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With this issue, I complete one year as
editor of 73. It has been a very tull vear 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 and
more impressed with facts. The ‘magic
quality of ham radio simply doesnt exist
any longer. Our image has changed, and
certainly the role of ham radio has changed
in the past years.

We (and I'm speaking of amateurs in
general) developed the communications in-
dustry. “We” created the firsts in radio 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 products.

We are often confronted by the term
“Appliance Operator,” used in a derroga-
torv manner. Do we sneer at the housewife
with her push button electric stove, her
refrigerator, her modern zig-zag sewing ma-
chine. We use these appliances as they were
designed to be used. We take advantage of
the industry’s ability to make a machine
which will fill our needs.

Taking a look at other hobby magazines,
does a photography magazine tell us how to
build a camera? Does the sport car maga-
zine tell us how to build an automobile? Do
they tell the flyver how to build an airplane?
The answer is, of course, no. They tell us
how to use the equipment we have bought
from a commercially organized company
which produces the product we want.

Why is it that amateur radio must take
the stand that if vou don’t build, you aren’t
really a ham. I firmly believe each ham
should understand how his equipment works
and be able 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 equipment available today.

Some hams get their kicks from building.
Some read construction articles (even though
they dont plan to build) the way others
read Playboy, They complain that 73 doesn’t
have enough construction articles. Believe
me, good construction articles are few and
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far between. With few exceptions, there
isn’t much new being built. I suspect, and
hope, that ICs are going to spark a whole
new era in building, but predictions are
dangerous. Where does all this leave four
magazines, which are, because of public
opinion, devoted to construction? QST has
no problem. They are blessed? with a large
technical staff who can come up with a con-
struction project. The other three have to
fight for the good authors and resort to
briberv to trv 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 articles 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 equipment has reached a point of so-
phistication which we cannot 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.

If what I hear from 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 expired calls remaining in print)
and those who are inactive, we can cut that
figure in half. When 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
radio equipment. This is a generous estimate,

The manufacturer of a sophisticated trans-
ceiver has an initial investment of perhaps a
half million dollars in the design of the
equipment before it can actually go into pro-
duction. The average ham buys a new rig
about once in 5 years. So the total market,
divided between all the manufacturers, is
about 20,000 rigs per vear. At an average
expenditure of $1,000 per happy ham, di-
vided between eight major manufacturers,
the whole operation borders on charity. You
may think, when vou spend $500 on a new
piece of equipment, that someone is getting

turn to page 91
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This UFO business is beginning to come
out in the open a bit more and it is almost
respectable to talk about them in many cir-
cles. It is interesting that there does not
seem to be one single scientist who has care-
fully investigated the subject without be-
coming convinced that not only do the UFO'’s
exist, but that they are extraterrestrial. If
you have any friends who are still skeptical
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
House of Representatives 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 UC Berkeley, says
this: “Over the past 20 vyears 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 criminal
courts, the physical reality of UFOs has been
proved beyond a reasonable doubt, With
some effort we can 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 difficult to accept them emotionally.” Dr.
Harder suggests that the first thing that
should be done toward further serious in-
vestigations of the UFQO’s is the establish-
ment of an early-warning 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 adjusted
to ignore UFOs and why little is seen of

them on our early-warning radars. He sug- |

gested changes in the radar systems which
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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.

It is interesting that UFOs are seen pri-
marily by people who have not hitherto been
believers in UFOs . . . 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 sighting. A
recent poll indicates that about 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 are they almost always seen by isolated
individuals? Frequently by groups and now
and then by large groups. Three were seen
flying across the airport at Longview, Wash-
ington during an Air Show, each from a
different direction, about fifteen minutes
apart. All three were seen by over 150

gawkers at the show when they were pointed

out by the P.A. system announcer. 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 laughter” could be raised so
that serious scientists could study UFOs and
observers could more freely report on sight-
ings. They also hope that a world-wide com-
munications network can be established and
that automated and' instrument teams be set
up to provide more information on UFOs.

Stanton Friedman, a physicist with West-
inghouse Astronuclear Laboratory takes to
task the few remaining critics of UFO re-
ports such as Menzel and Klass saying, "I
feel that these gentlemen have made strong
attempts to make the data fit their hypo-
theses rather than trying to do the much

(Turn to page 70)
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Robert A. Hirschfeld, W6DNS

Section Head, Communication Microcircuits
National Semiconductor Corporation

2950 San Ysidro Way

Santa Clara, Calif. 95051

Using the First Ham
Integrated Circuit

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

For several vears, 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 potentially
large commercial, military, and amateur
market, is now aiming a major development
effort toward communication “subsystems on
a chip”, and it is expected that 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
bevond his reach.

The first Communication IC now available
is the National Semiconductor LM270 Audio
AGC/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-
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termines an IC’s cost, so that the LM270,
which is about the size of a single medium
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 available at even more attrac-
tive prices.

| GAIN CONTROL
VOLTAGE IN

el =N T

CURRENT
SOURCES

Fig. 1. Block diagram of variable gain amplifier.

Inside the can

The LM270 consists of several separate
functions, designed to work together in a
selt-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-
tenuator, formed by the four transistors in
Fig. 1, which allows a large gain control
range, with low distortion (for inputs less
than 100 mV p-p), and which can be di-
rectly coupled to other parts of the system,
eliminating the transformer or capacitor
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Fig. 2. Typical voltage gain vs. control voltage ap-
plied at pin 4.

coupling necessary with all other variable
arrangements. From a twelve volt supply,
the gain vs. control voltage relationship 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 effectively
“shut off” above +2.6 volts.

A separate subsystem within the LM270
is the squelch detector, Fig. 3. Using the
same input differential amplifier as the var-
iable gain circuit, the high gain peak de-
tector formed by Q20, Q36 and Q21 re-

®

— e f— TO GAIN CONTROL
INPUT

COMMON MODE
FEEDBACK = |

SOUELCH
THRESHOLD
lext)

a o, Lisan
[LARGE
GEDMETRY)

Fig. 3. Differential input circuit and squelch de-
tector.

sponds to very small inputs (as little as
a millivolt, depending on setting of the ex-
ternal threshold pot), by rapidly discharg-
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
Q21 to rapidly discharge C(ext) below
+2 volts, turning the amplifier fully “on”.
This arrangement gives a fast attack, slow
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release squelch, which catches first speech
syllables, and waits long enough to avoid
“cutting out” between words.

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

Practical ham applications

Before going into specific circuits, a few
general remarks are in order. Those familiar
with operational amplifiers will easily rec-
ognize the LM270 configuration. Differen-
tial inputs allow inverting or non-inverting
gain, or drive from a “floating” signal source.
If single-ended drive is needed, the unused
input is simply tied to the same reference
voltage as is the actual input. All that is
required is that both inputs be at equal dc
potential, somewhere between +4.5 volts
and the positive supply. Like an “op amp”,
the LM270’s dc output voltage stays at ap-
proximately half of the positive supply volt-
age, for all supplies between +4.5 and +24
volts, so that symmetrical output clipping
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 AGC 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.

Remote gain-controlled audio amplifier

A simple application is a preamplifier,
Fig. 5, whose gain is manually controlled,
noiselessly, by a de¢ voltage from a remote
location, 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 cost. This gate, operating from
a five volt supply, can be part of a logic

7
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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 at a fixed dc voltage; subsequent
examples will show simpler schemes.

AUDID
ouT

OVERRIDE
LOGIC IN

LONG LINE

Fig. 5. Remote or digital control amplifier.
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Speech compressors

Fig. 6 and 7 are basically audio AGC
systems, which respond to peak speech levels
above a set threshold by quickly reducing

gain to a level which keeps succeeding simi-
lar peaks below the threshnld This differs

from the usual “speech clipper”, as it
causes no distortion, but simply keeps the
output level at an approximately constant
level. In a modulator (any type), such AGC
keeps modulation always near, but never
in excess of, 100 percent. In Fig. 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 additional 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 way as an ALC
system operates. The scope photo, Fig. 8,
shows how the output (vertical axis) remains
nearly constant while the input (horizontal
axis) varies over a wide range. Note that

73 MAGAZINE



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

Squelch preamplifier with hysteresis

Audio squelch is useful in both receiv-
ing and transmitting systems, to cut out
background noises. The sensitive circuit of
Fig. 9 includes a number of refinements,
which make it smooth-acting, and easy on
QRM weary ears. The 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 pin 6, but release time is deter-
mined by the external RC 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 release
time.

Part of the voltage at pin 6 is fed back
to the threshold pot; since there is an “on”
and an “off” voltage at pin 6, this creates
a controlled amount of threshold hysteresis,
which greatly enhances the circuit’'s im-
munity to rapid fading or erratic speech
patterns. A typical threshold control setting

AGC
THRESHOLD

10K

20K

L
_E_G
20K

OUTPUT

H#F I EHF
mrm-—) =
+

Fig. 6. Speech compressor.

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

Unlike most squelch systems, which are
just switches, the LM270 provides a grad-
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Fig. 7. Speech compressor using subsequent gain
for better control.

ual fadeout of background noise, when re-
leasing. This is because the RC combina-
tion charges slowly along an exponential
curve, and passes through the variable gain
region on its way to complete cutoft. Fig.
10 shows the squelch action with a 25
«F capacitor and 100 k charging resistor.
In the upper trace, a constant 1 kHz sig-
nal just below the squelch threshold keeps
the output, in the lower trace, oftf. Abruptly
increasing the input above the threshold
immediately turns the amplifier on. Reduc-
ing the input does not turn oft the out-
put, but merely reduces it proportionally,
during the release period. Finally, after
about one second, the output tapers off to
Zero again.

In this example, another input biasing
scheme is illustrated: the LMZ270 can be
driven directly from a high impedance dy-
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 squelch, one
of the previously illustrated input arrange-
ments might be used. The high frequency

ININEREREE AN

Fig. 8. AGC transfer characteristics, input vs. out-
put, for varying input.
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Fig. 9. Squelched preamplifier with hysteresis.

response of the squelch may be rolled off
with a .05xF capacitor from pin 7 to ground,
to reduce squelch triggering from high
frequency noise above the speech spectrum.

A simple VOX mike preamp

Using a small power transistor driving a
relay, the LM270 makes a combination VOX
and microphone preamp small enough to
build 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 disturbance 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, by reversing either loud-
speaker or microphone leads for best per-

Fig.

10. Fast attack, slow release squelch action.

10

formance.) This takes advantage of the dif-
ferential inputs provided on the LM270, to
cancel ambient speaker signals reaching the
mike (anti-trip VOX). A diode shunts the
relay coil to protect the PNP power tran-
sistor. Any relay drawing less than 100 mA
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.
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Fig. 11. VOX/mike preamp.

Twin-tee constant amplitude audio
oscillator with remote level control

Oscillation occurs in a twin-tee, op-amp
type circuit, when total feedback gain equals
unity (including filter losses). Conventional
methods of regulating oscillator amplitude
usually rely on nonlinear loading of the
gain stage. With the LM270, however, gain
may be set by detecting the output, and
using this to force the gain to exactly the
minimum value required to sustain low dis-
tortion oscillation. The “ACGC Oscillator”
circuit, Fig, 13, automatically compensates
for changes in oscillator load impedance.
The exact amplitude at which this action
occurs is set by an external pot, and may

Fig. 12. VOX /mike pre-
amp with anti-trip.
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NON-INV 10

100K
LEVEL

Fig. 13. Twin-Tee constant amplitude audio oscil-
lator.

be set at any value below the maximum
undistorted output of the amplifier itself.
The “twin-tee” values shown give a 1 kHz
output; other frequencies can be calculated
from the formula:

1

= Te

A modulated 455 kHz signal generator

An inexpensive, high “Q”, 455 kHz ceramic
filter can be substituted for the twin-tee
feedback network in the preceding exam-
ple, to make a regulated-output AM if align-
ment generator, Fig. 14, If the AGC thresh-
old voltage, which determines the ampli-
tude of stabilized output, is varied at a slow
(audio) rate, the output rf amplitude will
be forced, by the AGC feedback, to track

the audio modulation.

MURATA
SF455D
CERAMIC
FILTER

MURATA
s SFA550

OuTPUT
FILTER

ourt

JK
10

100K

1 uF
’L Moo

I,m

Fig. 14. 455 kHz modulated, regulated output sig-
nal generator.
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Conclusion

The LM 270 is a very versatile 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 variable
gain amplifier or a sensitive squelch de-
tector.

Future developments in the communica-
tions IC area are going to raise a few more
eyebrows; it is expected that nearly all low
power level sections of both receivers and
transmitters will be built in integrated
form in the near future, but these develop-

- ments must wait for subsequent articles.

Meanwhile, whet your appetite with the
LLM270, the first ham IC. . . . W6DNS
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Mouse 1unnels

J. A. Carroll K6HKB/1
CMR 1 Box 1438
Westover AFB, Mass. 01022

An Answer to the Rat’s Nest

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 (Fred Wirth,
WASDOM) and I couldn’t get into certain
parts of the room without walking on the
wiring, we decided to do something. 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%” x 3%”
inside, with notches in the front every 6
inches to permit cables to exit where desired.

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 back boards
to hold them the proper distance 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
finishing 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 scratch the floor
later.

One small hinge every 4 feet is enough
to keep the lid from sliding off, but a section
of any lengh should 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

12

Cables laid in the tunnel

the cables inside.

[ built 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 forth inside the raceway,
so there’s no pile left on the floor, Changes
in the cable runs are relatively easy, because
the cables run parallel, and they don’t get
tangled because they can’t be disturbed.

—
—

Final appearance—cables in place, lids closed

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

. . . K6HKB/1
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R. L. Winklepleck W A9IGU
107 Berkeley Drive
Terre Haute, Ind.

Circular Modulation Monitor

It's as important to keep an eye on your
modulation as it is to regularly check your
power output. Both characteristics combine
to give you a good, intelligible signal.

There are many ways to check vour
modulation percentage and freedom from
distortion. Each method has it's advantages.
Nothing, however, is quite as good as CRT
observation and here’s a unique scope pres-
entation. Itll have you going around in cir-
cles.

For a circular modulation indication its
only necessary to shift a sample of your
rf output 45° each way and feed these two
signals, phased 90° apart to the wvertical
and horizontal plates of a cathode ray
tube. This shiftt is accomplished with a cen-
ter-tapped inductance with trimmer capac-
itors across each half. The trimmers tune
to the exact phase shift necessary to pro-
duce a circle and 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 use this tuned circuit with any
scope you have available or vou may build
one especially for this purpose. The one il-
lustrated uses a surplus two inch scope tube
usually available for a couple of bucks.
The circuit is standard except possibly the
high voltage supply. High voltage scope
transformers are somewhat expensive. The

14

voltage multiplier/rectifier circuit used here
is simple and inexpensive. It provides 800-
volts and can be duplicated with almost
any silicon rectifiers and electrolytic capaci-
tors with a 200-volt or higher rating, 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 chassis
is grounded only for rf. No 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 directly to the base. The CRT bezel

: g i
________

--------

The row of electrolytics with associated diodes
make up the high voltage supply. The mini-ductor
on the back panel is L1 and L2 is the single turn
of wire with white 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 filament
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 dc 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 C9.

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 adjusted with RT.
Try one or two turns around L1 for L2,
connect the transmitter output to one co-
ax fitting 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 C13 are adjusted to produce the
90° phase shift. This circle should be no
more than one-half the diameter of the CRT.
If it's too large reduce the turns or the
coupling of L2. If too small change L2 to
increase power transter.

Modulate vour transmitter and an annulus
will result bounded by two circles; one larg-
er and one smaller than the circle produced
by the unmodulated carrier. As you talk,
this annulus will become thin at low modu-
lation levels and quite thick on modulation

DECEMBER 1968

peaks. The percentage of modulation is
equal 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 CRT 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-
ent. It you adjust to a perfect circle using
a purely resistive dummy load an antenna
with capacitance or inductance will pro-
duce an oval. The amount of distortion ac-
curately indicates the extent of maladjust-
ment. Since the size of the unmodulated
circle is directly related to the amount
of rf in your feed-line this monitor can
serve as a very sensitive tune-up indicator.

The value given for L1 permits use on
the six meter band. By using less inductance
you can tune up on two, or move down to
the de¢ bands with more inductance. In-
creasing L1 to ten turns will permit use
on the Citizens’ Band. The few CB’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 be
determined from the charts in the Hand-
book. Possibly a more scientiic approach

is by cut and try with a grid dip meter.
.. .WA9IGU

Without a carrier a
white spot shows in the
center of the CRT. An
unmodulated carrier pro-
duces a circle,
1. Very low
tion.
2. Approximately 33%
modulation,
3. Nearly 100% modu-
lation.
4. Bright spot in cen-
ter warns of over

100%.

modula-
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Any technician who has worked with
audio equipment knows the value of
square waves for checking performance

of audio equipment. This article describes
a simple and inexpensive integrated
circuit amplitier /limiter that can provide
a good quality 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 capabil-
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.
With 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 20 MHz, but
the gain decreases, and the input voltage
required for limiting increases above one
MHz. The performance at the lower fre-
quencies may also be reduced. The CA3011
is used typically for FM amplifiers at 10.7
MHz. For information on performance
and applications, consult the reference at
the end of this article.
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Construction

As shown in the photographs, the cir-
cuit is assembled on a small piece of per-
torated board mounted inside a commer-
cially manufactured (LMB) 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 turn 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.

Conclusions

This unit will provide a symmetrical,
good quality output wave form, but it must
be driven by a good sine wave for best
results. Impedance mis-matching can cause
distortion in the waveform, and the builder
may wish to raise the values of the input
and output resistors. For the same reason,
varying the output level control may also
cause distortion. 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.
WB6BIH

L] - L]

Reference

Radio Corporation of America. RCA Linear Integrated
Cireuits. Harrison, New Jersey : RCA, 1967.
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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. 6l/2 x 3!/5. Ideal for an original gift for
the office or the radio shack.

Built to last

$10.59 4 80¢ Postage
|0 Days money back guarantee

o vorry ho ClO.D.

Please send key stapler(s) to
NAME
STREET
CITY STATE ZIP
please print
HUGO H. ROUSSEAU & SONS

210 Post Street e Suite 915

SAN FRANCISCO CALIF. 94108
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Glen E. Zook, K9STH
818 Brentwood Lane
Richardson, Texas 75080

Add-On FM Test Set

8K low 5%

REVERSING
SWITCH | _4
X i
ALTERNATE CIRCUIT FOR 0-50 METER :
YO T

Fig. 1. The basic Schematic for The Casual FM’er.

Most Amateur FM'ers are aware that
Motorola base and mobile equipment have
central metering jacks for both the trans-
mitter and receiver. These jacks provide a
convenient method of measuring each stage
during tune-up and alignment procedures.
The basic Motorola test set, consisting of
the alignment meter, field strength meter,
and if xtal oscillator, costs approximately
$200. The extra deluxe version with the
deviation meter and peaking generator costs
almost $500. Thus, it is easy to see why
most amateurs stick to their VOM’'s when
aligning their Motorola equipment.

The purpose of this article is to outline
the construction of a suitable test set for Mo-
torola equipment which can be constructed
in varying degrees of sophistication. The
basic set consists of a 50 pA meter, and a
seven position two pole switch, an 18K
5% % Watt 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 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

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
stations.

For the more serious FM'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 adding a microphone
and receiver audio output circuits. The mic-
rophone circuit allows a conventional 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 third expansion is the addition of
field strength meter facilities. 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 battery voltages.
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

JP HEEEIV%_‘_? o TRANSMIT

40 SW '
o, AAN O O—
IN ouT PTT

SPEAKER o
RECEIVE < 3 =
3zn 3 «

SPKkR. | 777 \°4 2 .

o 3

MIC JACK
Fig. 2. Addition # 1 Makes Fig. 1 more versatile.
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Fig. 3. Adding a Field Strength Meter.
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meter can be done either mentally or by
the addition of another scale. The easiest
method is mental calibration, for each 10
increments on the meter scale represent 3
volts. The additional circuitry appears as

Fig. 4.

AN
300K

470K & B20K PARALLEL

IF 300K NOT AVAILABLE

e

+
@ PROBE JACKS

n-.

Fig. 4. The Meter becomes a Voltmeter.

The fifth expansion is the addition of a
crystal controlled 455 kHz oscillator. This
is needed when zeroing the discriminator
during receiver alignment procedures. Two
other crystal positions may be used for the
frequencies of 450 kHz and 460 kHz (for
narrow band) or 440 kHz and 470 kHz
(for wide band). 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

___j-!D xHz _:ﬂﬂ kHz g ¥
W OR 470xH: QN OR 440 xHz W
4

55 xHz

Fig. 5. Adding 455 kHz Oscillator
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be used to calibrate an oscilloscope for
measuring deviation. Since my semi-conduc-
tor supply and knowledge are relatively
small, I referred to the March 1967 issue of
73. This is the issue that contains the ar-
ticle entitled 73 Useful Transistor Circuits”.
The 100 kHz calibrator circuit, figure 62,
will oscillate at 455 kHz. The schematic is
reproduced as Fig. 3.

The sixth expansion is an audio oscillator.
When this oscillator is adjusted for an out-
put of 1 volt RMS the deviation of the
transmitter may be easily set. Also, an au-
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Fig. 6. Audio Oscillator.

dio oscillator is quite useful in trouble shoot-
ing both receiver and transmitter circuits.
Again reference is made to the article men-
tioned above. Figure 61, page 26A, is a
1 kHz 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 Fig. 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 simplest version could be
built in a small mini-box with the 50 pA
movement of a VOM used as the indicator.

If yvou are not an active FM’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 FM, then I hope
that yvou will find the Add-on Test set a
useful addition to your test equipment in-
ventory.

.. .K9STH
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Fig. 1. Basic ideal elements.

Ever since the transistor became readily
available at low prices, it has been very
popular with experimenters. With a little
reading and a good deal of playing around,
these people can become quite proficient
at this fascinating and relatively inexpensive
hobby. Some, however, are quite puzzled
at the seemingly nonsensical names given to
transistor parameters such as hi. and hre.
A description of the origin and development
of the h parameters is not a complicated
task, and makes a very interesting story.
The first step in this investigation will
be to consider a few basic concepts in
electronics 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
Fig. 1. In part (a), the symbol for a voltage
souce is shown. The ideal voltage source
1s assumed to have zero internal resist-
ance so that no matter what is connected in
parallel with it, the voltage will always
be the same. The magnitude of the volt-
age is usually given with the symbol, and
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1he Elusive H Parameter

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 “I”, and can also be variable or
controlled as with the voltage source.

The reader will probably notice a simi-
larity or contrast 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 result 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.

The third basic element that will be
needed for this discussion is shown in Fig. 1
part (c). This is the ideal resistance, 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
dc or ac, and will always mean the voltage
in the circuit divided by the current, regard-
less of whether it is ac or dc. Admittance
is the dual of impedance, and will replace
the term conductance. The svmbol for im-
pedance is Z, and the svmbol 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. Two-Port circuit.

left terminals, or port, will appear at the
right terminals, modified in some way de-
pending on the contents of the “black box”
in the middle. The object in the middle can
be any device that is desired, such as an
amplifier. It would be handy if we could
find a suitable model made up of ideal ele-
ments that could be used to represent the
behavior of the thing in the black 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 Fig. 4. Note that the dual of
a voltage in series with an impedance is a
current source in parallel with an admit-
tance. It just so happens 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 us to assemble the final model
that will represent a bipolar transistor.

Z 4

(o O
LOW IMPEDANCE MODEL

Fig. 3. Low impedance model.

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 Figs. 3 and 4 to give
the hybrid model of Fig. 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
names 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 indicates the configuration. The three
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HIGH IMPEDANCE MODEL

Fig. 4. High impedance model.

Table One
Definition of H Parameters
=

z z E =

=i == SR S

= E = =) = N
PARAMETER AT R
INPUT IMPEDANCE hie hie his
REVERSE VOLTAGE
FEEDIS!‘CK hra hl_"l: hrh
FORWARD CURRENT
GAIN hte h¢. hey,
OUTPUT ADMITTANCE h,. oo hoy

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 the word from which the symbol was
obtained. Most of the terms are self-ex-
planatory, but the term h:. is probably un-
familiar. This refers to the 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 by the col-
lector-emitter voltage, ec.., and the magni-
tude of the source is h:.. multiplied by ece.
The term hre is the one that is often ignored
because of its very small magnitude, and is
usually insignificant for most applications.
The forward current amplification factor, hee,
is the most important parameter, and the
value of the current source is hee multiplied
by i», the base or input current. This dis-
cussion has referred to the common emitter
configuration because it is the most popular,

hteip < hoe

O

COMMON-EMITTER H-PARAMETER MOOEL

Fig. 5. H parameter model for common emitter.
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but a similar explanation could be con-
structed for the two other configurations as
indicated in table one. The model discussed
is applicable only to ac signals and does not
give any information about dc or steady
state voltages or currents.

Conclusion

The hybrid model is a very handy tool
that was conceived to represent the bipolar
transistor and provide a way of naming and
describing the characteristics that the de-
signer must know to build any particular
piece of electronic hardware where transis-
tors are used. The 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.” |

. WB6BIH

HV Choke Protection

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 protective circuitry
is affected.

William P. Turner, WAQABI
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A. Lorona W6eWQC
1424 W . Victoria Ave.
Montebello, Cal. 90640

A Zero 1emperature

Coefficient JIET

The major causes of vfo drift and insta-
bility are voltage variations, loading, shock,
vibration and temperature. The effects of
the first four on oscillator stability 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 vio 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 dec drift. The FET can be
biased to an operating point where its param-
eters remain constant throughout as large
a temperature range as —55° C. to +150° C.

The operating point at which the FET
exhibits zero parameter change with temper-
ature is called the zero temperature coeffi-
cient operating point and is determined by
the FET gate to source bias called Vg.. It
has been experimentally determined that this
required bias is from .6 volt to 1 volt less
than FET pinch-off voltage.! FET pinch-off
voltage Vp is a parameter which appears on
FET specification sheets, It is defined in two
ways. (1) is is that value of gate to source
bias voltage which results in drain current
cutoff. (2) it is also that value of dec drain
voltage corresponding to a point just to the
right ot 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 value of V, in order to determine the
zero temperature coeflicient operating point
V.: we immediately run into a two-fold prob-
lem. (1) individual FETs, like transistors,
may deviate to a large extent from pub-
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Fig. 1. Schematic diagram.

lished typical specification 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 pmch-nff Even
manufacturers have difficulty in this regard.
A study of several manufacturers specifica-
tion sheets will reveal drain current cutoft
values ranging from 1 milliampere to 1
microampere.

However all is not lost. It simply becomes
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 for V; is:

2 Idss
e
Eo
WhﬂTB 'Gmn:r E:,“ R]_

Tass is called saturation drain current and is
that value of drain current which flows with

. zero gate to source bias voltage. Gmax 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 also. Therefore these
two quantities can be measured simultane-
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VOLTS

Idu Gmu

A B
Fig. 2. Simple test set up.

ously. lass and Gmax can be measured in the
simple test set-up shown in Fig. 2A and 2b.
Once lass and Gmix have been measured we
can calculate V, by means of the equation
tor V,. It then becomes a simple matter to
know what the zero temperature coeflicient
operating point Ve must be. Referring to
Fig. 2B, E. is the ac signal output voltage
measured across drain load resistor R1 by
means of an ac voltmeter. Ei. is the ac signal
voltage input to the FET as measured by
the ac voltmeter. Eiun should be kept in the
range of tenths of a volt in order to avoid
overdriving the test FET into saturation or
cutoff. Fhe signal input voltage should be
just sufficient to yield usable readings on
the ac voltmeter.

In order to reduce further calculations the
graph of Fig. 3 has been prepared. From
this graph the value of drain current can be
determined as a percentage of Iass satura-
tion current plotted against pinch-off voltage
Vp.ﬂ

FETs are inherently high impedance de-
vices. In the usual class C oscillator opera-
tion the input gate to source junction be-
comes forward biased during part of the in-
put voltage cycle. The FET input impedance
then drops to a very low value and results 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 this undesirable 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 teatures
of the oscillator are the absence of the
familiar gate resistor/capacitor combination
and the presence of the source bias resistor.

DECEMBER 1968

DECEMBER CLEARANCE

RECEIVERS
CLEGG
Zeus 2-6 M 185 watts XMTR $319.00
COLLINS
75A4 (early Model) RCVR $349.00
755-1 RCYR 295.00
DRAKE
2B © Multiplier $ 29.00
Drake 2B RCVYR 179.00
Drake 2-C RCVR 195.00
GALAXY
Galaxy |1l $229.00
Galaxy Y 319.00
GONSET
Gonset Comm. Il 2M XCVR $119.00
Comm. Il 6M XCVR 99.00
GSB 100 XMTR 179.00
HALLICRAFTERS
$X99 RCVYR $ 79.00
§X96 RCVR 129.00
SXI10 RCYR 99.00
S120 RCVR 49.00
SX108 RCYR 129.00
SXI15 RCVYR 369.00
HT 37 XMTR 229.00
HAMMARLUND
HOI40X RCVR $129.00
HQ@ 110C RCYR 129.00
HO 145X RCYR 179.00
HQI170C RCYR 189.00
SP&00 RCVYR 199.00
HEATH
HR-20 RCYR $ 69.00
MR-1 w/p.s. 29.00
HWI12 80 meter XCYR 89.00
JOHNSON
Yaliant XMTR $159.00
Thunderbolt 80-10M Linear 260.00
Ranger Il XMTR 149.00
NATIONAL
NCI173 RCYR $ 79.00
NCI183D RCVR 129.00
NCX-5 XCVYR 385.00
NCL-2000 Linear 385.00
SWAN
SWI175 XCVR 75 meters $129.00
Swan 240 (75-40-20) XCVYR with TCU YFO 269.00
Swan 420 VYFO 79.00
400 XCVR 339.00

ALL CASH ORDERS SHIPPED FREE IN THE 48 STATES

MISSION HAM

ELECTRONICS

3316 Main Street, Riverside 3, California 92501

Phone 683-0523 (area code 714)

25



20—

o : . : . .
0.5 1.0 1.5 2.0 25 30
Vp PINCH OFF

Fig. 3. See Teaxt.

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 considerations described above the
only remaining variable is gate signal voltage.
Gate signal voltage is determined by the
ratio of C2 and C3. The source tapping point
is a compromise between sufficient voltage
feedback to insure oscillation and a value
of voltage which will not overdrive the gate.
While the FET is oscillating momentarily
ground the gate lead; drain current must not
change by more than a barely perceptibl
amount. As a practical 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-
tention 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 output.

No degree of drift stability in the FET
can ever compensate for the thermal drift
characteristics of the tuned -circuit coil/
capacitor combination. In ordinary operation
a FET is a negative temperature coeflicient
device. At a gate voltage or bias beyond
Ve: the FET exhibits positive temperature
coefficient characteristics. The intriguing pos-
sibility immediately suggests itself that the
operating bias can be trimmed to purposely

26

introduce 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 drift cor-
rection. .. . WEWQC

Appendix

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

E. 32
= — 5 (100)

Eln R]-

— 6400 micromhos.

Ve was then 2.2 volts.

2 Id 2 (.007)
= — — N5 AL
; G 0064 i
From the graph of Fig. 3 ILM = 15%

thﬂfﬁfﬂre Ith — .15 (Idﬂa)
Taow = .15 (.007) = 1.05 milliamperes.

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.
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75 Meter DSB Rig

After some ten vears of absence from the
low frequency ham bands in deference to
the sun spot cycle and the lack of space for
an antenna for other than 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
listening in on the low bands. Everybody
seemed to be running gallons, half gallons
and some poor slobs were only using quarter
gallons. To me this was very surprising and
just a bit painful to contemplate, as in the
old days 100 watts was a thing to reckon
with. Everybody seemed to be SSB and any-
one who was running an “old fashioned”
AM rig always seemed to be somewhat apolo-
getic about his behaviour. To be very honest
I don’t know a thing about the highly refined
theory of how the modern SSB 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 outfit 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 1
would radiate two sidebands, but that tell-
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Allan S. Joffe W3KBM
531 E. Durham Street
Phila., Penna. 19119

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

A search of the junk box turned up a
couple of 6146 tubes from my old modulator
and a husky power transformer from an old
TV set. With an assortment of old chassis
at my disposal I started to work. The orig-
inal design called for crystal control but
when I went to my friendly ham store and
asked for 80 meter phone crystals he looked
at me like I was from Mars. He patiently
explained that he hadn’t had a call for S0
meter phone crystals in seven years. Back
to the drawing board. I had heard about the
Clapp circuit and all its variations but the
good old High C circuit with a 6AG7 was as
up to date as I was prepared to be. The VFO
was built in a separate 3 by 4 by 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 current. 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 due to the VFO being in its own box
away from all tube heat turned out a VFO
that just sits where you set it from a cold
start, With a stable VFO under my belt 1
next turned to an isolating stage between
the VFO and the high level balanced modu-
lator. This used another 6AG7 with an un-
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 handle. The coil is shunted by
two 220 pF silver micas in series. The
variable element is a split stator capacitor
(donated by a fellow ham) of 100 pF
in each section. 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 6146 grids are
being fed in push pull the plates have to be
tied together to get the carrier eliminated.
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feeding audio to DSB 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 RMS was needed from
each screen to ground for full peak modula-

29



= —

S

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 dB 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-1.

The High Voltage supply for the 6146
high level balanaced modulator consists of
an old TV transformer which gives 800 volts
across the secondary. This feeds a full wave
semiconductor bridge and is filtered by three
80 mid 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 you get careless.
Notice that the filament winding of this
transformer does nothing but light a pilot
lamp indicating that 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.

All filaments 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-1 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 the “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. (SW-3).
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Spot function

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

Metering

The final stage is the only stage metered.
A nine position two pole rotary switch is
used with every other position being blank.
This is to get enough physical separation
between positions for easy marking of the
functions. Each grid current and each cath-
ode current is metered for the final tubes ac-
counting for the first 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 HV 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 mA. Each cathode current is read across
a 20 ohm resistor making the scale approx-
imately 0-100 mA and the total current is
read across a 10 ohm resistor connected be-
tween the negative terminal of the bridge
and ground. This scale is roughly 0-200 mA.
Normal grid current is between three and
four mA, normal cathode currents is 12-15
mA with no modulation. Total plate current
on voice peaks will hit 60-80 mA on the
meter. With 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 fingers and
turn on the filament switch (Sw-1) Throw
Sw-2 to spot which will turn on both the

32

VFO and the buffer. Tune in the VFO Sig-
nal on the receiver and set the slug in the
coil so that the upper and lower limits of
frequency are those that you desire. The
prototype hit the upper band limit with the
slug almost all the way out of the coil. The
phone band covered 80 divisions of the 100
division dial.

Turn the meter to check for final grid
current. If you are unusually lucky the cur-
rents will be equal but the odds are quite
against it, The small 3-20 pF trimmer
across the grid tank should be adjusted to
make the grid currents equal. 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 big deal
to get the right position. Once you have the
grid currents balanced the cathode currents
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
Sw-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 Sw-3 to Xmit and recheck the grid
current. Using the grid tuning as an excita-
tion control set the grid currents for about
4 mA.

Put some sort of a sine wave signal into
the modulator (steal some filament ac thru
a resistor it 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 mA.
Tune the Pi input condenser for plate dip
and the output condenser for maximum out-
put as shown by the bulb load. Then crank
up the modulator until the plate current rises
to about 80-100 mils. Retune the final tank
condensers and if all is well your 75 watt
bulb should 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 pre-
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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Just because it’s Christmas, don’t make a hasty move.
Like spending $650 on a receiver that will be obsolete in
January.

And the receiver you buy today will be obsolete in
thirty days. Because that’s when Davco Electronics will again
revolutionize the amateur radio industry with the umcllmg
of the DR-50 solid state recciver.

The DR-50 has an integrated circuit IF atnp which in-
cludes two mechanical filters. It features a built-in AC or DC
power supply, a built-in speaker, a linear slide rule dial, a pos-
itive acting noise blanker, and weighs in at only nine pounds.

Have pdticm:u. It could be your best Christmas ever.

w) \Y/aln
- ELECTRONICS, INC.

P.O.Box 2677
Tallahassee, Florida 32304




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-
tul contact.

Making a bulb 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 trees 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 rt 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

It 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.

It 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-1
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 if someone
happens to talk in the shack and the mike
gain is up. This is normal. The rt 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
orid 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 oftf 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.

This 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 la donald duck.
The low frequency 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 DSB.
. . . W3KBM

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 done directly with a switch
or in a more elaborate manner with an
rf-biased tube with a control relay in the
plate circuit.

The system shown here, particularly useful |

in connection 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 rf.

.01 dc isolating 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 rf voltage is
low on 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 WQHKF
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SPECIAL
TV CAMERA
PARTS KIT

ONLY

$99.95

including vidicon and lens!

To meet the many requests for a low-priced
solid state TY camera kit, we have made avail-
able from our factory stock the following parts
which you can assemble at very little additional
expense into a superb TY camera. Included in
the kit are the 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
raster positioning adjustment. Also included
is the vidicon tube clamp and target con-
nector.

4) Camera tested vidicon excellent for
amateur use and matched to the deflection
assembly above.

5) Good quality F1.9 or better achromatic
lens with matching lens mount.

Note: All items are brand new except vidicons
which we guarantee will work with the parts kit
supplied when assembled according to the sche-
matic and adjusted according to normal pro-
cedure. Since step-by-step instructions are not
available, we recommend this kit only to those
who can follow a schematic.

Due to the low price and limited quantity, we
cannot sell the above components separately.
When our present stock is exhausted, it will cost
at least $160.00 to repeat this offer. Order now
to avoid disappointment.

VANGUARD LABS

Dept. H
196-23 Jamaica Ave., Hollis, NY 11423
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Sam Creason K6D(QB,
4140 Diego W ay,
Rocklin, Calif. 95677

A Novice FET Converter

RF AMP
MPFIOS

TRANSISTOR TERMINAL LAYOUT
BOTTOM VIEW

NOTE
ALL RESISTORS l/4W

Bk SR S
SPECIF

EXCEPT

Fig. 1. Schematic diagram of the Novice Converter.

Because the author has obtained good re-
sults from home-brew multi-band FET con-
verters':#, an effort was made to design
a 15 Meter converter suitable for construc-
tion and use by the novice. The resultant
converter is stable and performs well when
us:&d with a reasonably good 80 Meter re-
ceiver.

The converter schematic is shown in Fig.
1. Motorola MPF105 FET’s are used for the
rt amplifier and mixer, while a 2N1180 is
used as the local oscillator. For the Novice
who is looking at his first converter
schematic, the following paragraph may be
helpful:

The heart of a converter is the mixer
stage, which, in the Novice FET converter,
consists of those components to the right of
C; 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 21.25 MHz, is applied to
the mixer through C., while a 17.5 MHz
signal, generated in the local oscillator, is
applied through C,. 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 MHz, which is “iden-
tical” to the Novice signal, except for fre-
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quency. The 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-
ceiver 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 shielding 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 of the printed circuit board for the Novice converter.

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 1N100 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

Ce—two 2-inch lengths of insulated hookup wire

twisted together.

[1—23 turns no. 24 enamel wire, tapped at 4 turns,
on 1/2-ineh 0.D,, 5/16-inch I1.D., 3/16-inch long

powdered-iron toroid core. (Ami-Tron Associates
1T-50-2 Red).,
Ls—21 turns no. 24 enamel wire, tapped at 4 turns,

on same type form as La

Fig. 3. Copper foil side of the printed circuit board for tne Novice converter.

DECEMBER 1968

La—25 turng no. 30 enamel wire, close-wound on
1/4-inch diam, iron ¢lug tuned form (Miller
20A000RBI usable).
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I C
Fig. 4. Detail of the 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 are shown in Figs. 2 and
3. The author used an E-Z Etch 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 etchant supplied. Al-
though the kit provides ample masking ma-
terial for making narrow lines and small
circles, there is no provision for masking
the large solid areas at the edges of the
board. A heavy coat of fingernail polish
makes an acceptable mask for this purpose
and can be 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 input (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 break 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 FET in their sockets,
connect the converter to an antenna and
80 Meter receiver, and apply power. Never
insert or remove transistors with power ap-
plied. Tighten the screws in C; and C..
It no Novice signals are heard when the
receiver is tuned between 3.60 and 3.75
MHz, adjust the slug in Ls until they are.
Tune in a weak 15 Meter Novice signal near
3.65 MHz on the 80 Meter receiver and
adjust the slug in Ls; and the screw in C;
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 C,
for loudest signal. If either signal is loudest
when the screw of C; or C, is fully clock-
wise (maximum capacity), add a turn or
two to the output (O) end of the approp-
riate coil and readjust the capacitor.

The author has no means by which to
quantitatively evaluate cross-modulation sus-
ceptibility, 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 complete SSB-AM-CW transceiver. Five
bands, 520 watts . . . for home station, mobile and portable
operation. Voice quality, performance and reliability are in
the Swan tradition of being second to none. $520.00

[ | =) B e\l MODEL 350C An improved version of the classic Model

BEe (e T | 350 An SSB-CW-AM transceiver, featuring 5 bands, 520
e, 08 ) e | Walls SSB P.E.P. input. Ideal for home station, mobile

or portable operation. Dependable and loaded with worth-

while features. $420.00

F BN VIODEL 250C The newest member of the Swan family. A
¥ e | U/ 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

MODEL TV-2 2 meter single sideband, 144-148 mc 240
watts P.E.P. input. The new Swan T V-2 transverter is a
superb receiving and transmitting converter for the 2 meter

Bt SR e |  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.

e S e e - e e R e e e e e ]
CALL DIRECT . . . USE AREA CODE

= Butler  Missourn. 64730 816 679-3127

s s * '
Henry Ra il dhbinbdd 11200\ 0lymoic. Los Angeles, Calif. 90064 213 4776701
931 N. Euclid, Anaheim, Calif., 92801 714 772-9200

“World's Largest Distributor of Amateur Radio Equipment”




Transceiver Review

Heathkit SB-101

Heath is producing a sizable line of trans-
ceivers, and at the top of the pile we find
their SB-101 transceiver tuning all ham bands
over 80 thru 10 meters. It goes in a case
14%” x 6%" by 13%"” deep, and weighs 17%
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 watts on 10
meters,

Transmit-receive control is PTT or VOX
on sideband, keyed-tone VOX on CW. 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 watts PEP sideband or 170 watts CW.
Operating range is 80 thru 10 meters in five
bands, and frequency stability is less than
100 Hz per drift atter 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 64" x 124" 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.

73 MAGAZINE



YAESU FTdx 400

A recent arrival from Japan, the FTdx 400
transceiver was planned and designed for the
American amateur utilizing standard locally-
available parts. It covers the bands 80 thru
10 meters, with provision for three additional
500 KHz receiver bands. Frequency stabil-
ity is better than 100 Hz drift per 30 minutes
after warmup.

The transmitter is rated at 500 watts PEP
sideband, 440 watts CW or 125 watts AM.
This transceiver has a built-in power supply,
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 sensitivity 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 stabil-
ity is less than 100 Hz drift per 30 minutes
after warmup.

Active elements are present in unusual
profusion. The Yaesu transceiver uses 18
tubes, which is about average, but it also
has 42 additional 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

95 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.

DECEMBER 1968

The SB-34 is unlike most transceivers in
having a built-in power supply. And the
supply 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-
tery drain to %2 ampere.

Frequency coverage is 3.775 to 4.025,
7.050 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 114" 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.

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. )

Receiver sensitivity is better than 0.5 mi-
crovolt for 10 db signal-plus-noise to noise,
with audio output 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 mA on transmit, with the same
meter indicating up to 70 db over S9 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 S9 and the unwanted sideband is sup-
pressed 50 db (Swan’s spec for their 350C)
the unwanted sideband will be audible at
about S5. 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 dc 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 vde supply
costing $130. The new 500-C Swan described

below uses the same power supplies as the
350C.

SWAN 500C

The new Swan 500C is similar to the
350C, but has been refined by the intro-
duction of a pair of RCA’s 6LQ86’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 350C 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
betore flat-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

Hallicrafterss SR-400 contains some in-
teresting ideas in transceiver design. For in-
stance, it has a noise blanker circuit that
turns oft 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 16%” x 74" x 15"
deep case. Power supply is external, and may
be Hallicrafters’ PS-500 supply containing a
loudspeaker. or a de supply operating oft 11
to 16 volts for mobile operation.

Transmitter linear power input is 400
watts PEP on sideband, or 360 watts maxi-
mum for CW, 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 CW
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 CW.

73 MAGAZINE



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. The metering is designed for
safety.

Tuning ranges and general performance
are very similar to the SR-400, evidently the
SR-2000’s junior brother. Cost is higher,
though, at $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 104" x 5%” x 14%” deep, this transceiver
uses 20 tubes, two transistors and eight
diodes. Weight is 16 pounds, external power
supply required.

Transmitting specs are 300 watts PEP in-
put to the PA in sideband operation, 260
watts CW. This transceiver can run AM,
using screen modulation, with 260 watts
PEP input. VOX and PTT functions are
provided, and a transmitter alc circuit pre-
vents driving the output stage into non-
linearity. For CW, 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 1.7:1.

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 effectiveness of the agce sys-
tem, which at maximum setting 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.

Tuning ranges cover the amateur bands 80
thru 10 meters in seven 600 kHz ranges. The
solid state VFO is a linear permeability tun-
ing design, fixed at a coverage of 4.9 to 5.5
MHz for all input frequency ranges.

An ac power supply is available at $99.95,
or a 12-volt dc supply for $125. A new 24-
volt de 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

That frequency scale way oftf 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 CW. Upper
or lower sideband outputs are available, with
VOX operation with an accessory unit. Side-
band suppression is better than 55 db, with
the carrier 45 db down. Overall audio re-
sponse in transmitting is down 6 db 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 impedance of
4 to 8 ohms nominal impedance. Price is

$420.00.
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NCX-500

National’s new NCX-500 is a surprisingly
light (15 lb.) transceiver, rated at 500 watts
PEP sideband, 360 watts CW or 125 watts
AM. 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 ALC 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
AGC 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 MHz with a 2.8 kHz band-
width at minus 6 db, and a 2.2:1 shape
factor.

The transceiver is 6%g” 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 NCX-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 KWM-2

The KWM-2 comes in a 14%” wide, 74"
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 KWM-2 covers the amateur
bands from 80 thru 10 meters. For com-
mercial or MARS operations the KWM-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 watts PEP
sideband, 160 watts CW. 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 final
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 ac external power supply,
$168; dc external power supply, $235; 30L-1
linear power amplifier for 1000W PEP, $520.
Price: $1150.
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Great Things are
Happening with
Verticals

-

®All New 3 and 5 Band QOperation

@ Improved 4-Band Performance

@ New Simplified Ground Mount

@ Versatile Ground or Roof-Top Installation

Mosley’'s World-Renowned TRAP-MASTER traps offer a new
dimension in Vertical Performance . . . plus easy, low
cost installation. Three New RV-Series Verticals with the
Versatility of Six! New design — from the Simplified
Ground Mount ( 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 . . . OQutstanding
Omni-Directional Radiation — Top DX-Ability. Whatever
your needs, Mosley has a New RV-Vertical designed and
engineered to give you a real 5-9 signal.

e Model RV-3C for 10, 15, and 20 Meter Bands
® Model RV-4C for 10, 15, 20, and 40 Meter Bands
® Model RV-5C for 10, 15, 20, 40, and 75/80 Meter Bands

For detailed Brochure on Specifications and Performance
Data, see your nearest authorized Mosley dealer, or write
factory direct: Dept. 170

4610 N. Lindbergh Blvd.,

Mo < /eoey E/itini S pridgoron, Vo, 63042




30 Watt Transistorized

1 ransmitter

For several years I have been 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 recently
in finding an inexpensive transistor that can
handle much power at amateur frequencies.
Several months ago 1 learned 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 $1.50. 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 CW 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 final uses a form of =-net
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coupling, an unusual circuit in amateur

transistorized rigs.

The circuitry

The oscillator is crystal controlled 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
collector of the oscillator transistor. A feed-
back winding excites the crystal and the
remaining secondary drives the next stage.
The 47 ohm emitter resistor raises the input
impedance of the stage to a level the crystal
can work into easily.

The use of the toroid allows the building
of a small circuit, makes tuning the stage
unnecessary, and greatly reduces feedback
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
capacittor,

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.

output voltage of 110 volts rms. The vfo
voltage is fed to the base of the oscillator tran-
sistor through an attenuator network to ob-
tain a drive voltage the stage can safely work
with. The circuit works well and greatly in-
creases the flexbility of the transmitter.

The 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 operated
with no bias and amplifies only the positive
portion of the input voltage. When 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. The collectors and bases of the two
TIP 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 provides a dc 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 dc is applied to the tuning meter
through a resistive voltage divider. Proper
tuning is indicated by maximum indication on
the meter.

The Texas Instruments TIP 14 transistor
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is ideal for use in an 80 meter power am-
plifier because it has a minimum f; of 40
MHz and has a power rating of 10 watts up
to a temperature of 75°C. It is further attrac-
tive because it costs only $1.50.

Since the TIP 14 is rated at 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 are
rated at 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 dissipating, its power rating is
reduced. The TIP 14 need not suffer any de-
crease in power rating because with a good
heat sink, its temperature can be kept below
765°C.

The combined power dissipation rating of
the two TIP 14’s used in the final is 20 watts,
and if the efficiency of the final were 50 per-
cent, the power input to the final could be
40 watts without exceeding the power rating
of the transistors. In a breadboard circuit,
the power output from the final was measured
to be slightly 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 final. The breadboarded driver
circuit would not work in the small cabinet
used because the transmitter oscillated se-
verely in the close quarters. A different driver
circuit was devised and it cannot drive the
final to full output.
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Figure 2. Basic w-network used as the final tank
circuit.
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The tank

Perhaps the largest stumbling block for
the designer of transistorized transmitters is
the requirement that the final must operate
into a relatively low impedance load it a
very large amount of power is to be obtained.
Tank circuits conventionally used in tube
circuits are not practical because very large
values of capacitance and low values of in-
ductance are required if a tank with a low
input impedance is to be obtained. The
often used =-net in its common form could
provide the required impedance transforma-
tion but is not very practical because very
large tuning capacitors in the 0.01 x#F range
are required. Two =nets could be used back
to back but this 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
final and one for the antenna. This works
but has the disadvantage of requiring an
antenna tuner or of finding the proper tap
points by trial and error for the antenna to
provide a proper load.

I have always liked the m-net as the tank
and coupling circuit for final amplifiers be-
cause of its flexibility and ability to adjust
to changing loads. Therefore, 1 tried to de-
sign a m-network that would work with tran-

Top view of the inside of the transmitter. The tun-
ing capacitor is mounted on the top and back of
the loading capacitor and the tank coil is glued to
four plastic mounting rods.
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sistors. The basic mnet circuit I used is
shown in Fig. 2. The basic difference be-
tween this circuit and the one normally used
for tubes is that the input element is the
inductor and the horizontal element is the
capacitor. The input impedance across the
inductor is high but a tap near the bottom
of the coil provides the impedance trans-
formation needed to match the load to the
transistor.

The w-net 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 final transistors. The tank
is designed to have a Q of 15.

A tank using the same circuit could be
used with tubes but ordinarily wouldn’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 from ground is not really
a serious disadvantage however, and creates
a problem mainly in mounting the capacitor.

Construction

Good high frequency construction tech-
niques should be used. The oscillator cir-
cuitry should be separated from the final
tank coil as tar as possible to avoid unwanted
oscillations. A wire connection should be
used between ground points rather than re-
lying upon the chassis connection. All by-
pass capacitors are disc ceramics except the
0.1 &F capacitors which are made with
Mylar.

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 at
this point is not high. Preferably, the shaft
should be insulated from the knob.

The oscillator transistor does not require
a heat sink, but the driver and final 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 transter. 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 provides the
connection to the heat sink. This tab is in
electrical contact with the collector and must
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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 rf burns can occur. (Don’t
touch the mounting screws when the key is
down.

The transformer used in the oscillator is
wound on 3% 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, L;, 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% turns from
the bottom of the coil.

Table 1
Toroid Transformer Data

Winding No, of Turn Wire Size
Primary 16 26
Output 9 32
Feedback 14 32

Most of 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 38 inch diameter toroid core
is manufactured by the Indiana General
Corporation and is made of Q-1 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

SIGNAL TRACER

Here is an exceptional
value, This 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. ix transistors,
four diodes and one
thermistor. Built in
speaker and 200 uA
meter. Attenuator 20-40-
60 dB. Gain over 70 dB.
Outputs for 8 and 600
ohms. You can track
down the trouble in a
receiver in minutes with
this little unit.

TRANSISTOR

DC SUPPLY

This power sup-
ly will operate
ransistor radios

and other de-

vices under re-
air or where
atteries are a
drag to replace.

Voltage range:

0-20 vde contin-

uously variable. Meter ranges: 0-20 vdec, 0-20

mA, 0-200 mA. Maximum current capacity:

150 mA /20 v or 200 mA/10 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

If your local distributor does not handle the DGP line you I
may order direct from Redline, Jaffrey, N.H. 03452. Please in-

clude a little extra for postage charges.
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Here is a complete test laboratory all in one
ackage! A modern miracle of electronics.

is one unit contains an AC-DC Voltmeter:
50, 150, 500 wvolts; 0-500 mA; 10K, 100K, 1M
ohms; resistance and capacitance substitu-
tion: 9 vde battery supply; RF Signal gen-
erator 455 kHz (and up to 700 kHz); plus
an audio generator at 400 Hz. You can serv-
ice just about anything with this lab. You
can signal trace and align recelvers 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 along.
SPECIAL $24.95

Distributors and Reps Wanted!

Please write to John Kneeland, Sales Man-
ager about handling this fine line of im-
ported test equipment.

CO. Ppo.box 231 JAFFREY, N.H. 03452
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Figure 3. Schematic diagram of the power supply.
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cabinet although the construction is fairly
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 rf.

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 final 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 con-
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 xF 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 nearly zero, reverse the
connection to one winding.

Operation

The transmitter should be connected to a
fairly well regulated power supply capable
of delivering 40 to 50 volts at 1 ampere,
The transistors have 60 volt ratings so don’t
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apply over 60 volts under any circumstances.
The dc 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
m-net coupling, it cannot match badly mis-
matched loads. If a badly mismatched load
is to be matched, an external antenna tuner
can be used or the tap on the final tank
coil could be changed.

An active 80 meter crystal should be
plugged into the crystal socket or a vfo into
the vfo socket. Most 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 K2 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.

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.

. « « W3PAG
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When Hallicrafters ‘says

“dual receive” we mean

SIMULTANEQUSLY
 SIMULTANEOUSLY!

That's right—simultaneous dual receive! Unlike any other transceiver/VFO
combination, the SR-400 Cyclone and HA-20 VFO lets you “"Double-Team™
the competition in any DX contest. You can “Band-Scan™ for a second
contact while you are working another. You can set VFO’s on two separate
DX stations, receive both simultaneously, and be instantly ready to “Tail-End”
on either station. And of course, Hallicrafters” winning performance features
don’t stop here. Get in front of this rig and you’ll know. Hallicrafters has built
another ““great one” in the fine tradition of the HT-32 and HT-37.

he hallicraffers co.

PS: Want simultaneous dual
receive with 2 KW on SS58 2 A Subsidiary of Northrop Corporation

Put an SR-2000 in your
shack. 600 Hicks Road, Rolling Meadows, lllinois 60008




The Care and Feeding

of a Ham Club—V1

Do Something Different!

Variety is the spice 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-
necticut. 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-for-fun project, the Pos-
sum-Trotters, a club with headquarters at
Paris, Illinois, bought matching hamfest
shirts in bright yellow for every ham and
family 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 voure thinking vou need a hundred
members to try something big, take a look
at 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, Iuncheons, 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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General Chairman
Vice-Chairman
Publicity

AREC and RACES
ARRL Booth
Exhibit Manager
Finance

Ladies Program
Awards Booth
Registrations
Mobile Judging
Hidden Transmitter Hunt
Hospitality
Programming
Parking

If you and your club are “newcomers” in
the sponsoring “game,” it's good to take a
look at other clubs. Hit the road for every
hamfest and convention you can find. Take
a notebook along and jot down ideas you
like and those vou don’t. Whoever said to
profit by other’s mistakes must have planned
a hamfest.

The Dayton 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 are
so many hams that few are well-acquainted,
and the General 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 theyre vital in order
to get dates and rates around. Notices in
magazines and signs erected at events earlier
in the vear are effective with last minute
mailings to jog an absent minded ham’s
mind.

George Criflis, K7EIS, was Promotion
Chairman of the ARRL’s 25th Annual Con-
vention September 1, 2, and 3, 1962 at Port-
Jand, Oregon. Knee-deep in planning, he re-
ports that a skeleton group of eight men
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CHRISTMAS GIFT SUGGESTIONS

A COMPLETE “LINE-UP” OF ACCESSORIES
FOR THE HAM-SHACK

plus many more nationally
advertised standard brands.

We maintain the largest stock of used equipment
in the Northeast — Engineering Department — Time
Payment Plan available.

WRITE FOR LATEST COMPLETE LIST

CONCORD NH 03301
FONE 603-225-3358

CAN | GET A PRIZE
WITH MY RENEWAL?

Yes . .. if you bring a friend.

Your renewal (or extension of subsecrip-
tion) plus a new subscription for a friend
is the key to the prices given below. USA
or APO only. And please send us the ad-
dress from your wrapper. All items are
postpaid unless marked FOB.

your cost
I. Digital clock with date ($50) . . .. . . . . $38.00
2. Caslon Digital desk clock ($25) ... . . ... 15.00
3. Rotating three tier parts bin ($5) e free
4. KEE Slide Rule {35) e TG
5. Inside-outside thermometer ($5) ... . ... 1.00
6. Rand-McNally Imperial Atlas ($13) ... 4.00
7. Rand-McNally Magellan Globe ($14) ... 6.00
8. Car blanket with case ($12) ....ccoeinvnnnnnnnee free
?. I5 Transistor AM/FM bat.-ac  ($35) .. ... 18.00

0. AMIFMGCloek ((S85) o i i i 30.50

Il. Lamp-clock-radio ($35) ... 18.50
12. 13” Hammond world globe ($13) ... 5.00
13. 13” Hammond lighted globe ($I17) ... 8.00
14. 18” Hammond world globe ($17) .. ... 10.00
|5. 18” Hammond lighted globe ($25) ... ... ... .. 12.00
4. Polaroid Big Swinger camera ($25) ... 17.90
|17. Polaroid 215 camera ($58) .. . ... . . 43.00
18; 4-drawer desk ($45) (FOB) .. . . 24.00
19. Encyclopedia ($160) (FOB) ... ... . . ... 52.00
20. Cassette tap recorder ($45) ... . .. 30.00

Send us your address from your wrapper,
the name, call and address of your friend
on a 3 x b card who gets the new one year
subscription together with $6 for your one
year renewal, $6 for your friend and the
amount for one of the above “gifts”.

USA-APO only. Offer expires December
\ 31, 1968.
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A regulated DC supply for

any

Model PZ-121

application...or budget

REGULATED
" R rowen ey

-l T

odel PZ-131C

Model PZ-241A

.5-15V @ 100ma .5-15V @ 350ma 5-25V@ 1amp
s Input: 110-125v 60 cy = Input: 110-125v 60 cy = [nput: 110-125/220-250v
= Regulation: = .2v = Line Regulation: = 10mv 50-60cy
» Ripple: 5mv = Load Regulation: 50mv = Line Regulation: = 10mv
s Size: 6% x 3% x 2 » Ripple: 1mv » Load Regulation: 50mv
= Weight: 2 Ibs. (shipping) s Impedance: .25 ohm = Ripple 1mv
= Protected against short = Size 4% x2% x 4 = Impedance: .1 ohm

duration short circuits = Weight: 3 Ibs. (shipping) s Size: 5% x3x7
FACTORY ASSEMBLED $19.95 = Electronic current limiting = Weight: 6 Ibs. (shipping)
= Adjustable electronic

KIT $15.95 $39.95

current limiting
= Remote sensing

$69.95

SAME DAY SHIPMENT ON MOST ORDERS.
Terms: Cash. Rated firms, institutions—net 30 days. COD orders require minimum $5.00 deposit. Prices F.0.B. St. Paul (include postage)

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

Viking E"gineering Of Minn' /gtls;aﬁﬁM”:r?;n‘ljgﬁhltlgnﬁ?GIE} 735-4278

were carrying 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 patient 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 and conventions, and
since at least 75 per cent of them involve
money, the first thing to do is get financial
teet 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 affair is complete without exhibits of
new and surplus equipment, 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 kept 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 points to ponder are (1) 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 first 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
prizes awarded, the happier the hams in-
volved.

It's going to take time to award a lot of
loot, and many prize 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
antsy 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
vour club aren’t afraid of hard work, late
hours, and last minute jitters followed by
feelings of real accomplishment and wonder-
ful memories, take some advice from our

astronauts, and GO! .. . WSNOQQ

MERRY CHRISTMAS!

TRADE EVEN

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

TEST EQUIPMENT: SG-IA/ARN WITH PP-
348, SG-2/GRM-4, SG-13/ARN, UPM-98, UPM-
99. ARM-22, ARM-25, ARM-47, HLI-I103A,
ARC H-14A, MD-83A/ARN, HEWLETT-PACK-
ARD 606A, 608D, 612A, 618A, 620A, COL-
LINS 479S-3, 479T-2, 477U.2, 678Y-3, TEK-
TRONIX 535A, ETC.

AIRBORNE EQUIPMENT: ARC-51, ARC-54,
ARC-94, ARC-102, ARC-134, RT-220C/ARN-21,
618T, 6185, ARN-83,

IEI:;:EIVERS: R-390A/URR WITH DUST COV-

Write, wire, phone (813) 722-1843, Bill
Slep, W4FHY, if you have any of the
above and we will frade even!

SLEP ELECTRONICS COMPANY

2412 HIGHWAY 301 N.
ELLENTON, FLORIDA 33532

ALREADY?

Yes.
YOU SEND A CHRISTMAS GIFT Mama thoceh s laceo s il Call
SUBSCRIPTION TO 73 AND WE .,
WILL REWARD YOU WITH AN
ABSOLUTELY FREE COPY OF CHY ot Satel s eip
OUR GIANT DX HANDBOOK WITH New sub ... Renewal ... (Please send

WALL MAP OF THE WORLD!

address from wrapper if possible).

GIFT SUBSCRIPTION PLUS DX HANDBOOK TO YOU ... TOTAL $6.00!

NOUP T BAMES: </ 2 e nts 0 L el o= o Sk

s ot T L MBI et e A0 B LA e S

While you are at it
"""""""""""" enter a new or
renewal sub for
____________________________ me for $5 per vyear.
(Please enclose label
d from wrapper on re-

..... Zip ... newals)

Gift subscriptions will start with the January issue. Gift note will be sent too if desired.
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G'etting 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-
stallments covering the Advanced Class tran-
mitter-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? What is the schematic diagram

of this rectifier circuit?

43. Define frequency deviation in FM

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 cathode?

As you can see, this is somewhat of a
Mulligan stew of subject matter; the power-
supply question could just as easily have
been discussed under the heading of “re-
ceivers’ and the remaining ones include de-
sign, adjustment, and operating techniques.
However, well try to follow our usual
practice and rephrase the questions into
broader 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 question number
two for us.

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

Multiple cathode convertions on the
6146, again, are only one example of some
of the practical problems of tube design.
All can be answered if we find out “Why
Are Tube Pins Connected As They Are?”".

And finally, power output of an AM sig-
nal when modulated is just one of the fac-
tors involved in determining the power out-
put of any rig. “What Is Output Power,
Anyway?" wraps them all up.

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

What terms are used to describe FM?
What do they mean? While the theoieticians
insist that only two kinds of modulation
are possible—amplitude and angle—those
of us who must deal with the real (that
is, non-mathematical) world have quite a
few more kinds to keep in mind. To name
only those more commonly used in ham-

dom, there are CW, AM, SSB., DSB, and
FM.

Each of these has its own particular
set of words to describe the essential char-
acteristics of the modulation; in CW key-
ing may be “hard” or “soft’”, AM may
overmodulate, either type of sideband may
generate “buckshot™—and FM may do al-
most anything.

Most of us have already learned the es-
sential words to talk about AM, CW, and
sideband just in the course of everyday op-
eration. Unless youre an FM buff, though,
the chances are good that you aren’t as
familiar with the FM jargon—and that’s
what this question is all about.

While it doesn’t really work like this,
most of us find it easiest to think about
FM by visualizing a carrier of steady pow-
er being moved about in frequency by the
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audio which is modulating it. The rate at
which the carrier frequency swings is de-
termined by the frequency of the audio,
and the distance from the center frequency
that it swings is determined by the loud-
ness.

In this oversimplified picture, a low-fre-
quency signal and a high-frequency signal
(both audio, 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 FM signal cannot be overmodu-

lated at the transmitter. “Overmodulation™

in FM 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 equiva-
lent of AM’s overmodulation is “excessive
frequency deviation”—or too wide a swing.
In the bands below 52.5 MHz, maximum
swing permitted is 3 kHz.

Now about those words. We've been us-
ing some of them so far. “Frequency
swing~ is the number of Hertz, kilohertz,
or megahertz 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 “frequency swing”,

“Modulation index” is another term em-
ploved frequently in FM. The modulation
index of an FM signal is equal to the fre-
quency deviation divided by the modulat-
ing frequency, That is, if your audio is a
3-kHz tone and your deviation is also 3
kHz, the modulation index is 1.0. With
the same deviation but a modulating fre-
quency of 300 Hz, the modulation index

is 3000/300 or 10.0.

“Modulation index” also applies to AM but
is determined differently there—*modulation
percentage” is simply 100 times the “modu-
lation index” in an AM transmitter, so that
the maximum modulation index permissible
in AM is 1.0 and the average is more like
0.3 to 0.5. The higher modulation index
attainable in FM is one of the advantages
of this type of modulation.

FM is frequently divided into two classes
for discussion—“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 “narrow” are strictly
relative,

For instance, when hams talk of nar-
row-band FM (NBFM) they mean FM with
less than 3 kHz frequency deviation or
swing, as prescribed by FCC rules for oper-
ation below 52.5 MHz. In this kind of con-
versation, “wide band” means anything
with wider deviation than 3 kHz.

But in the two-way communications in-
dustry, “wide band” means anything great-
er than 15 kHz or so swing, and “narrow
band” 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. FM 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 FM broadcast. So it
all depends to whom you're talking.

Weve used another FM term, “cen-
ter frequency”, quite a bit already with-
out defining it. That's the frequency of the
carrier when no modulation is present. It
gets its name 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,
yvour signal may swing from a low of 50.-
052 to a high of 50.058 MHz as it is

modulated.

The final important term in FM is “thres-
hold”; FM signals have a special character-
istic not found with any other type of mod-
ulation. When theyre 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

find it.

The signal strength at which the signal
is “strong enough” is known as the “thres-
hold” of the signal. It is determined almost
exclusively by the modulation index 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 suppression, once the thres-

hold is reached.
For illustration, if an FM signal has a
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modulation index of 1 (such as a ham
NBFM 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 eftect
has cut in and the noise is reduced another
4 db. This gives an 8 db signal-to-noise
ratio, twice as good as that provided by
the signal alone.

If, however, that same signal had been
a ham WBFM 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 amplifiers adjusted for proper
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 adjustments 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 operate. This is accomplished,
as you probably are aware, by applying a
steady input signal and tuning for a pro-
nounced “dip” in final 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
different kinds of amplifiers (CW, modu-
lated AM, linear AM. or sideband linear)
show up most prominently in the drive and
loading 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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Fig. 1. A typical rf amplifier circuit is shown at
left; Audio equivalent at right. Adjustments are
drive (input circuit), tuning (output circuit), and
loading (indicated).

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

Fig 1 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-
cuits with transformers as shown in Fig. 1B
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-
fier's linearity as well 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 concentrate on only one: 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 normally 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 “load” for the tube
—and the choice of voltages for the tube
depends in part upon the load seen by the
tube. Thus all 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 audio amplifier is a broad-band de-
vice; the average stereo console amplifier
handles a frequency range from below 50
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Hz up to at least 15 kHz,  which is a
300-to-1 ratio. rf 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-1 fre-
quency ratio. And the average final tuned
to, say, 3900 kHz is covering only about
a 3 kHz bandwidth, for a 1-in-1300 ratio of
bandwidth to frequency.

The broad-banded audio amplifier re-
quires a specially designed transformer to
provide its output circuit. Handling rf as
we do, we get out more easily. A simple
tuned circuit, if properly adjusted, does
the impedance transformation for us. One
of the “proper” adjustments, though, is the
tuning. The other one is the “loading”
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. With higher resistance, less
plate current flows and the “dip” when
tuning is extremely deep.

The higher resistance also, though, means
less power can be transferred through the
circuit—or even produced by the tube in
the first place. With light loading, the tube
is virtually loafing along and little power
is delivered to the antenna. This is bad for
any rf amplifier because all that potential
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 effective resistance of the output cir-
cuit goes down. As the resistance drops,
more plate current flows. The additional
plate current is able to produce 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.

With a normal class C amplifier (non-li-
near), standard practice is to crank up grid
drive until rated grid current flows, tune
the final 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 youre 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
output,

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 extra
current isn't going to the antenna, but is
merely trying to melt out your rig!

If maximum power output is vour goal,
vou must have some type of relative power
indicator to tell how much is actually get-
ting out. This can be anything from a SWR
bridge in the feedline to a field-strength
meter—or even a pilot bulb coupled to the
teedline, not to the final tank where it won’t
tell vou nearly as much. Then increase load-
ing so long as the power output keeps
climbing—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 practice indicates that there
should not be an excess of drive, which
will increase the chances of harmonic 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-
tectable, and then increased about 20% above
this point. For CW wuse, no increase is
necessary. If the rig is modulated, though,
additional 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. What
happens to them if we are trying to be
linear instead?

Tuning remains pretty much the same,
if we keep in mind that the permissible
operating range of the tube is much more
critical for linear than for non-linear use.
If the amplifier is properly designed, though,
this factor will already be taken care of.

Loading is much more critical. Either
under-loading or over-loading 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. Lets 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 harmtul
effect—but as the input signal increases
during transmission of even a single syllable
of speech, the too-high resistance sets a limit
beyond which™ output signal cannot climb.

The result is peak clipping, which gen-
erates splatter 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 distortion
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 distortion created by too-
heavy loading is more usually in the form
of intermodulation 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
hrst place.

While the loading of a non-linear am-
plifier can be checked quite easilyv 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 improper op-
eration of linears is due to maladjustment
of the drive rather than of loading.

The drive adjustments are probably the
most critical ones in adjustment 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 drive for the ampli-
fier to operate properly yet not provide too
much. Since a linear’s input signal may be
anything from no signal at all up to the
maximum permitted by the drive adjust-
ments, the condition of “too little” drive
simpiy cannot exist. All the adjustments have
to do with setting an upper limit beyond
which drive cannot go.

In the initial 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 youre 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 rated undistorted output,
without driving it over the limit into dis-
tortion. Once distortion is put into the sig-
nal, at any stage, getting it back out is
like trying to remove one piece 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.

With such rigs, the “drive” control em-
ployed for final 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—first 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-
nal, 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 pro-
ducing its expected output, check that stage
carefully. Try adjusting the loading for
that stage, as well as rechecking all pre-
vious stages.

When the entire amplifier is tuned up in
this manner, it will be able to handle any
signal delivered by the mike in a linear fash-
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BOWTIE ENVELOPE

NORMAL

Fig. 2. Oscilloscope displays above are normal in-
dications of linear-amplifier operating properly.

ion. Lock all the adjustments except final
tuning and drive.

It should go without saying all these ad-
justments should be 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 operating
at several times the legal limit during 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 reduce the audio gain
until the rig is operating at about half its
rated power. Note the audio gain setting
and final plate current. With 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 established.

From this point on, the only operating
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 earlier) a scope
hooked up to view the output signal. Either
an “envelope display” or “bow-tie” pattern
can be used. Fig. 2 shows the output pat-
terns to expect from either when everything

11
I

LOOP o PWEER WL cop |V sweep
il FROM i §
ENVELOPE EXCITER
AUDIO BOWTIE

Fig. 3. Test set-ups for both types of displays. In
either case, tank circuit is tuned to operating fre-
quency and connected through a capacitor directly
to vertical deflection plate of CRT.
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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-loading.

What 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 transistorized
power supplies used for mobile work, eith-
er. But receivers, transmitters, and test
equipment alike share the requirement for
dc to operate—and the wall plugs provide
us with ac. The power supply does the job

OVERDRIVE
FLATTENS PEAKS

UNDERLOAD

SIMILAR TO OVER-
DRIVE EXCEPTLESS

HEIGHT ON DISPLAY

OVERLOQCAD
DISTORTION IS NOT
USUALLY VISIBLE ON
SCOPE BUT POWER
OUTPUT IS EXCESS-
IVELY LOW.

DOOOX

ENVELOPE BOWTIE

Fig. 4. Typical patterns exhibited by linear ampli-
fier with operation not normal. Refer to SSB hand-
books for more detailed views; these are to illus-
trate the theory involved rather than to provide an

operating guide.

of changing the 115-volt 60-Hz ac from the
wall plug into de of the proper voltage and
current characteristics to power our equip-
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
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Fig. 5. Half-wave rectifier circuit and waveforms.

- OUTPUT

going the same direction—and this accom-
plishes the change. The 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”
dc for our devices.

While any individual rectifier merely
blocks half the ac waveform, rectifier 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 of the
ac wave through and hold back the other
half.

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

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

Fig. 5 shows the operation of this 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 conduct at the point marked “1”
in the waveforms and conducts until the
point marked “2”, When time “2” is reached,
rectiier 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-for-end at time 2, and back to
its original position at time 3. Both halves
of the input ac are used—but only half the
transformer is in use at any given instant.
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With the advent of the solid-state recti-
fier, a different type of full-wave -circuit
has come into popularity, (With vacuum
tubes, the circuit requires separate trans-
formers for the rectifier filaments and so
was used only rarely.) This is the bridge
circuit shown in Fig. 7.

The major advantage of the bridge 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 full-wave rectification without requir-
ing a transformer. The bridge circuit op-
erates entirely by “steering” current flow.

For instance, at the point marked “1”
in the waveforms both rectifiers A and C
can conduct while rectifiers B and D are
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 of the ac input
reverses. This blocks rectifiers A and C, but
permits rectifiers B and D to conduct. Cur-
rent out of the bridge still flows in the same
direction.

At time 3, the ac polarity reverses again
and returns to the same condition that
existed at time 1. You can see that the
full ac cycle is steered through to the
load, but is always flowing in the same di-
rection when it reaches the load circuit.
For half a cycle it flows through rectifiers
A and C, and for the other half 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 without a power transformer).
Solid-state equipment, on the other hand,
employs the bridge almost exclusively. Trans-
mitter power supplies almost invariable use
full-wave rectification because it is more
efficient and is also easier to filter into
“pure” de required by law. The choice be-
tween bridge and center-tap circuits is
about even, though, with medium-power rigs
more likely to use the bridge and high-power
equipment usually using center-tap circuits
together with mercury-vapor rectifier tubes.

> - /

INPUT "

::Ei”g:l i-Ln*D
oviienghete b LT S

Fig. 6, Full-wave circuit and waveforms.
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Fig. 7. Full-wave bridge circuit and waveforms.

Why are 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 have 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. Why, then are
tubes built 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 most 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 de. 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 dc is concerned, it may not do so for
rf.

Any wire has a certain amount of induc-
tance, even if it's not bent into a coil.
To high-frequency rf, this inductance acts
about the same way a resistor does to dc.
A single wire, if it has great enough in-
ductance, doesn’t make proper electrical con-
tact.

The inductance can be reduced by shorten-
ing the wire’s length, or by using larger
wire. In a tube, though, both the length
of the wire and its maximum diameter are
fixed by mechanical considerations. A limit
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15 soon reached, for any particular tube
design, beyond which the inductance of
each lead cannot be reduced.

Three resistors connected in parallel will
have only one-third the resistance of
each one individually (if all are of the same
value). Similarly, three separate leads con-
nected in parallel will have one-third the
effective inductance of one.

Thus by using more than one lead, with
a separate pin for each, the tube designer
can reduce the inductance between the
actual tube element and the point outside
the tube to which it is connected.

That’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, vou can’t get to it
directly to make any connections. All your
connections have to be made to the tube’s
pins.

The inductance of the leads from the pin
to the cathode itself, as we said, acts about
like a resistor. When current flows through
a resistor, it produces 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 plate 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 by
way of the same tube pin, then the induc-
tance of the lead from cathode surface to
pin is also in both the grid and the plate
circuits.

And when the amplified signal in the
plate circuit flows 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 more separate pins, each
with its own leads, from the cathode to
the rest of the circuit, the lead inductance
can be kept effectively out of the picture.
With the grid circuit returning to one pin
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Fig. 8. Multiple pins are used in modern 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 through inductance of single
cathode lead and may interact. Three separate pins
in B permit the three circuits to be kept complete-
ly separate. Effect is of importance only at high
frequencies.

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 7f choke
—because, as the frequency gets high
enough, that’s how it acts. And we learned
back in Part III of the series that feedback
can be effective at any frequency, not just
at the frequency youre tuned to. The type
of feedback the multiple pins are intended
to eliminate 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. When 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

64

that external connections can be made with
the shortest possible wires. This is the rea-
son why several types of tubes are avail-
able having identical electrical characteris-
tics, but different pin arrangements—some
are arranged for one specific circuit, and
others for others.

Not all tubes, of course, even use pins
for the external connections. The popular
4x150/4CX250 series of power tubes, for
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 shield-
ing between input and output circuits are
the primary reasons for such arrangements.

What is output power, anyway? One of
the least understood quantities well ever
deal with in radio is that known as “trans-
mitter output power .

For instance, most of us are aware that
the maximum legal inpuf 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% efhi-
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
waltts.

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
watts out. 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 wont 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 1-kw input reading. Since meters
are relatively slow to react—a dc 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
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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 1 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
field of getting extra power for nothing.

The 4-kw figure mentioned for HF bands
is more of a play on words. Power, either
input or output, comes in several different
flavors. There is “peak”™ power—which may
mean any of three distinctly different con-
ditions—, “average” power, and “RMS” pow-
er.
To get an idea of the different possible
meanings of the term “peak power”, let’s
look at an ordinary 60-watt light bulb op-
erating from normal 117-volt ac wall power.

During each cycle of the ac power, the
voltage on the line rises from some negative
value through zero to a positive peak, then
falls back 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 “117-volt” or maybe “110 wolts”, its
voltage is actually always changing. It is
exactly 117 at only four instants during
each cyvcle—once on the way up between
zero and positive peak, once again on the
way down, a third time between zero and
negative peak, and the final time as it climbs
from the negative peak toward zero.

The reason we call it “117-volt™ power
is that it will produce the same amount of
heat in a resistor as would 117 volts of dc
applied to the same resistor. This is the
“RMS” value, and is a convenient label.

But the peak voltage of this 117-volt pow-
er line is actually about 165 volts; it reaches
this voltage only twice during each cycle,
and doesn’t stay there any appreciable length
of time either time.

Our light bulb is a resistor. The more
voltage we apply to it, the more current
will flow. The BRMS current in a 60-watt
117-volt bulb would be 60/117 amp, or
about 0.513 amps. The resistance, by Ohm’s
law, equals the voltage divided by the cur-
rent or 117/0.513, which comes out to be
about 230 ohms.
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Now when we apply that “peak” wvolt-
age of 165 volts to the 230-ohm resistor
which is our light bulb, we will get a “peak”
current of about 1.38 amps—and when we
multiply voltage by current to find out the
“peak” power we discover that our “60-
watt™ bulb uses a peak power of 230 watts!

This is an impressive figure, sure. But
the bulb doesn’t give us a bit more light
at peak power of 230 watts than it does
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-
lon 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 discus-
sion) present when the audio modulating
signal is at its peak. Most sideband rigs are
rated on PEP power.

This kind of peak power is what actually
gets the signal through. The figures are
much less than those for the same trans-
mitter for “instantaneous peak power’, but
are higher than for “meter peak power”
which well discuss next, or “average pow-
er’. In sideband operation, PEP power is
the power vou get when the rig is adjusted
for maximum linear output as discussed
earlier in this installment.

In a FM rig, the output power does not
change appreciably with modulation. In a
CW rig, the power is either there or it is
not. PEP power of a CW rig is the same
as the key-down power; the term is almost
meaningless for FM.

An AM transmitter, with carrier, is much
like an FM or a key-down CW rig when
nobody is talking. The carrier is still pres-
ent. When you modulate, however, the audio
power from the modulator is either added
to, or subtracted from, the carrier power.
The result is that peak envelope power is
greater than the average carrier level.

Virtually all of the theory about AM
modulation and its effects on power assumes
modulation with a steady audio tone rather
than voice, because the steady tone is a
known signal and voices differ in their char-
acteristics.
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With a steady tone, and modulating the
carrier 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-
rier plus all the power from the modulator,
and so will be half again greater than that
of the carrier 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.

When voice is applied rather than the
steady tone, the picture changes. Voices are
not symmetrical; their positive peaks may
be higher than their negative peaks or vice
versa. The “100-percent” modulation point
is defined as that amount of modulation
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 100-percent modulation to occur
with less voice loudness than if it comes out
positive. In any case, the average level ot
the voice is far lower than those peaks—
and so the 50-percent increase of power with
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 FCC, and
must never exceed 1000 watts,

A properly operating AM rig will show
no fHuctuation at all in the meters when
audio is applied, unless it's using “controlled
carrier’ modulation. Any flickering indi-
cates improper modulation. The theoretical
50-percent increase in PEP is never visible
on the meters, because the meters indicate
only dc and the power from the modulator
is ac in the audio range.

A sideband rig, on the other hand, will
flicker widely with speech. So will a CW rig
being keyed, or an AM rig using controlled
carrier. Regulations specify that power of a
CW rig be measured with key down: for
the others, the requirement is simply that
the meters never indicate power above the
legal limit.

Next Month. We've come all this way
and managed to bypass those little problems
which require arithmetic, such as the cal-
culation of series impedances or determi-
nations of transformer turns ratios. Next
month we’ll explore those. Don’t let the
prospect scare you—nothing more complex
than arithmetic is involved. Until then,
happy hunting. =
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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.

9. 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 3.
equal. . . high efficiency, silver-plated tank coil, i 2.
silver-plated L-section coil, unique toroid (type e =

filament choke, resonant input filter choke, high
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CHRISTMAS

You ean do good and do well at the same time. Do
good by selling or giving gift subsecriptions to 73 to
friends. Do well by getting rather nice premiums for
yvour effort or thoughtfulness. Some amateurs are
working their way right through our whole list. All
subs, other than one for wyourself, must be new and
will start with the November issue. You can renew
yours if you send your address label from the wrap-
per and it will count towards the prizes. To make
some of the bigger items easier to get vou have a
choice of substituting cash for some subscriptions.

B 55 THREE SHELF ROTATING
= PARTS BIN

“WF'ree with 2 subs or $3 with
1 sub. Great around the
=@ 'shack or workshop. 11 com-
partments in each shelf.

513 RAND MCNALLY IMPERIAL
WORLD ATLAS =

Free with 3 subs or $6 with 12
sub, 300 pages of maps and
mfo. Fine for DXing, school,

arguments,

Ty
i

- r.!!u
A §

E L
20,000 0/V V-0-M,
5000 VDC

Free with 3 subs or $7 with
1 sub., Keep one in the car,
one i the workshop and one
wm the shack. Plus maybe a

loaner?

HAMMOND WOR[D GLOBE
18" DIAMETER

$17. Free with 5 subs
r $12 with 1 sub. Wonder- |

fu! globe for DXing as long

as you don’'t use any pins.

| $25 MINITEST LAB

 Free with T subs or
E 3156 with 2 subs.
VOM, rvrf-af genera-
® tors r & c¢ substitu-

tion, ete. Incredibly
. handy.

512 WARM CAR BLANKET

g ['ree with 2 subs or $4 with 1
sub. Handy around house, foot-
ball, etc. Comes with zipper case

& hnna‘!e
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K & E SLIDE RULE

Free with 2 subs or $2 with 1 sub.

You need a good slide rule every
now and then.
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Polaroid Big Swinger

Free with 10 subs or
$20 with 2 subs. Uses
regular pack Polaroid
film, gives big size pic-
tures. Foolproof?

AM-FM 15 TRANSISTOR RADIO

Free with 8 subs or $18 with 2
subs. This radio sells for $30
normally. AC or battery.

w124 HOUR DIGITAL
\  DESK CLOCK

A Free with T subs

\ or $15 with 2 subs.
§ Large numbers,
L prize-winning de-

sign. Makes ham
shack look like
$mallion. Sells for
B $25.

B 1 AM-FM 10 TRANSISTOR
S8 ACBATTERY RADIO

= I'ree with 8 subs or $18
(e gpith 2 subs. Works like
crazy. Fabulous gift
too. Be loved.

s
=
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HAMMOND 18" LIGHTED
$25 WORLD GLOBE

Free with 6 subs or $12 with
2 subs. Get two, one for jr
op. No pins,

$35 HIINTENSITY
LAMP-RADIO AND
CLOCK!

Free with 8 subs
or $18 with 2 subs.
Clock operates ra-

dio, ete.

Fine for
desk.

NAME & CALL PLATE

Free with 1 sub. Up
to 20 letters and B
spaces on 107 desk = _
plate. Walnut with s

white letters. A s
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Free with 12 subs or $30 with 2 subs. This really
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snooze turn off. Give yourself one . . . or the
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$50 CASSETTE TAPE RECORDER i

Free with 12 subs or $30 with 2 subs. We tested a dozen recorders
before we found this darb. Really works. Record birds, rare DX,

family squabbles, jokes, singing. Sneekily small, M Eﬂ

COPYMATE PHOTO COPIER MACHINE

F'ree with 10 subs or $24 with 2 subs. This does
every bit as good a copy job us a well known
8 3400 copier and wuses same inexpensive paper.
5 (Comes with paper all set to go.

e

DIGITAL CLOCK AM-FM RADIO

Free with 9 subs or $20 with 2 subs. This 18 the only
digital clock radio we've ever seen. Fine FFM radio buailt
in with sleep alarm, buzzer, whole schmear. Like the
unusual and new?

OPERATING DESK

Free with 9 subs or $23
with 2 subs. $35 desk just
. right size for modern
T . transceiver ham station.

. Shipped FOB factory n
" Michigan.

CASLON 601 DIGITAL DATE-DAY CLOCK

This $50 Ferrari of desk clocks is free with 12 subs or $32
with 3 subs. Brushed aluminum. The last word in operating
aids. 24 hour clock, naturally. Those who can’t tell time
should specify the 12 hour model.

RAND-MCNALLY MAGELLAN
WORLD GLOBE

$15 globe free with 3 subs or $8
with 1 sub. You can’t beat a
deal like that.

£ 57} $160 ENCYCLOPEDIA SET

em Free with only 20 subs or $45 with 8 subs. This i1s a first rate ency-
5 clopedia. This one is FFOB the publisher. Tap your fellow club mem-
" bers for T3 subs and win this mass of books.

&

Send each gift subseription on a separate 3 x5 card with name, call, address and zip.
All must be new one year $6 subscriptions to start with the December issue. Y ou want
to renew wyour own subscription? OK, if you include the label from your wrapper. On
another card write your name and addess and indicate which prize you wish. At’gmu up to
etght weeks for delivery in case we are back ordered from the factory. Prizes will be sent
postpaid unless otherwise stated. This offer is good for the USA and APO only and ex-
pires shortly.

73 MAGAZINE, PETERBOROUGH NH 03458
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R-390A/URR
Radio Receiver

pportu _
one of the world’s finest
all-band receivers.

EAGC Industries, Inc., 20 sridze Avenue, Red Bank, N.J./201/747-5100, Ext. 51.

hity to own

Limited quantity of famous
R-390A/URR radio receivers . . .
brand new. Original manufacture,
1968 production . . . fully tested
to meet U.S. Government
specifications. Range 500 kc to
32 mc, 30 1-mc bands, digital
readouts. Original pack, includes
two instruction books, complete
set running spares. New low
price $1,700% . . . fully
guaranteed.

*A few new, but shelf-worn, units
available at lower prices.

WRITE OR CALL FOR DETAILS

W2NSD/1 from pg 4
more difficult job of creating hypotheses
which fit the data.” He goes on further to
say, "1 have concluded that the earth is be-
ing visited by intelligently controlled vehicles
whose origin is extraterrestrial.”

Dr. McDonald of the University of Arizona
has been studying UFO reports on an in-
tensive basis for over two vears 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. McDonald goes on
further to say, “For the record, I should
have to state that my interviewing results
dispose me toward acceptance of the exist-
ance of humanoid occupants in some UFO’s.
I would not argue with those who say this
might be the single most important element
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
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UFOs rests on the shoulders of amateur
radio. With 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. See
63 UFO photographs assembled on one page.

Next comes the need for your own per-
sonal decision that 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
after 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 GMT, which is
9 PM EST.

By next spring I hope we will be ready
to get everyone interested in the net set up
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radm amateur
with an alerting system. I believe that we | D D

will use a 60-cycle calling arrangement. This

will be easy to standardize. Graybar has

some 60-cycle tuned relays available inex- GET YOUR NEW

pensively which can be hooked up to the ISSUE NOW!
Over 283,000 QTHs

in the U.S. edition

receiver and left tuned to the Net channel.
They are sensative to within a half cycle

so other frequencies won’t bother them $6.95
When any station comes on the net channel Over 135,000 QTHs
and sends a tone which is modulated with a in the DX edition
60-cycle note the relay will pick up and let $4.95

yvou know. This means that both AM and

' _ : See your favorite dealer or
SSB stations can work together in the net.

order direct (add 25¢ for

= . £ _ ‘ 1 are r 1ud bEEﬂ'ﬂ]E mailing in U.S., Possessions
_ If you _t“-:'l that }uu ok ”j y to These valuable EXTRA features & Canada. Elsewhere add
involved in something really important then | jncluded in both editions! 50¢),
join the UFO net merely by checking in on | o g¢) Managers Around the o Radio Amateurs’ Prefixes
any Wednesday night. In your own area | :‘nrld! e by Countries!
. ] 2
vou should contact your newspaper, radio “ecios deddg el 2l ::;:éi'-i:hn““ﬁ“ﬂ Alphabet!
i : : : et uy!
and television stations, and police and let e Radio Amateurs’ License i A
= Class! e Great Circle Bearings!
them know that you are a member of a e World Prefix Map! e International Postal

Information!.
Amateur Prefixes ¢ Plus much more!

wf;_;i:ak RADIO ﬁMATEUH Ilhonk o

DEpt. B,4844 W. Fullerton Ave.
Chicago, Ill. 60639

national communications effort towards in- e International Radio
vestigating UFQ’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.

BROCHURE!

.. . Wayne i =i e

e e

...lHE WORK HORSE

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

& = Full wave solid state power supply.

! m Universal rear of cabinet circuitry
may be connected for transceiver or
receiver-transmitter use without
internal modification.

x Plus many, many more features.
NI O TN ot et $375.00

Also available: GSB 201 MK Il — em-
ploys four type 811A economical triodes

Exceptinnally compact—only _
8% " h-gh 125/ " wide and 17” deep—the for 1500 watt P.E.P. input.

GSB 201 lends itself readily to table =~ AMATEUR NET ... $325.00

top mounting.  g., your favorite distributor
~— Write for brochure

G-OIN S E2"I"° ANOTHER DIVISION OF AEROTRON, INCORPORATED

P. O. Box 6527 / Raleigh, North Carolina 27608
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Christmas

Are you trying to choose a gift for some-
body with technical or amateur radio in-
terests? That can be a very hard problem,
if yvou do not understand what it is all
about. Where can you turn for advice?

After reading through this list maybe
vou will feel a little more confident, and
would like to try a catalog. Why not try
our advertisers first? If you have a rather
general kind of idea coming up maybe it’s
right in here on another page. Still another
good approach is to talk with somebody
having interests similar to the set you're
trying to match. Finally, it helps to do some
outside reading. Maybe vou’ll catch the bug
and become 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
simpler, cheaper one. And since the fellow
who is just starting generally wants the less
expensive variety, too, a purchase in this
department is almost sure-fire. 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 Magazine is an ex-
cellent publication for anybody seriously
interested in modern ham radio and tech-
nology. This vyear’s issues have carried a
wide variety of material ranging from sim-
ple construction articles to news about re-
cent events in technology, from using old
transistor radios to the latest on those re-
markable radio signals from space. No 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 vear
or $12.00 per three years, and might be
supplemented with a book or two from 73
Press. Try our “73 Useful Transistor Cir-
cuits” or “Diode Circuits Handbook,” two
of the best idea books on the market and
available at a dollar each.

72

Gift Ideas

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 permanently
connected to the output lines. Circuits or
antennas may be monitored even when they
are not connected into the operating system.

Some suggested applications are the con-
nection of a general coverage of WWYV
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-
mas Present line tend to be quite gadgety.
Here are a couple of items that could be
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 are unusual in some
way, and will do effective jobs around the

ham shack.
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First, there is the Permaflex 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
device, offering remarkable sensitivity. It
serves to tell the operator when his CW
transmitter is radiating rf, 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 construction, and
finally it will serve as a code practice os-
cillator.

DECEMBER 1968

The Mark 2 Oscillator/monitor incorpor-
ates all of the features of the original unit
which has gained acceptance by amateurs
as a sensitive rf type of CW monitor and
a code practice oscillator.

Extended amateur as well as professional
use of the unit as a Test Instrument has
prompted improvement in its performance
and utility.

The Mark 2 features:

Increased rf sensitivity by the use of cryo-
genic production control techniques. The
Mark 2 will trigger on less than 10 Milli-
watts without direct connection.

Greater audio volume and wider tone con-
trol range through the use of improved com-
ponerits.

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
anodic coating on the aluminum cabinet.

Improved ease of use 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-
antee of 1 full year.

Price $14.95,

Address all correspondence to: THE
JAMES RESEARCH COMPANY, DEPT
AR—M 11 Schermenhorn Street, Brooklyn,
New York 11201,

aaaaaaaaaaaa
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Printed Circuit Kit

Injectorall Electronics Corp. has just re-
leased a much-needed printed circuit cir-
cuit kit. It contains etchant, resist ink, re-
sist solvent, and other material required

73




to make up two small printed circuit boards.
And then the pen and ink will do for very
many additional boards, using surplus or
other available board materials. Retails at
$5.95, from local distributors. For further in-
formation write to Injectorall 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 even competitive with building
your own, if you consider the time that
takes and the cost of materials. VSWR
better than 1.5:1 over the range of 144
to 148 MHz $10.58, ask for the Model
D1-2 manutactured by Mosley Electronics,
Inc., 4610 N. Lindberg Blvd., Bridgeton, Mis-

SOuri,

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

MOSLEY DIPLOMAT 6

ANTENNA MoDEL DI-6

_+_

e

Rated at 2000 watts PEP or 1000 watts
CW, the Mosley DI1-6 six-meter antenna
offers an omnidirectional pattern for gen-
eral communications use. It is vertically po-
larized. A special 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 fatigue. The an-
tenna mounts on 1” to 14" 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-
tem 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
instructions 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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300 WATT

« 500 WATTS PEP-SSB
* 475 WATTS CW

e Precision Dial and Vernier

Logging Scale
¢ Solid State VFO
« CW Sidetone
« CW Filter (option)
« CW Break-in (option)

e AC Power $79.95 extra

R-530

$695.00

34()00

Less
Accessories

@ kBT E e

TRANESEALE

SURPRISE THE OM WITH A
NEW GALAXY FOR XMAS'

GALAXY V wmark 3
TRANSCEIVER

...............

(Ready for immediate delivery)

The superb, new
GALAXY

Phase-locked
Frequency
Synthesizer

for Maximum
Stability!

(All items in stock)

TRADE IN THAT OLD EQUIPMENT ON A NEW GALAXY!

LOOK AT THESE

Barker & Williamson

STy O N Wi e S £ 89.00
Central Electronics
N S e s 69.00
BC=43BA ..., iaess 44900
W-A s a9.00
L N A 199._00
Collins
IBB-1 . iicndnsives. 29500
KWB-1 o205 E-ﬂ]ﬂ 0o
Y Y G S T 119.00
BIBE-]. . icousaieaia 69,00
RBEINL i caiiaae 65.00
IBAF .ivceccnsnnve 295,00
BN=81 0 - e il v 650,00
R e e I T 150,00
- e A i I 649.00
KW \I =16011 ..%£795.00
T3A2 w/ I!Itt‘:r ...... 169.00
TE . o aan s e e e ooy 395.00
L b A R S 650,00
IR . et e s e 2145.00

Cleng,/Squires & Sanders

THOE: U7 e siinsiaeans 175.00
AC BSupply ..ceees 70.00
Drake
AN o T b WAl b et 29.00
e 4 9 159, 04
R Ll ln it e 29.00
Eico
™3 NEW F/W ... 159.00
i 7 O T A R e e 099,00
e e T N 4900
L[| L S e 49,00
Eldico
WEELLN . iwiremn s 150.00
=R ' cinaeiciiacaie 15.00

MORE WATTS
PER DOLLAR
AT FRECKS!

DECEMBER 1968

Elmac
L R e 45.00
PR H-T oo casen s 45.00
ABS-H ... covevane 34.00
PMRE-B ...covevons 45.00
ANSHE | i d e aa 85,00
AF-BBA: C.iieraans 95.00
Globe/Galaxy/ WRL
DR P rosiv s i £195.00

DSB-1060 kit, new.. 59.00

DE8B-100 ......... 49.00
N T 199,00
PSASOD ......cc.. 72.00
Gonset
S R R 119.00
Hall erafters
e 2495
BE-IA  ainaase 199.00
SR-2000 .......... £795.00
F T o TR R NS e, 325.00
BN e 149.00
P=-130=18 .aaisis 75.00
P28 iiiiarinaees 49.00
HT-8T iaicinaesaale 225.00
R S 10,00
BalBE - . naiie b araiing 99.00
T a LRt ] Sl PRI B G, 00
T3 €Y 5 (e PR 99,00
BX82 il 149,00
Lo T L SRR e 139,00
SR400-PS500 ......5750.00
RE2000 - e a e d $325.00
Hecath
HA-14/HP-14 .... 169.00
HA=20  l-iedaeivn, 75.00
i s SRSl S e ; 5.00
Y=l it e rs 17.00

HW-: ..3

AU DWE cesievivns

HD-11

VHF-1
DX-100
Sixer

HI*-20
DX-40
HX-30
+R-54
SBE-300. .249.00
SB-400..295.00
SX-40

SR-400 (like new) ..

HAMMARLUND
HQ-110C
HQ-1000C
HX-50
HQ-170

E. F. Jchnson
Ranger 11
Viking mobile Kit
Courier Amplifier
Adventurer
(‘hallenger
Audio Amplifier
Vallant 1
Viking II
Viking 1
Valiant
122 YFO
N2 VFO
Thunderbolt
Pacemaker

Knight
R-535

----------

...........
HG=10 wiicececnvnnes
..........
..........
.............
...........
...........
...........

llllllllllll

---------

-----------

!!!!!!!

.......
-------
---------
..........
........
........
25.00
.......... ).

!!!!!!!

------------

$89.00

o o089, 00

39.00
10.00
20.00
149,00
$39.50
a8.00
20.00
1900
175.00
19.99

. 405.00

49.00
675.00

100.00
110.00
225,00
169.00

179.00
30.00

" 139.00

35,00
59.00
75.00
150.00
75.00
54,05
158.00
17.00
24,00

149.00

ad.00

CHRISTMAS SPECIALS!

HW=18 ovesusssn

Bl | e s 659.50

P RBONT 3 S e ie e Bk 35.00
Lafayette

T S 29,00

HE=30 . ..ccaversres 39.00

HE-45B .. ..:csseee 75.0

HE-50/3-10M .... 69.00
Mosley

B Iy R §5.00
National ‘‘Special®’

NCL-2000 NEW . 495.00

NOAEE oot vaviis 45.00

HRO-60 w/coils .. 225.00

NC-100A ....:0cc004 50,00

NEE A ovdenaeens 95.00

L p B N e 149.00

NC=-IU i inaiaaa 19.00

NE=-I80 o oisdine 899,00

HRO-500 NEW ...1675.00

Lo b e (e S R 215.00
Polytronics

PO-BIR osiiiess 199.00

PE 0 v 175.00
RME

YHE-602 ... .civue0 189.00

N R R e e R L 88,00
Swan Electronies

BW=I20 . .ciieenns 125.00

BW=24) . ....cvses 169,00

BW-11TAQC ..cvease R85.00

d 1 5] O e AP AT 65, 00
8 B.: B BB33 e 199.00
Miscellaneous items:

500 watt phone &

CW xmtr. 6" rack

& ocabinet ........ £200.00

Assorted power supply 10.00

FRECK RADIO & SUPPLY CO., INC.

38 Biltmore Avenue @

T. T. Freck W4WL 704-254-9551

Ashville, N.C.
Doug Jones WB4IHO

28801
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® Planar epitaxial inftegrated circuits for reli-
ability. No tubes—No separate transistors,

® Precision feather-touch key built-in,

Fully digital—Dot-dash ratio always per-

f‘Eﬂf- LE - Lora

® No polarity problems—Floating contacts s
e witeh Aeatm, o .

® Rugged solid construction—will not walk. |

® Send QSL or posteard for free brochure. Antenna SW“‘Qh

Not all ham radio work goes on indoors, as

P AL O M AP you probably know already. Maybe there are

several outside antennas, fed by one trans-

= G IR EEE R S mission line (which may be a powerful

BO . economy arrangement) or perhaps there dre
X 455, ESCONDIDO, CAL. 92026 adjustments that must be made at the base

- B — | or the center of the antenna. The least ex-
USED MODEL 501 TV CAMERAS | | pensive approach involves many trips out
to the antenna, or up the mast, but here

TN is a remote-control switch arrangement that

o may do the same job. It will work with bal-
T R IEEET ‘ 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, 91001, at

$17.95 postpaid. Also available from some
dealers.

IC Projects Handbook

, If voud like to pick up two or three
| b IC’s and try getting your feet wet in the

Each month we have a limited number of tal’
Eed TN R ATES W hioh e WAl s T R BT e field, a copy of Brown & Kneitel’s book may

hams at greatly reduced prices. These cameras be just the thing for you. There isnt much
were rented out for temporary surveillance : .
I ‘ chance of going in over your head, and

Jobs on construction sites, county fairs, con-
some of the projects are unbelievably simple.

L

e
~~~~~~~~~~~

- e e L
S e e

e o S

s = Lo
i = ot e p e
_ . el ) =

o o aoR R X 5 - L X e
o A L T e e e A i o

ventions, etc. All have been checked out and

are guaranteed for 90 days. Complete with

vidicon and lens. To an eye accustomed to the complex sche-
matics of discrete-components circuits IC
Used Model 501 sale priced circuits just dont look real. Yet the trend
$160.00 FOB Hollis | | in electronics is to these tiny functional pack-
Don't delay. Only a few used cameras are ages, and they do deserve a lot of attention.
?gfiéﬁ_leﬂl‘fgﬂ‘ag;?‘g;aﬁg specifications send With this handy collection, you can get in
some good bench work without spending

days catching up on the literature.
VANGUARD LABS - The fifty circuits include power supplies

I Dept. H, 196-23 Jamaica Ave., Hollis, N.Y. 11423 | | (which I'd have placed to the front of the
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bﬁﬂk)! d Vi:'ll'lf‘-'t}f' E'f preamps, amphﬁers to STATEMENT OF OWNERSHIP, g b ahrnofigfpund PN b

50 watts, three code keyers, some signal 1 o SAANAGEMENT AND CRCUATION | ey 2wt | ST
|

# ® i ) OF Feeal i bebal Wl L
boosters and other circuits. There are sev- | | ocoier 1s, 108 | 3 Magasine
Monthly

eral lab circuits, and 1 specially noticed a | Lesse=ssmrme—=m=
| Peterborough NH 03458

TV color-bar generator that is about as com- Ersthhisnrdmmarassabrr i

| “!Iﬂf__'_l"\ﬂwiwiiﬁm_lw_ —=

plex as a basic AM receiver—because it | === =

) ’ Wayne Green Peterborough NH (3458
usess 1C's. By i AR e Y T Tk
thought the book seemed a little odd, | ===~~~
without any schematics of the circuits In- | | o oy T o ey e o
side the IC’s. But then I came to page i:f'_'“_":i”m""' =
127 and found Brown provided a complete | :M“m Wasne Green D Priertoroagh SH 0345
set of IC schematics in a separate section. ;gm;gﬂﬁ-ﬁﬂww

ot | ol
| | — t

Sometimes these are needed to answer hard = s

e

questions about circuit behavior. It would | = e

have been nicer if parts values could have It“:iﬂj:::“:_ﬁi::%f _:,_:,,__,,H

been included since manufacturers do sup- B SOSESTL OREANIS SEERENLTS

ply this information. And a couple pages i.“......,..._a.mm e - e

of acknowledgements and a bibliography of | | ==emmweme [_wam 5,189

other places to look for more details would | | —==rmmemmmmemmme | _

have been nice, too. — | ::z ::
This looks like a nice book to have around, | [[memmmrmm—emane | s |

if youre interested in modern electronics. | |imememsecien | ssms otz

Electronic Hobbyist's IC Project Handbook | [——"""""""7==_ - =
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GET YOUR NEW
ISSUE NOW!

Over 283,000 QTHs
in the U.S. edition
$6.95

Over 135,000 QTHs
in the DX edition

$4.95

See your favorite dealer or
order direct (add 25¢ for
mailing in U.S., Possessions

These valuable EXTRA features & Canada. Elsewhere add
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: Radio Amateurs’ Prefixes

Recently revised and brought up to date, ! ; gisnl;ll:!anag&rs e by Countries!
the Second Op operating aid quickly pro- | ® Cﬂﬂiuﬂhﬂf Hfﬁ"”'“,“."““ e A.R.R.L. Phonetic Alphabet!
vides DX data on stations all over the world. | iy sanr dmadhyiplins > Whats ye Sy
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. : : . 9 .. . . 9 | Class! e Great Circle Bearings!
Which zone is he in? Which continent? | _ ®ass' . o Aabaraat s pe o
Country? How about postage, IRC data, | e international Radio Information!

. I
QSL bureas? It is all there and the com- | Amateur Prefixes e Plus much more!

plete collection, ready to use, sets you back
a buck and a half postpaid. Current fifth
edition, from Publications in Electronics, |

Inc., 610 Tower Bldg., 216 West Washing- Dept. B,4844 W. Fullerton Ave.
ton Ave., South Bend, Indiana 46601. ~_ Chicago, Il 60633
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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 practical applica-
tion of solid-state devices, including ICs
and MOS FETs. It should be a useful and
interesting book to anyone interested in
the dynamic field of semiconductor circuits.

The dip-wave meter being examined by
Jack Sterner W2GQK is only one of a dozen
solid state circuits of interest to the amateur,
covered in the Solid State Hobby Circuits
Manual (HM-90) which is available trom
RCA for -$1.75. Additional information is
available from your RCA Distributor or from
Commercial Engineering, RCA/Electronic
Components, Harrison, N.J. 07029.

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. This
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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,

Without soldering or exposure to high
voltages, the beginner can quickly 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 youre 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.
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Battery Recharger

If you have an application that uses lots
of batteries, why not think about a re-
chargeable cell installation? For instance,
Gold Seal Battery Co. announces one of their
new low cost rechargeable cells will replace
a series of 100-zinc-carbon cells, at a cost
of $1.10. The rechargeable cells are sealed.
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¢ please, or you can try a local dealer.
From Gold Seal Battery Co., 7350 Reseda
Boulevard, PO Box 927, Reseda, Calif. 91335.

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 historical approach, cover-
ing their subject from the beginning right
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THE FT ox 400 “FULL HOUSE”

Conservatively rated at 500 watts PEP on all bands
80 through 10 the FT dx 400 combines high
power with the hottest receiving section of any
transceiver available today. In a few short months
the Yaesu FT dx 400 has become the pace setter
in the amateur field.

FEATURES: Built-in power supply * Built-in VOX
« Built-in dual calibrators (25 and 100 KHz) » Built-in
Clarifier (off-set tuning) « All crystals furnished 80
through the complete 10 meter band * Provision
for 4 crystal-controlled channels within the ama-
teur bands +« Provision for 3 additional receive
bands * Break-ingCW with sidetone « Automatic
dual acting noise limited « and a sharp 2.3 KHz
Crystal lattice filter with an optimum SSB shape
factor of 1.66 to 1.

Design features include double conversion system
for both transmit and receive functions resulting
in, drift free operation, high sensitivity and image
rejection = Switch selected metering « The FT dx 400
utilizes 18 tubes and 42 silicon semi-conductors in

CLARIFIER CONTROL — Does the work
of an external VFO — allows operator
to vary receive frequency 10KHZ from
transmit frequency, or may be used as
an extra VFO combining transmit and
receive functions.

CLARIFIER
1= Y4

3 | -

‘ (::} '3
RX « ril
*5

o)

SELECT
CH-1 CH-2

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

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

AT

TXEXT,, St CH:3
INT. @_EH4

FUNCTION

CAL 25KC, " H . MOX

CAL 100KC +PTT
QFF » * YOK

hybrid circuits designed to optimize the natural
advantages of both tubes and transistors + Plane-
tary gear tuning dial cover 500 KHz in 1 KHz
increments + Glass-epoxy circuit boards +« Final
amplifier uses the popular 6KD6 tubes.

This imported desk top transceiver is beautifully
styled with non-specular chrome front panel, back
lighted dials, and heavy steel cabinet finished in
functional blue-gray. The low cost, matching
SP-400 Speaker iIs all that is needed to complete
that professional station look.

SPECIFICATIONS: Maximum input: 500 W PEP
SSB, 440 W CWw, 125 W AM. Sensitivity: 0.5 uyv,
S/N 20 db. Selectivity: 2.3 KHz (6 db down), 3.7
KHz (55 db down). Carrier suppression: more than
40 db down. Sideband suppression: more than 50
db down at 1 KHz. Frequency range: 3.5 to 4, 7
to 7.5, 14 to 14.5, 21 to 21.5, 28 to 30 (mega-
hertz). Frequency stability: Less than 100 Hz drift
in any 30 minute period after warm up.

FT px 400 $599.95 — SP-400 $14.95
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S P E C T R 0 N I C S BOX 356, LOS ALAMITOS, CALIFORNIA 950720
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SAROC

Sahara Amateur
Radio Operators Convention

FOURTH NATIONAL
FUN CONVENTION

hosted by Southern Nevada ARC, Inc.

in HOTEL SAHARA'S new

SPACE CONVENTION CENTER
LAS VEGAS, NEVADA

JAN. 8, 9, 10,

11, 12, 1969

EXCITING ENTERTAINMENT...

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

LUXURIOUS ACCOMMODATIONS..:

1,000 beautiful rooms. Special ''SAROC"
ROOM RATE OF ONLY $10 plus room tax per
night, Single or Double occupancy

“SAROC” CONVENTION SPECIAL
EVENTS...

¢ Ladies Program in Don the Beachcomber
* Golf and Bridge Tournaments
 Breakfasts and Luncheons
* Ham Radio Awards
* Three evening Cocktail Parties hosted
by HALLICRAFTERS ... SWAN . .. GALAXY

ADVANCE REGISTRATION $12

per person accepted until Jan, 1, 1969;
regular registration at the door

INCLUDED IN REGISTRATION...

e Special ""SAROC" room rate
* Buddy Hackett and Dean Jones, late show
and drinks

* Admittance to Exhibit Area, Technical Seminars,

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

Ray E. Meyers, WEMLZ, Master of Ceremonies
Edward F'Erkms W?PHM Club President
L. M. Norman, W?F’E‘u’ SAHGG” Chairman

Send separate checks now for registration and
accommodations to "SAROC"

HOTEL

SAUARA!

LAS VEGAS, NEVADA 89108

 for $11.95 (one pound),

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 1 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 attented the meeting
and shortly decided on a highly informal
approach. Wonderful idea, isn’t it? Some-
how thev ended up with a club title that
is often abbreviated to “The Darts &

. Draughts Club.”

Its thoroughgoing historical approach rec-
ommends this book. Grade: A.
$2.50 from P. O. Box 751, Saskatoon, Sask.,
Canada

)
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Allied Radio

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 VOM kit #22C3907 goes
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 W The VTVM does

' the same job as the KG-646 multimeter

but uses a vacuum tube to improve its sen-
sitivity. It can be wused for applications
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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 large cata-
log deserve special attention. One is their
top-quality Ersin solder, available in 1 pound
rolls at $3.40 (1% Ib. shipping wt.) Order
#26C1733. This is very good stuff and a
pound will last for some time. And the other
suggestion is several Vlchek plastic parts
boxes, #26C2094 at $1.95. (1 Ib. 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 radio receiver,
since incoming signals are distorted less dur-
ing their transition 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 99H0014W 12”
hi-fi speaker (11 pounds) at $24.95.

Or it you want to achieve the same effect
on a smaller scale you could try a pair of
Lafayette’s F-767 hi-fi stereo headphones.
Consumer Reports gave these an excellent
rating a few years back and they have been
selling like mad ever since. Two significant
advantages are, they will do a fine job on
a couple of milliwatts 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 sim-
plified technical literature. Some people
think this material does not reflect the
progress of modern communications and
electronics, but there is a gradual year-to-
vear 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. Try your library if you
want to see a copy, and almost anybody
who is an amateur operator will have one.
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Ver-r-r-y Inter-r-r-esting Bar-gains!!!

Send for our ver-r-r-r-y inter-r-r-esting 68 page
catalog ! ! ! 23¢ (Free with an order ! ! !)
P.P. = POSTAGE PAID
D. C. fo 400 CYCLE POWER SUPPLY KIT

This is an indispensable Item if you
want to run Gov't Surplus alreraft or
missile eleetronies. It will convert
12YDC or 6VDC to 110 volts, 400 eycle
oo watts. The kit includes a high qual-
ity potted transformer, transistors, re- .
sistors, diodes and instructions. No %
hardware or cabinet is provided, The
output waveform is square, rather than
sinusoidal, but our experience has been
that this will not make and difference :
since military equip. is Insensitive to waveform distortion.
i 8 b R R e R S e S e e e £3.50

SILICON RECTIFIER AND HEAT
SINK ASSEMBLY — 4 for $2.50

This is by far the best rectifier deal we
have ever offered, Four heat sinks each
containing two Motorola or Deleco I N
8661 25 ampere 200 PIV rectifiers.
These are not factory rejects but unused
termination material. With the four
assemblies containing eight (8) diodes
you can make either one 50 ampere bridge, two 25 AMP
bridges, or four 25 AMP full wave center tapped rectifiers,
Comp:. cw/iinet AR RHE iy s el S e e o ol v FE:

DIGITAL VOLTMETER KIT $19.50

Would you believe a Digital Voltmeter for $50.00¢% Would
you believe $25.00 or $19.50.

We supply a large 6 Digital Numeral Precision Counter,
a IN 429 Preecision Reference Zener Diode; a 10 turn 0.25%
Linearity, TPotentiometer, A.D.C. Motor, and a precision
gear train with mounting, for $19.50. You must beg, buy,
borrow or steal a $10.00 operational amplifier (Analog De-
vices, Nexus or equal) & you're ready to roll. Schematic,
instructions included. List price of components we supply
is over %175, 00,

DIGITAL VOLTMETER EKIT .. sy eobs +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 and FM9

General Radio 1606A

General Radio 916AL

General Radio 1601A

Empire Devices equipment

RF Voltmeters

RF Ammeters

Stoddard Field Intensity meters

Narrow band
High band — low band FM

We do authorized warantee repairs for:
Julie Research Laboratories, Datapulse, Micro-
Power, Power/Mate, National Radio, Data Tech-

nology Corp. (digital voltmeters), Singer Met-
rics.

LEGER LABORATORIES

Groton Street, East Pepperell, Mass. 01437
Phone: 617-433-2721

To get here from Harvard take 495 north to |19 and
then IIl into Pepperell. From Concord NH take the
Everett Turnpike to route 3 to |ll to Pepperell.
Come see our new building. Come buy a beam or a
tower . . . or get just about anything fixed.

il
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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
transmitting station. With this thoroughly
understood, we can make a more fruitful
approach to the design and application of
those components that make up a station.

It we erase the black and look into the
left-most box, we could see any one of an
almost 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 7f energy. It’s also
true whether the device is for radioteleg-
raphy or for radiotelephony; whether it
is amplitude modulated, frequency modu-
lated, pulse modulated, or any other variant
vou 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, electrostatic,
vertical polarization, horizontal polarization,
active, passive, frequency-discriminating,
broad-band, etc., ete.

To this, add another infinite series of
possible feed systems and you'll see why
its wise to show just a black box! Re-
gardless of its physical nature or its elec-
trical configuration, the antenna (and its
feedline, if one’s involved) has but one func-
tion: To couple the rf power output of the
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Carl C. Drumeller W5EHC
5824 N.W. 58th St.
Warr Acres, Oklahoma 73122

Three Black Boxes

transmitter to the 377-ohm intrinsic im-
pedance of space in such a manner as
to obtain the required radiation pattern
(directional, non-directional, vertically-polar-
ized, etc.) At the space-antenna interface,
the impedance is 377 ohms. What 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 be allowed to radiate. There-
fore the middle box has a “tuning” func-
tion.

O

Fig. 2. Basic symbolic representation of any rf
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-
standing. Yet the basic subject, like most
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basic subjects, is quite simple and should
not be difficult to understand thoroughly.
This, of course, holds true only if you don’t
confuse the situation by making it unneces-
sarily complex.

Go back to Fig. 2 and take another look
at it. You'll see a generator with its in-
ternal resistance. To take maximum power
out ot this generator, you need to have a
load equal to that internal resistance. (Some-
times, for reasons we’ll not treat here, we
want to mismatch the load. This will de-
crease the transfer of power but may
achieve another, and desired, purpose.) Note
that I wrote “resistance”, not “impedance”.
In almost all instances, we'll need a pure
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 black
box, the antenna plus its feed system, had
a very wide range of possible impedances.
The middle black box must process these
impedances and convert them to a stipu-
lated wvalue of pure resistance. Note that
I used the plural form, not singular. Very
seldom will this impedance remain constant
in an amateur radio station, with its ability
to cover many frequencies within a band
and many bands within the Amateur Serv-
ice allocations.

Lets say we have a transmitter with
a vacuum tube requiring a load (resistive
of 4000 ohms. Also, that we have a doublet
antenna center-fed with 52-ohm coaxial
cable. There is a small probability that
at one frequency (hopefully within an am-
ateur band) this will present an imped-
ance of 52 + j® to the middle black box.
Transforming this to 4000 + j@ with a
pi-network presents no real problem to
either a designer or a constructor. Even

DIODE CIRCUITS HANDBOOX

An invaluable reference book.
Covers rectifiers, meter circuits,
mixers, detectors, modulators,

P! Prgcamm

25 + j® or 100 + j@® can be copied
readily. These idyllic situations seldom 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, you'll notice j @ wvanishing. 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 “ideal” frequency.
These values of reactance (“§”) 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 station
may be shown as three black boxes. One
holds the generator, one holds the im-
pedance-matching portion, one holds the
radiating section. One generates the rf pow-
er, one matches the generator to the ra-
diator, one matches the radiator to space.
Quite simple!

products, FM detectors, noise
limiters, squelch, AGC,
multiplier, xstr protection, AFC,
Yaricap tuning, audia clippers, FM
modulator, balanced mods, Yarac-
tor multipliers, field-strength
meters, wavemeters, RF probes,
dummy loads, SWR bridge, tach-
ometer, noise generator, square-

WL

st O

BFO'/Q- ‘

wave gen, zeners, control circuits,
voltage control, etc. ||l different
circuits.

An absolute steal at $1.
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LINEAR AMPLIFIER
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BANDIT 2000C
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Write for details

HUNTER SALES INC.

Box 1128A University Station
Des Moines, lowa 50311
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Ralph Steinberg K6GKX,
110 Argonne Ave.
Long Beach, Calif. 90803

Facsimile and
the Radio

Amateur

It's fun and exciting to experiment with
facsimile. This mode of communication is
gradually 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
yvour author had with facsimile which may
be interesting.

From April to the middle of September,
Propect Facsimile Antarctic logged more
than 300 hours transmitting pictures to
KC4USV at McMurdo Station. Although the
distance was 8000 miles from the trans-
mitting station to the receiving station, eight-
five percent of the pictures 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 S3 although for the majority,
reports were S7 to S9. Some evenings only
one picture got through to McMurdo
Station before the band “folded”, while on
other evenings as many as two to ten pic-
tures were transmitted with very good copy.
Very little interference was noticed during
the six months period of facsimile operations
and this may have been due to the selection
of frequencies (14.100 to 14.200 MHz) au-
thorized by the Federal Communications
Commission. The biggest problem of the fac-
simile operations were the magnetic storms
in the Antarctic which delayed transmitting
schedules from one day to a week at a time.

For those not acquainted with facsimile
equipment or the operations, this introduc-
tion may be of interest and possibly the
beginning of another mode of communica-
tions for experimentation.
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Facsimile Photo of Miss California as received at
McMurdo.

Introduction

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, script, 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
picture, creates voltage variations in the
output circuit of the photo-cell. These vari-
ations make up the picture signal and are
a source of modulation for the radio fre-
quency carrier of a transmitter. At the re-
ceiving station, the signal is demodulated
and the voltage variations created at the
transmitter are used to operate a recorder.
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The potentials of facsimile communica-
tions in amateur radio are unlimited. It 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 plus anything that calls for
a permanent record. There are 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 NCS 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-1B Times Corpo-
ration Transceiver, MD 168 Modulator, RD
92A/UX Receiving Recorder and CV 1066A
Receiving Converter. This was all compatible
with the fascsimile equipment at McMurdo
Station in the Antarctic. Although the
TXC-1B Transceiver can be used for trans-
mitting and receiving, the RD 92A/UX was
used as a monitor for all transmissions and
occasionally for receiving.

The TXC-1B Transceiver is an electro-
mechanical-optical facsimile set of the re-
volving drum type for the transmission and
receiving of pictures, printed matter, maps
or sketches. 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 MD 168 Modu-
lator is used to convert amplitude modulated
facsimile signals from the TXC-1B 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 facsimile
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 modulation and is
known as subcarrier - frequency modulation.
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To receive the audio frequency-shifted
signal, the RD 92A/UX Recorder was con-
nected with a CV 1066A/UX 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. Seeburg Corp. who build their ma-
chines for Western Union Telegraph Com-
pany and the Alden Electronic & Impulse
Recording Equipment Company for the U.S.
Weather Bureau Stations. Both companies
have adjustable speeds on their recorders
and can be made compatible between re-
ceiving and transmitting stations.

Radio amateurs interested in experiment-
ing with facsimile equipment can secure it
through the MARS program, when avail-
able. Recently Western Union Telegraph
Company donated some of their older model
“Interfax” equipment to the radio amateurs
in some of the larger cities. If you live in
or near one of the larger cities of the United
States, contact the technical service mana-
ger of the telegraph company. Mention you
are a radio amateur and that you wish to
experiment with facsimile and would appre-
ciate one of their discontinued models of
facsimile equipment, interfax. You might
be lucky. On the Alden Facsimile equipment,
this company sells their discontinued models
and inquiries should be addressed to their
main office in Westboro, Mass.

Facsimile operations at present are as-
signed to the frequencies from 50 MHz to
40,000 MHz, however special permission
must be authorized by the Federal Communi-
cations Commission to use it on the low
bands. With 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, WAGURW|
Ellis, WB6EGH and I enjoved every minute
of it. Try experimenting with facsimile and
you will feel the same way. . . . K6GKK

Tell Our Advertisers

You Saw It in 73
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Why SSb?

F. Dale Williams, K3PUR
HRB-Singer, Inc.
State College, Pa. 16801

Required Reading for the Die-Hard
AM Operator

Would vou believe that, in this electronic
age, there are still amateur radio stations
without the capability of SSB operation?
If you find this fact plausible, it should not
be 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 hams are operating SSB exclusively).
We are all familiar with the clichés of the
SSB versus AM controversy: “Twice the out-
put of AM with the same power”; “I would
need a special receiver’; 1 don’t want any-
thing to do with that quack sounding stuff”;
"It only uses half the spectrum space of AM”,
But how many of us have actually taken the
time and trouble to do a little reading to see
just what the advantages are to utilizing
single sideband as a mode of transmission,
and what we must obtain in the way of basic
equipment, or put out in cash, to either
change to or add SSB to the present station?

Fig. 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 article. The gain figures are com-
puted with a reference of 1 and are given
only as average power values which do not
show actual gain advantage. If you have al-
ready designed and constructed a single
sideband transmitter, this article probably
wont tell you anything new. If you have
just added a product detector to that old
station receiver to make it easier to receive
SSB signals, but havent gotten around to
obtaining a transmitter, this article should
convince you to take the final step. In the
event any of the die-hard AM operators have
been stimulated to read this far, be advised
that this article is mainly meant for you.
Even if you dont believe everything vou
read it might give you some extra ammuni-
tion for your altercations with the “Quack-
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ers . In the following paragraphs I have
tried to state the differences (not necessary
advantages) between AM 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 compari-
SO PUrposes.

Power

Unfortunately, the most important 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 ether. This case naturally considers
the transmission line to be lossless and the
antenna to be a perfect radiater. This gen-
eralized impression is misleading. First,
considering AM transmitters, we must re-
member that the power is usually given by
the manufacturer as so many watts input.
This value is dc watts input to the final
and, since we cannot expect the final tube to
be much over 75% efficient, the unmodulated
output will be much less than the rated in-
put. When the transmitter is modulated
100% with a pure sine wave the dec power
is varied at the frequency 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 dc power input. However, the power
leaving the final of the AM transmitter, and
thus that power being sent along the air-
waves toward that rare DX station, is not all
contributing to the best possible reception
on the other end. The transmitter had a car-
rier frequency which was modulated in order
to transmit some intelligence, in this case
your voice. Therefore, a band of frequencies
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1000 W

Ay, Output ~ Power Distribution System Power Spectrum S/N

Eff. = 100% Carrier USB LSB Gain Gain Space Advan,

AM 666.6 W 166.7T W 166.7T W 25 db 22 db 6 kHz None

DSB Insig, 500 W 500 W 27 db 27 db 6 kHz None

SSB Insig. 1000 W in either 30 db 30 db 3 kHz None
sideband

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 eftective power.

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

LSB Carrier USB
AM 233.3W 3333.2W 833.3W
DSB 2.5 KW Insig. 2.5 KW
SSB 5 KW in either sideband

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 SSB
transmitter. Therefore, the system gain
of the SSB transmitter is six times that
of the AM 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,
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and no limitation to the peak power of the
AM final amplifier. However, since the ama-
teur service is allowed to feed the final
transmitter stage with only 1000 W, 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 carrier 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 times according to
the formula:

B2 Where P = Power out
P=x E = B+ Voltage
R = BT 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 KW car-
rier signal and a 100% modulated feeding
the final stage, our modulated output would
be 1.5 KW, disregarding tube efliciency.
The peak power output would be four times
the normal carrier power or 4 KW.
Example 3: Using the limiting factor of
1000 W unmodulated input to the final
we can see that only 500 W 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 SSB peak power of 1
KW. 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 ratio of 4
KW:0.5 KW or 8:1 gives the SSB 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 intended to efficiently transmit high
fidelity music. If we desired to transmit such
material with a frequency range of 20 Hz
to 20 kHz using normal amplitude modula-
tion, 40 kHz of spectrum space would be
necessary. Some time ago telephone com-
pany engineers found that satistactory voice
communications could be transmitted using
only the 300 Hz to 3 kHz portion of the
audio range. Therefore, audio amplifiers,
modulators, and filters are designed to pass
only 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 audio fre-
quencies, the normal AM transmitter
will produce sidebands a minimum of
3 kHz above and below the carrier 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 AM
transmission.

In addition to the above saving in spec-
trum space, there is another benefit of SSB
which is often forgotten. By greatly sup-
pressing the carrier, we have removed a
major source of interference from the bands.
When two AM 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 carrier, the only interterence 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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AM stations or 32 SSB stations. Intel-
ligible communications could also be
obtained if an additional 16 SSB sta-
tions were evenly spaced among the al-
ready present 32. This would give
every one 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 AM 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 AM receiver de-
tector produces twice as much audio
from an AM signal, the noise on both
AM 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 AM long
distance communication over SSB, 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 directly 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 AM sidebands co-

operate to raise the power output in an AM

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. When the carrier is
received by two different ionospheric signal
paths, the different 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°, in which case complete can-
cellation occurs. Any phase difference of the
carrier other than 180° will cause some de-
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oree of fading but, more important, it will
cause the sidebands to interfere 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 9: Since the transmitted SSB signal
contains no carrier, selective fading is
not a problem and, under the same con-
ditions, a 12 to 16 db improvement
over AM 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 bands 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 1is
available in the SSB system as compared
to an AM system, it is possible to make

contacts with SSB when the bands are
“dead” for AM.

———————————————————————————————

Reception

Because an AM 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 be 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 AM receiver for SSB reception is to
add a product detector. Since this article is
not meant to get into the necessary circuitry
for 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
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output. The biggest problem in this system,

which may be considered a disadvantage by

homebreders, is the necessary stability re-
quired for the BFO, or oscillator feeding the
product detector.

Example 11: If the reinserted oscillator fre-
quency is different from the transmitter
suppressed carrier 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 trom the
carrier frequency by =20 Hz without
affecting intelligibility, However, fre-
quency deviations greater than 50 Hz
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 AM transmitters. The best route
to go, however, is to purchase a new trans-
mitter or transceiver. It you are still using
an old AM/CW 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
CW 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, audio networks, and

WIEMYV continued from pg. 3

rich. Don’t you believe it. Ham 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
drag out the soldering iron and go back to
to the easy building of AM equipment.

. . . Kayla W1EMV
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balanced modulators are more expensive to
design, there is a savings in the final ampli-
fier where dissapation ratings can be lower
than those required for AM. If you don’t
want to lay out any more cash than neces-
sary (who does?) you can use the old trans-
mitter and receiver as trade-ins on a new
transceiver.

Example 12: Old

Sarphus: SP-800) ..iiusimmien $300

B85 - W Rameer Al sl i $150

Trade=In: “Valie' .....cc.cieionssussnis $450

New

400 WPEP Swan 350 ............$525

w/Power Supply

Pradesdn s st $450
CashioOUEIay s s s beris g $ 75

If you have a linear amplfier, it can be
used on SSB as well as AM. 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 B amplifier to Class AB.

Now that you have read about the differ-
ences and possible advantages of SSB, how
about dropping a line to one of the equip-
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 shipping costs!

L] L] L] KSPUR
References:
Stoner, “New Sideband Handbook”
Capitol Radio Engineering Insfitute, “Communications

Engineering Technology”

ARRL:, "The Radio Amateur’'s Handhbook”

Goodman, “What is Single Sideband Telephony?",
QST, January 1948

Norgaard, ““What About Single Sideband?', QST, May
1948

MOVING?

Every day we get a handful of wrappers
back from the post office with either a change
of address on them or a note that the sub-
scriber has moved and left no address. The
magazines are thrown out and 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 make an address change
instead of the few days it used to when we
worked slowly and by hand.
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Limitations on

W. B, Cameron WA4AUZM
324 South Riverhills Drive
Temple Terrace, Florida 33617

Antenna Recipro city

This is an attempt to answer the ques-
tion “How come?” in the February, 1968
issue of 73. Most amateurs are acquainted
with the theory (variously called the Ray-
leigh-Helmholtz theory or the Carson
theory of reciprocity) that a good trans-
mitting antenna is reciprocally 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 adequately in the other. However,
as with most scientific theories, there are
a number of underlying assumptions about
other conditions being limited, uniform, and
unvarying, and if one or more of these as-
sumptions is not met, performance will be
different from what is theoretically pre-
dicted. As anyone who has studied antennas
carefully will attest, the complications in
this field are indeed wonderful, but let us
briefly examine a few which are quite likely
to affect the amatewr’s attempt to estimate
antenna performance,

In the first place, arguing that an antenna
will perform reciprocally in the receiving
and transmitting modes assumes that the
medium in which 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 their major axes prop-
erly oriented, such as with VHF antennas
situated on high towers operating over flat
terrain. 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 medium in which the
wave is propagated is much more favorable
for transmission from point A to point B
than it is from point B to point A. One
of the situations in which this is most readily
apparent is on the VHF bands when there
is a discontinuity in the temperature of the
air masses overhead, producing what is fre-
quently called tropospheric bending. The
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lens or prism effect in the air masses does
not always work precisely the same going
both 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 back toward earth.

Another complication of reflected propa-
gation is that radio waves which go into
the ionosphere may become turned around
or twisted before being sent back. The re-
sult is that a wave which is vertically pol-
arized upon leaving the transmitter may
return to some far distant receiving station
in a horizontally 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 may not make much difference
in transmitting. This may 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-angle radiation in transmitting. It
is not merely that the antenna may not work
exactly the same both ways, but the same
antenna used for receiving may not face
the same conditions that it itself produces
i transmitting,.

On 144 MHz in the early 1950’s, some
of us in Cincinnati established to our own
satistaction that, for receiving, capture area
was almost as important as gain itself. One
of my friends found that transmitting with
a large collinear (“bedspring”) instead of
a Yagi did not produce an appreciably great-
er signal in the other man’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 compared to
the small “pointed” one. Unfortunately, to
simulate this on low frequencies would re-
quire an installation comparable to some of
the big transmitting antennas at the Voice
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of America, consequently few hams ever
get a chance to investigate the effect of
capture area on the low frequency bands.

Related to this problem of capture 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. We said that the reciprocity
theory could be expected to work only if
the antennas were properly oriented. Very
few amateurs, even on the VHF or UHF
bands, have facilities for controlling the
orientation of the antenna except in rotat-
ing it horizontally (northeast, southwest, etc.)
We know that the signal is not coming in
parallel to the earth, 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 begin 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 anvone who has tried it
will bear this out.

I suspect that it is this factor of vertical
orientation which may go far to explain
the question asked by W4YM, with reference
to comparing his two-element and four-ele-
ment Quads. Much of the signal coming
into either antenna is not coming straight
on into the cone which we imagine in front
of the leading element. Much of the signal
is coming in from various angles above this.

Now if the vertical pattern of the antenna
were smooth and regular, the angle at
which the signal came 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. These 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 erratic effects as compared to the
antenna’s performance on low-angle DX
signals. Anyone who has played around with
rotary beams during times of extreme short
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® Carefully tuned at our laboratory with sweep genera-
tor and oscilloscope for the best bandpass character-
istic,

® Full wave UHF diodes

rotect input transistor.

® Operates on & to |6 volts DC, 5 to 15 Ma.

VANGUARD LABS

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

Please use your Zip
Code When Writing 73

CLEVELAND OHIO

TT63A Repeater NEW 34.95
255A Polar Relay .....ccccvinennns 2.95

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

ID91B/ARNG6 Radio Compass ...Used Good 4.95
Model 19, like NeW ... 145.00
Duodial Turns Counting 0-40-14" Shft. ... 1.25
1M-123/PD Radiation Detector ............. 10.95
Sound Powered Telephones, new case ... 10.95
AA 210 Monitor Scope 2" PT of URA/8.... 7.0

586 E. 140-AT-FREEWAY

DIXONS

216-421-2230

93




“THE COMPLETE HAM STORE”
WHERE YOUR DOLLAR BUYS THE

All leading lines of amateur gear:
We give best trade-in allowance

for your gear on new equipment:
Call us for the best deal:

WE PAY CASH FOR HAM & CB RADIOS
CALL OR WRITE

BOB'S AMATEUR ELECTRONICS

927 N.W. 1st. St., OKLA. CITY, OKLA. 73106
Phone 405-CE-5-6387

MOST |

=

—

SURPLUS ELECTRONICS

ARC-3 TRANSMITTER 100-158 MC ...icvisss EX $24.95
SK-D80 PHANTOM ANTENNA ........ ... NEW R 6.50
GO-0 TRANSMITTER 300 KC-18MO ........ NEW 875.00
GP-T TRANSMITTER 800 KC-0 MC ........NEW §37.45
BC-604 M TRANSMITTER 20-27 MC ........ EX § 7.50
BC-924 FM TRANSMITTER 27-38 MO ......,- EX §12.95
BN IFF SET 150-180 MC 110VAC 60CY ... .NEW 158.05
BC-458 ARC-5 MODULATOR ... ...ic.isssns NEW § 3.75

LEE SHUNT

WESTINGHOUSE 6 IN, DC AMP METERS,
Al 100-0-100 AMP
A2 150-0-150 AMP

T} o T o ol P W RS, e NEW § 8.50
T-2¢ CARBON MICROPHUNE ....c0c00ees NEW % 1.30
MP-22 ANTENNA BASE "\Tl‘ﬂ. b 2.75
ARE CONTROTY SBOXK o vf b b sivsis s niaidanss nl 100 5 1520
BO=dS80 CHNT RO BEVR i i AT lals hewts & im wee NEW § 2.39
T-28/ATT-1 RADAR TRANSMITTER

HOATH EMIET i e e T e s i el e D e it B v YW 510,95
RT-45/ARQ-1 TRANSCEIVER-JAMMER

L L Py L Ll P e e NEW §34.95
BC-81T FM RIEBOCEIVER 30-50 MCQC ... cidascern F‘L :F‘J.&.E_t:_;
B(-1158 AM TRANSMITTER 50-90 MC ... EX $20.95
TS-11 HANDSET WITH PL-100 ... iivias NEW § 4.50
BC-805 INTERPHONE AMPLIFIER 12VD(C ..NEW § 5.95
MARK IT HAND GENERATOR, OUTPUT

) T Y AR - T T Y R L R R LT % 5.95
T-§1/AXT-2 TELEVISION TRANSMITTER ..NEW §42.05

PRICES: FOR INDIANA, PA NO (C.0.D. ORDERS

MIN, ORDER 3%5.00 NOT INCLUDING POSTAGE.

PENNSYLVANIA ELECTRONICS
P.O. BOX 127
INDIANA, PENNSYLYANIA 15701

I DXERS and DXERS-TO-BE

il

Want to keep up to the minute of what's
happening DXwise? Subscribe to Gus
Browning W4BPD's new weekly DXERS
MAGAZINE. 24 pages of DX events, com-
ing up DXpeditions, QSL info, pix, etc.
Rates, US surface $11.00. US air mail $12.90,
West Indies $18.50, S. America and Eur-
ope $23.00, rest of world $30.00.

New rates due to postal increase

The DXERS MAGAZINE

c/o W4 BPD

Route I, Box 161-A,
Cordova, S.C., U.S.A. 29039

HEY. THEREI!!! YOU WITH ALL THAT
ELECTRONIC GEAR IN YOUR SHACK!

Don't clutter up your home with all that stuff!
Better to clutter up our warehouse — and get
paid in the bargain! Don't waste time asking
us for prices. Tell us exactly what you want
tor your Gen Radio, H-P, Tektronix, ARC. GRC,
TED, PRC, VRC, ARN, URR, APN and other

military/commercial gear.

COLUMBIA ELECTRONICS, Dept. T

4365 W. Pico Bivd. Lbs Angeles, Calif. 90019
Cable: COLECTRON

Phone: (212) 938-3131

skip can verity these facts and can prob-
ably appreciate this explanation. This does
not in any way mean that under condi-
tions of high-angle radiation and reception
a beam antenna is worthless, but it does
mean that we just can’t point the receiv-
ing 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 signal vertically as well
as horizontally and for a given horizontal
angle of radiation or acceptance compresses
more energy, and with a smooth pattern,
since it is compressing at about the same
angle vertically. With many Yagis things
are very much different. Some Yagis which
show a fine smooth pattern horizontally
have a miserable and erratic pattern ver-
tically. The easiest way to test this is to
build small tabletop antennas, using as a
signal source something like an 7f inter-
ferometer, You can learn a great many in-
structive things about antenna patterns
in this way without a great deal of expense.
A satistfactory setup is a pingpong table
sitting in your carport or out in the back
vard, assuming that the antenna half-wave
is only about four or five inches. A severe
limitation on this method, however, is that
it is exceedingly difficult to learn anything
about antenna feed line impedences on these
small antennas. As with all other branches
of antenna experimenting, you give up some-
thing for everything you get.

Further complications in trying to com-
pare a given antenna for transmission and
reception lie in matching the feed line to
the load. We all know that, in transmitting,
antennas should be matched, to reduce the
SWR. Moreover, we have reasonably good
methods of measuring this in most modern
amateur shacks. Note that I only say reason-
ably good, because our methods are far
from any laboratory standard, but they are
about as close as any practical need re-
quires. However, 1 have never been in a
ham shack which could do an equally good
job of determining the match to the re-
ceiver. If the line is behaving differently
in the receiving mode from its performance
in transmission, we should not expect closely
reciprocal results.

When it comes to signal level measure-
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 caretully on
some of the receivers that I have built, but
in recent years have given up and lett 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 wvariables 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
spin, 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
direction of spin. 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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Reflectometer SWR Bridge w/Meter, 30-1000me. ...EX 8.50
TDI123/GKA4 Demultiplexer w/132 tubes, bhoxed. . NEW 27.50
TS7I17A/APG26 Test Set for APG26, complete . .NEW 65.00
BC733F 108-110me Converts to Satellite Recovr. ....EX 8.75
Weston Motor Model 843, Type 5, 500-0-500 ua ...EX 4.75
R26/ARC5 3-Gme Receiver w/Tubes & Dynamotor..EX 9.75
T20/ARG5S 4-5.3me used 500—T21/ARCS 5-Tme .. EX 6.00
T465/ALT7 200W Xmittr 168-352me w/2 8161's ..EX 19.50
T465 Schematie pp. 1.00..... Complete Manual pp, .... 6.50

TCSI12 Xmittr/Recvr Control Box with Speaker ....EX 6.75
Jones No. 574.23 Mieromatch Double Coupler .....EX 12.50
Cl8 AR.C Type 12 Equipment Control Box ....NEW 1.50
C1457 Control Box for R550/ARR40 Receiver ...... LN -1.75

C760B/A (Ccntrol Box for ARN14B&C Receivers ....LN 2.75

C45 Control Box for ARC1, 4 & 12 Equipment ....EX 1.35
6161 Tube w/Connectors. 100 Watts to 1200me. ....EX 8.75
RIOIA/ARNG 100-1750ke Receiver. Four Bands ..EX 27.50
IDSIB/ARNG6 4” Navigators Bearing Indicator ....EX 7.50

AS313B/ARNG6 Station Seeking Loop. 100-1750ke. ..EX 6.25
IDIGSC/APNI2 3JP1 CRT Scope. Coax Switch ..NEW 14.50
PP336 Main Power Supply for APRY Receiver ....EX 18.50
PP337/APRS Klystron Supply for TN130, TN131 ..EX 10.50
ID226 Panoramic Indicator for APRS9 Receiver ....EX 14.50
Scopo Xformer 1950@3ma 5 Fil Windings G0cy ..NEW 4.75
SA325/U Coaxial Swith SP4T 28VDO Motor ......EX 6.50
Adaptor Cable PL259 to BNC Panel Socket ..... LN 3/1.75
Fiberglass Insulating Rod 34" Dia by 73%” Long ..EX 5/1.00
OHMITE Z-50 Radio Frequency Choke ......... EX 6/1.00
Rt. Angle Drive w/Gears, Universal, 14" Shafts. . EX 2/2.50
Feed-thru Capacitors 15 on Panel....Three Panels ... /1.00
BNC fUG?290/U Coaxial Panel Sockets ,......... EX 8/1.00
Coax E—: long w/BNC (UG260A/U) Plug each end EX 5/1.00
Conax B w/1 BNC PMug & 1] BNC Panel Socket ..EX 4/1 00
Euh&_rl_ratles: Rti:ﬁ_fﬂiRR?, R105/ARR15, R316/ARR26, R5/
ARNT, R101A/ARNG, RT58/ARC1I2, TD226/APRY pp Ea. S1

Box 294, Bay Saint Louis,
E. C. HAYDEN ™ %5 ent 39520,

Prices: FOB Bay Saint Louis. Terms: Net, Cash,

Wouldn't Your
Ad
look good Here?

e

i

SRR _5,:..::_ 4.
e =

it e

i

i

- o
s
S 1

n e

R

the permaflexkey

® both a twin lever & straight hand key
in a pivotless 2 paddle design.

@ gives instant choice of automatic
semi-automatic & straight hand keying.
® use directly with any transmitter or
through an electronic keyer.

® 8 amp. gold diffused silver contacts
adjust from 0-.060" & 5-50 grams.

® distinctive blue paddles are of
rugged G-10 fiberglass epoxy.

® cabinet is 16 gauge polished chrome
steel: 1.95" sq.x 3.75", paddles
extend 1.25", weight app. | pound.

@ silicone rubber feet tor stability. sand a check or m.o.

@ 100£ US made & guaranteed for | yr. sold by mail only

James Research comgunﬁadep't: AR- K
11 schermerhorn st., brooklyn n.y. 11201
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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 amateur 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




3
e R
LR
i e R i i
S "
e e

R A e e e

..,....,...
e
A R
e

g

AR
3 5

R e
e et e e |

e e e e

Bty Lt R e

W e 'Q'?“:;LW'Q"‘"""""\J"?"'\-"'V"'
ﬁﬁ;?
7 i
i
e

e
.$§

S
s

e e
el e
e e
e
e

e
o

e

el

e e

o

b

e
=

-

s

3

-

o

5

e

i

LT

S
el
s
-
i
=
-
5
-
=
o

mmmmmm

LA
P
e
Sl
e

e e
ST e

Al e
e

s

mmmmmm

o
)

S
o

e

e
e

e

e

i ¥
A e

gl b B e

S

s
e e

aaaaaaa

.....

s
e e m e e o
R g S E
= e ) ey S
R i

g — T P O D e R D e S (il sl ey e ST SRS PO s OIS S e NEESES

CASETTE TAPE RECORDER

After testing a dozen different makes of cassette
tape recorders we found that the Valiant was by
far the easiest to use. The fidelity is good and the
push button system oufstanding. Has battery level
meter, recording level meter, jack for feeding hi-fi
or tv, operates from switch on mike. Great for re-
cording DX contacts, friends, at the movies, parties,
unusual accents and things like that. Once you try
it you will be using it like a camera. Check this
price anywhere, it is a lulu!

SPECIAL, ONLY $33.00 pp

24 HOUR CALENDAR CLOCK

This clock reads out the day, date and time in
large, easy fo read numbers. None of that little
tiny number business for your shack. Set this up
on GMT and never make a mistake again on log-
ging time and date. 8'"x3!/5"x3!/2", brushed aluminum
case. Synchronous self-starting movement, |10 v 60
cycles. Make your operating desk look outstanding
with this new type of clock.

SPECIAL $49.50 pp
TRAVEL-CLOCK RADIO

Eight transistor clock radio, complete with clock,
radio alarm, and slumber setting! Weighs less than
I/ pounds. Great gift for a traveling friend or
relative. Or yourself. Earphone for private listen-
ing, if you like. Batteries included.

SPECIAL ONLY $24.00 pp
AM-FM DIGITAL CLOCK RADIO

Here is something entirely new in clock radios-
a digital clock plus a very sensitive AM-FM with
AFC radio. This is the first digital clock radio ever
imported into the U.S. The radio is all solid state,
of course. This makes a wonderful radio for the
bedroom. Price clock AM-FM radios, even in the
bargain fliers, and notice the amazing low price for

this one,
" SPECIAL ONLY $38.00 pp
DESK NAME PLATE

Your name and call on a beautiful desk plate might
normally cost you around $10. These plates are wal-
nut grained and are available with up to 20 letters
and spaces. You can have your full name or your
first name and call. Immediate delivery on all orders.
10" long by about 1" high. ldentify your station

with one of these plates.
SPECIAL %2 pp

REDLINE, Jaffrey, N.H. 03452

Please send postpaid the following;
check enclosed.

tape recorder desk clock

travel clock radio

clock am/fm name plate
Name & el iear o la t bl e e
PG E IR S R S e G S RN L P Ll L
City & State ... LS NE R (Al VAT T e el
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FOLLOW ME TO
FOR YOUR

stellarm ndustries

DIY. OF STELLAR I, Inc.
SALES AND SERVICE

AEROTRON GONSET OMEGA-T
AMECO HALLETT RSGB
ANTENNA SPECIALISTS HALLICRAFTERS RADIO AMATEUR CALLBOOK
COLLINS HAMMARLUND REGENCY
CORNELL DUBILIER HY-GAIN RUSSELL INDUSTRIES
— WEB
CUSH CRAFT ICE e L5 SRl
SHURE
R. L. DRAKE E. F. JOHNSON
OW KEY LINEAR SYSTEMS i
- TELEX
EDITORS & ENGINEERS LTD. MARS (PAUSAN) TURNER
EICO McINTOSH AT
ELECTRO-VOICE MOSLEY IBROBE EX
ESSCO MOTOROLA WATERS
E-Z WAY NATIONAL WILCOX
GALAXY NEWTRONICS NEEDS

GLEN FADDEN, W2CXX/2

10 GRAHAM ROAD WEST « ITHACA, N. Y. 14850 » TELEPHONE AREA CODE 607 273-9333
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!

® Trouble free solid state circuitry.

@ Every letter perfect: self complet-
ing dah's and dits, 3/1 perfect ratio.

® AC powered: no batteries to die.

® Isolated relay output works with any
rig.

® Bullt in monitor.

@ Works with your present key or bug.

M&M Electronics Dah-Ditter model EK-|
only $34.95 postpaid in USA and
possessions

Send your order direct to:

M & M ELECTRONICS Keyer Dept.

6835 Sunnybrook, N.E., Atlanta, Georgia 30328

mark2

oscillator/monitor

® makes an audible tone to monitor
the RF of any CW transmitter from
IOMw to | Kw & 100Ke to 1000Me,
using only an 8" pickup antenna.

® can be self-triggered for code
practice or the testing of solid

state components and circuits.

@ aids in tuning up & testing RF

NI
ZToWnSENL)

oscillator and power circuits. o
® 4 transistor, 1 diode circuit,

speaker, tone adjust, AA pencell,

test leads, 8" ant., & magnetic base. .l 95 complete,

ppd usa &can.
send a check or m.o.
sold by mail only

@ cabinet is 16 gauge black & clear
anodised aluminum, 3.4 x 2.3 x 1.2
US made & guaranteed for | year.

JamesResearch comgan\kdep't: AR-M
11 schermerhorn st., brooklyn ny. 11201

“I wouldn’t mind so much—but she got custody of
our color TV and my short wave rig.”
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Reviews

The Amphenol Millivolt Commander
Bloom, W1EMYV

Reviewing the Heath HW-16 CW
Transceiver, Curtis, K3RXK

An Evaluation of the Heathkit IM-17
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Bierbaum, W@JHD
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Zook, K9S5TH/5
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Schleicher, WONLT

SB-33 Note, Agrelius, K9SHA

New Life for an Old Work-Horse
Zook, K9STH/5

ALC for the C E 100V and 200V
Sieg, K1AQI

Eliminating Chirp in the DX-60A
Fetner, WB4EFA

Split Frequency with the S-Line
Milius, W4NJF

Make Your Swan 250 6-Meter Transceiver
Even Better, Mohr, K8ZHZ

De-Humming the Swan, Conklin, K6KA

Communicator Reborn
Lingenbrink, W6HCX
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Conklin, K6KA

Improving Frequency Stability in
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Owings, KOAHD
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Liabels for Homebrew Gear
Grimes, W4LLR
Soldering i1s Easy, Stankiewicz, WB2ZNC
A Plague in Your Panel, Green, W3RZD
More On Crystal Etching, Kyvle, K6GRP
Photographic Printed Cireuit Process
Connors, W6AYZ

Counters

Counter Connections, Smith, W3GKP

Additional Notes on the IC Electronic
Counter, Jones, W1PLJ

Integrated Circuit Frequency Counter,
Votipka, WB6IBS

CW and Keying

An Integrated Circuit Electronic Keyer
Jones, W1PLJ

Tips for the CW Contester and DX'er
Nose, KH61J

The Polar Key, Oliver, K4YWS

The Dollar Fifty-Super Nifty
Joffe, W3KBM

DX

Gus: Part 31, Browning, W4BPD
How to Plan Your Own DXpedition
Persons, W4PJG

How to Get Better Returns from Your QSL

Persons, W4PJG

The QSL Manager, Milius, W4NJF

Recovering ‘“‘Lost’’ QSLS,
Etheredge, K6UMYV

The Anatomy of a Pile Up
Wagner, G3BID

Fiction and Humor

A Grey Beard Writes, Hellman, K2TAJ
The Ham, Day, Nina
S-9-Manship, Wren, WG6DFT
A Ham's Shaeck Is His Castle
Semorile, WHELNG
The Scientific Method
Foster, Herbert
The YF Fights Back, Sessions, WAGSPT
And They Called ““Mother Shipton’ Crazy
Spencer, K4FQU
Take Uncle Alf’s Advice and You Will
Do All Right, Wilson, W6NIF
Dilemma In Surplus, Cole, James
Ipecac Work on Lids, Manning, K1SYD

FM

Narrow Band Frequency Modulation
(Correction June p. 47)
Berhley, WB2CPG

FM'ing A VFO, Schliesser, WAGUFW
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June p.
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July p.
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56
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Mar. p. 6
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Hints and Kinks

Getting the Most out of Small Modulation

Transformers, Byrne, G3KPO

Sheldon, K4HKD
Waterproof Connections
Townsend, K9BXG
A Sturdy Boom Clamp, White, W6BKX
The Crystal Shopping List
Cameron, WA4UZM
Detriments Can Be Beneficial
Roberts, WOHOV
Transformer Tricks, Grimes, W4LLR
Banana Plugs Fit Into Coax Jack
Hausman, VE3BUE
Stop Those Slipping Knobs
Hausman, VE3BUE
Salvage Those 0Old Transistor Radios
and Recorders, Eslick, KOVQY
Amateur Applications For Inexpensive
Tape Recorders, Schultz, W2EEY
Coiled Cords Untangle Test Leads
Hausman, VE3BUE
250 Sockets, Jack, WA3AQS
Non Slip Key Base, Hausman, VE3BUE
High Voltage Battery,
Hausman, VESBUE
Burn Prevention, Hausman, VE3BUE
Panel Gap Filler, Ives,
A Confined Space Nut Starter
Hausman, VE3SBUE
Ventilation by Elevation
Hausman, VEIBUE
Trapping Strong Signals, Conklin, K6KA
Increasing Pilot Lamp Life
Urke, WB6ZOA
Surplus 220 Volt AC Cirecuit
Hartstein, WBENWW
Build Yourself a Relegator, Kyle, K6GRP
Test Aid for Motorola FM Transmitters
Romelfanger, K6PKQ
VOM BSensitizer, Firestone, WNG6ZRB
Darn-Handy VHF Monitor
Campbell, WIiKAE
A Real "Big Switch,” Turner, WAQABI
Organizing a Resistor Collection,
Turner, WAMQABI
Cheap rf Weatherstrip, Turner, WADABI
Cord Untangler, Turner, WAMABI
The Solder Saver, Klinert, WB6BIH
Mouse Tunnels, Carroll, K6HKB

Instruction, general

Sideband Filters, Silverman, WB2GYS

Diode Circuits Handbook
Franson, WAICCH

Novice Data, Welsh, W6DDB

An Amateur Tries IC’s
MeCullagh, VE3SDAN

Electronic Temperature Measurement
McCarthy, K6EAW

DB—A Curious Animal, Roberts, WOHOQV

Receiver Front End Protection
Jones, W6AJF

Getting the Most out of Link Coupling,
Thoma, K1GBF

VHF Operation by Remote Control
Sessions, K6MVH

A Career in Electronic Engineering
Kelly, W8JTT

You Can Pass The Extra, McKee, K6YA

Some Audio Thoughts, Joffe, W3KBM

db, Bach, WB2PAP

How To Pass Your Extra by Learning
Klinert, WB8BIH

Transit Time—So? MacArthur, KSUYA

So You Think You're on Frequency
Sessions, KEMVH

Parallel-T Network Design, Kyle, Jim
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Learning the Radio Code if You're

Over 30, Ashe, W1EZT Sept. p. 34
TABLES OF ELECTRONIC SYMBOLS FOR

73 CONTRIBUTORS Sept. p. 9
Transistor Regenerative Detector

Ashe, WI1EZT Oct. p. 76
uq‘"’ uqu' Whﬂ Gﬂ't uqu' vﬂtipkﬂ, WMEIEE ﬂﬁtq. p. EE
Harness Your Wiring, McGee Jr., K5LLI Nov. p. 66
Instruction, Special
Getting Your Higher Class License, Staff/73

Part 1. Radio Wave Propagation Mar. p. 92

Part 2. Sideband May p. 82

Part 3. Oscillation, Feedback,

Harmonics June p. 80

Part 4. Antennas, Transmission lines,

and SWR July p. 76

Part 5. Receivers Aug. p. 54

Part 6. Transmitters Sept. p. 74

Part 7. Measurements Oet. p. 58

Part B, Transistors Nov. p. 92

Part 9 Dee. p. 56
Copper Wire, Ashe, WI1EZT Nov. p. T0
Lab and Workshop Notes
The Nurture and Care of a Junk Box

Fleming, WOHMK Feb. p. 30
Solder, Ashe, W2DXH June p. 60
Appliance Operators—Please Turn Page

Lansing, WA4WAI Sept. p. b9
The Ham Workshop, Hayward, WOPEM Oct. p. 38
“CV"” Transformers for Ham Applications,

Collyer, WASGCQN Nov. p. 28
Miscellaneous
Tuning in on Bonadio's Satellites

Bonadia, W2WLR Jan. p, 10
Fire in the Hamshack—Are You Ready?

K4SEL/DL5AF Jan. p. 34
A Homebrew Operating Desk

Michaels, WB2WYO Jan. p. T4
1968 YL/OM Contest, WOHJL Jan. p. 82
Hydonies or Radio? Eldridge, VETBS Feb. p. 66
Go Ahead! Run Away To Sea

Treftz, K4UDP Mar, p. 82
The Little Gem Fuse Tester

Baird, WTCSD Apr. p. 15
An Invisible Antenna, Bloom, WIEMYV Apr. p. 42
Using Your Electromagnetic Wave

Padgett, WAGHPV Apr. p. 44
What is YOUR “Amateur Q7"

Fincutter, K3STU Apr. p. 52
ASSB, Mei, KGICU Apr. p. 64
Amateur Radio and Public Service

Flinn, W2CFP May 1968 p. 74
Microfilm Your Magazine, Allen, WA4HRX May p. 76
Electricity Abroad, Marovich, Scott July p. 27
How To Write for Service Information

Fried, K2PTS July p. b2
Why Not a Photographic QSL?

Green, W3RZD July p. 60
QSL Display—The Easy Way

Hausman, VE3BUE Aug. p. 48
Binding 73, Kirk, WEDEG Aug. p. 49
A Two Dollar Phone Patch

Writer, W6TRU Aug. p. 64
A Military Career for the Ham

Martin, G5ACY Aug. p. 76
I Rode with the (excuse the expression)

CB's, Sheldon, K4HKD Aug. p. T8
Who Says You Can't Take It With You?

Hannigan, WBEAGM Nov. p. 76
Are You Really Ready for the Next

Emergency ? Baldwin, WODDW Nov. p. 88
Happiness is Being a Novice,

Colker, WN3INL Nov. p. 125
Using the First Ham Integrated Circuits,

Hirschfeld, WE6DNS Deec, p. 6
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SUPER SALE!

HAMS, SCHOOLS,

INDUSTRY!

ONCE IN A LIFE TIME PRICES!
Order NOW from this ad. Wholesale prices.

VHF RECVR, Collins or Wilcox, 118-136
mHz, AM, 110 vac, makes first class net
or monitor recvr, ex-FAA, was $125.....860.
DIGITAL COUNTER, 4 row, gm:u:l condi-
O siiis .90,
SIGNAL EEH Phllhps PHPEE “German
m:g: v of GR equlpment 10 KHz-50MHz $50,

CVR, RDE, fixed frequency, ac ...... $20,
DUAL TAPE RECORDER, 4 channel, re-
mote control, with floor rack excellent
for station lﬂggmg or haekgruund music,

was $490 ............ - .. 5240,
NEW, SONEY TAPE ﬂEGK, stereu was
$45 ... 92D,

THAHStEI\FEH Lear LVTR EE 113-135
mHz, 42 crysta]s 12 volts, AM, 2E26 final,
WASE SO9 i ... 200,
SIGNAL GEH 8-330 mHz mndulatmn 115
v.. General Radm tvpe 804-C or Federal
was $124 ... .. 585,
FREQ. METEH lﬂrﬂ 5Dﬂ rnHz {}ﬂl accu-
racy, exce]]ent performer, Exceﬂent con-
dition, heterodyne operation,, 25 tubes
plus crystal and original calibration book,
115/230 volts, civilian type LA-6 or mili-
tarv FR-6, was $49 ........... Ao |
FREQ. METER, 10-100 mHz similar to
above instrurnent rack mount, 115/230
volts with ﬂriginal calibration book and
schematic, best quality made, was
e PR T e e i S EERR eC ] BN s $250.
PULSE GENERATOR, Measurements Corp
type 79A, required fnr all digital circuit
work, 115 vac, was $88 . il ...549.
HEE‘U’H, ARR-15, 1.5-18.5 mHz deslgned by
Collins, frequencies to 1 kHz, converted,
was $695 ... .540.
FIELD STHENGTH HEE?H, 15 15!] mHz
ac or de operation, high quality unit for
FM or TV use, Measurements t}rpe 99,

was $299 . et ...5180,
THAHSEEI?EH, AFH-:I., 42{}-26{} mHz,
dopplar radar, renew, was $9 . . $3.50
TUNER, 300-1000 mHz TN-IEIAPR-Ji was
o S 518,
RECVR, ham hand -Dﬂ]}"‘. IED 1{} meters
RME 4350 was $99 . i 5 ..370,
SCOPE, Dumont 34[} dc tu 3 msec rise
time. was $84 . s POD,

MEMO EﬁﬂFE Hughes type 1ﬂ4 w:th
WEB/4 plug-in preamphﬁer high quality
scope, workable, good condition except
scope tube, was $325 .......ccrinnninenens .3150.
SPECTRUM AHAL?IER TS ldﬂfUP 8.4-
9.97 gHz, compact, good shnp instrument,
good condition, was $99 ......ciiiiecirnnns S45.

HUNTER 3305, light operated device, com-
mercial qualit}'. for counters, door alarms,
or station antenna lights. was $10 .......... $5.

VERY LOW FREQUENCY RECVR, audio
distortion analyzer, covers 30-16,000 Hz,
may be shifted some to receive low freq.
stations, General Radio type 736A, was
DO vt shinns aagans $EIEI or _HP type EHGA was
BETD . orsrinriamiisiis .68,

VTVM Multimeter, Hewlett-Packard type
410A, 1-300 wvac, 6 ranges, 1-1000 wvde,

ranges, 0.2 ohms to 500 meg, 7 ranges,
read to 700 mHz, still an industry stand-
ard instrument, requires ac prnhe tip,
was $89 ... e D49,
SIGNAL EEH. HP EEBB "10-410 mHz “cali-
brated output in db, mternal mﬂdulatinn
may be pulsed, 115-230 volts, Industry
standard, was $449 .. ... 5300,
FREQ. METER, GR TZIJA 1[1[]-3 000 mHz
heterodyne type. accuracy 0.1%, pﬂrtable
Enﬂd condition, was $75 ...... 565,
IGNAL GEH., sweeper, X hand “made
by Kay, has freq. meter, attenuation,
other controls, 110 vac, was 339 ..........545.
SURVIVAL TRANSCEIVER, 1215 & 243
mHz, waterproof, hand-held, VHF-UHF
transmitter-recvr, RTI159B/URC-4, was
$49 ... -520.
THAHSFEHBEH radar X band. "RT-93A/
APN-11, picture on p. 766 vol 7 MIT Rad.
Lab D-Dk was $25 ... ..510.
THAHEHITTEH AND POWER EHFFLY
2-18 mHz, good condition, ART-13 (AM-
CW), calibration book, commercial 115
volt power supply. was SS9 ... ..390.
TRANSCEIVER. FM, Motorola FHTRU-
1DL: Handie-talkies, plug-m modules, can
be modified and repaired. now on busi-
ness band, wnrking condition, schematic,
was $o0 ......... verpl),

THAHSBEI‘FEH LF recvr VHF transrmt-
ter, Bendix PATR-I{]& 12 volts power,
was $25 ... LA R d o § e | AL 4 [ |
THEﬂﬂﬂLITE, Perkin-Elmer‘ azimuth
alignment, electro type, topped by K&E
transit, in original steel, shock mounted
shipping case, guﬂd condition, 200 lbs.,
was $495 .............. w5150,
RADAR cﬂHEGLE FAA t}fpe Fﬁ.. 521()3
22 inch PPI d15p]ay vertical roll around
cabinet, requires only video and sync,
inputs plus antenna position data, all
standard, with very cumplete manual
truck nn];s,r, was $299 . = Y LR
DUMMY LOAD, hxgh quahty ml ﬁ]IEd
with sample dmde Bird type Bl1. 51 ohms,
o0 watts, was $24 .........ccovviineenee SOLD OUT

GEIGER COUNTER. continuous duty

monitor, Baird-Atomic model 410, was
298 ... e~ |
I:IIGITAL PHIHTEH Cnlnred T’V Inc tvne
103 A. desk sized, was S$45 ........... . v

FREQUENCY METER, 500-1000 rnHz, built-
in meter, made in England excellent con-
dition ...... W

ATTEHUATQH UHF t}'pe 1-1{] db ........ $T7.

DECIMAL COUNTER UNIT, Model T05A,
Berkeley, counts pulses to 10, has neon

lighted numerals, zero to nine ........... $12.75
TELETYPE, Model 26, ($10. cratmg chg.),
was $99 ........ Y

PLUG IN 250 EFS FILTEH 453 kc E]«EL"-

tronics Inc., EIC 1, cnmplete umt %g%%

This is the same equipment we have been selling regularly but due to a redirection of company rolicy, we are
eclosing out many surplus items. Sorry but at these low prices our usual guarantee does not apply. Actual equipment

photos available at 50 cents each. Sale ends Feb. 28,

THE R & € WILSON COMPANY

Box 393,

DECEMBER 1968

Littleton, Colorado 80120 Phone: 303-798-2629
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Radio___ _Confirming
our Q50 * 19 A, ¥ | T
on mhz. Ur am cw ssb rity

RST Watts Ant.
Xmir. Rcvr.

REmrx: PSE QSL TNX 73

NOW ANY PICTURE POST CARD
IS A QSL CARD. ONLY $2.00

KBSRA

UR CALL STAMP ... ... ONLY $1.00
3 LINE QTH STAMP . $3.00
ALL 3 STAMPS ... ONI.Y 55 50pp

(Ohio Res. please add 4% tax)

John D. Kirke Co.

17711 Lakewood H#ts. Blvd.
Cleveland, Ohio 44107 |

AMATEURS ~C-B—- COMMERCIAL USERS

Indicates maximum dc current your |
transceiver / transmitter draws on peaks. |
Safeguard your equipment. Indicates  \ g
quickly and easily taulty equipment. S~_—~ '

MODEL 7b4d
READS BY INDUCTION 3$5.25 PPD.

%]'r BURTON-ROGERS Company
44 Carleton Street. Cambrnidge. Mass. 02142

SPACE PROBLEMS SOLVED WITH

Y S TV

VARIABLE FREQUENCY ANTENNA SYSTEMS

With ATU's for 10-160 Meters ............ ..Under $50
SHORTWAVE GUIDE
414 Newcastle Rd, Syru:use. NY 13219

FREE Catalog |

“. 2 OF THE WORLD’S FINEST
§R ELECTRONIC GOV'T
SURPLUS BARGAINS

Now BIGGER
And BETTER
Than Ever!

NAME: |

ADDRESS: .

FBY: it e A s Sy

FAIR RADIO SALES

Dept. 73 « Box 1105 « LIMA. OHIO 45802 | |
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Mobile Operation

The XYL Pleaser Mobile Mount
sSheldon, K4HKD

Installing a Transceiver in a Hired
Car, Wagner, G3BID

A Unique Transistorized Inverter
Belecher, WA4JVE

Going VHF-—In the Mobile
Brown, WOHDF

VHF rf Noise Suppression
Glazier, K6ZFV

News, amateur radio

Hamming—The Navy Way
Steinberg, K6GKX

Operations Deep Freeze—1957-1967
Steinberg, K6GKX

Are Phone Patches Legal?
Sessions, KEMVH

Ships of Mercy, Steinberg, K6GKX

VHF Awards, Hall, K4LLF

K2US: 1968 Ham Radio Expo
Synder, WB2DLW/K3AFW

Power Supplies

A Regulated DC Voltage Divider
Lamprecht, WENPD

Versatile Variable Power Supply
Couch, WESLP

A Transformerless Tranceiver Power
Supply, Bell, WENGX

A Unique Transistorized Inverter
Beicher, WA4JVE

Propagation, Radio Wave

Line of Sight, Roberts, WOHOV

Getting Your Higher Class License
Part 1—Radio Wave Propagation
Staff /73

Going VHF-—In the Mobile
Brown, WOHDF

Starting Off on VHF, Irace, WAIGEK

Receivers and Converters
General

Receiver Front End Protection
Jones, WGAJF

ITV Got You Down? Cook, WATCSK

Use of Q-Multiplier to Inecrease
Intelligibility of Received Voice
Signals, Ives

Basic High Frequency Receiving
Converter, Cameron, W., WA4UZM

Getting Your Higher Class License
Part 5—Receivers Staff/73

A Collection of Thoughts on Receiver
Design, Klinert, W6BIH

The MO Receiver, Cleland, K5WYG

A High Performance Receiver for
Two Meters, Lawshe, WZHUX

Neutralization! McCarthy, K6 EAW

Transistor Regenerative Detector
Ashe, WI1EZT

Improving Frequeney Stability in
Older Receivers, Wilson, WGNI1F

Simplified Decibel Leveling
Chapin, W2DUD

FET Preamplifiers, Schultz, W2EEY/1

Crystal Filters, Clepper, W3RET

A Novice FET Converter, K6DBQ

Low Frequency
Modifying The BC-1206, Olson, W6GXN

Feb. p. 85
Apr. p. 66
Aug. p. 12
Sept. p. 6

Oct, p. 44

Jan. p. 26
Mar. p. 38
May p. 72
June p. 68

Sept. p. 43

Sept. p. 48

Mar. p. 24
June p. 18

June p, 62

Aug. p. 12

Feb, p. Bb

Mar. p. 92

=ept. p. 6
Sept. p. 32

Mar. p. 20
Apr. p. 46

Oect. p. 94

Oct. p. 106
Oct. p. 112
Nov. p. 12
Dee. p. 36

June p. 14
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HF

High Quality Hybrid Receiver
Cousins, VEITG

Transceiving With an Outboard
Receiver, Lehrbaum, WAZAPT

The ARC-5 Transmitter Receilver
Klinert, WB6BIH

Use of the Wilcox F3 as a WWYV
Receiver, Olson, W6GXN

New Life for an 0Old Work-Horse
Zook, K9STH/5

High Quality Hybrid—Postscripts
Goldstein, VE3IGFN

3-Tube Superhet Short-Wave Receiver
Speer, W6ELJ

The MO Receiver, Cleland, K5WYG

VHF

Crystallize that FM Rig
Zook, K9STH/5
Putting the RF-209/PRC on Two
Meter FM, Owings, KOAHD
Converting the ARC-1 Guard Channel for
Two Meters, Davey, WT7CJB
Basic High Frequency Receiving
Converter, Cameron, WA4UZM
Quick Converters, Sechleicher, WINLT
Starting Off on VHF, Irace, WAIGEK
Six Meter Transceiver, Bryan, W2AJW
A High Performance Receiver for
Two Meters, Lawshe, W2ZHUX
A Low-Noise FET Converter for
50 MHz, Morrison, WB6YVT

UHF

432 MHz Amplifiers, Jones, W6AJF
1296 Megacycles—1968, Ashby, K2TKN

RTTY

RTTY in Holland and Belgium
The Selecal
Malloch, WASPCK & Lamb, KBERV
Hybrid RTTY TU, Sherill, K6JFP
Rejuvenating Old RTTY Ribbons
Wright, W5 AQN
Using a SCR in a Teletype Series Wound
Motor, Suding, WENSO

Semiconductors

Diode Cireuits Handbook
Franson, WA1CCH
IC Sqguare-Wave Generator
Jimenez, WA4ZQO
An Integrated Circuit Electronic
Counter, Jones, W1PLJ
An Amateur Tries IC’s
McCullagh, VE3DAN
An Integrated-Cirenit Audio Osecillator
and Amplifier, Estep, WTAKS
Transistor Regenerative Detector
Ashe, W1EZT
FM'ing a VFO, Sechliesser, WAGUFW
FET Preamplifiers, Schultz, W2EEY/1
Troubleshooting Solid State Circuitry,
Jones, K3PBY
The Thermistor, Klinert, WB6BIH
The New Hi Voltage Transistors,
Nickel, K3VKC

Space Communications

Project MOONRAY, NASTAR

The VK3ATN Moonbounce Rhombic
Green, W2NSD/1

A Space Communications Odyssey,
Berman, K6BW

Surprise in the Skies, Ashe, W1EZT

DECEMBER 1968
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Mar. p. 62

June p. 10

Mar.
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June p.
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June p.

62
40
72
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June p. 96

June p. 100
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Sept.
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. 22

20
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62
30

52

16
42

Jan. p. 64

May p. bB
June p. 104

Sept. p. 67

Nov. p. 82

Jan. p. 1A

Jan. p. 6

Feb, p. 6

Feh. p. 16

July p. 34

Qet. p. 76
ODet. p. 110
Oct. p. 112

Nov. p. 16
Nov. p. T8

Nov. p. B4

Apr. p. 60

Sept. p. 44

Nov. p. 32
Nov., p. 36

THE BEST

2 METER
CONVERTER

144-146 MHz in. 28-30 MHz out
or 146-148 MHz with a second crystal

A full description of this fantastie converter
would fill this page, but you can take our word
for it (or those of hundreds of satisfied users)

that it’s the best. The reason is simple—we use I
three RCA dual gate MOSFETSs, one bipolar, and
3 diodes in the best circuit ever. Still not con-
vineced? Then send for our free catalog and get

the full deseription, plus photos and even the
schematic.

Can’t wait? Then send us a postal money order
for $34.95 and we'll rush the 407 out to you.
NOTE: The Model 407 is also available in any
frequency combination up to 450 MHz (some at
higher prices) as listed in our catalog. New York
City and State residents add local sales tax,

VANGUARD LABS

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

Tower (Zo.

7530 BIG BEND
ST. LOUIS, MO. €3119

(314) 644-1500

ALUMINUM TOWERS |

Send postcard for Literature

LEARN RADIO CODE

THE EASY WAY!

¢« No Books To Read

¢ No Visual Gimmlicks
To Distract You

¢ Just Listen And Learn
Based on modern psychological
techniques—This course will take
you beyond 13 w.p.m. In
LESS THAN HALF THE TIMEI

Also dvailable on magnetic tape.
See your dealer nowl

Album econtains three 127
LP's 2'4 hr. Instruetion

EPSILON [] RECORDS

206 East Front Street, Florence, Colorado
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JOHN MESHNA JR.

19 ALLERTON ST. LYNN, MASS. 01904

COMPUTER GRADE CAPS

4,000 mfd at 50 volt  $1.00 ea., 12 for $10.00
6,500 mfd at 18 voit .$1.00 ea., 12 for $10.00

60 WATT TRANSISTORS 80 VOLTS
From computer assemblies, board with 4 each
power transistors 2N1137B, 60 watt, 80 volt
PNP power e 91.29 per board

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 trimpots,
precision resistors, etc. Complete assembly
like new Ship wgt. 3 Ib. $2.50

RF FILTER
From HAWK MISSILE termination contract.
Good for 5 amps, 600 volt, 10 cycles to 500
mc, insertion loss 60 DB-plus, low pass pi-
network type, excellent as feed-thru filter in
converters, transmitters. Hermetically sealed
inside are 2 toroidal chokes and 4 low induct.
caps. #41102 . $1.00 each, 6 for $5.00

PISTON CAPS

Corning glass, direct traverse type, min. Q at
max. C—500 at 50MC. 500 volt breakdown.
Capacitance range 1-8 uufd. Brand new mili-
tary surplus . . 3 for $1.00 or $3.00 per doz.

lOnmpTRlAcs

SALE ;E:. I 78 ’ ,’}E l zﬁ

100
|.40

VARACTOR SIMILAR TO MA4060A
Good for 40 watts at 432 MC, ea. tested in cir-
cuit, w/diagram for 432 MC tripler. $5.00 ea.

104

Station Setup and Control

The RF Patch, Kelly, W6JTT Mar. p. 58
Methods of Transceiver CW Switching

Schultz, W1DCG Apr. p. 16
VHF Operation by Remote Control

Sessions, K6MVH Apr. p. 32
RF Controlled Switch, Jack, WA3AQS June p. 61
Three Black Boxes, Drumeller, W5EHC Dec. p. 82

TV, Slow Scan and Facsimile

The Vidicon Minicamera, Gibson, WSTYY Apr. p. 6
Video Mixing Amplifiers, Walker, WEVCO, Apr. p. 24
APS-12 ATV Transmitter, O'Hara, W6ORG June p. 16
Project Facsimile Antaretic

Steinberg, K6GKX Oct. p. 28
Project Facsimile Antarctic . . . Part Il

Steinberg, K6GKX Nov. p. 86
Facsimile for the Radio Amateur,

Steinberg, K6GKX Dec, p. R4
Test Equipment
IC Square-Wave Generator

Jimenez, WA4ZQO Jan. p. 6
Voltage-Doubler RF Probe

Marriner, W6BLZ Jan. p. 16
100 KHz Thin-Line Pulse Generator

Azhe, W2DXH Feb. p. 24
The Quartenna, Krause, WAGOBH Feb. p. 64
Tunnel Dipper on 160, Pleasant, WoMPX/5 Mar. p. 87

Low-Cost Conversion of Surplus
Oseilloscopes, Brown, WE&JZI
An Integrated-Circuit Audio Oscillator

June p. 22

and Amplifier, Estep, WTAKS July p. 34
*Q", "Q", Who Got “Q", Votipka, WBGIBS Oct. p. 82
The Gentrac, Loveloek, W6AJZ Nov. p. b8
Cireular Modulation Monitor,

Winklepleck, WALIGU Dec. p. 14
The Mini-Square, Klinert, WEBG6BIH Dec. p. 16
Add On FM Test Set, Zook, KO8STH Dec. p. 18
The Elusive H Parameter,

Klinert, WB6BIH Dec. p. 20
Transmitters
General
Line Noise in the Heath Monitor

Scope, Kashubosky, KSRAY Feb, p. 67
Transmitter Keying—with Transistors

Gabrielson, WEHEK Mar, p. 14
Tube Abuse in SSB Gear,

Hayward, W@QPEM Mar. p. 61

Usging 400 Hz Transformers
Littrell, W4VBH
Built-in Microphone Preamplifier

June p. 106

Clipper, Schultz, WZEEY /1 Aug. p. 32
Getting Your Higher Class License,

Pt. 6—Transmitters, Staff/7: Sept. p. T4
New Life for an Old Circuit

Thorpe, Darrell Oct. p. 40
Neutralization! MeCarthy, K6EAW Oct. p. 66
Computer Card Transmitter,

Allen, K1EUJ Nov. p. 6
T MHz Transistor Transmitter,

Krutz, WAGJND Nov. p. 50
HF
The Wolverine, Marriner, W6BLZ Jan. p. 66
Mini-Mitter: The Ultimate In

Miniatures! Pyle, WT0OE Mar. p. 18
SB-33 Note, Agrelius, K6SHA June p. 39
A Terminated Grid Linear Amplifier

Hartley, W1DIS Aug. p. B
A Simple Method of DSB Conversion

MecGee, KSLLI Aug. p. 18
A 4E27 Grounded Grid Linear RF

Amplifier, Krawetz, WA6WUI Aug. p. 42
Zero Temperature Coefficient VFO,

Lorona, WEWQC Dee. p. 24
76 Meter DSB Rig, Joffe, W3IKBM Dec. p. 28
30 Watt Transistor Transmitter,

Gould, W5PAG Dec. p. 46
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RF Insertion Amplifier for 2 Meters

VHF
LESS THAN $2.00 PER STAGE

Hoisington, K1CLL Jan. p. 20 - L
Modifying The Clegg 99'er - é‘*-r g
Porearo, WB2JOS June p. 12
Starting Off on VHF, Irace, WA1GEK Sept. p. 32
6 Meter Exciter, Robbins, W1KNI Sept. p. b2
Two Sidebands From The Tower
Campbell, W4KAE Sept. p. T0
Six Meter Transceiver, Bryan, W2AJW Sept. p. 62
New Life for an Old Cireuit
Thorpe, Darrell Oct. p. 40
UHF
APS-13 ATV Transmitter, O’Hara W60RG June p. 16
Modification of the TRA-19 Amplifier Cavity
to 432 MHz, Crowell, K6RIL June p. 44
1296 Megacyecles—1968, Ashby, K2TKN Sept. p. 42
Writing
Hamwriting, Sessions, K6éMVH Aug. p. 36 ‘ R
TABLE OF ELECTRONIC SYMBOLS
S E Ol SLBCIRONIC. £ Dapae Low (osl Iniegraled [lrculi (ounler
Has many uses such as frequency counter, electronic
stop watch, frequency meter, event counter, etc.
This unit is a binary counter, the first light reads -I-
each lite (stage) you add doubles the count.

Example:

No. of stages Lite no. Count

R e s L e L e I

D o pe et S g e U 3

N R | T PR R e e e e D 7

Ko A T ot Tl ) b ENRCEIRO @A N 31

2 8 AT TR -4 e S R R AN 1023

Radio Amateur R LS W38 s 32,767
Emblems engraved Gold No limit to the stages you can add. The total count is
with your call letters. : twice the value of the highest numbered light minus —I.
Rhodium Each kit contains one complete stage with instructions

tor assembly in minutes.
| ‘ Diagrams for power supplies included,
call letters Printed circuit board measures 2'' square*

Kit for stages
$2.49 ea. .. 2 to 9 — $2.29 ea. .10 or more $1.99 ea.

mechanical trigger or Schmit !elec’rrical] trigger.

$5.00 Ea.

Photo shows sample mounting of 7 stages.
Additional information upon request.
Gold T TOPPER P:C. BOARDS
: v {5 Al WS N, (NI I 0 S 10¢ ea........ 12/$ 1.00
Rhodium R RO ORISR g S 25¢ ea_....10/$ 2.25
S - L e e At e B T$....3!':+q: ea........ :gﬁ:?ég I
e e e A T T .95 ea.... .
gallleten; FERRIC CHLORIDE etching solution 75¢ Pt.
5.00 Ea. S —————————————— —{— — -
¥ NEW STRAIGHT FROM FACTORY
Fairchild 1.C.'S
UL?14 with 30 Projects Diagrams
All illustrations Gold $1.00 ea. 10/$7.95
are actual size. UL923 J.K. Flip Flop with spec sheet
Rhodium $1.75 ea. 10/$14.95
CRYSTAL OSCILLATOR KITS
using 1. C. UL 914 Stable, harmonic-
call letters rich output osc. range 100 KC to 10
. $5.00 Ea MC - Kit includes Fairchild 1.C, UL
i A 914, crystal sockets, resistors, capaci-

tor, & PRINTED CIRCUIT BOARD,

with instructions for assembly
........................................... $2.00 per Kit.

Two or more emblems at Illinois residents add 5% tax.

the same time $4.00 each. Visit our 2nd Store

247 So. Meridian, Indianapolis, Ind.

R & R ELECTRONICS

Amt, enclosed $________

Name
Address 1953 S. YELLOWSPRINGS ST.
City & State Zip g;g!rNG;EIELD. OHIO

$2.00 minimum order ¥OB Springfield, Ohio. COD order
95¢h deposit. Please add sufficient postage, we refund all
unused amount, Ohio customers add 4% sales tax,

Rush Order To: RADIO AMATEUR CALLBOOK, Inc.
4844 Fullerton Ave., Chicago, Hlinois 60639

N & § _§ B N § N _§ N § §N_ §F B N ¥ N B N | N B § F %

._
—_————_——_-—-_—_—-—_——-— _——__——-———____

i
I
I
;
|
i
|
|
!
|
|
|
;
i
I
I
I
j
i
!
l
|
j
!
I
I
I
I
I
l
|
i
!
i
l
i
]
i
J

DECEMBER 1968 105




THE BEST

6 METER
CONVERTER

$34.95

.............

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

A full deseription of this fantastiec convertier
would fill this page, but yvou ean take our word
for it (or those of hundreds of satisfied users)
that it's the best, The reason is simple—we use
three RCA dual gate MOSFETSs, one bipolar, and
3 diodes in the best circuit ever. Still not con-
vinced? Then send for our free catalog and get
the full description, plus photos and even the
schematic.

for $54.95 and we'll rush the 407 out to you.
NOTE: The Model 407 is also available in any
frequency combination up to 450 MHz (some at
higher prices) as listed in our catalog. New York
City and State residents add local sales tax,

VANGUARD LABS |

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

Can’'t wait? Then send us a postal money order I

CUSTOM TRANSFORMER DESIGN & MANUFACTURE |

Write today for a free quotation on any transformer, choke,
or saturable reactor., Each unit will be designed and manu-
| factured to your exact specifications. Standard E-1 and tape

wound ‘'C’" cores are available. Quantities from single units
to production runs may be accommodated.

PETER W. DAHL CO.
5325 Annette Ave., E|l Paso, Texas 79924
Tele: 915-751-4856

CONVENTION 69
ARRL NATIONAL

Des Moines, lowa

June 20, 21, 22
P.O. Box 1051, 50311

ARNOLD'S ENGRAVING

Persnnqlized

G
e et L B

ELECTRIC P
ON-THE-AIR _ g SSITY

SIGN WAZZHA

WITH CALL ON THE AIR

Works on
110 YAC

-

Metaltex Lapel Bar - $1.50 Metaltex Tie Clip - $2.25

ARNOLD'S ENGRAVING

2041 Linden St. Ridgewood, N.Y. 11227

Propagation Chart

December 1968

ISSUED SEPT. |

J. H. Nelson

EASTERN UNITED

GMT: 00 02 04 06 08 10 13 14 16 18 20 23

I-ALAEH.'L 14 |14 T T o B 1/ T |14 | 21 |21A ) 21
ARCENTINA 14 14 14 (] T | TA | 14A | 21A| 28 | 28 | 28 21
AUBTRALIA 21 4 TB] 1TB| T |1 TB| 14B] 14 | 14AP21A | 214
CANAL ZONE 21 N4 T T i L 14A | 21A |28 |28 |28 28
ENGLAND T T il T |7TA | 14A| 21A] 28 | 21 | 14 7
HAWAILI L IO IS P T T |7 T TR| 144 28 28| 28
INDIA T 7 ™ TB| TB| TBR|14 |21 | 14 "Bl T T
JAPAN 14 |14 |18 |7TB |7 7 T 7 |8 TB| 7B | 14A
MEXICO 14 14 T T T T 14 |BrtA |28 | 28 RIA [21A

PHILIPPINES 14 14 TB| TB| 7B THB| 7B | 14B]14 14 | 7B | 14

PUERTO RICO |14 T T T T T 14 2IA|21A | 21 |21 21
SOUTH AFRICA [14 ! P L ' TH| 14 21A)| 28 |28 28 [ 21A |31
5 BB T T 7 T T 7B | 14 21A) 31 13 1B T
WEST EGABT_ Bl 14 TA i i v | T .1;L 214 | BB 28 28

CENTRAL UNITED

TO

ALASKA 21 | 14 o ¢ 5 IR} 7 T |14 |21 |21A| 21A
ARGENTINA 21 |14 | 14| 7| T | 7T |14 [21A| 28 |28 |28 |21

AUSTRALIA Ba 21 | 14| 7B 7] 7 | 7 |14B| 14 |14A |21A | 21A
CANAL ZTONE 51 14 14 R i s 14 |2i4 | Z8 |28 28 25
ENGLAND T 7 1 W 7| 7| 14|81 | BlAl 21 | 14| 7B
HAWAII 28 o1l 14| 7 Bl T1 7 |34 | 218|208 |28
INDIA TA Al TR TH TH TB| 1B |14. |14Bj TR | TB | 7
JAPAN g1 14 18| 7B 1 T T| 7 7 TB| 14 |21
MEXICO 14 14 T 13 T 7 7 | 14 pia | 21A] 21 |21

PHILIPPINES (214 | 14 THB] TB| 7B} TB | 7

14 A4 TB J14A

PUERTO RICO 21 14 T T T T 14 | 2IA| 28 | 28 | 28 |21A

SOUTH AFRICA | 14 | 14 T TB| TB| TB| 14 | 21A] 28 | 28 | 21A| 21

U, 8. B, H. T 7 7 7 T T 1Bl 14 | 14 | 14 8] 7B

WESTERN UNITED STATES

IALJLBHA T21 o S I TR | 711 SA| 14 | 21 | 21 |14
ARGENTINA 21 |14 |14 | 7T R 7B | 14A| 214] 28 | 28 |21
AUSTRALIA 28 28 | 21 | 14 14 T T 7 14 | 14A] 21 |21
CANAL ZONE 21 |34 |2a | 2 |7 7 | 7 | 14A] 21A} 28 | 28 |28
ENGLAND TB| 7 7 T 7 B| ™B| "B| 14a} 21 | 14 | TR
HAWAILI 28 |28 |21 |24 [ | 7 | 0 7 | 14 | 21A]| 28 |28
INDIA 14 | 14a| 78| 78| "B| "8B| ™| 7 |14B| B| TB| 7B
JAPAN 28 | 21A| 14 | 1B | T T | 7 - TB| 14 |21A
MEXICO 214 14 | 7 | 1 A 7 | 14| 21A| 28 | 28 |28
PHILIPPINES 21A] 21Al14 | TB| "B| 7 7 7 | 14 | 14 | 7B| 14A
PUERTO RICO | 2A|l 14 | 7 | 7 ) 7 | 14A] 21A) 28 | 28 j28 |
SOUTH AFRICA |a1g|14 | 7 | 78] 78] 78] 7B] 14 | 21A] 28 | 21A] 21
0.0 8 57 0y ™| 1 7 7 7 TB| TB| 7B| 14 | 14B| 7B| 9B
EAST COAST 21 |4 ] AL T )7 7 7 | 14 | 21A] 28| 2828

M T TR T T T T
A = Mext higher frequency may be ugeful this pericd
B = Difficu cirnulﬁﬁliﬂ i;ﬂiﬁtl. e

Good: 1-5, 11-14, 16-21, 23, 24, 26-29, 31
Fair: 6, 8-10, 15, 25, 30
Poor: 7, 22
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= Caveat Emptor?

% Price—S$2 per 25 words for non-commercial ads; $10
per 25 words for business ventures. No display ads
or agency discount. Include your check with order.

% Deadline for ads is the 1st of the month two months
prior to publication. For example: January 1st is the
deadline for the March issue which will be mailed
on the 10th of February.

% Type copy. Phrase and punctuate exactly as you wish
it to appear. No all-capital ads.

+ We will be the judge of suitability of ads. Our re-
sponsibility for errors extends only to printing a cor-
rect ad in a later issue.

% For $1 extra we can maintain a reply box for you.

% We cannot check into each advertiser, so Caveat
Empfﬂl" . & @

TELETYPE MOD. 14 reperforator with automatic
tape take up rewinder new, unused, $69.95 . ..
4-400's $14.95 . . . transformers: Plate SKV-1.6ADC
$59.95 . . . Modulator 811A's $35 . . . Filament
12.6DCT-10A $4.95. Ideal for transistor supply,
battery charger .. . catalog 10¢. Fertik's, 5249A
“D", Phila.,, Pa. 19120.

RF MULTIMETER measures ten millivolts to
three volts rms and VSWR down to 1.05:1 as high
as 2GHz. RADEVCO, Box 8450, Baltimore, Mary-
land, 21234.

VIEROPLEX or semiautomatic key wanted. Write
Box 691, Savannah, Georgia, 31402.

MERRY XMAS AND HAPPY NEW YEAR from
WOCVU. See you at Des Moines, Iowa. June
20-22, ARRL 1969 National Convention.

CHRISTIAN HAM FELLOWSHIP being organized
for Christian fellowship and gospel tract work
among licensed amateurs. Christian Ham Callbook
for §1 donation. For details write Christian Ham

Fellowship, 5857 Lakeshore Dr., Holland, Mich.
49423.
WANTED: GONSET #3269, 100KC calibrator, or

circuit diagram, used in G-76. Swap: Ranger II
and 6 Meter SSB gear for G-76 or Gonset 2 meter
gegar. J. Gysan, 53 Lothrop St., Beverly, Mass.
1915.

ON AIR NOW: Apache, SB10 SSB, SWR, Al
Heath, all in like-new condition. $159.50 FOB.
Newton, Mass. K1ZYG.

WANTED: McElroy XTR-442-C automatic tape

keyer and tape perforator. John R. Hinegardner

;EET?BFB, Mitchelville, Iowa. 50169. Phone 515-
-2898,

DECEMBER 1968

AMATEUR and CLOSED-GIRGUIT TV
Technical Literature, Plans. Kits

5 TifIEE VIDICON TV CAMERA CONSTRUCTION MANUAL-14 poge booklet gives
compiete details for building, testing ond operating your own “live' TV comero
Simplest tybe type TV comers circyif known! Designed fo use maximum number of
readily-gveilgble compenents nermally found in omateur junk boxes. ONLY $3.00**

TRANSISTOR VIDICON TV CAMERA CONSTRUCT]ON MAMNUAL-31 poge manual

q,n-'es llﬂ-bf-slzp instructions for building g high quality fully tronsisterized comers,
housands of hours of lab ond field testing have gone into this circyit thus making i

the perfect choice for the serious constructor. Urder stock EKT-‘fEH. Only $5.00%*

TELEVERTER FLYING SPOT SCANNER TV E[AHEFA l_':ﬂHETEUS:T[DH MAHUﬁul[
is 22 poge step-by-step manuel contains complete details for building an unusua
flying spot scanner type comere suitoble for televising 35mm slides, The unit is very
eaiy aond economical to build since it mokes use of a stonderd TV set to provide the
sconning circuifry. ABSOLUTELY NO WIRING MODIFICATIONS cre required on th
TV set. Reguires only 4 tubes plus photomultiplier. Order Steck #TV-1 5.?.55

MONOSCOPE EI-ELMEE‘. Q?HSTEUCT'DH PLlHS—Tdﬂlc:ﬂr: for testing end servicin
werk where ¢ "'stenderd’ fixed video signel is required. MNo leas system, externa
||gﬁj':=g_u tes! charts ore required since the pottern is built inside of the tube.
Stroightforward 4 tube plus monoscope circuitry, Order Stock =.LF"§-1 Only 50¢

ONE WATT 432 Mh: TRANSMITTER-MODULATOR PLANS-Complete detnil
building o i:mpiﬂ 5 tube hom TV ftronsmitting station. 514:”:&”: 55:2 Eﬂzll;igt:

432 Mhz TY CONVERTER PLANS- CW it .
No diH?culr plumbing required. ug:slrls!u h}uﬁf :;1.'1’ E?Li%?::km}ig%?;ﬁﬂnﬁ'_.rﬂgsr.

420-450 Mhz TV ANTENNA CONSTRUCTION PLANS-12 ele. Yogi. 2#LPS3 125¢
CAMERA DEFLECTION COILS-Technicel dota sheet explaining phesing and testing

o vidicon oad imoge orthicon yokes. ldeol for do-it-yourself yoke builders. Prevent

costly domoge to comers tubes by wsing these simple techmigues. ELPS-6 2%¢
NEGATIVE-POSITIVE VIDEQ INVERTER CONSTRUCTION PLANS-Complete de-

tails for building on odoptor that cen be inserted between the cutput of any video TV
comera ond the yideo mgnitor 1o reverse the polarity of the video signal but not the
sync-blanking pulses. erfect dor chserving negatives, etc. Stock FLPS-8 §1.00

BASIC LENS THEORY FOR APPLIED TV-A short course in basic lens theory de-
signed to ossist the user in the selection and operation of lenses fer TY comeras.
Especially valuable to those designing their camera from avoilable parts. LP5-4 50¢

LOSSARY OF APPLIED TV TERMS-120 different TV terms defined. Very valushle
ec those just getting storted in the Applied TV field, Stock fLP5-7 Only 50¢

SET OF TEST PATTERNS-& individeally grinted patterms, Stock 3TCS-& $2.25
STATION LD. ILLUSTRATIONS-Set of 12. High contrast line drowings. #ID5-12 $3.50

WARNING: THESE PREMISES ARE PROTECTED B8Y CLOSED-CIRCUIT TV-82 = 1™
watning signs. Lorge black letters on colored cord stock. Steck 7551 3 for $1.00

“*Full price of these monvols refundsble with later kit porchase.

WRITE for your FREE cotalog fully describing our line of TV camera kits and ports.

13 & Beodwoy Noett, ATV RESEARCH o:00: oy, tete a3

| VIBROPLEX

ENJOY EASY,
sl —T RESTFUL KEYING
e $21.95 to $43.95
THE VIBROPLEX
CO., INC.
833 Broadway,
H-. Yi 3- H- ;

—
—

QY 25k mARKS:!
Locate New Sub-Bands
Accurately! Four wires connect IC-3 Divider to your 100KC calibrator to

give 25KC marks. Circuit board 14" x 112*. Specify supply voltage —
3-300, 10 mo. (Lowest is best.) Send for IC-3, $5.95, + 30¢ postage.

PAXITRONIX INC. BOX 1038 (B) Boulder, Colo. 80302

CRYSTALS—low frequency types avail-
able at $2.50 each postpaid USA in
hermetically sealed HC6 or HCI3 metal
holders with 2!5 inch wire leads. Fre-
quency in KC: 2,000, 4.0457, 6.4000,

16.000, 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 |
FOR TUBES

Lewispaul Elecironics, Inc.
303 West Crescent Avenue
Allandale, New Jersey 07401

LARGEST SELECTION in United States
AT LOWEST PRICES—48 hr. delivery
5 __ S 1 S a i

:;g

. Thousands of frequencies in stock.
. Types Iinclude HC&/U, HCIB/U,
=241, FT-243, FT1-171, ete.

! SEND 10¢ for catalog with oscillator
~ circuits. Refunded on first order.

. \ s' 2400B Crystal Dr., Ft. Myers, Fla. 33801

ELDICO SSB Adapter SBA-1 with book, converts any re-
relver with 455 ke IF to SSB: select either

upper or lower side band: in neat eabinet ...... 812]-50
Silic. Reet. 2000 PIV 400 ma. PRIP .. ocnvocccinsnes $5.30
R-23/ARC-5 Command reve 190-550 ke. Shpe. wt. 9= 14.95
A.R.C. 12 =22 Command revr 540-1600 ke, 9= ...... 17.95
LM-14 freq. meter, .01% 125 ke-20 me. 152 ... ...n. 57.50
TS5-323/UR freq. meter 20-480 me. 001% ....cuoves 169.50
T8-175 Fregq. Meter. 85-1000 Me, .04% ......c..... $125.00

CLOSING OUT Radio Reeceivers 35-4000 mec at CRAZ
LOW PRICES! Azk for APR-4Y/CV-253 sheet.

R-392: Compact version of R-300, Tubes work on 24v 3A.
Same digit tuning, W/pwr sply & hook ............ 525.00

WANTED: GOOD LAB TEST EQUPT & MIL COMMUNIC.
WE PROBABLY HAVE THE BEST INVENTORY OF

GOOD LAB TEST EQUIPMENT IN THE COUNTRY. BUT
PLEASE DO NOT ASK FOR CATALOG! ASK FOR SPE-

CIFIC ITEMS OR KINDS OF ITEMS YOU NEED!
ALSO BUY! WHAT DO YOU HAVE?

R. E. GOODHEART CO. INC.

WE

Box 1220-GC, Beverly Hills, Calif. 90213
Phones: Area 213, office 272-5707, messages 275-5342

BUSINESS OPPORTUNITY

Young man wanted to learn management of
surplus electronics firm in New York-New Jersey
area. Small investment or none. Participate in
profits and ownership. Equipment and know-how
supplied, all that is needed is a good ham back-

ground and an earnest desire to learn and work.
| Call 201-824-1244.

MOTOROLA FM EQUIPMENT
SCHEMATIC DIGEST

91 pages [Ili(z" x 17") of sche-
| matics, crysta information, align-
ment instructions, service hints
and specialized information. $3.95
post paid.

TWO-WAY RADIO ENGINEERS, INC.

1100 Tremont Street
Boston, Massachusetts 02120

NCX-200, USED ONLY FIELD DAY, 8300, in
original box. Will include heavy home built sup-
ply free. FOB. WAONDV, 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 2-21%" wire
leads. Frequency 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/S $115, Hygain TH6DXX (Reg. $159)
$135, TH3IMK3 (Reg. $125) $112, CDR Ham-M rota-
tor with indicator $99.95, Tri-ex W-51 self sup-
porting crank up tower (Reg. $362) $299.95 pre-
paid, Mosley TA-36 (Reg. $153) $137, TA-33 (Reg.
$121) $109, Hammarlund HQ-180A (Reg. 3$480) $432.
Many factories prohibit discount advertising;
write or call for discount price catalog on brands
not listed in this ad. Time payments available.
Bryan Edwards Electronics, 1314-19th St., Lub-
bock, Texas. 806-762-8759.

WANTED: Magazines, VHRer & ATV. K6KTP,
Berry St., Lemon Grove, Calif. 92045.

HQ100 WITH SPEAKER and xtal BFO very good
at $110; DX40 oldie but goodie at $40; Knight
V44 §15. N. Dowling, 733 Mohawk, Lynchburg, Va.
24502,

HQ-140X, VALIANT |1, B&WS5ISE. Good condition.
With manuals. $235.00. Shipping collect. John
Rains, 3200 Long Blvd., Nashville, Tenn 37203.

WANTED: Must have manual and/or instruction
book for Heathkit DK-40 XMTR, will pay cost.
Philip Napora, 474 Tonawanda St., Buffalo, N.Y.
14207

NEGATIVES MADE for use with photoresist P.C.
boars. As described in Aug. 73. 4x5 in. $2.00.
D. Goodman, Bx 94, Catheys Valley, Calif. 95306.

FOR SALE: Motorola FMTR 80D, 52.525 Mc with
AC supply, accessories, no speaker. $95. FOB. C. G.
Reinsel W3WUA. Box 25, Bigler, Pa. 16825.

COMMUNICATIONS TECHNICIAN position de-
sired, 16 years experience, first class phone and
advanced class amateur. Family, willing to re-
locate. Write for resume. 73. Box 1168, Peter-
borough, N.H. 03458.

SELLING MY o0ld radio books, magazines, cata-
logs, and parts. Send stamped, addressed envelop
for price list. W6CID, Elmer A. Piercy, Box 666,
Victorville, Calif. 92392.

SWAN 250 6 METER Transceiver with power
supply, $250. Vanguard TV camera, $175. Lafay-
ette HA-6, $65. P. Franson WATKRE, 7312 E. Oak
St., Scottsdale, Arizona B85257. 602-947-6052.

NEEDED: Electronic maintenance and operation
men for color TV station control room work.
First class ticket required. Salary range, depend-
ing on experience, $600-5700 a month. Call collect
313-239-6611 or write Chief Engineer, WJRT-TV,
Flint, Mich. 48503.

AMATEUR RADIO CERTIFICATE: Display im-
pressive 815" x 11” personally endorsed certificate
in your shack. Send $1.00 to Amateur Radio Cer-
tificate, Box 244, Miami (Kendall Br.) Fla. 33156.



WRL’'S USED GEAR has trial—terms—guarantee!
900A Sidewinder—$219.95; Galaxy 5—8§289.95;
Galaxy 300—$159.95: HW22—$89.95; HT40—$49.95;
HX500—%289.95: 51J3—S$449.00; 75A1—8169.95; NCI155
—$119.95; NC190—S$139.95; SB300—$249.95; RME6G900
—$149.95: and hundreds more. Free Blue-Book list.
Write WRL, Box 919, Council Bluffs, Iowa 51501.

DRAKE 2-A FOR SALE, 5100. Want SK-506 chim-
ney and APX-6 in any condition. LA35G1W4,
K. Midtseter, 1490 NW 58 Terrace, Ft. Lauderdale,
Fla. 33313.

FOR SALE: Yaesu FTDX 400—$325. Heath HR 20—
$70. SB 175—8$50. With all manuals. WB4APZ, 1900
8th Ave., Immokalee, Fla. 33934. (813-OL7-3288).

NATIONAL 200, AC-200. Absolutely mint condi-
tion. In original cartons. $320 or best offer. Terry
Tayvlor, 1459 Jaywood, Creve Coeur, Mo. 63141,

SALE: Comdel Speech Processor (CSP-11) excel-
lent condition, $75 PPD. WB6YVW, 1755 N. Wilcox,
Hollywood, Ca. 90028.

THE WHEATON COMMUNITY RADIO AMA-
TEURS (WCRA) will hold the 7th annual Mid-
Winter Swap and Shop Sunday, February 16, 1969
at the DuPage Count Fair Grounds, Wheaton, Il
Hours—9:00 a.m. to 5:00 p.m. $1.00 donation at the
door. Refreshments and unlimited parking. Free
coffee and doughnuts 9:00-10:00 a.m. Hams, CBers,
electronic hobbyists, friends and commercial
exhibitors are cordially invited. Contact Bill
Lester, WA9FGP, Box 1, Lombard, Ill. 60148 for
information.

WANTED: Teletyvpe equipment & parts. Also
R-390A, U-R, R-220, etc. Cash or trade for new
amateur equipment. All-tronics-Howard Co., Box
19, Boston, Mass. 02101. (Tel. 617-742-0048).

MICRO-MICRO-TO-KEYER: Perfect code from
one cubic inch, microcircuit digital electronic
kever module designed for mounting inside any
transmitter. Speed range 4-40 WPM. Grid block
keying only allows price of $19.95. Includes
mounting hardware. Unconditionally guaranteed.
Micro-Tech Labs. PO Box 884 (I.A.B.), Miami, Fla.
33148.

ESTATE LIQUIDATION: Telrex combination
beams 10M-518 over 15M-525 over 20M-505. Self
supporting tower 50 ft. and H.D. rotator cost over
$1000. Asking price 3200 and you take down. Mint
condition. Arthur W. Lee, Rt. 1, Box 23A, North
Monmouth, Maine 04265; Tel. 207-933-2869.

ESTATE LIQUIDATION: Collins 75A4 receiver
serial 3316 and matching speaker two filters
F455-J-08 and F445-J-31; Collins KWS-1 SSB-AM
transmitter serial 953. New final tubes, mint con-
dition. $650 for both. Arthur W. Lee, Rt. #1, Box
23A, North Monmouth, Maine 04265; Tel. 207-
933-2869.

SELL: COLLINS KWS1-1721 $795, 7T5A4-4325 $450,
both $1150, prefer local sale, like new, ship cod
original packing. Barnett, 1310 Navajo, Florissant,
Mo. 63033.

“NORTHERN CALIFORNIA HAMS.” Best deals—
new and reconditioned equipment. Write, call or
stop for free estimate. The Wireless Shop, 1305
Tennessee, Vallejo, Calif. 707-643-2797.

WANTED: Back issues of 73 Magazine, November
1960 through March 1961. C. W. Janes K2KS, 2
Windsor Gate, Upper Saddle River, N.J.

GATEWAY
ELECTRONICS

6150 Delmar Blvd., St. Louis, Mo. 63112

Facsmile Machine—complete with simple
instructions for auto-start and auto-
phase. Can be operated back to back
or via radio. Machines in excellent con-
dition and in working order when re-
moved from service. |15 Volt AC 60
cycle. Shipping wt. 25 lbs, ...............$ 19.50

Automatic lce Maker—for refrigerator—
new with instructions and water valve ..$ 14.95

Sealed Mercury Wetted Polar Relay (di-
rect replacement for model 255) No
adjustments required .......ccceveeeeeeo......$ 4.95

40-0-40 uA Weston Meter ..o, $ 295

7200 VCT@IA Transformer |10/220 volt
primary 60 cycle. Shipping wt. 110 |bs. $ 25.00

Jennings Vacuum Variable (UCS-300) with

motor drive 10-300pf new .....................$ 35.00
X-Y Plotter — Pace Electronic Associates
Inc. Variplotter ooeeeemoeeeeeeoeennnn.....$395.00

Minimum order $5.00. Sorry, no catalog
at this time. Write for specific items.
Watch for our future ads in 73. Stop in
and see us when you're in St. Louis.

EASY CONSTRUCTION
oy MEANS

UNIT CHASSIS
WRITE
DEVICES
BOX 136, BRONX, N.Y. 10463

CQ de W2KUW

All tubes bought ® Electronic items wanted
Topping all offers

TED DAMES CO.
308 Hickory St., Arlington, N.J. 07032

ARC-| Transceiver 100-156 Mc, 25 Watts AM,
with tubes, schematic, conversion info for
2-meters. Used, good. 50 |bs. $20.00
ARC-| only, less tubes, $12.00
BC-221-AK with AC Power, Calib. Book & Xtal.
$95.00
TS-174, 20-250 Mc. Freq. Meter, on rack panel
with AC Power, Calib. Book & Xtal. $95.00.
Brush BL-202 2-channel oscillograph,
Used, Exc. $90.00
Sorensen 3000S AC Line Voltage Regulator,
3000 V.A. Used, Exc. $125.00
Non-Linear-Systems 451 Digital Yoltmeter. P.U.R.
Send 10c for flyer listing surplus equipment,
test equipment, new and used ham gear.

JEFF-TRONICS

4252 Pearl Rd. Cleveland, Ohic 44109




N0\ TUNAVERTER"X

WITH NEW ELECTRONIC
SQUELCH ACCESSORY FOR NOISE

FREE MONITORING OF . ..

POLICE - FIRE - C. DEFENSE
AIRCRAFT - AMATEUR CALLS,

ON YOUR BROADCAST RADIO!

Tunable plus Crystal con-

troled (selectable with
;'E-'TLIHA‘JEETEH swltf-h‘} solid state con-
i WY x verters to change Yyour
{ . i . .- auto and home radios in-
l =y B i to excellent, sensitive,
; Pi > selective, calibrated VHF
\ g receivers!
CRYSTAL & TUNABLE. = VERSATILITY!
CHANGABLE CRYSTALS
AND NEW AD). SQUELCH = USABILITY"
® Y9 volt battery powered @& | year guarantee
® Includes coax, mount @ Size—2'42" x 32" x 44"

@ New FET transistor osei, @ |100°% Ameriean Made
Models for AM & FM Tunable & Crystal!

BAND MODEL COVERS OUTPUT PRICE
CE&LIOM 273 X 26.9-30 me 1500 ke EACH

6 meters 504 X 50-54 me 1500 ke

Pol.ce, fire, J 1450 X 144-150 me 1500 ke $32.95 ppd.
Weather, etc, 3 | 348 X 33-48 me 1500 ke Less Crystal
2 meters i564 X 150-164 me 1500 ke

Aireraft 1828 X 118-128 me 1500 ke

Models for AM & FM Tunahble only

Marine Marine 2.0-2.85 me 550 ke 2!5.95 ppd.
SW & WWV SWL 9.5-16 me 1500 ke 19.95 ppd.

SQUELCH FOR YOUR TUNAVERTER!!

Noise free monitoring with adj. electronics squelch! No wires
to Radio or Converter: Just plug in coax! For all 1500 kc

outputs, 9 or 12 Y. 1 x 4 x 2 inches.
Model ST mounts on bottom of Tunaverter ...... £17.50 ppd.
Model SU hasindividual swinging mount _.......$18.50 ppd
Coupling Locp & Ext. Antennas for use with

home and Transister Radies .................. $3.85 ppd
Mobile Battery Eliminator, 12V to 9V .......... $4.95 ppd
Crystals—State Eaxact listening Freq. .......... $5.10 ppd
Order from: AIR MAIL add $.85 ea.
HERBERT SALCH & CO0. oo

. Division of

Woodsboro 79, Texas Thompkins

Radio Produets

YOUR SURPLUS WANTED BY
THE FASTEST GUN IN THE EAST

ESTATE SALE: 110 ft. Telrex Big Bertha tower
with three stacked 6 element beams on 20, two 5
element beams on 15, two 4 element beams on 10,
one 3 element beam on 40, Spiral on 6, 20 elements
on 2 meters. All Telrex. Must be removed from
present location. Original cost $12,000. Make offer.
73 Magazine, Box 69, Peterborough, N.H. 03458.

DAYTON HAMVENTION April 26, 1969: Spon-
sored by Dayton Amateur Radio Association for
the 18th yvear. Technical sessions, exhibits and
hidden transmitter hunt. An interesting ladies’
program for XYL. For information watch ads or
write Dayton Hamvention, Dept. S, Box 44, Day-
ton, Ohio 45401.

RTTY GEAR FOR SALE. List issued monthly, 88
or 44 MHy torroids 5 for $1.50 postpaid. Elliott
Buchanan & Associates, Inc., 1067 Mandana Blvd.,
| Oakland, California 94610.

WANTED: Military, commercial, surplus Air-
borne, ground, transmitters, receiver, testsets ac-
cessories. Especially Collins. We pay freight and
cash. Rico Electronies, Box 156, Annandale, Va.
Phone 703-560-5480 collect.

3000 V @ 3uF brand new GE Pyronal oil capaci-
tors 83 each. Can mail, 3-lbs each shipping wt,,
FOB. P. Wandelt, RD # 1, Unadilla, New York
13849,

DANGER

| 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.

No horsing around, we pay fast ,
hours . and we pay more. We'll swap or
trade new equipment too . . We quote fast
too. We also pay for shipping, insurance, etc.
You call fast, now, collect, for fast quote.

SPACE ELECTRONICS

div. of MILITARY ELECTRONICS CORP.
Il Summit Ave., East Paterson, N.J. 07407, (201) 791-5050

U. S. CRYSTALS

Surplus Crystals — Amateur

FT243, DC34, CRIA/AR, FT24]
HC&/U and other misc. cryf.faf: |

in 24

TR

Your ad in this space
will reach 65,000 paid |
readers (an honest Fig- |
ure!). Plus all their
friends who are too
chintzy to buy their own

copy.

Write for Free Catalog

U. S. CRYSTALS

Los Angeles, Calif.
P.O. Box 78397

Call or Write for
Ad rates today
73 Magazine,
Peterborough, N.H.
03444
Phone 603-924-3873

Go VHF the easy VHF Associates way. Send for descriptive
Technical Bulletins deseribing our complete line of TRAN- !
SISTOR RECEIVING CONVERTERS and VARACTOR '

FREQUENCY MULTIPLIERS 50, 144
1296 MHz, for 50, 144, 220, 432 and \
|
1

YHF ASSOCIATES, INC.
P.O. Box 22135, DENVER, COLORADO 80222

110 73 MAGAZINE



NEW

“FLAT PAK”

| DUAL
914~

| 3-FK-4046, 1W, 0.5A, npn, 250MC ......... ]
[] 3-2N3568, 350MW, 200MC, 200BVC. NPN ﬁw gg
L] 4-2N3563, NPN, 600MC, 200MW .......... $1.00
(] 3-2N3683, NPN, 1000MC, 5MA, 200MW .. $1.00
] 3-14 WATT, B-5000, npn, 3A ... $1.00
[] 4-2N4313, PNP, 600MC, 200MW .. " . $1.00
L] 4-2N3565, 500HFE, npn, 200MC ............. $1.00

FAIRCHILD IN-LINE
INTEGRATED CIRCUITS

Tested, with data sheets

DUAL 4 INPUT GATE & EXPANDER,
933 DUAL INPUT EXPANDER ....................
944 DUAL POWER GATE .....cccccviinnnnrinnnnnnns
946 QUAD 2 INPUT NAND/NOR GATE ....
952 DUAL 2 INPUT INVERTER GATE
953 2-2-3 INPUT AND GATE ......coovvevvnnens
954 DUAL 4 INPUT AND GATE ....cooovvvvennnns
955 8 INPUT AND GATE W/2 INPUTS ......
956 DUAL INPUT BUFFER ..........

930

llllllll

LO0000000

PIV 3A 6A 12A
50 1906 S 10160 .20
00 1s Clay B 22 . B .25
200 - H09 - 36 ] 39
0 - [1.367 ‘L) 40" -1 50
600 A0 N = LTSS o 1A
o1 RS G B o R T P .90

0, AUt ) B 1) NS/ ol (05 ¥; VRl i b =3 £

Retail: 211 Albion, St., Wakefield, Mass.

$1
$1.

$1
$1
$1
$1
$1

$1

L

00
00

.00
.00
.00
.00
.00
$1.

SILICON POWER STUD RECTIFIERS

00
00

100's of other IC’s including: l"li[‘J:'I.':]';:;.I;sh,"l{egis-
ters, Adders, ete. Write for listing.

Terms: add postage. Rated: net 30, cod’'s 259%
Phone Orders: Wakefield, Mass. (617) 245-3829

INTEGRATED CIRCUITS! !

SE

LI00000

LINEAR AMPLIFIERS

O]
O]
]
u

ORDERS

30 Basic IC Projects
RADIO-ELECTRONICS
January & JULY 68

FAIRCHILD ** sRAND
“FLAT PAK”
INTEGRATED CIRCUITSs.x

“First time anvwhere two identical IC’s in one
package, example 923-923 contains two sepa-
rate JK flip-flops in one package. 914's and
923. We include 50 uses, ** Licensed. Va"” x 14"

We inelude

RTL Logic

—55° C to +125° C
Electronics World:

RTL

Buller . iiinsitsiiiiotssisal 49
903-903* 3 Input GAte ...ccvrerrerrerrennren $1.69
904-904* Half Adder ...cvecenennen...$1.69
914-914* Dual 2 Input Gate ............3$1.49
923 S FHD U FIOD i sscsnnassressonsiin D 1 09
923.923* JEK FLHD FIOD .cccicosansrssaesnaris D) 98
927 Quad Inverter ...............31.69

with circvits & data

702C WIDE BAND DC .ooeoeececicnnnsrnennes $3.98
o T L A T e e
709C HI-GAIN OPERATIONAL ......cccoceeerno. $3.98
710C HI-SPEED DIFF. COMP. .....cceeuerenen.. $3.98
711C DUAL COMPARATOR ....cocvvrnrirrecrene $4,98

100 MICROAMP
PANEL METER

CHOOSE

1 AMP TOP HAT AND EPOXIES

PIY SALE PIV SALE PIV SALE
50 05 800[] .19 1800 87
100 [] .07 1000 .31 2000 1.05
200 [] .08 1200 .44 3000 1.60
400 [] .11 1400 .62 4000 1.90
600 [J .16 1600 72 10000 [] 4.80

POLY PAKS

MICROMINIATURE
SILICON RECTIFIERS
Actual Size -

PIV Sale PIV  Sale
s0 [ 5¢ 600 [] 20¢
100 [ 7¢ 8300 [] 25¢
200 [] 91000 [] 3¢
400 [] 12¢

10¢ for bargain catalog on [] 100's of $1 Poly
Pak assortments, [] transistors, rectifiers, zen-
ers, ICs, Triacs, SCRs, etc.,, [] parts & equip-
ment. “It's the hottest bargain parts catalog in
the industry.”

P.O. BOX 942 A
Lynnfield, Mass. 01940




WILL BUY

FOR CASH

ALL TYPES

« ELECTRON TUBES
« SEMICONDUCTORS
« Military Electronic
Equipment
 Test Equipment

MORE! \

LIBERTY
OFFERS

MORE!

PRESTEL FIELD STRENGTH..METER

(Model 6T4G)

Frequency Range: 40 to 230
and 470 to 860 Megahertz.
Calibrated outword from 10
to 50,000 Microvolts. Nothing
makes it easier to properly and
speedily find the correct place
to install TV, FM and Com-

munication Antenmas. You can

measure and hear the signals

with this 4!/ volt battery economically powered
unit. There is nothing else like it!

Only $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

“ARCTURUS’’ SALE

e Tube cartons 6ATUG ete. size, $2.15 per 100. GSNT ete.
slze, $2.55 per 100. 5U4GB size, $2.95 per 100. 5U4G
gize, .03e¢ each.

e 77 0D0® TV bench test picture tube with adapter. No
ion trap needed. Cat. 27TBP7, $7.99.

e Silicon rectifier, octal-based replacement for 5U4, 5Y3,
oAS4, 5AWY, 5T4, 5V4, 5Z4. With diagram. Cat. 2
Rect 1, 98¢ each.

e O transistor elreuit boards contalning up to 6 tran-

sistors, plus diodes, resistors, capacitors, ete. Cat. £
TRB10, 99c.

e Kit of 30 tested germanium diodes. Cat. £100, 99c.

e HCA-110° fiyvhack transformer, latest type, Includes

iihﬁﬁmt.ic diagram, applicable to any TV. Cat., & BR-1,

-----

 Color yokes. 70° for all round color CRT's. Cat. 2
ARCT0, £12,95. 90° for all rectangular 19 to 25" color
CRT’s. Cat. & XRC00, $£12.95.

o Transistorized U.H.F. tuners used in 1965 to 1067 TV
sets made by Admiral, RCA, Motorola, ete. Removiable
gearing may vary from one make to another. Need only
12 wvolts d.c. to function. No filament voltage needed.
Easy replacement units, Cat. = U.HL.F.567. 34.95.

. ['.IF.I-‘. Tuner—original units as used in TV sets such
as RCA, Admiral, ete. covering channels 14 through 82,
as part of £94D173-2. Complete with tube, Drive gear-

ll_w: is removable. Can be used in most sets. Cat. 2
U.H.F. 3, $4.95.

. FM. tuner—Hi/Fi amplifier tuning unit. Tunes from
B8 to 108 me, Contains two 10.7 Me. T.P. transformers,
one 10.7 sound discrimlnator, R.F, oscillator and mixer
stages and 12DTS8 tube, I1.F.'s are standard "K*" type.
Ulreuit diagram for bullding F.M. radio included. Also
plan for building F.M. tuner. Sam’'s photofact 2620
shows 2 applications, 1 for radio, 1 for Hi-Fidelity
tuner and amplifier. Cat., =FM-20, 24.95.

seénd for our free catalog listing thousands of similar
best buys in tubes, parts, kits, transistors, rectifiers. ete,
Orders under $5.00, add £1.00 handling charge. Include
1% of dollar value of order for postaze., Canadian post-
age $1.00 extra.

ARCTURUS ELECTRONICS CORP.

502-22nd St., Union City, N.J. 07087 Dept. 73
Phone: 201-UN 4.5548

112
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if youdon't own a @usfLER

antenna...you obviously
never heard one

HUSTLER base station antennas look special . . . and are.
Each is precision engineered by the undisputed specialists
of the communications industry. Hustler works better—
lasts longer—installs easier.

T R A P v E RT I c A |_ 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.

B BETY 2. 5 e v - i s o a e s el e e el s User Net—$35.95

CLIFF-DWELLER

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-40-75. . . . . . User Net—$159.95

COVEYA-6

The famous Hustler 6 meter antenna with
cardioid pattern. The ideal beam for round
table QSO's. 10 db. gain over 2 wave dipole
—25 db front to back ratio —SWR at reso-
nance, l.1:1—band width, 1000 kc with
SWR under 2:1. Compact design, light
weight—8Y2 pounds.

Model COV-6 . . . . . . User Net—$35.95

Investigate Hustler... you’ll never buy anything else!

NEW-TRONICS CORP. | cicveiand. ovo s
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