempts to accommodate waves which
may be arriving horizontally, or vertically,
or somewhat in between. However, it does
not take into account the variability in the
d irection of sp in. Even imagining an an
tenna patterned after the spiral ray but
equipped with enough rotation to adjust the
elements for spin, and the tilt, axial ro
tation, and azimuthal rotation of the boom
makes one shudder. By this time, we would
have so many control wires going up to
the antenna that the signal would have a
hard time deciding what was the feedline.
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In short, reciprocity theory is a great
thing if you respect it for what it is. It
does not readily permit an am ateur to com
pare two different kinds of antennas with
respect to different modes of use without
controlling any of the other variables, which
include all of the ones we have listed and
a few more. In the words of one of my
engineer friends, "What you have here is
a complex system, and complex systems are
always worse than simple systems, and sim
ple systems are bad enough !"

...WA4UZM

95



....-----------------------_.

o desk clock

o name plate

o tape recorder
o travel cleek radio
o clock am/fm

City & State Zip .

Name & call .
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SPECIAL $2 pp

SPECIAL ONLY $38.00 pp

DESK NAME PLATE
Your nome and call on a beautiful des k plete mi ght
norrnallv cost you aroun d $10. These plates are wel
nut q reined and are available with up to 20 lette rs
and spaces. You cen have you r full name or your
first name and call. Im mediate del ivery on all orde rs .
10" lonq by about I" high. Identify your sta t ion
wi th one of these plates .

CASETTE TAPE RECORDER
After testing 0 dozen different ma kes of ca ssette

tape recorde rs we found tha t the Valiant was by
far the easiest to use. The fidelity is good and the
push button system outstanding . Has b attery level
meter, recording level mete r, jack fo r feed ing hi-f
or tv, oce re tes from switch on mi ke . Great fo r re
co rding DX contacts, f rien ds, et the movies, parties ,
unusual acce nts and things like tha t . Once you t ry
it you will be using it like a ca mera. Check this
price anywhere, it is a lulu!
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24 HOUR CALENDAR CLOCK
This clock reads out t he day, da te and time in
large, easy to read nu mbers . None of thll t little
tiny num ber business for your shack. Set this up
on G MT and never ma ke 11 mista ke eqein on lo q
ginq time and d at e. 8"x3\h"x3 lh ", brushed aluminum
cese. Synch ronous self-sterflno movement, 110 v 60
cycles. Meke your operating desk loo k outstend in q
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TRAVEL-CLOCK RADIO
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11/2 pounds . Great gift for a traveling friend or
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AM-FM DIGITAL CLOCK RADIO
Here is somethin q entirely new in doc k redios •
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AFC rad io. Th is is the first digi tal clock ra dio ever
imported into the U.S. The radio is all solid state,
of course . This makes a wonderfu l radio for the
bed room. Price dock AM·FM radios, even in the
bargain fliers, end notice the emerinq low price for
this one.

RED LINE. Jaffrey. N.H. 03452
Please send postpaid the following:
check enclosed.
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FOLLOW ME TO
FOR YOUR

stellarmndustries
DIV. Df $TUUI I. r.c.

SA LES AND SEItVICE

AEROTRON

AM ECO

ANTENNA SPECIALISTS

COLLINS

CORN ELL DUBILI ER

CUSH CRAFT

R. L. DRAKE

DOW KEY

EDITORS & ENGINEERS LTD.

EICO

ELECTRO-VOICE

ESSCO

E-Z WAY

GALAXY

GONSET

HALLETT

HALLICRAFTERS

HAMMARLUND

HY-GAIN

ICE

E. F. JOHNSON

LIN EAR SYSTEMS

MARS (PAUSAN)

MciNTOSH

MOSLEY

MOTO ROLA

NATIONAL

NEWTRONICS

OM EGA-T

RSGB

RADIO AMATEUR CALLBOOK

REGENCY

RUSSELL INDUSTRIES

SBE - WEBSTER

SHURE

SWAN

TELEX

TURN ER

UNADILLA

VIBROPLEX

WATERS

WILCOX

NEEDS

GLEN FADDEN, W2CXX/2

10 GRAHAM ROAD WEST . ITHACA, N. Y. 14850 • TELEP HONE AREA CODE 607 213-9333

HOURS: 9:00 A.M. to 5:30 P.M. Monday through Friday 9:00 A.M. to 5:00 P.M. Saturday

HAVE YOU A PERFECT FIST?
M&M'S NEW ELECTRONIC KEYER

CAN PERFECTIFY YOUR CW TO 40 WPM!

DECEMBER 19&8

• Trou b le free solid state ci rcuitry,
• En ry letter perfect: self complet

ing dah's a nd di ls, 3/1 perfect ra ti o.
• AC powered: no batte n es to die .
• Isolated telay output works with any

rig .
• Built In monitor.
• Works with your present key or b u;.
M&M Electro nics Dah-Ditter model EK·I

only $34 .95 postpaid In USA and
possessions

S end your order direct to :
M & M ELECTRONICS K.y. ' o.p'.
6835 Sunnybrook, H.E., Atlanta, Georgia 30328

"

oscillator/monitor
• .!iht. toft. to ito.
th. RF oJ " CW tr. ... mitt.. Jrom
IOMw to I Kw c- IOO Ke to IOOOMc,.
...i" g 0 ..1" ... e· piekup . ..t .......
• COl .. l.o ••!J-t.itt••ed Jo. eod.
p•• ctie. o. tho t ••ti"g oJ _IHI
. t.t . compo.....b ....1 eircuih .
• .HI. i.. ht .. i .., up (, te.ti"g RF
o.eill.to .1 powo' eirc..m.
• II tr i.to', 1 dioel. eircuit,.,..1..',to dj...t, M portCOtl,
ted I_d., e· t •• (, ....' ..otie h.... 1495 eomploto,
• e. loi.... i . 16 ,."g. Iolu l. (, el_. ppd u.a& ca n.
. nocIi.ed .Iumi..um, 3.11 " 1.3 " 1.1 · ..nd co check or m,a,
us m.d. (, , Jor I ,,_,. . o ld by ma ll on ly

James Research company',dep't: AR-M
11 schermerhorn st., brcekl n n.y.11201
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Townsend, K9BXG

A Sturdy Boom Cla m p, White, W6BKX
The Cryst a l Shopping List

Cameron, WA4 UZM
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Transformer T r icks, Grimes, W4LLR
Banana Pluee Fit Into Coax Jack
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and Recor ders, Es lick. KPVQY
Amateu r Applica t ions F or Inexpensive

Tape Recorders, Schu lt z, W2EEY
Coiled Cords Unta ngle Test Leads

H a usma n, VE3BUE
250 Sockets, Jack. WA3AQS
N on Slip Ke)' Base, Hausman, VE3 BUE
High Voltalte Battery,

Hausman , VE3BUE
Burn Prevent ion, Hau sman, VE3BUE
Panel Gap Filler, Ivee ,
A Confined S pace N ut Starter

Hausman, VE3BUE
Ventilation by E levation

Hausman. VE3BUE
TrappinlC S t ronz Sig na ls, Conklin. K6KA
Increaalng Pilot Lamp Life

Urke, WD6Z0A
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Ha r ts t ei n, WR6NWW
Bu ild You rsel f a Relegator, Kyle. K6GRP
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R omelfnn z er, K6PKQ
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Tur-ner-, W Ap ABI
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Mouse T unnels, Carroll, K6H KB
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Franson , WAICCH
Novice Data , Welsh, W6DDB
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McCullalth , VF..:JDAN
Electronic Temperatu re Measurement

McCa rthy, K6EA W
DB-A Curious Animal , Roberts, W 9HO V
Receiver F ront End P rotection

J ones, W 6AJF
Gett in" the Most out of Link Coupling,

Thoma. KIGBF
VHF Operat ion by Remote Control

Sess ions, K6MVH
A Career in E lec t rente Engineering

Kelly. W 6JTT
You Ca n Pass The E xtra, McKee. K6YA
Some A udio ThouKhts. J offe, W 3KBM
db, Bach, WB2PAP
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KlinE' rt, WB6BIH
Transit Time-c-So t MacArthur, K9UYA
So You Think You' rE' on F'r-equeney

Sesaiona , K6MV H
ParallE'I_T Networ-k Destzn , Kyle. J im
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SUPER SALE!
ONCE IN

HAllIS, SCHOOLS, INDUSTRY!
A LIFE TIlliE PRICES!

Order NOW from this
VH~ RECVR. Collins or Wilcox, 118-136
mHz, AM, 110 vee, mak es first class net
o r monitor recvr. ex-FAA, was $125.....$60.
DIGITAL COUNTER, 4 row, good condi-
tion $90.
SIGNAL GEN.. Phillips P HP22. German
copy o r GR equipment, 10 KHz-SOM Hz $50.
RECVR RDE, fixed frequency . ae $20.
DUAL APE RECORDER, 4 channel, r e;
mote control , w ith floo r rac k , excellent
for station logging or backgrou n d music,
was $495 ......................................•.......•.............$240.
NEW, SONEY TAPE DECK, ster eo, was
$45 $25.
TRANSCEIVER, Lear L VT R-36. 118·1 36
mHz. 42 crystals , 12 volts, AM, 2E26 final .
was $99 $50.
SIGNAL GEN., 8-330 mHz. modulation, 115
v ., General Ra d io type 804-C or F ede ra l.
was $124 $85.
FREq. METER. 100·500 mHz, .001% accu 
racy. excellent performer, excellent con
dition , heterodyne op e ra tio n" 25 tubes
plus crystal and original ca lib ra t ion book ,
115/230 volts, civilian type LA-6 or mili-
tary FR-6 . was $495 $350.
FREq. METER. 10-100 mHz. simila r to
above instrument . ra ck mount, 115/230
volts with original ca lib r a tion book a n d
schematic, best quality made, was
$495 $250.
PULSE GENERATOR. Measurements Corp'
type 79A , required for all digital ctrcutt
work, 115 vac, was $88 $49.
RECVR, ARR-lS, 1.5·18.5 m Hz, designed by
Collins. f requencies to 1 k H z, converted ,
was $65 $40.
FIELD STRENGTH RECVR, 15·150 m Hz,
ac or d c operation . hi gh quality unit for
FM o r TV u se , Mea surements t ype 59,
w a s $299 $180.
TRANSCEIVER, APN-l. 420-260 mHz,
dopplar radar, renew, was $9 $3.50
TUNER, 300-1000 mHz, TN-18/ APR -4 . was
$39 $18.
RECVR, ham b and only, 160-10 meters ,
RI'.1E 4350. was $99 $70.
SCOPE, Dumont 340, d c to 3 msec . rise
time. w as $84 $55.
MEMO SCOPE, Hughes type 104, with
WB/4 plug-in preamplifier, high quality
scope. workable. good co nd ition except
sco pe tube. was $325 $150.
SPECTRUM ANALYZER. TS-148/UP. 8.4
9.97 g H z, compa ct , good shop instrument.
good cond ition, was $99 $45.
HUNTER 330S. light operated device. com 
m ercial quality. for counters , door alarms,
or station antenna Itahts. was S10 $5.
VERY LOW FREqUENCY RECVR, audio
distortion analyzer, covers 30-16,000 Hz,
may be shifted some to receive low freq .
stat ions . G e n er al Radio t y p e 736A, w as
$269 $99.• o r....HP type 300A. w as
$175 $68.

ad. W holesale prices.

VTVM Multimeter. Hewlett-Packard type
410A, 1-300 vac, 6 ranges, 1-1000 vdc, 7
ranges, 0.2 ohms to 500 meg. 7 ra n ges .
read to 700 mHz, still an industry stand
ard instrumen t , requires ac probe tip,
was $89 $45.
SIGNAL GEN., HP 6088, 10-410 m Hz, cali
brated output in db, internal modu lation,
may be p u lsed. 115-230 volts, industry
s tanda rd , w as $449 $300.
FREq. METER, GR 720A, 100-3,000 m Hz,
h e t e r odyne type , accu racy 0.1%, p or t a ble ,
good condition. w a s $75 $65.
SIGNAL GEN., sweeper. X band, made
by K a y , has Ir-eq. meter, attenuation .
other controls. 110 vac , was $59 $45.
SURVIVAL TRANSCEIVER. 121.5 & 243
m Hz, waterproof, hand-held . VH F-UHF
tr-ansmttter c r ecvr-, R T I59B / URC- 4. was
$49 $20.
TRANSPONDER, ra d a r , X band. RT-93A I
APN-11 . picture on p . 766 vol 7 M IT Had .
Lab gook . was S25 $10.
TRANSMITTER AND POWER SUPPLY.
2-18 mHz. good condition. ART-13 (A M_
CW), ca lib r a tion b ook, commercial 115
volt pow e - supply . w as 595 $50.
TRANSCEIVER. FM. Motorola FHTRU
IDL Handie-talkies . plug-in modules. can
be modified and r epaired. now on busi
ness band. working con d ition. schematic ,
was SSO $20.
TRANSCEIVER, LF recvr. V H F transmit
ter. Ben dix PATR-IOA, 12 volts power.
was $25 $10.
THEODOLITE, Perkin -Elmer. azimuth
alignment, electro type, topped by K&E
transit , in origina l steel , shock mounted
s h ip p in g case. good condition , 200 l b s .,
was $495 $150.
RADAR CONSOLE, F A A type FA-52108.
22 inch PPI display, vertical roll arou nd
ca b i n e t , requires only video a n d sync ,
inputs p lus anten na position data , a ll
s t a n d a r d, with ver-y complete manua l .
truck only, was $299 $75.
DUMMY LOAD. hh{h quality. o il filled
with sa m p le diode . Bird t y p e 81. 51 ohms.
50 watts. was S24. SOLD OUT
GEIGER COUNTER. con t i n u ou s duty
monitor, Baird-Atomic model 410. was
$98 $30.
DIGITAL PRINTER. Colored TV In c . type
103 A , desk sized . was $45 S25 .
F'REqUENCY METER. 500-1000 mHz. built
in meter. made in England , excellent con,
dition $25.
ATTENUATOR. UHF type. 1-10 db $7.
DECIMAL COUNTER UNIT, Model 705A,
Berkeley. counts pulses to 10, has neon
lighted numerals. zero to nine $12.75
TELETYPE, Model 26. ($10. c ra tin g chg.I,
was $99 $75.
PLUG IN 250 CPS FILTER. 455 kc., Elec ·
tronics Inc., E IC-7. complete unit , good
....... ....... ...... .......................................................... $3.50

Th is Is the sa me ellulp ment we have been se lling reg ular ly but due to a r edirect ion of company ro liey. ....e are
closing out many surp lus Items. Sorry but at these low prl cos our usual guaran tee does not app ly. Aotool equipment
ph/ltos ava ilab le at 50 cents each. Sale ends Feb. 28, 1969.

THE R & C WILSON COMPANY
Box 393, Little ton, Colora do 80120 Phone: 303·798.2629
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Sept. P. 6

Apr. p , 66

F eb. p. 85

Oct. p . 44

Aug. P. 12

Mobi le Operation
The XYL P leaser- Mobile Mount

Sheldon , K4HKD
Ins ta ll ing a Transceiver in a Hi red

Car. Wallner , G3 BI D
A Unique Ta-a naiator-ized Inverter

Belcher. WA4JVE
GoinR' VHF-In the Mobile

Brown , W9HDF
VHF rf Noise Supp ress ion

Gluier, K6ZFV

News. amateur radio

-
Radio Conlirming
our QSO 19 at T
on__mhz. Ur am cw ssb rtty
RST__ Watts Ant.__
Xmtr. Hcvr. _
Rmrx: PSE QSL TNX 73

NOW ANY PICTURE POST CARD
IS A QSL CARD. ONLY $2.00

K8SRA
UR CALL STAMP ONLY $1.00
3 LINE QTH STA MP $3.00
ALL 3 STAMPS ONLY $S.SOpp

(Ohio Re5. please add 4% t<1l x)

Hamm im~-The Navy Wa y
Steinberg, K6GKX

Operatfons Deep Freei;e--195j ·196j
SteinberR', K6GKX

A re Phone Patches LeKal!
Sessions. K6MVH

Sh ips o f Mercy. Steinberg, K6GKX
VHF Awards. H a ll. K4LLF
K2US : 1968 H a m Radio Expo

Synder. WB2DLW/K 3AFW

Jan. p. 26

Ma r . p. 38

May p. 72
J une p , 68
Sept . p. 43

Sept. p . 48

Apr. p. 74

Oct. p . 76

Oct. p. 30
Oct. p. 56

Oct. n, 6
Oct. n . 20

Aug. p . 54

Mar. n. 24

AUR:. p. 22

Feb. n . 85

Mar . p. 20
Apr. p. 46

A ug. p , 12

Mar . p. 92

June P. 18

Sept. p , 6
Sept. n. 32

J u ne P. 62

Oct . p . 94

Oct. p . 106
Oct. p , 112
N ov. p. 12
Dec, p. 36

Recetver Front End Protection
.Jones , WfiAn'

lTV Got You Duwn ? Cook , WA,CSK
U se of Q_Multipliel' to Increase

l nt t'1 li lCibi lity of Received V oice
Siltn als , Ives

Baaie H igh F requency Reeelvinsr
Converter, Ca meron , W ., W A4UZM

Gett inll: Your Higher- Class License
Pa rt 5-Receivers S t a fffj3

A Collect ion of Thoughts on Receiver
Desten. Klinert, W 6BI H

The MO Receiver , Cleland, K5WYG
A H ilCh P erformance Receiver for

T wo Metenr. Lawshe, W 2HUX
Neutrali aa tion ~ McCarthy, K6EAW
Transist or Reeener atfve De tector

Ashe. WIEZT
Improving F requency Sta bili t y in

Older Receivers. W ilson. WGNIF
Sim pli fied Decibel Leveling

Chapin. W 2DUD
FET P reamplifie rs , Schu ltz, W 2EEY/ 1
Crysta l Filte rs, Clepper. W 3RET
A N ovice FET Converter, K6DBQ

Propagation, Radio Wave
Li ne of Stebt, Rober ts , W 9HOV
GcttinlC YOUI' H hthel' Class License

P a r-t l -Rndio W a ve Propagat ion
StRlT/7:~

Goinl( VHF-In t he Mobile
Br own , W 9HDF

StartinlC Off on VHF, I race, W AI GE K

Receivers and Converters

General

Power Supplies
A Regulated DC v cltaee D ivi der

Lamprecht, W5NPD
versat tte Variable P ower Supply

Couch, W6SLP
A T'ra neformertess 'I'raneeiver P ower

Supply, Bell, W 5NGX
A Unique Transistorized Inver ter

Belche r, WA4JVE

Now BIGGER
And BETTER

Than Ever!
-- MAIL COUPON NOW'---

I
I NAM E: ........•..._ _ __...•.._ __ ._.._ __ _ _..•..... I
: ADDR ESS , _ .. _ _ .. :

I CITY; .._ STATE : __ Z IP: _ .• 1
1- --------------

SPACE PROBLEMS SOLVED WITH

JIIYSTICIC
VARIABLE FREQUENCY ANTENNA SYSTEMS

With ATU ' , for 10- 160 Meters Under $50

SHORTWAVE GUIDE
414 Newcastle Rd. Syracuse. NY 13219

John D. Kirke Co.
17711 Lakewood Hts. Blvd .

Cl. ....land. Ohio 44107

FAIR RADIO SALES
Dept . 73 • Ball 1105 • LIMA, OHIO 45802

Low F 1'cqucncy
Modit yina- T he BC·1206. Olson. W 6GXN J une p . 14
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HF

Model 407
$34.95

ppd.

THE BEST

2 METER
CONVERTER

•

\(: \),* .~C:
~ . . . ~ "pc. .• 'V

144~146 MHz In. 28·30 MHz out
or 146-148 MHz with a second cryshd

A fu ll description of t his fantastie converter
would fill t h is pag e, but you ca n take ou r word
fo r it (or those of h u ndr eds of satisfied users)
t hat it's the best. T he r eason is sim ple---we use
three R CA dual gate MOSF ET s, one b ipola r . and
3 d iodes in t he best circuit ever. Still n ot eon 
v in ced ? Then send f or our free catalog and g et
t he f u ll descr iption, p lus photos a nd even t he
schematic.
Ca n' t wait? Then send us a posta l money order
for $34.95 and w e'll rush t he 407 out to you.
NOT E : The Model 407 is also available in a ny
frequency combination u p t o 450 MH z (some at
higher p r ices) as list ed in our catalog. New York
City a n d State residents a dd local sales tax.

F eb. p . 42

Ma r . p . 62

J une p . 10

Ma r. p . 62

J une p . 40

Aug. p . 72

Oct. p. 14
Oct. p. 20

J une n. 24

J une n. 96

J une p . 100

Aug . p . 22
Sept. p. 20
Sept. p . 32
Sept . p. 62

Oct . p . 30

Oet. p. 52

H igh Qu ali t y H ybrid Receiver
Cousins, V EITG

Transceiving With an Outboard
Receiver, Lehrbaum, W A 2APT

The ARC-5 Transm itter R eceiver
Klinert, WB6BIH

Use of t he Wilcox F 3 as a WWV
R eceiver , Olson. W 6GXN

N ew Li fe fo r an Old W ork-Hor se
Zook, K9STHj 5

High Quali ty H ybrid-Postscripts
G oldst ein, VE3GF N

a·Tube Sup erhet Short-Wave R eceiver
Speer , W 6ELJ

The MO Receiver, Clela nd, K 5WYG

Cryst all ize that FM Rig
Zook, K 9STHj 5

P utting t he RF -209jPRC on T wo
Meter FM, O wings. KjZ)AHD

Conver t ing the AR C·l Gu ard Chan nel f or
T wo Meters , Davey. W7CJB

Basic High F reque ncy R eceiving
Con verter, Cameron, WA4UZM

Quick Converters , Schleicher, W 9NLT
Starting Off on VHF, I t-ace, W AI GEK
Six Met er T ransceiver, Bryan, W ZAJ W
A High P er formance Receiver for

Two Meter s, La wshe, W 2HUX
A L ow-Noise FET Converter for

50 MHz, Morrison. WB6YVT

VHF

UHF
432 MHz Amplifiers, J ones, W6AJF
1296 Megacycles-1968, A shby, K2TKN

Sept. P . 16
Sept. p , 42

VANGUARD LABS
Dept. H, 196·23 Jamaica Ave., Hollls, N.Y. 11423

RTTY

206 Eo,t front St....... flarenlOO. Colorado

Send postcard for Literature

7Sl 0 BIG BEND
ST. LOUIS, MO. '311)

(m) "f+1'OO• •

THE EASY WA't'!
• No Book. To Read
• No Vhual Gimmick.

To Dh'rad Yau
• Jus. Lllten And Learn
Based on modern psychologIcal
techniques-This course will lake
you beyond 13 w.p.m, In

LESS THAN HALF THE TIMEI
Also evelleble o'n magnellc lope.
See your dealer nowl

ALUMINUM TOWERS

LEARN RAl>'O CODE

"-...~-,.v. :'
~'~

Album eontllns thrn 12"
LP'. 2Va hr. Instruction

Sept . p. 67

N ov. p . 16
Nov. n. 78

Feb. n. 16

J an. p . 64

Apr. p . 60

Feb. p . 6

Nov. n. 84

J an. p . 6

Nov. p . 82

J an. p. lA

J uly p . 34

Oct. p. 76
Oct. p. 110
Oct. p . 112

Nov. p, 32
Nov. p. 36

Sept. P. 44

May p . 58
J un e p. 104

Diode Circuits H andbook
Franson , WAICCH

IC Square-Wave Gen erator
Jimenez, WA4ZQO

A n Integ r a ted Cireuit E lectron ic
Counter , J ones. W IPLJ

An Amateur Tries I C's
MeCullagh, V E3DAN

An In tegrated-C ircu it Audio Oscillator
and A mplifier, Estep, W7AKS

Transis t or R egen era t ive Detector
Ashe, WIE ZT

F M'ing a VFO, Schliesser, WA6UFW
F E T P reamp lifiers, Sch ultz, W2EEY( I
T r oubleshooti ng Solid State Circuitr y,

J ones, K3PBY
T he T hermistor, Kliner t , W B6BIH
The New H i Voltage T ransistors,

Nickel. K 3VKC

RTTY in H olland and Belgium
The Selea!

Malloeh, W AB P CK & L amb, K 8ERV
H yb rid RTT Y T U , Sherill, K 6JFP
Rej uvenating Old R T TY R ibbons

Wright , W 5AQN
U sing a SCR in a T ele t ype Series W ound

Motor , Suding , W 8NSO

Semiconductors

Space Communications
P r ojec t MOON RAY, NASTAR
The VK3ATN Moonbounce Rhombie

Green, W 2NSD(1
A Space Com mu n ications Odyssey,

Berman, K 6BW
Su rp rise in t he Skies, Ash e, WlEZT
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J a n . p. 6

Jan. p . 16

FE'b. p. 24
Feb. p. ":\olar . p. 87

J une p. 22

.ruly p . "Oct . 1'. sa
Nov. p . "
D~. p . 14
D~. p . 16
Dec. p. 18

Dec. 1'. 20

Ap r, n. 16

Oct. P . 28

No-e, p. 86

De<'. p . 84

A pr. p. 6
Apr. P. 24
J une n. 16

ApT. n. 32
J une n. 6 1
Dec. p. 82

M nT. I). SR

l''t'b . p . l:i7

Ma l'. P. 1·'

Ma r . p . 61

.I une p . 106

A UI!:. p. 32

Sept. p. "
Oct. p . 40
Oct. n . 56

N ov. p. 6

Nov, p . 50

Jan. p. 6G

:\ta r. p. 18
June p . 39

AUR:. p . e

AUR:, p. I'

Aug. p. "
Dee. p. 24
D~. P. 28

D~. p. "
13 MAGAZINE

The wclvertne, ~Iarriner, "'6BLZ
Mini-Mitter: The Ultimate in

Min ia t u res ! P)'1e, W 70E
SB.33 Note, Aarelius. K6S HA
A Terminated Grid Linear Amnlffler

H a rt le y, WI DIS
A Simple Method o r DSB Conveestcn

Mr Gec, KSL Ll
A 4E27 Grounded Grid Linear RF

Ampllfler, Krawet e, ' VA 6W UI
Ze l"o Temperature Coefficient VFO,

Lorona, W6WQC
75 Me te r DS B ni~ . Joffe, W3KBM
30 \ ...ra t t. T r-ans iator- Transmitter,

Go uld, \'lSI'AG

Station Setup and Control
The HI" Patch, Kclly , W6JTT
Method.. of Tr-a nxceiver CW Switching

Schultz, W IDCG
V Il F Operat ion by Remote Control

Sesatons , K6MV II
RF Co ntrojled Switch, J ac k, WA3AQS
T b ree Black Boxes, Drumeller, W5EHC

TV, Slow Scan and Facsimile
The Vidicon Minica me ra . Gibson, W 8TYY
Video MixinlC Amplifiers. Walker, W8VCO,
A PS-12 ATV Transmitter. O'Hara , W60RG
P r-oj ect Facsimile Antarctic

Steinbere, K6GKX
Project Facsimile Antarctic _ .. Pa rt n ,

Steinberg, K6GKX
Facsimile for the Radio Amateur.

Stembersr, K6GKX

Test Equipment
IC Snuare-wsve Generator

Jimenez, WA~ZQO

Voltage_Doubler HF Probe
Ma r r ine r, W6nLZ

100 KHz Thin-Lim.. P u lse Generator
Aehe, W2DXH

T he Quarttnna, Krause, WA60BH
T un ne l Dip pe r on 160, P leasa n t , W 5),IPX/ 5
LoW_COlIt Converelon of S ur plus

Dsclfloscones , Brown, W8JZ I
An I n tcg rated-Ctrcuit Audio Osc illa tor

and Amplifiel", Estep, WiAKS
"Q" , " Q", Who Got " Q", Votinke, WB6I BS
The Gentrae , Lo veloc k. W6AJZ
Ctrcuter Mod ula t io n Monitor,

W in klepleck , WAil IGU
T he Mini-Sq ua re, Klinert, W06RIH
Add O n FM Tellt Set, Zook, K9STH
The Elusive H P aramet e r ,

Kf i ne t-t , W BfiBIH

Transmitters

General
Line N oise in the H eath Monitor

Scopo, Knsbuboskv, K8RAY
'I'r-a nr-mit ter- Keying -c--wi t h Traneietors

( Iub riulson, W fill EK
Tube Abuse in SSB Gear,

H a ywa rd, WPP EM
U ll ing 400 H :!; Tra nsfor m e rs

Litt rell , W4Vnn
Buflt-In Micro phone P rcamplifi e r

Ullppet-, Schulte, W2EEY/ 1
G('ttinlC You r H ighe r Class License,

1'1. 6-Tl"nnsmitters, Staff/73
New Li fe fo r an Old Ci rcuit

T horpe. Da rre ll
Neut ralizntion ! McCarthy, K6EAW
Computer Card Transmitter,

Allen, KIEUJ
7 MHz Transistor Transmitter,

Krutz, WA6JND

HF

I 100 I 200 I 100 I 400
1.40 1.75 2.25 UO

TRIACS

. i't.'A--·
~ \'f I!';;=t-. .........- .~ .•.. ._ .

" , . -. ., -.• ... "-
•

SUPER VALUE $2.50
Computer boards with 8 each 2N1137B power
transistors and mounting hardware. also in
clude on the board , 4 each 10 volt zeners, 4
silicon diodes 1 amp 800 volt PIV. computer
grade cap 2000 mfd 65 volt Bourns trim pots.
precision resistors, etc. Complete assembly
like new Ship wgt. 3 lb. $2.50

JOHN MESHNA JR.
19 "LURTON ; 1. LYNN. MASS. 01901

104

YARACTOR SIMILAR TO MU060A
Good for 40 watts at 432 Me. ea. tested in cir
cu it, w/diagram for 432 Me tripler. $5.00 ea.

60 WATT TRANSISTORS 80 VOLTS
From computer assemblies, board with 4 each
power transistors 2N11 37B, 60 watt. 80 volt
PNP power $1.25 per board

COMPUTER GRADE CAPS
4.000 mId at 50 volt $1 .00 ea.• 12 lor $10.00
6.500 mId at18 volt ...$1.00 ea., 12 lor $10.00



i
f

Low (ost Integrated (ircuit (ounter
Ha s ma ny uses such as freq uency counte r, electronic
stop watch, fr equency mete r, event counter, etc.
This unit is a bina ry c ounte r. the first light reads ·1
e a ch lite (st a g e) you add doubles the co unt.

EKample:
No . of sta g es Lite no . C o unt

I _ __. .._.. I I
2 . __ 2 _. 3
3 __ _... 4 7
5 . _ 16 _ _ 31

10 _ __ 512 .._ 1023
15 16,)84 . . 32,767

No limit to the st ages yo u ca n add . The total co unt Is
tw ice the value o f the highest numbered lig ht min us - I.
Ea ch kit conta ins one complete st a g e with instructions
for a sse mbly in minute s.
Diag rams for power supplies in cluded .
Pri nt ed circ uit board measures 2" sq uare·

Kit for stages
$2 .49 ee . ... 2 to '1 - $2.29 ea . 10 or mo re $1 .99 ea .
me cha nical t rigge r o r Schm it (el ectrical ) trigger.
Ph oto shows sa m ple mounti ng of 7 st ages.
Ad ditional info rmatio n upon reque st .

Visit our 2nd Store
247 So. Meridion, Indionopolls. Ind.

$2.00 mi ni mum order F OB Springfield. Ohio. COD orde r
25% deposit. Please add sutttct ent postage. "'& refund all
unused amount. Ohio customers add 4% sales in.

CO PPER P.C . 80ARDS
2 K 2 __ __ .__ IO¢ ea __12/$ 1.00
) K 6 _ _.. 25¢ ea IO / $ 2.25
4 l( 6 . .__ . 35¢ e a IO/$ 3.25

12 l( 12 __ _ $1.95 ea 10/ $17.00
FERRIC CHLORIDE etch ing solution 75¢ Pt .--------------------NEW STRAIGHT FROM FACTORY

Fairchild I.C.·S
UL914 with 30 Pro jects Diagrams

$1.00 e a . 10/$7.95
U1923 J.K. Flip Flop with spec sh eet

$1.75 e a . 10/$14.95
CRYSTAL OSCILLATOR KITS
using 1. C . Ul 91 4 Stabl e , harrnonlc
ric h o utput osc . ran g e 100 KC to 10
MC _ Kit include s Fai rchild I.C . Ul
914, cr ystal sockets, resistors, ca paci
tor & PRINTED CIRCU IT BOARD,
with instru ctio ns fo r asse mb ly
._ _ _ $2.00 per Kit .

--------------------

I
I
I
I
I
I
I
I
I
I
I
I

J a n . p . 20

J une p. 12
Sept. p . 32
Sept. p. 52

Sept. p . 70
Sept. p. 62

Oct . p . 40

~
I

A ug, p . 36

Sept. p . 94

Rhodium

$5.00 Ea.
call letters

$5.00 Ea.

call letters

call letters

o Gold

o Rhodium

o Gold

o

o Gold

o Rhodium

D

D

All i!lust~ations

ere actual size.

Radio Amateur
Emblems engraved
with your call letters.

Writing
Hamwr-i ttng, Sess ions, K6MVH
TA BLE OF E LECTRONIC SYMBOLS

FOR 73 CON TRIB UTORS

VHF

UHF
APS·I3 ATV Transmit ter, O'Hara W 60RG June P. 16
Modification of the T RA·19 Amplifier Cavity

to 432 MHz, Crowell, K6RIL J une p . 44
1296 Megacycles-196B, Ashby, K2TKN Sept. n . 42

R F Inse r tion A mplifier for 2 Meters
H ois ington, K I CLL

Modifying The Clegg aa'ei-
P orcaro, WB2J OS

Sta rting Off on VHF, I rece, WAI GEK
6 Meter Excite r, R obbins , WIKN I
T wo Sideba nds From The Towel'

Ca mpbell , W4KAE
Six Meter Transce iver, Bryan. W 2AJW
New Life for a n Old Circui t

Thorpe, Darrell

I
J
I
I PC-:

I
I
I
I
I
I
I
I
I
I
I
I
I

I:;;;;;:;~=:-.-~~--
I
I
I
I
I
I $5.00 Ea. I
I I
I I
, I
I Two or more emblems at Illinois residents add 5'% tax. I
I the same time $4.00 ea ch. I

I Amt. enclosed $ I
I I
I Name I
I Address l
: City & state ZiP:
I Rush Order To: RADIO AMATEUR CALLBOOK, Inc. I
~ 4844 Fullerton Ave., Chicago, Illinois 60639 :--------------------------
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December 1968

THE BEST

6 METER
CONVERTER

Propagation Chart

ISSUED SEPT. I

J . H. Nelson

E A ST EH N UN I TED S TA TES TO:

II' Dfihcu'll: clTe"I' !.h,. 1'0,,0<\

CEN T H.AL UN I TE D S TATES TO,

ALABKA ai "
, , , , , , H ai. '" '"

ARGENTINA " H H , , , H . 21A H " H "
AUS TRALIA • " " -e , , , ". H '" '" '"
CANAL ZONE H H "

, , , H '" H aa H as

E N G L AN D , , , , , ,
" " '" " H "

IIAWAII H H H , , , , , H '" " H

IN DI A " , , , ,
'" " H ,.. " "

,
I A PAN , H " "

, , , , ,
" H "

MEXICO • H , , , , ,
" " '" " "

PII ILIPPINES " " " " '" .. , , " " " ,u
PIIERTO RICO " "

, , , ,
" '" ss ae " '"

SOIlTH AYRICA H " • " ,. ra H '" as " '" "u. a . •• •• , , , , , ,
" H " " " "

\\' ESTE RN UNIT ED STA T ES TO:

A L AS K A " "
, , , t , H " " H '"

ARGENTIIIA " H "
, , • " 'u '" " " "

AUS T R A L I A " " " H "
, , , H 'U " "

CANAL ZONE " H H , , , , '" '" " " H
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W orks on
11 0 VAC

$12.95

Model 407

$34.95
ppd .

•

Metaltex Lapel Ba.. - $1. 50 Metaltex Tie Clip - $2.25

Dept. H, 196-23 Jamaica Ave . , Hollls , N.Y . 11423

ARNOLD'S ENGRAVING
2041 Linden St. Rldgewaod, N.Y. 11227

A RNOLD'S ENGRAVING
Personalized

A full description of t h is fa nt a stic converter
would ti ll this page, but you ca n take our word
for it (or those of h u ndreds of satisfied users)
that n'e t he beat, The reason is s imple-we use
three RCA dual ga t e MQSF ET s, one bipola r, and
3 diodes in t he best eircuit ever . Still n ot con 
vineed ? Then send for our free catalog and a et
the full description . p lus p hotos an d even t he
schematic.
Can't wait 1 Then send us a postal mon ey order
for $34.95 and we' ll rush t he 407 out to you.
NOTE: The Model 407 is also a vailable in an y
frequency combination u p to 450 MHz (som e at
higher prices) as listed in our catalog, N ew York
City and State residents add local sa les tax.

VANGUARD LABS

Des Moines , Iowa
June 20. 21, 22

P.O. Box 1051. 50311

\ (~ (1~~.~
50·52 MHz in. 28·30 MHz out

or 52·54 MHz with a second crystal

CONVENTION 69
ARRL NATIONAL

PETER W. DAHL. CO .
5325 Annette Ave•• EI Paso. Texas 79924

Tele: 915-751 · 41156

ELECTRI C

ON·TH E·AIR
SIGN

W ITH CAll

WA2ZHA
-.' ..

CUSTOM TRAN SFORMER DESIGN & MANUFACTURE
wrne today for a free Quotation on any t ransformer. choke.
or saturable reactor. Each unit ....1lI he designed and manu
tactured to your exact speemoeuons. !';\Rndard E · I an d tape
wound "C" ceres are eveuabte. Quantities from Binille untts
10 production runs ma~' be accommodated.
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* Price-S2 per 25 w ords for non-commerelal ods; $10
per 2S words for bu siness y."tu~5. No d isplay ads
or 0ge"cy discount. 'nclude your check with order.

* Deadline for ods is the 1st of the month two months
prior to publication. for exomple : January 1st Is th9
deadline for the March Jssue which will be mailed
on the 10th of FebruClry .

* Type copy. Phrase (Ind punctuate nadly as you wish
it t o oppeor. No olloeopltol ods.

* We will be th e jlldge of suit a b ilit y of ods . Our re
spons ibili ty for errors exte nds only to prinfinq a cor
rect od In 0 later issue.

* fo r $1 extra w e con maint a in a r eply box for you .

* We cannot check into ea ch odvertinr, so Coveat
Emptor • • •

TELETYPE MOD. 14 reper forator with automatic
t ape tak e up rewinder n ew, unused, 869.95 ...
4-400'5 $14.95 . . . transformers: Plate 5K V- 1.6A O C
$59.95 , , . Modulato r 81IA 's $35 . .. Filament
12.60 CT -10A $4 .95. Ideal for transistor supply .
battery charger .. . ca t a log 1O¢. F e r tik 's, 5249A
"0", Phila., P a , 19120.

RF MULTIMETER m easures ten milliv olts to
three volts rms a nd VSWR d own to 1.05:1 a s high
as 2GHz. RAOEVCO, B ox 8450. Baltimore, M ary
land, 21234.

VIBROPLEX or semiautomatic key wanted . Write
Box 691, Savannah . G eorgia . 31402 .

MERRY XMAS AND HAPPY NEW YEAR f rom
W0CVU . See you at Des M o in es. Iowa. June
20-22. ARRL 1969 National Conv ention.

CHRISTIAN HAM FELLOWSHIP being organ ized
for Christian fellowship and gospel tract work
among licensed a ma teu rs. Christian H am Callbook
for $1 donation . For details write Christian Ham
F ellows hip, 5857 Lakeshore Or. , H olland, Mich.
49423.

WANTED: GONSET # 3269. 100KC calibrator. or
circuit d ia gra m . used i n G.76. Swap: Ranger II
and 6 Meter SSB gear fo r G-76 or Gonset 2 meter
gear. J. Gysan, 53 Lothrop St., B e v e rly , Mass .
01915.

ON AIR NOW: Apache, SB10 SSB, SWR, All
Heath, a ll i n like-ne w con d it ion. $159.50 FOB.
N ewton. M ass . KIZYG .

WANTED: McElroy XTR-442.C automatic tape
kever a nd tape perforator. John R. Hlnegardrier
W0B F B. Mitchelville, Iowa . 50169. P hone 515.
967-2898 .

DECEMBER 196B

AMATEUR and CLOSED· CIRCUIT TV
Technical literature, Plans, Kits

5 '!:{,BE V101COfl TV CAllEU COtl~TRllCTlON 1IU.tltJ olJ.. 16 1.. " booI.l. t ~1....
eOOt' .t. d• •• oI . .... "" ilol...... ''' ''", __."", , _ft ' j •• • " tv e_..'"II." ",be 'I'~. TV , _ , . e..ey. , _ ! 00"," '0 " ., .... .. n_ ......
'OO ,1,.....10111. , __.... __1'1' h d i....._ i~'" 1>0 OtlLY ~J.OO"

T,RAI'lSISTOR VIDlCOfl TV CoUlERA .CONITllUCT/ON lIU.NUolJ.·31 po, 1
, ,,• • " . ..."' · F ,n" ..e"'" !.. build .", I ,gh ..... 'I' fu lly " •••",.."Od e .

h•••••d. 01 h 1 I.h ..d I••ld ,.."., ••• gone ,.... th" dfe~ .' "' '"1 it
,h. ~'!ec:' <h oi« I li> . .." •• , , ••"",,101'. 0,... "o<k IX T.VUl 0.1, $5 .00 •

TELEVER TER FLY ING SPOT 5CANNE R TV CAIoI ER" Cm :STR UCTl OflIoIANUA L
Thi' 22 po,. " . ... b<,."., ....".1 ,.01•.•, ,...pl.,. d. ,.il. I.. bu ifd;. , ••. ,"" , .1
II"", .pc, ".n." 'I'~ e_ '•. ,.,,"b l. I.. ,.I.."i., 3500.. •I;d... ThO' •• ' , il'~
eo" ...d ....... ' e. 1 ,. 1>0 ,1\1''''.' ' ., . ... . n .!. "o..f..d TV •• , ,. p • • ; • ,h.
" ••• ;. , e;". i",. AB$OlU tL Y NO _iRING IlIOOIFICA TIONS _ '"''l!!,..d ...~!
TV ..,. R.qu"...1, 4 "' .... , t., "".....I" pl,... Ord., S,,,,' U V· \ S~

M~E c.uo ERA l;9':!STR UC TIOI'l PLANs-rJ•• lu _ ,. I....... i"' ...,d."", lei"
..... . ....... . . .... ....... d f, ..d . , 1 "10<1." N. t• •• :;;. ,.,. 01
l· th,••, ello,,. ...... ".d .,.,. , ho POl'''!''.'' j:ij, ,." .1 " blo .
~".i."., d 4 I.... pl•••""0""" <;t<" Wy. QI'6o< ,,,,k Jl 1 Oo l,.50t

ONE WATT 412 Mh . TRAI'lSMITTfR·/IIOOUL ATO R PLAflS-C. ..p~to d.'.ih lot
buildl", • • ,..p . 5 tube ~ ... TV"."". ,,,,", ... ,.... S'", k ILI' So 2 0011 SO,

432 Mh . TV COflVE RTE R PLAN;', ... 6CWJ RF o"'P. 6AF4A . « o.d 6! Q7A ,.1.0""' .
N. d,!!.," I, pT,,"bi,,, roqu " . . . E", '0 ".0 . p. 0,... S,.el< ILp ·~ On l, SCI

J~4SO Mh . TV AN TEN flA CONSTRUC TION PLAN $o12 .le. Y.,r. IlP $o) 25,

CAME RA DEFLECT ION CO ILS-Toch. l, ..1 d!,......, •••1.1.;•• "".,iot ••d..,,:.,
Of ..d.eon ood ".<l~ ""' ,e.. ,nlo.... 14001 .r <10-,..,. 11 y.lo . "" ,ld..., P....... ,
<.. ,I, d_ ,. <_. ",be. lor . ,, '" .... .. . ; to,h" l'." fL S-6 2~

I'EGATlVE.POS ITIVE VIDEO II'lVERTE R COflSTR UCT IOf! PLANS-Co",, :. .. \ "
,• •1. I.. "" old.", ' _ , be ,,,,,..ted t.._ I~o """"'.~."1 . ideo Ve_. ond the ••do ', 10 ,.. pol . ,, 'I' 01 the • •d• • ",n. 1 "" ' .., ,~ ,
'1", ·bl..k••, p.I.... "o.Joe' I , no~.".... 510'0 <'l. PS08 $1.\1\1

BASIC tE NS THEORY FOR APPLlEOTV·A .h"" co"" 1" bo," I.", 'h . 'Y do.
~;,n••. to ...r" li>o , u , •• ,h. ..I. , ....." "1'0.. ' ''' 01 I. n, • • '0' TV co"'. ' .,.
bpe". II, ,. I•• bl . '0 th... d.. " n.n, ,~. , ' <. ..... Ir......dobl. po,,,. LPS. 4 ~j

CLOSSARY OF APPliED TV TEIIMS.t1O . ,11.. ,", TV ,.." , d.li••d. VO!j • • I•• bl .
(... ~ •• I. u ,""i"'l """0' •• ,ho """hod TV 1.. ld. S,,,, k tlPS., 0011~'

SET OF TEST PATTERtl5-<S iodi .ld... I'" p ;oted PO"""" S,oc' H CW ~2.2S

STATI ON 1.0. ILLUSTRATIONS- So,.1 12. H.;. e..l,..' I... d, ... i", •• ,'DS-t2 SJ.SO

....RtllflG, THESE PREIII ISES ARE PROTECTED IlY CL~ED-C IR CUIT TV"';; , 1\ "_'""'I ."••. Lo.lIO 101.<. 1. " ..... u l",.d e.,d ,,0<'; S'.d :SS-\ ) I.. 51.00

" F, II ",et .1 ,~.,. _.,..1. ,01."110.1. with I.... kit p...e~ ••••

WRITE lot y••' FREE '°'01011 1. lly . .. ,, ;.1,~ . " Ii,. of TV <0... .. . ;11 I'd p,m.

VIBROPLEX
ENJOY EASY,

RESTFUL KEYING
$21.95 to $43.95
THE YI8ROPLEX

CO.. INC .
833 Broadway,
N. Y. 3, N.Y.

Att llral. lyl Four ......irH tonnKt IC·3 Divider to YOllr lOOKC colibrator to
give 25KC _rlls. Cln:uit board 1W ' x 1W '. Specify supply voltage _
1-300, 10 mao (Lo......Ht is bHt,) Send for IC·3, 55.95, + JOt postage.

PAXITRONIX INC. BOX 103B IB) Bouldeo-. Col•• B0302

CRYSTALS-low frequency types avail.
able at $2.50 each postpaid USA in
hermetically sealed HC6 or HC 13 metal
holders with 2112 inch wire leads. Fre
quency in KC: 2.000, 4.0457, 6.4000,
J6.000, 32.000, 75.000, 96.000, 100.000,
128.000, 218,000. Form page brochure
available for stamp. QUAKER ELEC
TRONICS, HUNLOCK CREEK, PA.
18621
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WE PAY CASH
HeX-20o, USE!:) ONLY FIELD DAY, $300. in
original box . Will include heavy home built sup
ply free . FOB. WA0NDV. 611 No . Hartup, Mc
Pherson, Kansas 67460.

CRYSTALS- Low frequency types. Available at
$2.50 each postpaid USA in hermetically sealed
HC-6 or HC-13 metal holders with 2-2~~" wire
leads. F requ e n c y in kilocycles. 2.000 4.0457 6.400
16.000 32.000 75 .000 96 .000 100.000 128.000 183.000
218.000. 4-page brochure available for stamp.
Quaker Electronics , Hunlock Creek, Pa. 18621.

DISCOUNT PRICES. All equipment listed is new,
factory sealed cartons, full manufacturers war
ranty. Our policy: new equipment at low prices.
Swan SW-500C $468, SW-350C $378, Swan 14-117
AC-DC P IS $115, Hygaf n TH6DX X (Reg, $159)
$135, TH3MK3 (Reg. $125) $112, CDR Ham-M rota
tor with ind ica t o r $99.95, T r i-e x W-51 self sup
por ting crank u p tower (Reg. $362) $299.95 p re
paid, Mosley TA-36 (Reg. $153) $137, TA-33 (Reg.
$121) $109, Hammarlund HQ-180A (Reg. $480) $432.
Many f a ct o r ies prohibit discount advertising;
write or call for discount price catalog on b rands
not listed in this ad . T im e payments available.
Bryan Edwards E lectronics, 1314-19t h St., Lub,
bock. T e xa s . 806-762-8759.

Thoulandl of fraq uenciel In dock.
Typel Incl ude HC6/U. HCII/U,
FT.'41. FT. ' 43, FT-171, etc,
SEND 1Gf; for c.t. log with olclll.tor
clrcufh:. Refunded on first order.
2400B Cr)rlItal Dr.. FL Myen. FIL IStolCRYS AlS

Lewispaul Electronics, Inc.
303 West (rescenl Avenue

Allandale, New Jersey 07401

FOR TUBES

LARGEST SELECTION in United State.
AT LOWEST PRICES-4B hr. delivery

"

ELDICO SSB Adapter ~U.-\·I wlth ~. eonre rts an 3' re
retver ""Ith 455 lie U ' 10 :'l'\H : setect elth~f 5121.50
uppe r or l""'-H sid... hand' In n..a t ('ahln.. t ••• . • .

S il ic. Rfct . I'OlfO 1'1\' ~lJO rna. I'a l r n .30
R. 23 / AR C· :i Command revr I~O·:i5() Ir.l'. ~hp lt. W\. 9= .. 14.95
A.R .C. 12 =:!2 ('ommand reer 540·1ljOO kc, 9= • •••• • 17. 95
LM _IoI rl't'Q. meter..01% 11:; kc· 10 me. 1;:; = :i7.:i0
TS . 323/ UR Ireq, met..r 20-480 me..OOI<;"c 169.:i0
TS ·175 FrI ll. Mder. S;:;-lUOO ~I e, .OV;' $12:i.00
CLOS I NG OUT Radio Reu ivers 3"- 4000 me at CRAZY
LOW PRICES! .\.k fnr .\ l' lt· n" ' f' ''-~;;3 ' h.....I.
R· 392 : Compact vers ton or H · 3HO. 'runes work on ~I, 3.\.
l'\ame <Illt lt tun inl\' . W tpwr .pl~· $. hook 525.00
WANTEO : GOOD LAB TEST EQUPT ~ MIL COMMU N IC.
WE PR OBABLY HAVE THE BEST I NVENTORY OF
GOOD LAB TEST EQUIPMENT IN T HE COUNTRY . BU T
PLEASE DO NOT ASK FOR CATAI.OG ! ASK FO R S PE ·
CIF IC ITEMS OR K INOS OF IT EMS YO U N EED ! WE
ALSO BUYl W HAT DO YOU HAVE ?

WANTED: Magazines. VHRer & ATV. K6KTP,
Berry St., Lemon Grove , Calif. 92045.

HQ,lOO WITH SPEAKER and xtal BFO very good
at $110; DX40 oldie but goodie at $40; Knight
V44 S15. N . Dowltng. 733 Mohawk, Lynchburg, Va .
24502.

HQ,-140X, VALIANT I, B&W51SB. Good condition.
With manuals . $235.00. Shipping collect . John
Rains, 3200 Long Blvd., Nashville, Tenn 37203.

WANTED: Must have manual a n d/or instruction
book fo r H ea t h k it D K ·40 XMTR, w ill pay cost .
Philip Napora, 474 Tonawanda St., B uffalo, N .Y.
14207

R. E. GuuunEART CO. INC.
Box 1220·GC, Beverly Hills, Calif. 90213

Phones: Area 213, office 272-5707, messages 275-5342

BUSiNE5S OPPORTUNiTY

NEGATIVES MADE for use wit h photoresist P.C.
boars. A s described in Aug. 73. 4x5 in . $2.00.
D. Goodman, Bx 94, Catheys Valley , Calif. 95306.

FOR SALE: Motorola FMTR 80D. 52.525 M e with
AC supply. accessories , no speaker. $95. FOB. C. G .
Reinsel W3WUA. Box 25, Bigler, Pa . 16825.

Young man wanted to learn mana gement of
surplus electronics firm in New York-New Jersey
area . Small investment or none . Pa rtici pa te in
profits and ownership . Equipment and know-how
supplied , all that is needed is a good ham beek
ground and an ea rnest desire to learn and work .
e.1I 201 -824-1244_

MOTOROLA FM EQUIPMENT
SCHEMATIC DIGEST

91 pages (I Ph " x 17"} of sche
matics, crysta f 'information, ali9n~
ment instructions, service hints
and specialized information. $3.95
post paid.

COMMUNICATIONS TECHNICIAN position d e
sired, 16 years experience. first class phone and
advanced class amateur. Family. willing to re
locate. Write {or resume . 73. Box 1168, Peter
borough, N .H. 03458.

S EL L IN G MY oid radio b ooks, m agazines. cata 
logs, and parts. S end stamped, addressed envelop
for price list. W6CID, Elmer A . Piercy, Box 666.
Victorville, Calif. 92392.

SWAN 250 G METER Transceiver wtjh power
su p p ly, $250. Vanguard TV camera , $175. Lafay
ette HA-6, $65. P. Franson WA7KRE. 7312 E . Oak
St ., Scottsdale, Arizona 85257. 602-947-6052 .

NEEDED: E lectronic maintenance and operation
men for color T V station control room work .
First clas s ticket required. Salary range, depend
ing on experience, $600-$700 a m on t h . Call collect
313-239-6611 or write Chief Engineer, WJRT·TV,
Flint. Mich. 48503.

TWO·WAY RADIO ENGINEERS, INC.
1100 Tremont Street

Boston, Massachusetts 02120

AMATEUR RADiO CERTIFICATE: Display im
pressive 8~2 " x 11" p ersonally endorsed certificate
in your shack . Send $1.00 to Amateur Radio Cer
ttacate. Box 244, Miami (K e n d all B r .) Fla . 33156.
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4.95
2.95

6150 Delmar Blvd., St. Louis, MD. 63112
Pecsmlle Me chine-c-c c mplete wit h simple

instructions fo r a uto-s tart li nd euto-
phase. Can be operated back to back
o r vie rad io. Ma chines in excellent con-
diti on end in wo rking orde r whe n re -
moved from service . 115 Vo lt AC 60
cycle. Shi ppin g wt. 25 lbs. $ 19.50

Autome t ic lee Maker-for refrige ro tor-
ne w with instructions and we te r valve ..$ 14.95

Sealed Me rc ury W e tte d Pcle r Re lay (di-
re ct rep la ceme nt fo r model 255 ) No
edi ustm e nts required $

40-0-40 uA W eston Meter $
7200 VCT@I A Treesforme r I 10/ 220 volt

prima ry 60 cycle. Shipping wt. 110 Ibs. $ 25.00
Je nnings Vacuum Verieble (UCS-300) with

moto r d rive IO· 300pf new __ $ 35.00
X-Y Plotter - Pace Electronic Associates

Inc. Va riplotter $395.00

Minimum order $5.00. So rry , no cata log
at this t ime . Write for specific items,
Watch for ou r futu re ads i~ 73 . Stop in
a nd see us when you' re in St. Louis.

GATEWAY
ELECTRONICS

All tu bes bo ug ht . El ectronic ite ms wa nted
Topping all offe n

TED DAMES CO.
308 Hickory St•• ArlinCjton, N.J. 07032

CQ de W2KUW

EASY CONSTRUCTION
MEANS

UNIT CHASSIS
WRITE

DEVICES
BOX 136, BRONX. N.V. 10463

ARC·I Transceiver 100-156 Me. 25 W atts AM,
with t ubes, sche matic, conversion info for

z-meters, Used, good. 50 lbs. $20.00
ARC· l only, less t ubes, $12.00

BC·221 -A K with AC Power, C alib. Book & Xtal.
$95,00

TS. 174, 20·250 Me. Freq. Meter, on reek penel
with AC Powe r, Calib. Book & Xta l. $95.00.

Brush BL-202 2-cha nnel oscill ograph,
Used, Exc. $90.00

Sore nse n 30005 AC Lin e Voltage Regulator,
3000 V.A. Used , Exc. $1 25.00

Nen-Llneer-Svstems 45 1 Digital Voltmeter. P.U.R.
Send IOc for flyer listi ng surplus e q uip me nt,

t est eq uipme nt , new and used ham gear.

JEFF·TRONICS
4252 Pearl Rd. Cleveland, Ohio 44109

ESTATE LIQUIDATION: 're trex comb ination
beams 10M-S18 over 15M-525 ove r 20M-50S. Self
suppor ting tower 50 ft . and H .D . rotato r cost over
$1000. Aski ng pr-ice $200 a nd you take d own. Mint
cond ition. Arthur W . L ee . R t . # 1, B ox 23A, N or t h
Monmouth. M a i n e 04265; T el. 207-933-2869 .

MI C RO·MICRO-TO·KEYER: P erfect code from
one c u b ic inch, m ic rocircuit d ig ital e lect ron ic
keycr modu le designed for mou nting i nside a ny
transmitter . Spe ed r ange 4-40 WPM. Grid block
k eying on ly a llow s price of $19.95. I n c ludes
mounting hardware . U ncon d it ionally guaranteed .
Micro-Tech La b s . PO B ox 884 (I .A.B .I, M iami , F la.
33148.

ESTATE LIQUIDATION: Collin s 7SA 4 r eceiver
se r ia l 3316 a n d m a tchi n g spea ker two filters
F455-J-08 a nd F445-J-31; Collins KWS·l SSB -A M
transmitter se ria l 953. N e w final tu be s. mint con
ditio n . $650 for bot h. Arthur W . L ee , Ht. #1, B ox
23A, North Monmou t h , Maine 04265; T e l. 207
933-2869.

WANT ED: T eletype eq u ipment & parts . Also
R-390A , U - R , R-220, etc . Cash or trade fo r new
amateur equipment. AU-tronles -Howard Co ., B ox
19, Boston , M ass . 02101. (Tel. 617-742-0048) .

THE WHEATON COMMUNITY RADIO AMA
TEURS (WCR A) w ill hold the 7th a n n ual Mid
Win te r Swap and Shop Sun day. F e brua r y 16, 1969
a t the Du'Pa ge Cou nt F air Ground s , Wheaton. Ill.
H ou rs- 9:00 a .m . to 5:00 p.m. $1.00 d onation at t he
door . R e freshments a nd u nlimited parking . F r e e
coffee and doug hnuts 9:00-10:00 a .m . Hams , CBers,
e lectronic hobbyists, frien ds and com m ercial
exhibitors a re cordially invited . Conta c t B ill
Lester, W A9F G P, B ox 1, Lombard, Ill. 60148 fo r
information.

SELL: COLL INS KWSI -1721 $795, 75A4-4325 $450,
bot h $1150, p refer local sale, like n ew, ship cod
orig in a l p acking. B arnett , 1310 Nava jo, Flo r is sa n t ,
Mo. 63033.

WRL'S USED GEAR h a s t ria l- terms-guarantee!
900A Side w in der-S219.95; Gala x y 5-S289.95;
G a laxy 300-$159.95; HW22- $89.95; H T 40-$49.95;
H X 500-$289.95; 51J3---$449.00; 75Al- $169.95; N C lS5
- $119.95; N Cl90---S139.95; SB300-$249.95; R ME6900
- SI 49.95; a nd h u n dreds more. F r ee Blue-Book list.
Write WRL, Box 91 9, Council B luffs , Iowa 51501.

DRAKE 2..A ~OR SALE, $100. Want SK-506 c b tm 
n e y and APX- 6 in a ny co ndit io n . LA35GIW4,
K . M idtseter , 1490 N W 58 T erra ce , Ft. L aude rdale,
Fla . 33313.

~OR SALE: Ya esu FTDX 400-S325. H ea t h HH 20
$70. SB 175-$50. With a ll manua ls . WB4APZ, 1900
8th A v e ., I m m oka lee , Fla . 33934. (813· 0 L7-3288).

NATIONAL 200, A C -200. A b solutel y m int con d i 
tion . I n o rig inal car tons. $320 o r b est o ffe r. T e r r y
T a y lor. 1459 J a y w ood , C reve Coeu r , M o . 63141.

SALE: Comdel S p eech P rocessor (CS P -11) excel
le n t condition , $75 PPD. WB6YVW, 1755 N . Wilcox ,
H ollywood , Ca . 90028.

" NO RT H E R N CALI~ORNIA HAMS." B es t deals
n e w and r eco ndition ed equipment . Writ e , ca ll or
stop for f ree estimate. T h e Wirel ess Shop, 1305
T e n n essee , Valle jo . Calif. 707- 643-2797.

WANTED: B a ck issues of 73 M a ga zin e , Nove m b e r
1960 through M arc h 1961. C . W . Janes K 2KS. 2
W ind sor G ate , Upper S add le River. N .J .



~~~ TUNAVERTER @X
WITH NEW ELECTRONIC

S9UELCH ACCESSORY FOR NOISE
FREE MONITORING OF •••

POLICE· FIRE· C. DEFENSE
AIRCRAFT· AMATEUR CALLS,

ON YOUR BROADCAST RADIO!

CRYS T A L. s: TUN A BL E. = V E RS A T I L I T Y !
CHANGAB LE CRYSTA LS
AND NEW A DJ. SQU ELC H = USAB I LI T Y"
• 9 volt battery powered • I year l uarantee
• Indudes tDU, mount _ S il _ZY. " l( 3 ';'~ I 4\14·
• New FET trans istor esel , • 100% Amer ican Made
Modeh for AM &. F M T una ble &. Crysta l I
BAND MODEL COVERS OUTPUT PRI CE
CD &. 10 M 273 X 26.9 -30 me 1500 kc EAC H
6 meters 50-.1 X 50-$4 me 1500 kc
Pol ee, flre. J) 1450 X 14..\ .150 me 1500 kc $32.95 ppd .
Weather, ete . ) 1 348 X 33 ·48 me 1500 kc Leu CrY'tal
2 meten 1564 X 150·164 me 1500 ke
Ainralt 1828 X 118·128 me 1500 h
Mlldell fllr AM &. F M Tuna ble Ilnly
Ma rine Mari ne 2.0 ·2.85 lilt 550 ke '1 9.95 ppd.
S W &. WWV S WL 9.5· 16 me 1500 kc $19 .9 5 ppd.

SQUELC H FOR YOUR T UNAVE RTE R l J
xcne tree monitoring wlth adj . tltoeuonll'!l squelch! :Xo 'A'Jus
to Ra dIo or Conl"trter! Just plue in coaJ:~ f 'or aU 1500 Il:e
outputs. H or 12 v. I I 4 J: 2 Inrhes .
MOdel ST mounts on bottom of Tu naverter $17.50 ppd.
Model S U hasindlvidual swi nging moun t $18.50 ppd
Coupling Loop &. El t . Antennas for uu with

home a nd Transht l)1" Radin $3.95 lllld.
Mobile Battery Eliminator, 12V to 9V $4.95 ppd.
Crystals-State Ealaet l ist eni ng Freq• •. • . • . .• • .$5. 10 ppd.
Order from : AIR MAIL add $.85 ea.

HERBERT SALCH & CO.
Woodsboro 79, Texas

3000 V @ 3j.tF bran d n ew G E Pyronal oil capaci
tors S3 each . Can mail . 3-lbs each shipping wt. ,
FOB. P . Wa n d e lt , RD ::::: 1, Unadilla , New York
13849.

WANTED: Military . commercial , surplus Ai r 
bor ne, groun d . transmitte rs , receiver. t ests e t s ac
cessories . Especially Collins. We pay freight a nd
ca sh . Rico Elec t r on ics . Box 156. Annandale, Va .
Pho n e 703-560-5480 collect .

RTTY GEAR FOR SALE. List issued monthly, 88
or 44 MHy tor roids 5 fo r $1.50 postpaid. Elliott
Buchanan & Associates , I nc. , 1067 Mandana B l vd .,
Oakla nd, California 94610.

DAYTON HAMVENTION A p r il 26. 1969: Spon 
sored by Dayton Amateur Radio Association fo r
the 18t h year. Technical sessions, exhibits and
hidden tra n s m itter h u n t . A n interesting l ad ies'
program for XYL. For in form a tion watch ads or
w rite Da y ton H a m ve nt ton , D e p t . S , Box 44, Day
ton, Ohio 45401.

73 Transistor Circuits has driven
hundreds of amateurs right out of
their minds with joy. Do not send
$1 for this dangerous book. Do not
send it to: 73 Magazine, Peter
borough NH 03458.

DANGER

ESTATE SALE: 110 ft . T e lrex Big Bertha tower
with three stacked 6 element beams on 20, two 5
c lement beams on 15. two 4 e lement beams on 10,
one 3 element beam on 40, Spira l on 6, 20 elements
o n 2 meters. A ll T elrex . Must be removed from
present loca t ion . Original cost SI2.000. Make offer.
73 Magazine, Box 69. Peterborough, N. H . 03458.

Marketin g
Divisilln at
Thompklnl

Radill ProdUcts

Tunab,e plus ('r)'sl al roll
truled (selectable with
IWII("1I) lIolh] s tate con 
HrHn to change roue
auto and horne radi os in
to e:tCf."llent, .",n5Ithe.
seteeuve, calibrated VIIF
recetvcrs t

r

GO VHF

spacethis

or Write for
rates today

Your ad in
will reach 65.000 paid
readers (an honest Fig"
ure l l . Plus all their
friends who are too
chintzy to buy their own
copy.

Call
Ad

73 Magazine.
Peterborough. N.H.

03444
Phone 603·924·3873

U. S. CRYSTALS
Surplus Crystals - Amateur

FT24l , DCl4, C RI A/AR, FT241
HC6/U and other misc. c rysta ls

Wrlfe lor Free Calalog

U. S. CRYSTALS
Los Ange les , Calif,

P.O. BOil: 78397

SPACE ELECTRONICS
d iv. of MILITARY ELECTRONICS CORP .

Ead P at ..son. N.J. 07407, (20 1) 79 1.5050

-

No horsing around . we pay last . . . in 24
hours ... and we pay more. We' ll swa p or
t rade new equipment too ... We Quote fast
too. We a lso pay for shi pping, insurance. etc.
You n il fast , no..... collec t. fo r last Quote .

~.-=

YOUR SURPLUS WANTED BY
THE FASTEST GUN IN THE EAST

C~>

II Sum mit AVL.

VHF ASSOCIATES, INC.
P.O. Box 22135. DENVER, COLORADO 80222

Go VHF the euy VHF Associates WI}'. Send tor dncrlpthe
Ttoehn lcal Butteuns ducrlb lni: our complete line or TRA:S·
~aSTOR RECEl\'I:,\O CO:SVERTEHS lnd "ARACTOR
FRF.QUE;';CY ~lCLTIPLIERS tor 50 144 220 482 lnd
1296 MHz. • • ,

I 10 13 MAGAZINE



RTL Logic
-35- C to + ] 25- C
Electronic. W orJd:

CIRCUITS! !

FAIRCHILD " BRAND
"FLAT PAK" NE~\L
INTEGRATED CIRCUITS,·"
D 900 Buffer $1 .49o 903-903· 3 I n p u t Gate $1 ,69o 904·904· H alf Adde r $1.69o 914·914* Dual 2 I nput Gate $1.49o 923 J K Fl ip F lop $1.69o 923 ·923* JK Fl ip F loll $1.98o 927 Quad I n ve r t e r $1.6'
"' F i rs t t ime a nyw here two identical I e ' s in o n e
pac kage. exam ple 923-923 contains two sepa
rate JK fl ip-flop s in one package. 914's a nd
923. We include 50 uses. "' . Licensed. V.... )( V....

LINEAR AMPLIFIERS w ;Ih circu its & dald

U
Cl 702C WIDE BAND DC $3.9.

703H RF· IF-FM $1 9o 709C HI·GA IN OPERATIONAL $3.9.

D
o 710C HI _SPEED DIFF. COMPo $3 .98"

711 C DUAL COMPARATOR $4.98

INTEGRATED

DUAL
914*

IN-LINE ~
CIRCUITS ~

FAIRCHILD
INTEGRATED

T..,ftl, w ith dala shee ts

B930 DUAL 4 INPUT GATE & EXPAN DER1$I .OO
933 DUAL INPUT EXPANDER $1.00

B944 DUAL POWER GATE $1.00
946 QUAD 2 INPUT NAND/NOR GATE $1.00B952 DUAL 2 INPUT INVERTER GATE $1 .00
953 2-2-3 INPUT AND GATE $1.00

B954 DUAL 4 INPUT A ND GATE $1.00
955 8 INPUT AND GATE W/ 2 INPUTS $1.00o 956 DUAL INPUT 8UFFER $1.00

100's of ot her I C's in cludi nK: Fli p-Flops , Reg-is
ters, Adders , etc. '''rite fo r li st ing.

EPOXY SILICON TRANSISTORS
o 3. FK. 4046, tW , a.SA npn 250MC

0
0 3-2N3568, 350MW. 200MC', 200 BVC;"N'PN : ~ .:

4-2N356J. NPN, 600M C 200M W .o 3-2N J683 NPN 1000 ' $1.00o 3.14 WATT, 8.Sooo ~~, SMA , 200MW -. $1.00

B4-2N4 31 J , PNP, 600Mt '2g~W····· ·· ..······· $, ,1.00
004·2N3S65 SOOHFE ' .

, , npn, 200MC " $1 .00

P.O. BOX 942 A
lyn nfield, Ma ss. 01940

100 MICROAMP
PANEL METER
~\ - ---

MICROMINIATURE

SILICON RECTIFIERS
Actua l S ize -+--~
"V Sol, "V Sol,
50 0 5c 600 0 20c

100 0 7c.00 0 25c
200 0 'nooo 0 ,3 h
..00 0 12c

1.
AMP

lO( f o r bargain catalog on 0 100's of $I Poly
P ak assortments, 0 t ran sistors rectifiers ze n
ers. I~~, ;rria cs, SCRs, etc., 0 'parts & e'quip.
ment. It s the hot t es t bargain parts cata log i n
t he industry,"

-1 AMP TOP HAT AND EPOXIES
0/1117'r fl P~~ 0 ~~~E :~ 0 S.~;E 1~~ 0 S~~~

q,
1!, · , 00 0 .07 1000 0 .31 2000 0 LOS

~ 200 0 ,08 1200 0 .-4-4 3000 0 1.60
, . -400 0 .11 1-400 0 .62 -4000 0 1.90

6000 .1 6 1600 0 .72 100 00 0 04.80

55A
Q .50
[j .75
D 1.25
0' 1. 50
o 1.80
0 2.30
0 2.70

12A
o .20
D .25
D .39
n .50
D .75o .9 0
o U5

6A
o . 16
D .22o .3 0o .40
D .55

8 .75
.90

3A

B.0 6
.0 7

0 .09

B. 16
.20

0 .30
0 .40

Terms: add p ostage. Rated : net 30, cod's 25%
Phone Orders: Wakefield, Mass . ( 617) 24. 5-3829
Retail : 211 Albion, St., ,Wakefield~ Mass .

400mc
5for $1-#-~

2N706 0
Wolls IVc • HI. ! "'0

.S 130 IT".300 IISO

PIV
50

100
200
'00
60 0
800

1000

,.



LIBERTY
PAYS MORE! LIBERTY

OFFERS MORE!
PRESTEL FIELD STRENGTH..METER

•
•
•

•

WILL BUY
FOR CASH
ALL TYPES

ELECTRON TUBES
SEMICONDUCTORS
Military Electronic

Equipment
Test Equipment

with
unit.

IModel 6T4G)

Frequency Range: ...0 to 230
and 470 to 860 Megahertz.
Calib rated outward from 10
to 50,000 Microvolts. Nothinq
ma~ e$ it easie r to properly and
speedily find the correct place
to install TV, FM and Com
munica tion Anten~ as. Yo u can
measure and hear the signals

this 41h volt baHery economieally powered
There is nothinq else like itl

OnlJ $120.00

WIRE, WRITE, PHONE COLLECT! WE PAY FREIGHT ON ALL PURCHASES

Liberty Electronics, Inc.
548 Broadway, New York, New York 10012, Phone 212·925·6000

INDEX TO ADVERTISERS
= "ARCTURUS" SALE=

• Tubfo cartons 6At:6 etc. sin, '2. 15 tin 100. (j S~; ete.
stae. $:!.:;~ per 100. 51."40 8 etee, '2.95 per 100. 5U~O

li te..03e each.
• 7" 90· TY bench l est Picture' tube with adapter, X I)
Ion trap needed. Cat. : . BP7. $7.119.
• s tu ecn reeunee. O('tal.basf'd rep laCl! m",nt (or 5t:'4. 5Y3.
5AS 4. 5,\\\"4. 5T4, 5,"-&, 5Z4. With dlacram. Cat. :;
R CCI 1. 991.' each.
• :; l ra nsl stor circuit boards con ta lnln&, up to 6 tran
Ihtors. plul dlod"'l, r" lston, capacitors, etc. Cat. :;
TU IO. 99c.
• Kit of :10 tested germentum dtedes. Cat. =100. 9ge.
• RCA -lIO· tI}'ba ck transformer, la tes t type. Includes
schemar te ,lI a&, ra m, a pplicab le 10 enr T\". Cat. =UR-I,
$:!.\I'J.

• Color r ollel . ~O · fur III ruund color CRT'•. Cat. :
XRC~O . 1 12.05. 90· for all l?('laneular 19 to 25" color
O tT'l. Cat. = XRC90, $12.95.
• T ran !l lstor lzed L .RF. tuners used In 1965 to 1967 TV
se ts made by Atlmlral. neA, xtctcrcta, etc. Removable
IInr lnl mI}' \'In f rom one make to another. xeeu only
12 'l"ol tl e.e. 10 Iunet ton. ;:';0 f1.la ment \'oltale needed.
Ean replace ment unln. Cat. = l:.1I.F. 56~ . $4 .95.
• L.H.F. Tuner-orlRl nal unit. II used In TV l ets sueh
IS R CA. Ad rnlral. etc. eover l n&, channels 14 through 82.
u pa rt of :'94D 173-2. Complete with tube. D r ive lear 
I ~R Is r emo.'ab le. Can be UIM In mcu set•. Ca t . :'
V.H.F. 3. $4.95.
• F .ll. tuner-HI /Fi Impllfler t uni ng unit. 'runes from
88 to 108 me. Contains lito 10.~ ltc. I.F. tran,;formers.
one 10.7 so und discriminator, It.F. osclllator and mber
It ages a nd 12DT S t ube. I.F.'s Ife standard "K" ty pe.
Circuit d lanam fur bulldlna: F .)!. radio Inefuded . Also
plan tor bulldlnR F .ll. t uner. ~.m ' s photofaet = 620
shows 2 . ppllca t lons. 1 for rad io. 1 for HI·Fldellty
tuner and amplitler. Cat. =F:\t- 20. $4.95.
Se nd for ou r t ree cataloR Ihtlni thousands of similar
best bu~'s In tubes, parts. kit s . transis tors. rectifiers. etc.
Or~r l under 15.00, add $1.00 bandl1na: charge. I nclude
4% of dollar val u'" of order for POlt.ge. Can.dlan post-
• ee $1.0{) l'lt ra.

ARCTURUS ELECTRONICS CORP.
502-22nd St., Union City, N.J. 07087 Dept. 73

Phone: 201-UN 4-5568

11 2
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NOW ... AUTOMATI C

TEMPERATURE CERTIFICATION
FOR INTERNATIONAL

HIGH ACCURACY CRYSTALS

f---~I " " I

International High Accuracy Crystals (HA-1
type) receive a five-point temperature check
at GO' C, 2S'C, O'C. - 10 ' C and - 30'C. The
temperature vs frequency test, recorded
automatically from an electronic readout
printer, is supplied with each ind ividual
crystal. This special service (at no extra
cost) is your assurance of crysta l perfor-

..- ..... ..
- :: fi1·.'iIi

,.,~ ." ...
.: »: : ::: t.I:.. ...--...

.:.:.:::r /.:l l• r.·...• ........ • .• ·0
o.~m. o' ' n...,...'...•'''G.'.'.'..........,...,.." .... ,~., ,

0' •• • ,. ••• •......,.,.,.......' '''.. -,..' ..." .

mance at tested temperatures. We
will furni sh additional tempera
ture readings (on request) for a
nominal charge. Note: Our ceti
bration service is available to
customers desiring temperature
run on other crystal types and
oscillators.

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



HUSTLER base station antennas look special ... and are.
Each is precision engineered by the undisputed specialists
of the communications industry. Hustler works better
lasts lonqer-instal1s easier.

j

TRAP VERTICAL One tuning adjustment to cover both phone and CW! Individ-
ually and precisely, optimum tuned traps, lowest SWR at

resonance. Broadest bandwidth with SWR 1.6:1 at band edges 40 thru 10
meters. Can be top loaded for 75 meters.
Mode14-BTV . . . . . . • . . . • • . • . . • • . . . . . User Net-$35.95

CLIFF-DWELLER
ow .

Remotely tuned dipole for 40, 75 and 10 meters
in limited antenna space. The one and only
of its kind with three motors to remotely tune
and band-switch. No traps or baluns-no
special matching requirements. Strong, heavy
duty iridited aluminum die cast housings,
heat treated aluminum and chrome plated
brass tubing.
Model CD-4Q-75. . • . •. User Net-U5U5

I-.'Iii
.'I!!!!\

COVEYA-6

Investigate Hustler .. .you'll neverbuy anything else!

The famous Hustler 6 meter antenna with
cardioid pattern. The ideal beam for round
table QSO's.lO db. gain over lh wave dipole
-25 db front to back ratio -SWR at reso
nance, 1.1:1-band width, 1000 kc with
SWR under 2:1. Compact design, light
weight-8 lh pounds.
Model COV·6 ••.•.• User Net-$35.95
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