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EXPLOSIVE POWER

Here is all the dynamic powerful performance needed to punch through QRM, without an ac-
cessory amplifier. SWAN's 700CX Champion transceiver lets you enjoy a more responsive value-

packed ham station, for less cost-per-watt, than any other rig in its class . .

. less than B6¢ per

watt if you have your own power supply . . . less than $1.05 per watt with SWAN's 117-XC de-

luxe AC power supply with matching cabinet and built-in speaker . .

with the 117-X AC power supply.

Quality is not sacrificed. Cross-modulation and front-end
overload will not plague or frustrate your communications.
This Champion delivers a full 700 watts P.E.P. input on 10,
15, 20, 40 and 80 meters with selectable USB, LSB, AM, or
CW with sidetone. For extra frequency coverage, plug in
an optional 510-X crystal oscillator. If you want separate
transmit and receive frequencies, use a 508 VFO acces-
sory. VOX? Yes, with SWAN's plug-in VX-2 option. You
can also hook up an FP-1 telephone patch to the 700CX.
Even if you insist on more power, you can obtain the max-
imum legal limit of 2000 watts by adding a SWAN Mark 11
linear amplifier.

Whatever your style, the Champion 700CX is a winner.
Whether you select the 700CX for your home station, its
portability, for mobile use, or for its many compatible
accessories—you can count on this Champion to give sup-
erior performance — everytime!

700CX Champion Transceiver $599.95
117-XC 110V AC Power Supply $124.95
117-X 110V AC Power Supply $ 79.95
510-X Crystal Oscillator $ 54.95
508 External VFO $189.95
VX-2 Plug-In VOX $ 44.95
FP-1 Telephone Patch . ...$ 54.95
Mark [l Linear Amplifier : .%749.95

S

Home Office: 305 Airport Road - Oceanside, CA 92054

. and, less than 98¢ per watt

With all this talk about cost per wattl, you
may be interested in SWAN'S WM-1500 In-
Line Wattmeter. Read forward or Reverse
power on four scales from 0 to 5, 50, 500
and 1500 watts. Accuracy is better than
10% full scale on frequencies from 2 to 30
MHz

WM-1500 In-Line Wattmeter $64.95
DEALERS THROUGHOUT THE WORLD

or order direct from

Swamwn.

ELECTRONICS

o of Cubet Cosporaton

Telephone: (T14) 757-7525

THE BEST PRACTICAL DEVELOPMENTS IN AMATEUR RADIO



Luxury Compact Modern Cool Kilowatt
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If You Haven't Ordered Yours Yet
WHAT ARE YOU WAITING FOR?

Don’t let its size fool you. The ALPHA 374 is a BIG LINEAR in every respect except
bulk . . . a high performance package all the way.

ALPHA 374 DELIVERS BRUTE POWER — Comfortably handles continuous
maximum legal power in any mode . . . even FSK or SSTV.

HANDLING CONVENIENCE HAS A NEW MEANING — Just flip the bandswitch
and start talking. Bandpass circuits do away with normal tune-up.

“PARKING"” IS A SNAP — ALPHA 374’s lean 52 pounds won’t break your back and
the sleek one-cubic-foot cabinet fits in anywhere.

ALPHA 374’s superb performance — state-of-the-art convenience — famous ALPHA
quality and full-year warranty . . . all can be yours for years of operating pleasure at
surprisingly reasonable cost.

WHAT ARE YOU WAITING FOR? Contact your dealer now (or ETO directly if
more convenient), and start enjoying your own ALPHA 374 right away.

T' EHRHORN TECHNOLOGICAL OPERATIONS, INC.

BROOKSVILLE, FLORIDA 33512
(904) 596-3711

More Details? CHECK—~OFF Page 94 october 1974
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1 INTRODUCING THE !

MODE L CX-11... Deluxe Integrated Station
QMo FoaTiney

New solid state broadband linear
power amplifier 10-160 meters. 175
Watts DC output — requires no tuning,

operates into any VSWR — continuous
duty at full rated output.
New concept front-end design — utiliz-

ing double active balanced mixers for un-
matched sensitivity, blocking and cross-
modulation rejection.

Solid-state modular construction utiliz-
ing gold-plated, pins and plug-in sockets
for all transistors, IC's, and circuit board
connectors.

Five Bandwidths of selectivity are stan-
dard — 2.4, 1.5, 1.0, .4, .1 kHz.

Peak notch filter with adjustable fre-
quency notch depth and Bandwidth
controls.

RTTY narrow and wide shift FSK-LSB.
Built-in electronic Keyer with indepen-
dent speed and weight control and par-
tial or full dot memory.

Power supply completely self-protecting
— both thermal and current overload,
integrated circuit controlled.

New six-digit frequency counter utilizing
new 1% inch amber or red LEDs opti-
mized for a non-blinking, stable display.

2 october 1974

ADDITIONAL FEATURES

Dual VFO's for transceive, split operation, or
dual receive.

Adjustable IF shift.

Receive or transmit offset tuning.
Push Button spotting.

Adjustable R.F. clipping.
Instantaneous break-in CW.
Built-in Wattmeter.

Built-in noise blanker.

Adjustable R.F. power output.
Pre-IF, adjustable noise blanker.

Now in productionat $2600

Distributed by

PAYNE RADIO

BOX 525, SPRINGFIELD, TENNESSEE 37172
Phone (615) 3B4-5573 — Nights (615) 384-5643
In Europe contact:

SB COMMUNICATIONS

Palmtorpsvagen 3

S-640 20 BJORKVIK, Sweden

Due to our tremendous growth — openings
now available for communications design en-
gineer, engineering aids and technicians.

Up date your CX7, CX7A to the CX7B with the
all new 4-digit LED freq. counter and the new
IC self-protecting CX7B power supply.

Complete Parts & Service At

. S5/ orne

Box 127 Franklin Lakes, NJ 07417
Tel: (201) 891-0459

More Details? CHECK—OFF Page 94
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In our ever more populated world, with
its growing proliferation of electronic
gadgets, it’s the rare amateur who hasn’t
been bothered at one time or another by
interference complaints. In the 1930s, as
more and more broadcast stations came
on the air, it was BCI. Then, in the late
1940s, it was TVI. Now, with exotic
solid-state stereo and quadraphonic sys-
tems, the interference problem has
become more widespread. It's also much
more difficult to cure. Nor, as | pointed
out in this column over a year ago, is the
problem limited to amateurs. Consumers
who live near high-powered television and
fm broadcast stations regularly complain
of unwanted interference. And the
900,000 or so class-D CB stations receive
a share of the blame as well.

Clearly, the problem can be effectively
solved only by proper design and con-
struction at the manufacturing level.
Why, you may ask, isn’'t this done now?
Wouldn't it be a lot easier to properly
design the equipment in the first place
than to try to cure the problem piecemeal
after the equipment is installed in the
consumer’s home?

The answer lies in the economics of
the design and sale of equipment in a
highly competitive market. The manufac-
turers are obviously reluctant to add
filtering or lead bypassing that would
increase the size of the price tag. Until
recently, in fact, they have contended
that only 1% of home entertainment
equipment operates in a strong rf environ-
ment which requires additional lead fil-
tering or bypassing. However, an Elec-
tronics Industries Association spokesman
acknowledged recently that the wide-
spread growth of two-way radio systems,
as well as higher-power a-m and fm
broadcasting stations warrants another

a second look

. Jm
fisk

look at the manufacturers’ present posi-
tion. However, with dwindling profit
margins brought on by inflation, | see
little chance manufacturers will voluntar-
ily do anything to solve the RFI problem.

What is needed is Congressional or
FCC action to require all manufacturers
of TV sets, stereo systems, and a-m and
fm receivers to build interference suppres-
sion into their designs. Although the late
Rep. Charles Teague of California intro-
duced Congressional legisfation in 1973
which would have required radio and
television sets to meet FCC standards for
filtering out interference, that bill, which
is still pending, did nothing about radio
interference to audio equipment. And,
according to Rep. Torbert Macdonald of
Massachusetts, Chairman of the House
Commerce Subcommittee on Power and
Communications, there is considerable
legislative opinion that the FCC can
require the manufacturers to put lowpass
filters into TV receivers without addi-
tional legislation.

The ARRL Radio Frequency Inter-
ference Task Group, which has been
working on the problem for over a year,
has put together a packet of material
which may prove helpful if you are
experiencing rf interference problems.
The packet, which includes a wealth of
useful data, is available by sending a large
(9x12-inch), self-addressed Manila
envelope with $0.40 postage to Ted
Cohen, W4UMF, 8603 Conover Place,
Alexandria, Virginia 22308. Included is a
questionnaire which will assist the ARRL
RFI Task Force inits work with the FCC
and representatives of the electronics
industry. Let’s all get behind this worth-
while effort.

Jim Fisk, WIDTY
editor-in-chief



‘Super Mast
Small| in a big way.

o

1
-
-
For the low profile Ham operator
It had to happen! The enormous suc- after fabrication for long life. A slim,
cess of Tri-Ex’s original Sky Needle—by clean-line tower. Tops in performance—
popular demand—has brought about the Super Mast.
design of a miniature Sky Needle for the Shown here in its nested position at
Tri-Band Beam. We call it Super Mast.  21-feet, this Super Mast is supporting a
It's a special tower for the low profile three element 15 meter antenna & rotor
HAM operator, A roof-topper stretching assembly. Rush your order now. Visit or
to 40-feet up. Attaches easily, call your local Tri-Ex Tower dealer
simply to the side of your garageﬁ today. Price of this under-$300-tower,
ri=

or house. A super-easy Super Mast. X? because of rising steel costs, is
A top-quality Tri-Ex prod- subject to immediate change.

uct. Hot dipped galvanized TOWER CORPORA"ON Order now and save!

7182 Rasmussen Avenue, Visalia, Calif. 93277

More Details? CHECK—OFF Page 94
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AMATEUR RESPONSE TO CURRENT FCC DOCKETS DISAPPOINTING as few amateurs take
time to comment on the many important FCC actions now pending. Let's get with it!

Three Long-Awaited Repeater Actions (repeater linking, cross-banding and auto-
matic control) have received a grand total of two comments thus far, both on auto-
matic control (one wants rules tightened, other wants no rules at allf).

RACES Docket, on the other hand, has had lots of response -- 95% of it from

RACES people, and almost 100% of that "anti-ham!" Comments range from "RACES
needs paid professional operators -~ hams are not competent emergency communica-

tors" to one state organization that proposes taking the present RACES band seg-
ment away from the amateur service and reassigning it to state and local govern-
ments for full-time RACES use! One thing is certain: RACES has not received good
amateur support in most areas.

REDUCED FEES FOR AMATEUR LICENSES offered in Docket 19658 issued August 12,
License modification without renewal would be reduced to $5, renewal or new li-
censes to $6. Special calls remain at $25. Comments by September 20, replies
by October 4.

SHARED INDUSTRIAL USE OF 420-450 BAND PROPOSED in FCC Docket 20147, adopted
August 21. Docket would permit operation of HIRAN, a high-accuracy radio-location
system developed for precise location of offshore oil-drilling rigs. System would
use frequencies within the amateur/government-radio-location band on a non-inter-
fering temporary basis through January 1, 1978. Comments are due by November 4.

ARRL ADVISORY COMMITTEE OPENINGS on the Contest, DX and VHF Repeater committees
upcoming as many present appolntments expire January 1, 1975. Nominations to fill
the open slots are solicited, and the proper forms for making nominations are
available on request from ARRL headquarters in Newington, Connecticut.

HAWAII SITE FOR NEW 1975 HAMFEST. Promoted by Leonard Norman of SAROC/Las
Vegas fame, this new show is in addition to SAROC. A week-long affair is planned
with package deals from all major U.S. cities. For developing details write to
Leonard at SAROC, Box 945, Boulder City, Nevada 89005.

NATIONAL RADIO RIDES AGAIN. All assets of the former National Radio Company
have been purchased by new National Radio Company, Inc., with plans to resume
manufacture of most of the former company's product lines in Melrose, Mass.

PROBLEM WITH KEYBOARD CW BUFFS is proper IDing. FCC monitors are not set up to
copy super-high-speed CW, so perhaps FCC rule limiting RTTY CW ID to 20 wpm should
be extended to all modes. Forearmed is forewarned...

FCC COULD LICENSE ALIENS under provisions of Senate bill §.2457 now under con-
sideration. This bill would enable many now prohibited to become licensed, and
expedite licensing of others now eligible by bypassing considerable red tape.

ILLINOIS STATE POLICE APPLY FOR 2000 CB LICENSES, put FCC on spot as to whether
this is "proper' CB use. Police/citizen groups are using CB in several areas, but
question seems to be what impact CB licensing of a large force would have.

AT TEXAS VHF-FM SOCIETY CONVENTION in August FCC Amateur and CB Division Chief
Prose Walker delivered a Special Temporary Authority for activation of TIRS (Texas
Intercity Relay System) that permitted demonstration of the capabilities of this
sophisticated multi-repeater linkup.

Prose also discussed restructuring of amateur radio, and reviewed a variety of
possible approaches including a separate license for HF or VHF/UHF (with dis-
tinctive prefix -- AA-AL block is already ours, and attempts are being made to
break N and NA-NZ prefixes loose from the Navy).

ARRL NEW ENGLAND DIVISION DIRECTOR CHAPMAN RETIRES effective December 31, but
Bob, W1QV, plans to continue as President of the ARRL Foundation until the end of
his term next March.




Instead of just saving QSL cards,
you can help us save lives in the

U.S. Coast Guard.

You could be the communications link
between a freighter sinking in a raging
storm and the Coast Guard's search-and-
rescue teams.

You could be radioing for supplies to
feed the victims of a raging Mississippi
River flood.

You could be sending pollution-control
experts out to contain an oil spill off
California.

In the Coast Guard, there's nothing
routine about being a radioman. When
you're doing the job you want to do, you're
helping others at the same time.

Last year we answered over 60,000 calls
for help. Picked up signals from all over
the world.

Even if you're not yet an amateur, you
could qualify for radioman school. If you
do, we'll pay you over $300 a month to
start. Not to mention free food, housing,
and medical care. And there’s an added
benefit. One of our radiomen, in his free
time, worked over 165 countries and all
zones. In only three months.

We'll build your code speed to 18-26
WPM. And teach you voice, teletype and

More Details? CHECK—OFF Page 94

radioteletype procedures on the most
modern transceivers.

So if you're between 17 and 26, send
in the coupon. Find out about all the bene-
fits of our guaranteed Radioman School
Program.

Or call us toll free at 800-424-8883. In
Washington, D.C. call 426-9798.

Once you discover what a job as a Coast
Guard radioman can do for you, we think
you'll get the message.

Help jcc:ltl'u.:.rs/ Help yourself.
n the
The Coast Guard

| cCommandant (G-PMR-4) 50104
LU.S. Coast Guard, Washington, D.C. 20590

I I'd like to know more about the Coast
Guard's guaranteed Radioman School

l Program

I Name Age

I Street Apt. #

I Clt\,-' tate P

I Phone Soc. Sec.#

october 1974 Ui 7




high-efficiency

rf power amplifiers

Design and
construction of
solid-state rf

power amplifiers
that offer

operating efficiencies
of 90 percent

or more

Since the demise of the spark gap, radio
amateurs have been plagued by inefficient
transmitters. The transistor eliminated
the power consumed by the filaments of
vacuum tubes, but the inefficiency inher-
ent in class-A, -B and -C amplifiers
remained. Now class-D techniques (also
called switched-mode or class-S) offer a
means of eliminating some of the remain-
ing inefficiency. These techniques can be
applied to both audio and rf amplifiers, as
well as to voltage regulators.

There are a lot of reasons an amateur
might want to use class-D, including less
input power for the same output, more
output for the same input, smaller power
supplies or batteries (lower energy con-
sumption), and smaller heatsinks and
transistors. In addition, the transistors
don’t have to be linear.

You might use class-D to build a
transmitter with a legal output of 900
watts. High-efficiency operation will keep
this rig from heating your operating room
at the same time. Class-D operation not

8 october 1974

Frederick H. Raab, WB8L.QK, 11762 Cedarcreek Drive, Cincinnati, Ohio 45240

only reduces your electric bill, it result
in saving even more power at the generat
ing plant (1 to 2 watts there for each wat
saved in your transmitter).

Why are ordinary amplifiers ineffi
cient, anyway? When used as a class-A, -E
or -C amplifier, a transistor (or tube, fet
etc.) sustains a non-zero voltage while it i
conducting current. Whenever both volt
age and current are present, power i
consumed. The amount of power con
sumed depends on the class o
operation — what portion of the time the
active device is actually conducting cur
rent.

Class-A amplifiers conduct current al
the time, and when amplifying a sine
wave, efficiency is no greater than 5(
percent. Since class-B amplifiers conduct
current half the time, they can achieve
78.5% efficiency with sine-wave signals.
Class-C amplifiers conduct current less
than half of the time and do not, theoret-
ically, have limited efficiency. However,
practical limits (drive power, peak cur-
rent, etc.) make it difficult to achieve
very high efficiencies; maximum typical
efficiency for class-C operation is 85
percent.

Class-D operation can provide more effi-
ciency because it avoids the conditions of
simultaneous non-zero voltage and non-
zero current which cause power to be
consumed in the transistor. The transis-
tors act as switches. When the transistors
are off (open), the current is zero, so no
power can be dissipated. When the tran-
sistors are on (closed), the transistors
have (nearly} zero voltage drop across
them, so again no power is dissipated. So
long as the transistors can be switched

Author Raab, who was previously licensed as
WADATT, is employed by the Cincinnati Elec-
tronics Corporation in Cincinnati, Ohio, manu-
facturers of electronics equipment for the
government.



fast enough and saturated well enough,
high-efficiency operation is possible.

The difference between linear and
switched-mode amplifiers is best shown
by an example. Suppose that you have a
lamp which consumes 100 watts when
connected to 100-volts dc, and that you
want to dim it to 50 watts (fig. 1). The
easiest way to reduce power is to insert a
resistor in series with the lamp, adjusting
its value to produce 50-watts dissipation
in the lamp. If you go through the
calculations, you will find that this c/ass-
A dimmer consumes about 20.7 watts,
making its efficiency 70.7 percent.

To make a class-D dimmer, you would
use a switching transistor instead of the
resistor (fig. 1C). The transistor would be
driven so that it is turned on 50% of the
time and off the other 50%. The lamp
will then consume an average of 50 watts
and the transistar switch will consume (al-
most) nothing, thus having an efficiency of
(almost) 100%. Note that the switch must

\\\]//
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fig. 1. Simple classsA and class-D light
dimmers illustrate relative efficiency of the
two classes of aperation. In the class-A light
dimmer (B), maximum efficiency is 70.7%.
Efficiency is nearly 100% in the class-D
dimmer (C).

operate fast enough so that you cannot
see the lamp flicker.

A technique which is useful when
designing linear high-efficiency rf ampli-
fiers is envelope elimination and restora-
tion. The EER technique (fig. 2) was
developed by Kahn in the early 1950s as
a means of adapting high-power a-m
transmitters to ssb service.l.2 Basically,
this technique treats a single-sideband
signal as a carrier which is both amplitude
and phase modulated. Before amplifica-
tion, the envelope (amplitude} is detected
and the carrier amplitude is limited. The
phase-modulated, constant-amplitude
carrier may now be amplified by non-
linear rf amplifiers. The envelope signal is
an audio signal with frequency compo-
nents from dc to about 10 kHz (four
times the tone separation will do), and
can be amplified by linear audio ampli-
fiers. The two signals are combined by
amplitude modulating the last stage of the
rf amplifiers, producing an amplified ssb
signal. This technique is useful in high
efficiency amplification since it is
generally much easier to build linear
class-D audio amplifiers than linear class-
D rf amplifiers.

{n this articte | will attempt to give
you a basic understanding of what class-D
operation is all about. Understanding
class-D requires close attention to where
current flows and why a voltage is what it
is. Never assume a particular waveshape
just because it seems reasonable; make
sure something causes it.

class-D audio amplifiers

Class-D audio amplification is often
referred to as pulse-width modulation
(PWM) because this technique is used
in class-D audio amplifiers. Applications
include both amplitude modulators and
loudspeaker amplifiers, and all power
levels of interest to amateurs are feasible.
The use of integrated circuits makes the
modulation circuitry quite simple.

Audio-frequency PWM is somewhat
simifar to the class-D light dimmer. A
combination of transistors and diodes
acts as a switch which applies a voltage
pulse train to the load through a lowpass

october 1974 [I§ 9



filter. The pulse width determines the
average voltage, which is the output of
the lowpass filter. The output (average)
voltage can be varied to reproduce a
desired audio signal by varying the pulse
width.

a-m modulator
When a class-D audio amplifier is used

ENVELOPE

rent flow and draws what it needs
through the diode. Therefore, the diode
acts as part of the switch and cannot be
eliminated from the circuit. Note that no
current at the switching frequency flows
into the load; hence, there is no power
dissipated at the switching frequency.
When the transistor or diode conducts
current, the voltage across it is very small

B+

I

AF PWM

DETECTOR

$S8 INPUT O—————8

AMPLIFIER

/NN

—

8+

A

LIMITER MIXER

RF POWER
[ 558 OUTPUT

AMPLIFIER AMPLIFIER

]

LOCAL
OSCILLATOR

fig. 2. Block diagram of the basic envelope elimination and restoration system. This technique
permits the use of non-linear rf pawer amplifiers in ssb service.

as an a-m collector modulator, both the
voltage and current outputs will always
be positive. The switch, composed of a
transistor and a diode {fig. 3A), connects
the inductor in the lowpass filter to
either +V . or ground (zero voltage). The
lowpass filter has a high input impedance
at the switching frequency, but allows the
desired audio frequencies to reach the
load. Load resistor R represents the rf
amplifier to be modulated.

If the pulse width is 50% of the period
of the switching frequency, the average
voltage is 50% of V... Since the lowpass
filter allows only low-frequency voltages
to reach the load, with a 50% pulse width
a current of V../2R flows in the load. As
the pulse width is varied from zero to
100%, the load voltage varies from zero
to V.., and the load current varies from
zero to V.. /R.

When the transistor is driven on, cur-
rent flows through the inductor into the
load; when the transistor is turned off it
stops conducting current. The inductor
resists any instantaneous change in cur-
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(saturation voltage), so the switch is very
efficient.3.4.5

loudspeaker amplifier

If class-D is to be used in an audio
power amplifier or other ac-coupled
application, the output circuit becomes
more complicated as shown in fig. 4. A
blocking capacitor, Cg, prevents dc cur-
rent from flowing into the load but
requires that current be able to flow from
the load into the switch during any part of
the ac cycle. This requires a second
transistor-diode pair. A pulse width of
50% produces no current flow at all. As
the pulse width is varied, low-frequency
current flows into the load.

A third variation of the output stage is
sometimes called the class-BD amplifier6é
(the previous configurations are then call-
ed class-AD). The class-BD circuit is
essentially both a positive and a negative
voltage modulator (fig. 5). This configura-
tion is very versatile because it can
produce both ac and dc outputs. Also,
when there is no signal input, the ampli-



wit)
R
i)
e CIRCUIT
Voo
JUU UL T T UL

@ vourace puises [warl]

)

Q sovmaLent cimeurr

@eurrur curRENT anp voLTAGE

ﬂ_ﬂ_ﬂ_l_lﬂﬂh.h_n_n_

e TRANSISTOR CURRENT

U N

e DIODE CURRENT

fig. 3. Basic audio-frequency pulse-width
modulation circuit with voltage and current
waveforms.

fier can simply shut down and conserve
drive power. However, the driving and
modulation circuitry is proportionately
more complex, and two power supplies
are required. Diodes CR1 and CR2 pre-
vent conduction by the collector-base
junctions of transistors Q1 and Q2 when
Q3 and Q4 are turned on.

circuit parameters

In class-D audio power amplifiers the
switching frequency must be somewhat
higher than the highest audio frequency
desired so the lowpass filter can eliminate
switching frequency energy from the out-
put. A ratio of 10:1 is nice, but a ratio of
5:1 (sometimes a little less) will do. In no
case can the switching frequency be less
than twice the highest audio frequency.

A pulse train contains a dc compo-
nent, the switching frequency and its

Xc

v

o

harmonics. As the pulse width is modula-
ted, the dc component is modulated
linearly to produce the desired output
signal. The switching frequency and its
harmonics are also modulated, but their
modulation is highly nonlinear, resulting
in a large amount of splatter near these
frequencies. When the switching fre-
guency is much higher than the audio
frequency the splatter is reduced to neg-
ligible levels at the passband of the
output filter.

The input impedance of the low-pass
filter should be much higher than the
load resistance to prevent significant cur-
rent flow at the switching frequency. A
good way to accomplish this is to use
a large inductor at the input of the
filter — its reactance, at the switching
frequency, should be ten times the load
resistance.

If the class-D amplifier is used as a
loudspeaker amplifier, the output filter
should attenuate the switching frequency
by at least 40 dB. If the circuit is used as
an a-m modulator, the filter should atten-
uate the switching frequency 80 dB to
prevent adjacent-channel interference. A
two-pole, lowpass filter will provide
40-dB attenuation per decade; a four-pole
filter will provide 80-dB per decade atten-
uation.

It is convenient to make the cutoff
frequency of the filter equal to the
highest audio frequency and the switch-
ing frequency ten times higher; this
allows 40-dB attenuation of the switching
frequency for each two poles (L-C pair)
in the output filter. The inductor value is
chosen to have a reactance of 10R at the
switching frequency and the capacitor is
chosen to resonate with the inductor at
the cutoff frequency. The capacitor can
be any good quality capacitor. The induc-
tor should use a toroid which has relative-
ly high Q at the switching frequency.

generating PWM

Pulse-width modulation can be accom-
plished quite easily using only a couple of
integrated circuits. Fig. 6 shows how a
triangle wave can be compared to the
audio input signal to generate pulses with
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widths proportional to the audio input.
Whenever the input audio signal is greater
than the triangle signal, the output pulse
amplifier is driven on.

A good triangle wave of about 1-volt
peak-to-peak can be generated by inte-
grating a 12-volt peak-to-peak square
wave with a lowpass R-C filter. The
square wave can be generated by a simple
multivibrator built from cmos NOR gates
as shown in fig. 7. A high-speed compara-
tor such as the 710 is then used to
produce the pulses (fig. 8).

An alternative means of generating the
pulses is to use a NE555 timer IC. The
circuits are described in the applications
notes.? This modulator varies only the
trailing edge of the pulse, but that really
doesn’t matter much. For linear PWM,
however, you must charge the modulator
capacitor from a current source rather
than through a resistor. A recent paper by
Subbarao8 describes a simple PWM circuit
using a unijunction transistor to generate
the triangle wave (if you try his circuit, |
suggest using the diodes in the output as
described here).

pulse amplifiers

Switching (pulse} amplifiers can be
designed quite easily since there are only
three basic considerations:?

1. There must be enough base current to
saturate the transistors.

2. There must be enough drive voltage to
cut off the transistors.

+Vee

fig. 4. Basic class-D audio power amplifier (also
called class AD).
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fig. 5. This class-D amplifier (also called class
BD) can produce both ac and dc outputs.

3. Rise time must be much smaller than
the switching frequency.

The third requirement is satisfied by
using transistors with a gain-bandwidth
product at least ten times the switching
frequency (or transistors with a rise time
no larger than 5% of the switching
period). There are many inexpensive
switching transistors suitable for low and
medium power levels.

Pulse amplifiers are best designed by
working from the output stage back to
the pulse source. A sample design is
shown in fig. 9. Assume that the peak
output current is 1 ampere, and that the
minimum current gain of transistor Q3 is
25 (from the data sheet). The base
current required to saturate Q3 at all
times is then

_ic3 _1A
b3 'T‘Qg
The output transistor is to be driven by
the complimentary transistor pair, Q1
and Q2. Under saturated conditions, sili-
con transistors have typical collector-
emitter voltages of 0.3 volt and typical
base-emitter voltages of 0.7 volt, Transis-
tor Q2 must be on to turn Q3 on, so the
voltage at point D will be 0.3 volt. The
voltage on the base of Q3 (point E) will
be 0.7 volt below V.., or 11.3 volts. The
maximum value of R3 is then

11.3- 0.3
R3max = 0.040

=40 mA

=275 ohms



REFERENCE WAVE

» /L_ﬂ_m—"u—u—
OUTPUT

fig. 6. A PWM signal can be generated by
comparing a sinusoidal input signal to a refer-
ence triangle waveform. A suitable triangle
waveform generator is shown in fig. 7; a PWM
generator using an IC comparator is illustrated
in fig. 8.

Use the nearest standard value (270
ohms). When transistor Q1 is on and Q2
is off, point D will be at 11.7 volts (12-
0.3). Since this is greater than the
11.3-volt saturation voltage, transistor Q3
should be cut off.

A similar process is used to choose a
value for R2 (6800 ohms), assuming that
point A is also driven by a complimentary
pair. Note that although transistor Q1
does not conduct any sustained current,
it will conduct the same surge current
while switching, so R1 should be the
same value as R2. A complimentary pair
(such as Q1 and Q2) will generally be
necessary for high switching speeds. If
you use a single transistor and collector
resistor, turn-on will be fast. However,
turn-off will be slow because the collector
capacitance must discharge through the
resistor.

An emitter follower pair cannot pro-
vide any voltage gain, and will produce a
smaller voltage swing in the output, and
thus be less efficient. For these reasons a
voltage gain pair is usually better. How-
ever, there are disadvantages. If point A is
disconnected from its drive, both Q1 and
Q2 will turn on, causing a short circuit,
probably destroying themselves and Q3 as
well. During switching this same process
can cause a large current spike, reducing
efficiency. it is generally a good idea to
put a small resistor {1% to 5% of R3)
somewhere in the collector path to
reduce these effects.

Transistor base capacitance can be a
significant impediment to high-speed
switching. Before a transistor can turn on,
its base capacitance must be charged to

0.7 volt through the base resistor. This
produces an output waveform delayed
from the driving waveform. This effect
can be overcome by using speed-up capa-
citors (C1, C2 and C3 in fig. 9). These
capacitors have much the same effect as
the trimmer capacitor in an oscilloscope
probe. The correct capacitance value
causes a square-wave voltage (rather than
a damped voltage) to appear on the base.

It is probably possible to calculate the
values of these capacitors, but it is much
easier to find the values by trial and error.
Use an oscilloscope to compare the rising
edges of the square waves at points A and
D. Install capacitors C1 and C2 and
observe that the delay becomes smaller;
increase the value of C1 and C2 until the
delay is negligible. Do not use more
capacitance than is necessary as this will
load the driver and slow the amplifier.
Base-to-emitter resistors (such as R5) may
be added to provide return paths for the
speed-up capacitors. This helps to keep
the transistors off when not driven on.
Typical values (determined experimental-
ly) are one-half to one-third of the
corresponding base resistors.

One last comment on pulse amplifiers.
Fixed voltage changes can sometimes be
made by using diode drops. The diode(s)
will conduct only when the applied volt-
age is large enough.

efficiency

What efficiency can you actually
expect? Both saturation voltage and non-
instantaneous switching reduce the
efficiency of the output stage, and these
and current spikes reduce the efficiency

+iz2v +i2v
o)

tig. 7. Simple reference triangle wave generator
uses two cmos gates and one transistor.
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of the driver stages. The driving resistors
also consume power. Although exact cal-
culation of efficiency requires some com-
plicated formulas, here are some rules of
thumb that give balipark answers:

1. Decrease the efficiency of the output
stage by subtracting the saturation
voltage-to-V. ratio from 1. If the satura-

&57\/
5.5---M

+2V
O

+0.5 -
AF INPUT /\/
— 0,5~ M-
O
PULSE
QUTPUT

WooT 587V

Q

-6v

fig. 8. Simple IC comparator circuit generates

PWM signal. Reference triangle waveform is

provided by circuit of fig. 7. Input and output
waveforms are shown in fig. 6.

tion voltage is 0.3 volt and the supply is
12 volts,

n=100-93=1.0- 0025 -97.5%
2. Further decrease the efficiency by
subtracting the ratio of the time spent
in switching to the switching period.
If the switching frequency is 100 kHz
(10 us) and the rise time is 100 nano-
seconds,

_ _ 2 - 100 nsec _ o
n =0.975 TTOusec 95.56%
3. Most of the power dissipated in the
amplifier will be dissipated in the output
stage and its base driving resistor(s). The
power consumed in the base resistor is
approximately equal to the output power
reduced by the ratio of base current to
output current. This decreases the effi-
ciency by the ratio of iy, to ic (or by 1/8)

n = 0.955 - 204 - 91.4%
Remember that these rules are only
approximate, so the actual efficiency will
be lower at less than peak output. Before
you get discouraged, though, remember
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that saturation voltage and drive power
reduce class-B efficiency, and that peak
power contributes most to the average
efficiency.

power regulators

Class-D operation can also be used for
ac and dc power control. SCRs and triacs
can be used to chop an ac waveform to
produce the desired output power. These
devices turn on when driven and stay on
until the output current ceases (at the
end of an ac half cycle). SCRs conduct
current in only one direction, while triacs
conduct current in either direction.

Dc voltages (or currents) can be regula-
ted efficiently by switching
regulators.10.11 A voltage-reducing regu-
lator circuit looks like a simplified audio
amplifier (fig. 10). The high-gain ampli-
fier compares the output of the lowpass
filter to the desired reference voltage. If
the output voltage is lower than the
reference by more than a small amount,
transistor Q1 is turned on and the output
voltage begins to rise. When the output
voltage exceeds the reference by more
than a small amount, Q1 is switched off
and the output begins to fall. In this
manner the output voltage is kept within
a small fixed amount of the reference
voltage. The switching frequency depends
on the output filter and current, and
varies with changing load conditions. The
high-gain amplifier and voltage reference

fig. 9. Basic puise amplifier circuit. Design and
operation of this circuit is discussed in the text.



are often available in a single IC such as
the uA723.

class-D rf amplifiers

Class-D operation can also be used to
build high-efficiency rf ampli-
fiers.12 In this case the switching fre-
quency component of the pulse train
becomes the rf carrier and is coupled to
the load through a bandpass filter rather
than a lowpass filter. Fig. 11 shows the
equivalent circuit of a simple class-D rf
amplifier. Switches S1 and S2 (switching
transistors in an actual circuit} are driven
alternately on and off with a 50% duty
cycle, producing a square-wave voltage,
V,. The square-wave voltage has com-
ponents at the fundamental (switching)
frequency and its odd harmonics. The
peak-to-peak voltage of the fundamental

component is 4/ 7 {1.27) times the peak-

to-peak voltage of the square wave. The
series-tuned output circuit is resonant at
the switching frequency, so it exhibits
high impedance to the harmonics, but
provides a direct connection 1o the load
for the carrier. As a result, only current at
the carrier frequency can flow into the
load.

The output voltage and current are
sine waves which are represented math-
ematically by ’

2V

Vo = sin wt

VO 2VCC .

to ='ﬁ=’ﬁ sin wt
When the output current, iy, is positive, it
flows through S1; when it is negative, it
flows through S2. A single transistor
switch cannot be used for class-D rf
operation because the output current
must be able to flow in both directions.
The power output from this amplifier is
given by

P = ﬂgpeak)(iojeak) _ 2V2.¢

° 2 2R
The switches consume almost no power
themselves because the voltage across
them is nearly zero when they are con-
ducting current.

rf circuits

There are a variety of class-D rf ampli-
fier circuits (fig. 12) just as there are a
wide variety of linear amplifiers. The
equivalent circuit just discussed can be
realized by any of the complimentary
versions (figs. 12A, 12B or 12C). The
input transformer secondary windings are

HIGH GAIN
AMPLIFIER

LOAD

QUTPUT VOLTAGE

fig. 10. Basic switching voitage-regulator
circuit.

connected so that the transistors turn on
with opposite polarities of the drive signal.
Complimentary class-D amplifiers have the
advantage of requiring no output trans-
former, and hence no transformer losses.

The quasi-complimentary configura-
tion (fig. 12C) uses only npn transistors
which are both more abundant and less
expensive than pnp types at high frequen-
cies. This is a definite advantage of the
quasi-complimentary circuit.

Transformer-coupled or push-pull
class-D amplifiers are also possible. In the
voltage-switching amplifier (fig. 12D),
alternately driving the transistors on
causes their collector voltages to be
square waves of zero to 2V . volts. The
current which flows in either transistor is
a half cycle of a sine wave, just as in the
complimentary amplifiers. Power output
depends on the turns ratio of the output
transformer, as well as on the supply
voltage and load resistance.

The total voltage swing on the trans-
former primary is 2V, so if there are
four turns in the primary for each turn in
the secondary, the output power will be
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the same as that of a complimentary
amplifier. Qutput voltage varies with the
turns ratio, and output power varies with
the square of the turns ratio. The turns
ratio can be used as part of the matching
and loading network. This configuration
is particularly useful when the supply
voltage is low since it provides a 2V,

_ St ON St ON S1 ON

52 ON 52 ON

Ve~ 77

A /\__/\_/\_
T o----

[

2% . ____\/ \/ \

R

fig. 11. Equivalent circuit of a class-D rf
amplifier and ideal waveforms.

voltage swing at the collectors of the
power transistors.

This is a good time to point out that
you cannot connect an rf choke directly
to the collector or primary center tapina
voltage-switching amplifier (fig. 12A,
12B, 12C or 12D). These amplifiers draw
current in lumps at the signal frequency,
and an rf choke tries to force constant
current. A capacitor should be connected
from either the collector of transistor Q1
or the primary center tap to ground to
supply current as needed while main-
taining constant voltage. An rf choke can
then be connected from the collector to
the supply to keep rf out of the power

supply.
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Another class-D rf circuit is the
current-switching push-pull amplifier
shown in fig. 12E. This circuit is a
so-called “‘dual”’ of the voltage-switching
amplifier because it features square-wave
current and sine-wave voltages. The rf
choke forces a constant current so the
transistors conduct constant current
while they are on. The parallel-tuned
output filter conducts all of the harmonic
currents but forces the carrier current
into the load. Output voltage and power
are somewhat different than those of the
voltage-switching amplifier. Since there
can be no dc voltage drop across a
transformer winding, the total primary
voltage must be

Vori = TV sin wt

{The peak collector voltage is V.. so the
average or dc collector voltage is V.¢.) If
the turns ratio is 1:1, the output power is

m2Va .
Po="2R
Output current is
.MV
o =g sinwt

and the dc input current (and transistor
peak current) is

|=%
2R

The current-switching amplifier offers
an alternative way of fitting together
power requirements, supply voltage and
maximum transistor ratings. Also, it has
the same configuration and the same
output filters as class-B transistor power
amplifiers. However, it will generally be
less efficient than the voltage-switching
amplifier because more current must be
drawn through the same saturation volt-
age and large amounts of current must be
switched (the voltage-switching amplifier
switches at zero current points).

transformers and tuned circuits

The transformers required in class-D rf
amplifiers are essentially the same as
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e CURRENT SWITCHING PUSH-PULL

fig. 12. Practical class-D rf amplifiers can be
built in various ways as shown here. The
advantages and disadvantages of each of these
circuits are discussed in the text.

those used in solid-state class-B rf ampli-
fiers.15 They consist of several parallel
wires wound on a stack of toroidal cores

o COMPLIMENTARY

B

Q2 \ LJ—| 4798

-0

0 VOLTAGE SWITCHING PUSH-PULL

made of suitable material for the frequen-
cies to be used. Building these trans-
formers is a mixture of intuition and
witchcraft and a lot of trial and error.
However, here are some general rules:

1. Increasing the number of turns in-
creases the series inductance, degrading
the high-frequency response.

2. Paralleling two windings with the same
number of turns decreases series induct-
ance, improving high-frequency response.

3. Stacking several cores increases power
handling capability and increases shunt
inductance, improving low-frequency re-
sponse.

The transformer parameters must be
chosen to fit the application, and in
class-D circuits it is necessary to pass a
few harmonics of the carrier as well as the
carrier itself. However, it is not difficult
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to build transformers working over sev-
eral octaves (up to 5 or 6).16,17

The output filter need not be the
simple tuned circuits used in the
examples here. A T-network presents a
high impedance to the harmonics of the
carrier, and can be used where series-
tuned circuits are shown. Pi-networks
present low impedances to the harmonics

through a hybrid transformer (fig. 13) as
is done with linear amplifiers.18 Basical-
ly, a hybrid transformer prevents the two
amplifiers from loading each other. The
transformer has a 1:1 turns ratio which
forces equal currents in each winding. If
you wish, you can work out the details
with a little algebra, but essentially, if the
two amplifiers do not produce equal

table 1. Transistor types that are suggested for use in high-efficiency class-D
amptlifiers, However, these are not the only ones that can be used. Avoid using
rf transistors which are optimized for particular frequencies as they usually
contain internal matching which usually won't help them switch fast. These
specs are intended as a general guide rather than exact specifications,

JEDEC maximum  maximum

number type Veg* Ic package application

2N4123 npn 30 0.2 TO-92 100-kHz switch

2N4124 npn 25 0.2 (plastic)

2N4125 pnp 30 0.2

2N4126 pnp 25 0.2

2N2222A npn  40/65** 0.8 TO-18 1-MHz switch

2N2907A pnp 40/65** 0.8 (metat)

2N5190 npn 40 4.0 flat 100-kHz switch

2N5191 npn 60 4.0 {plastic)

2N5192 npn 80 4.0

2N5193 pnp 40 4.0

2N5194 pnp 60 4.0

2N5195 pnp 80 4.0

2N3262 npn 80/100 1.5 T0-39

2N3734 npn  30/45 1.5 T0O-5 30-MHz switch
{metal) (high-speed switch)

2N3735 npn 50/70 1.5

2N5262 npn  50/70 3.0 TO-39

2N3961 npn 40/56 1.0 stud 30-MHz switch

(400-MH2z rf)

2N3553 npn 40/56 1.5 can

2N3375 npn 40/56 1.5 stud

2N3632 npn  40/56 3.0 stud

SD-200 fet 25 0.05 can 100-MHz switch

1N4933 diode 50 1.0 DO-41 100-kHz switch

MR380 diode 50 3.0 {(metal}

*When two values are shown they are Vogo/Vcgy- The first is with base open,
the second with reverse bias as in a push-pull amplifier,

**Without A suffix, 30/50.

and can be used in the place of parallel-
tuned circuits. Input impedance to the
third harmonic should be at least ten
times the load impedance at the carrier
frequency, and the output filter should
attenuate harmonics by 50 dB or more.
Two (or more) small amplifiers can
be combined to obtain greater output
power by connecting them to the load
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outputs, R2 consumes power and reduces
efficiency. This means the two amplifiers
must be closely matched or controlied.
Hybrid transformers are also used to
divide drive power between two ampli-
fiers whose outputs will be combined.
This helps to keep phase relationships the
same in each amplifier. If more than two
amplifiers are to be combined, they must



be combined in groups of two. The drive
signal is first split into two signals, then
into four. Two pairs of outputs are
combined to form two signals; these
signals are then combined to form one
high-power output. Note that the input
impedance of the hybrid transformer and
the difference load resistor are twice the
output resistance.

T
o
¥ . /
()j I
SR 2 /
32k, -’J ? i

fig. 13. Hybrid transformers, such as the one
shown here, can be used to combine the
outputs from two amplifiers.

class-D rf amplifier design

Designing a class-D rf amplifier is
generally easier than designing a class-B or
-C rf amplifier stage. There are no gain-
variation, base-bias, neutralization or
unequal-current problems to worry
about. As with class-D audio amplifiers,

you start at the output and work back-
wards.

| decided to try to design and build a
50-watt class-D power amplifier for 160
and 80 meters (and maybe 40). The
circuit that resulted is shown in fig. 14.
The first step is selecting the Q of the
output circuit. | chose a Q of 5 which
meant that L3 and C6 must have react-
ances of 250 ohms at the midband
frequency. This value of Q reduces the
third harmonic to 33 dB below the
carrier.

The next step is to determine the
output voltage and current. The peak
voltage and peak current into the 50-ohm
load are found from

Vp =V 2RP =+/2-50-50 = 70.7 volts
ip =vp/R=70.7/50 = 1.41 amp
The peak value of square-wave voltage at

the input of the tuned circuit which will
produce this peak output is

Vswp =g+ 70.7 = 65.5 volts

If no matching were used, the transistors
would have to withstand 111 volts or

The Gates Radio Company VP-100 is a 100-kW a-m broadcast transmitter which uses a class-C rf
amplifier and a class-D modulator. The modulator switches at 75-kHz and has an efficiency of about
90%. Overall efficiency is about 65%. The rf output circuitry is on the left, the PA and modulator
are in the middle, and the power supplies are on the right,
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more on their collectors. It is convenient

to use a 4:1 matching transformer which
reduces the square-wave voltage swing to
27.8 volts and increases peak current to
2.83 amps. These values are much more
suitable for commercially available tran-
sistors.

| decided on the push-pull circuit rather
than the quasi-complimentary configura-
tion because | was already using a match-
ing transformer and because a 28-volt
power supply is easier to come by than a
B6-volt supply. Capacitor C5 provides an
ac ground for the transformer center tap,

+y ---56
O A JY r|_i
SR3 141 maA -, 93
21000 2N5262 ( ,
V”\,,_{
+70.7
so—aéoo 0. ;7 .- +55.1
35 mA 1.41
Tt l/ | W /\/
* --+35mA
SRI -550 —*
$2200 Lasma
T2 o3 cé
502200 50-380 h e T3 50-400 50
m"’” 3 ;55'
R2
2200
° Q4
Yozl 2nS262
—
141 mA
C3  50-380 pF trimmer, Arco 465 (1.9 MHz, ASSRW l ¢
230 pF; 3,75, 116 pF; 7.15 MHz, 61 pF) |_|__J
.-
12 50-400 pF variable, 400-volt peak (1.9 2824 N
MHz, 353 pF; 3.75 MHz, 170 pF; 7.15 /\——
MHz, 89 pF) T1 primary is 5 turns no. 26 enamelled on
L1 160 meters 63 turns no. 30 on Perma- Ferroxcube 226T125-3E2A ferrite core.
core 57-1753 core (30.5UH) Secondary windings are each 25 turns
80 meters 44 turns no. 26 on Perma- no. 26 on same core
core 57-1753 core (15.4 UH) T2  primary Is 8 turns no. 20 enamelled wire
40 meters 36 turns no. 26 on Perma- wound through 6 Ceramic Magnetics
core 57-1677 core (8.1 UH) CN-20 cores (two parallel stacks).
L2 16 turns no. 26 on Permacore 56-3596 Secondary is 4 turns no. 20, center-
ferrite core (1.0 UH) tapped, through same cores (see text)
L3 160 meters 52 turns no. 26 on Perma- T3 primary is 4 turns no. 20 enamelled wire,
core 57-1753 core (20.9 UH) center-tapped to C5, wound through 12
80 meters 42 turns no. 26 on Perma- Ceramic Magnetics CN-20 cores (two
core 57-1677 core (10.6 UH) paraltet stacks). Secondary is 4 turns no.
40 meters 30 turns no. 26 on Perma- 20 through same cores (see text and

core 57-1677 core (5.6 MH )

fig. 15)

fig. 14. Class-D rf power amplifier for 160, 80 and 40 meters provides more than 35 watts output
with coltector efficiencies of 90% or more. Construction of transformer T3 is shown in fig. 15.

If the saturation voltage is 1 volt, the
collector supply voltage, V.., must be
28.5 volts, and the collector voltage will
swing between 1 and 56 volts. The dc
current required is

2ip _2-2.83_

> - a0 =1.80A

ldc
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and the L2-C4 combination keeps rf out
of the power-supply wiring.

Now the driving circuitry must be
designed. It is convenient to drive the
bases of transistors Q3 and Q4 through a
push-pull transformer to insure that they
are driven out-of-phase with respect to

-70.7



each other. It is best to drive the bases
with sine-wave current.

While square-wave current might turn
the transistors on a little more rapidly, it
maintains a lot of charge in the base
which must be removed before the tran-
sistors will turn off. A check of switching

two transistor bases is then

4

= ¢ 1-0.142
2

This means that the power amplifier has a

power gain of about 27 dB!
Since the drive power is only a small

P, = = 90 mW

Author's experimental class-D power amplifier. Parts are in the same general locations as in the
circuit diagram (fig. 14). Note that C6 is elevated by pieces of PC board.

transistor characteristics will show that
storage time (turn-off delay) is a much
more serious problem than turn-on delay.
Sine-wave current provides the base with
only enough charge to sustain the collec-
tor current, greatly reducing storage-time
effects.

If the output transistors have a current
gain of 20, to insure saturation the base
current in each transistor must be a half
sine-wave with a peak value of

ibp = 20> = 142 mA

The base voltage will rise to about 1 volt
(or slightly less) when driven. When the
current changes direction, the base be-
comes an open circuit and its voltage
becomes -1 volt. This is a reflection of
the +1 volt potential on the base of the
other transistor through transformer T2.
The power which must be applied to the

fraction of the total power this amplifier
will require, driver efficiency is not too
important. Almost any type of rf ampli-
fier can be used for a driver — even
untuned class-A. | found it more con-
venient to use a quasi-complimentary
class-D amplifier. | used a pair of relative-
ly new fets for Q1 and Q2. These have
greater stability and faster switching
speed than most bipolar devices, and are
easier to drive as well.

The series-tuned circuit L1-C3 will
allow only sinuosidal current to flow.
Since harmonic suppression is not as
important as in the power-amplifier stage,
| used a Q of 2.5 for the driver. At the
carrier frequency transistors Q3 and Q4
have a base resistance of

4/m) - 1
Ry = %- =8.97 ohms

It would be difficult to build a 90-mW
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driver with a 9-ohm load line, so T2 has a
turns ratio of 4:1. This multiplies the
impedance by 16, resulting in a 145-ohm
load line. The £1 volt base voltage will be-
come 4 volts on the input of T2. The cur-
rent input to T2 has peaks of about 35 mA.

When saturated, the fets become
45-ohm resistors. This causes a voltage
drop. To correct for this voltage drop, it
is necessary to increase the supply volt-
age, Vpp- If there were no voltage drop
through the fets, Voo would be 8 volts
to allow a *4-volt swing. With the correc-
tion,

Vpp=8" -1%;5—45 = 10.5 volts

The driver dc input current is 11.1 mA
(35/m) so the driver power input is

Pp =(10.5) (0.011) =117 mW

The driver efficiency is about 77%.

It is not a good idea to try to operate
the driver from a 10.5-volt power supply.
Remember that the value of 10.5 volts is
related directly to the nominal 1-volt base
saturation voltage. This was not an exact
value to start with, and even if it were, it
would vary slightly with temperature,
collector current, etc. If Vg o were fixed at
10.5 volts and the base voltage decreased
slightly, only the fet saturation resistance
would limit the current. For this reason,
it is better to use a higher voltage supply,
Vs, and to provide a resistor to absorb
changes in the base voltage. | used a 1k
resistor and a 21.6-volt supply, which
made it easy to monitor drive current.
With this resistor the overall drive effi-
ciency is about 37%, but the 240-mW
total drive power is still less than one-
percent of the power-amplifier power.

The fets are saturated by applying a
15-volt peak sinusoidal gate-to-source
voltage. The 1:5 turns ratio of T1 permit-
ted driving them from a 3-volt source.
Since the fets have a very high input
impedance and require essentially no in-
put power, it was necessary to load the
secondary windings to produce an
approximate 50-ohm input impedance.

Transformers T2 and T3 are made by
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running enamelled wire through two par-
allel stacks of ferrite cores as shown in
fig. 15. Transformer T3 has four turns in
the output winding and two turns in each
side of the input; T2 has two turns in
each side of the output and eight turns in
the input winding. Since | had the smaller
size cores, twelve cores were required for

The Continental Electronics 314(E) is a 2-kW
CW/MCW all solid-state transmitter for 275 to
530 kHz. It uses a push-pull class-D rf amplifier,
and has an overall efficiency of 70% or better
with load vswr as high as 3:1. Photo courtesy
J.D. Rogers.

T3 and six for T2. The length of the
individual cores is not important but the
length of the transformer is, so if you
have longer cores, use fewer of them.
Both T2 and T3 show a phase angle of
10° or less on 160 and 80 meters. On 40
meters and up, series inductance appears.
The series-tuned circuits can tune out this
inductance on a particular frequency.
Two possibilities for Q3 and Q4 are
the 2N5262, a switching transistor, and



the 2N3632, an rf transitor. Either tran-
sistor should handle the required current
and voltage. Since 2N5262s were con-
siderably cheaper, | decided to use them.
It's my guess that rf transistors would be
less efficient but more rugged. Clip-on
heatsinks will reduce thermal stress on Q3
and Q4.

My amplifier was built on a double-
sided PC board to insure a good ground
plane. Layout is not critical, but remem-
ber that a 1.8-MHz class-D amplifier
contains energy at frequencies much
higher than 1.8 MHz.

The driver and power amplifier tuning
coils are wound on 0.680-inch {17-mm}
OD rf toroid cores. All have a measured Q
of 190 or more. The Q of these inductors
is very important since it determines the
amount of power they absorb from the
output. The fraction of power fost to the
coil is the ratio of circuit Q (6 for the
output) to the inductor’s unloaded Q. An
inductor with a Q of 200, for example,
causes a 2.5% reduction in efficiency.
Remember that winding coils, like wind-
ing transformers, is a black art. Don't
think you can improve the Q by using
larger wire — you will decrease the self-
resonant frequency and the Q because the
interwinding capacitance is increased.

Test the driver first, with power
removed from the power amplifier stage.
Tune the driver for peak input current (if
tuning for peak current seems strange,
remember that this is series tuned, where-
as most class-C power stages are parallel
tuned). Input current should not exceed
16.6 mA, as this corresponds to the
50-mA peak current rating of the fet.
Also, Vg should be kept at 25 volts or
less. If the bases of Q3 and Q4 suddenly
open, Vpp will go up to V. The driver
should work on 160, 80 and 40 meters. It
will also work on 20 if you reduce L1 to
compensate for the series inductance of
T2. You can tell when the input signal is
large enough by whether any further
increases produce increases in the dc
current.

Now for the final. A/lways turn the
driver on first (and off last). This circuit

is not designed to have both Q3 and Q4
on at the same time, so it will oscillate,
probably destroying the transistors. Start
V. at zero and bring it up to 3 or 4 volts
s0 you can measure the output. In the
absence of an output meter, tune for
peak dc current. Tune the power ampli-
fier only at very low voltages. When the

ANV BV AV AV
Q4 L 37 _.‘
'ig (4.6 cm)

fig. 15. Layout of the output transformer (T3
in fig. 14). Primary is 4 turns no. 20 enamelied,
center-tapped to C5, wound through 12 CN-20
ferrite cores (two parallel stacks). Secondary is
4 turns no. 20.

load is reactive (mistuned), large voltage
spikes are generated, and these will usual-
ly destroy the transistors. After the stage
is tuned up, increase V.. gradually,
Check to see that Q3 and Q4 are satur-
ated by slightly varying the drive (Vg). If
there is any variation in the output power
or dc input to the final, it needs more
drive.

| first tested the amplifier at the
10-watt level on all three bands. | measur-
ed collector efficiencies of 95%, 92% and
89% on 160, 80 and 40 meters,
respectively. As you increase V.., effi-
ciency will improve because the satura-
tion voltage becomes less significant. The
power supply | was using was limited to
1.5 amps so the transmitter was limited
to an output of 38.5 watts on 160
meters. To obtain this output, however, |
had to increase the drive to its maximum
(16.6 mA dc input). The specified current
gain of the 2Nb262 is 25 at 1 amp of
collector current. Apparently the current
gain drops to approximately 10 at 2.5 to
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3 amps of collector current. On 80 meters
an output of 32 watts required maximum
drive. Winding T2 with a 5:1 turns ratio
would probably provide enough drive for
50-watts output.

| tried the amplifier on 20 meters and
this eventually resulted in two dead tran-
sistors. Although the bottom of the
collector voltage waveform remains
square, ringing due to transformer induc-
tance and stray capacitance continues for
most of the time the transistor is off.
Although | measured 63% efficiency at
about 1-watt output, the amplifier has a
tendency to oscillate and to divide
frequency. However, | think the circuit
would work on 20 meters with different
transformers. The series inductance can
only be tuned out at the fundamental
frequency, and the reactances at the
harmonic frequencies make it difficult to
obtain the half-sinusoidal current wave-
forms required in class-D operation.

The variation of output voltage with
supply voltage is very linear, and driver
feedthrough is only a few milliwatts, so
the power amplifier should be suitable for
a-m or ssb service (using the EER tech-
nique). It might be a good idea to include
an automatic phase comparison circuit
which would reduce the collector voltage
when the output was mistuned (reactive).
Such a circuit would be essentially the
same as the vswr protection circuits used
in early solid-state rf power amplifiers.

modulation

All of the class-D rf amplifiers dis-
cussed so far are constant carrier {(am-
plitude) types. If these amplifiers are
to be used for a-m or ssb service, they
must be modulated. Modulation is most
easily accompliished by varying the
collector supply voltage with a class-D
audio amplifier. For ssb service, this is an
application of the envelope elimination
and restoration technique discussed
earlier. The use of both class-D audio and
rf amplifiers produces a highly efficient
linear rf amplifier. Collector modulation
of the class-D rf amplifier is very linear
and there is no need to modulate the
driver (in a class-B or -C amplifier, both
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the power amplifier and the driver must
be modulated to prevent overdrive).14

Pulse-width modulation can be adapt-
ed to produce a modulated rf carrier as
shown in fig. 16. Because the carrier
component of a pulse train is proportion-
al to the sine of the pulse width, rf
pulse-width modulation (PWM) must be
generated by comparing the desired mod-
ulation to a full-wave rectified cosine
wave at the carrier frequency. The output
amplifier may be either monopolar or
bipolar.13

Bipolar rf PWM has essentially no
splatter due to non-linear modulation of
the harmonics of the carrier. Although
the rise times required by rf PWM are no
higher than those required by a constant-
carrier class-D rf amplifier, rf PWM re-
quires switching stages to be controlled as
in audio PWM, and this makes it much
more difficult to implement. You might
be able to build an rf PWM amplifier for
operation on 160 meters, but with pre-
sent devices, it would be difficult to use
at much higher frequencies.

vacuum-tube circuits

If you are thinking about a legal limit
transmitter, you might consider using
vacuum tubes. Power handling capabili-
ties are much greater than those of
transistors, and filament power need not
be counted as part of the input power.
The same configurations apply to tubes as
well as to transistors. A vacuum tube can
be turned off quite efficiently by driving
the grid negative, and this consumes very
little power. Driving the grid positive
forces the tube to saturate, causing it to
act like a resistor. However, driving the
grid positive causes grid current to flow
and consumes drive power.

What you can obtain with tube switch-
es must be determined by using the
characteristic curves of the tubes you
plan to use. Generally the saturation
losses will be greater than those of tran-
sistor amplifiers. However, the output
matching networks may be more effi-
cient, and saturation losses occur in class-
B vacuum tube amplifiers as well as
class-D amplifiers.



When an application calls for a power
level or frequency where class-D opera-
tion is impractical, there are several other
types of amplifiers which have efficien-
cies better than that of class-B. These
include class-C, of course, and a couple of
amplifier circuits which don‘t really
operate as class-A, -B, -C or -D. Since the
envelope elimination and restoration
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fig. 16. Radio-frequency puise-width modu-
lation system.

technique makes it possible to use non-
linear rf amplifiers in linear service it is
possible to design the rf amplifier for
efficiency rather than linearity.

Class-C operation has been used for
many years to build rf amplifiers with
improved efficiency.19.20 A class-C

amplifier has the same basic circuit (fig.
17) as a class-A or -B linear amplifier, but
it is biased and driven so the transistor
conducts current for less than half the
time. Current is thus drawn through the
transistor when the voltage is lowest,
resulting in less power consumption.

The reduced conduction angle can be
obtained at various combinations of bias

Ve /2
[ Q3
CRi
crR2
oz 2]

~Vec /2

i

© siroLar Pwm avpLIFIER

and drive, and the current pulse need not
be exactly sinusoidal. There are some
general rules for class-C operation:

1. Any deviation from class-B {or class-
A) produces a nonlinear amplifier.

2. Reducing the conduction angle will
improve the efficiency, with efficiency
approaching 100% as the conduction
angle approaches zero.

3. As the conduction angle is reduced,
either output power will decrease or peak
collector current will increase.

4. The necessary increase in drive power
is approximately inversely proportional to
the conduction angle.

These rules will help you to estimate
what performance can be obtained by
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converting a class-B amplifier to class-C.
Class-C can be used to obtain higher
efficiency, but it won’t be a panacea
because drive requirements and peak cur-
rent will increase with increasing
efficiency.

envelope feedback

A technique called envelope feedback
can be used to make a nonlinear rf
amplifier operate as if it were linear,

GAIN
CONTROLLED
AMPLIFIER

DRIVERS

ordinary ssb signals. To keep the feed-
back loop from oscilliating, it is necessary
that the open-loop gain {point A to point
E in fig. 18) be zero for frequencies with
180° or more phase shift. Many books
have been written on feedback theory, so
1 will not go into it any deeper.

Class-C amplifiers are an ideal applica-
tion of envelope feedback. The bias net-
work normally used to bias a class-B
transistor amplifier slightly into conduc-

FINAL
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fig. 18. The envelope feedback technique shown here can be used to make a non-linear rf amplifier

operate as if it were ltinear (see text).

provided there is some sort of gain
control which can be applied.21 Basic-
ally, this technigue uses a feedback loop
to look at the desired output and the
actual output, and correct amplifier gain
so the two are equal.

Envelope feedback is not a new idea,
but today it is much easier to implement
due to the abundance of integrated cir-
cuits. It is no different from other audio
feedback and requires a frequency
response from dc to about 10 kHz for
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fig. 17. Basic solid-state class-C rf amplifier
circuit.
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tion can be eliminated and the resulting
nonlinearity corrected by feedback. Elim-
inating the bias network will result in
power savings without further reducing
the conduction angle. A wide-range gain
control must be used ahead of the power
amplifier to reduce the drive. Another
possibility is to control the bias of the
stage itself; more negative bias means a
smaller conduction angle and less output.

multiple tuning

The multiply-tuned rf power amplifier
uses only a single switching transistor and
can (ideally) have an efficiency of 100
percent.22:23 The transistor operates as
if it were part of a class-D voltage-
switching amplifier. When the transistor is
off, the current path is provided by a
complex tuning network rather than a
second transistor. This type of amplifier
has been given a different name by
practically every author who has written
about it; some of the names are:
optimally-loaded and overdriven class-B,



multiple-resonator class-C, single-ended
class-D, and class-CD. My own name is
class-E. This technique is particularly
useful at vhf where driving a pair of
transistors 180° out of phase becomes
difficuit.

A voltage-switching class-D amplifier
has a square-wave voltage and half-wave
rectified sine-wave current, arranged so
that one or the other is always zero in
each transistor. Examination of the wave-

L.
0

RFC (2n+i} ¢

Ve

parallel-tuned traps can be replaced by a
quarter-wavelength transmission line as
shown in fig. 20. The paraliel-tuned out-
put circuit provides a short-circuit to all
harmonics. The quarter-wave line trans-
forms the short-circuit into an open-
circuit for odd harmonics and a short-
circuit for even harmonics. In addition, it
can be used to transform the actual load
resistance to the desired load line. If the
characteristic impedance of the line is Ry,

fig. 19. Basic multipie-resonator rf power amplifier. Practical circuit is shown in fig. 20.

forms reveals that the voltage waveform
contains a fundamental and odd harmon-
ics, while the current waveform contains
a fundamental and even harmonics. To
maintain both waveforms with a single
transistor requires an output network
which is resistive at the carrier frequency,
a short-circuit to even harmonics, and an
open-circuit to odd harmonics. The series
of parallel-tuned circuits in fig. 19 pass
even-harmonic current freely while pre-
venting odd-harmonic current from
flowing. The parallel-tuned output circuit
passes the even-harmonic current to
ground and forces the fundamental fre-
quency current into the load. ldeally, the
transistor consumes no power since it
always has either zero voltage or zero
current.

When this technique is used at lower
frequencies, only resonators for the fun-
damental frequency and third harmonic
are usually used, and the circuit is re-
ferred to as ‘‘third-harmonic peaking.”
Efficiencies of 90-percent have been
reported.

At higher frequencies the series of

and the actual load resistance is R, the
load line is

R = ROZ/RL

The circuit shown in fig. 20 can be
adapted to a 300-mW walkie-talkie for 10
or 6 meters {or 2 or 1% meters, too, if
you're very careful about how you put it
together). | tested it at 26 MHz and
measured 73% efficiency.* The output
circuit has a Q of 3, and the transmission-
line transforms the 50-ohm output to a
300-ohm load line.

When saturated, the fet becomes a
resistor (about 45 ohms in this case).
Since the fet requires negligible drive
power, it should be possible to obtain the
16-volt peak sine-wave drive directly from
the oscillator tank circuit, eliminating the
need for a driver. Remember that match-
ing could also be accomplished with a
pi-network—this would allow the use of
other transmission-line impedances.

*This circuit was the author's entry in Sig-
netics’ D-mos fet contest and will be the subject
of a future Signetics Applications Note.
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c2 78-pF variable (E.F. Johnson 158-4)
Ll 2.2 MM rf choke (Delevan 1025-28)

L2 106 nH (4 turns no. 26 wire on Perma-
core 57-2656 or Micrometals T30-6 core)

Qo
SIGNETICS
S0-200

SIGNETICS
Sp-200

+ Vdd .12V

T1,T2 11 turns no. 26 twisted pair on Perma-
core 57-2656 or Micrometals T30-6 core

T3 piece of 125-ohm coaxial cable (RG-
63B/U), 112.2" (2.85 meters) long

fig. 20. This 300-mW multiply-tuned rf amplifier designed for operation on 25 MHz has efficiency of
73%. In this circuit transformer T3 is a section of coaxial transmission line,

capacitor-shunted switch

The capacitor-shunted switching (CSS)
amplifier is another type of rf amplifier
which uses a single switching transistor
and doesn’t behave like any of the four
standard amplifier classes.?24 | sometimes
call it class-F (for far-out). Instead of
regarding collector capacitance as an im-
pediment to its operation, the CSS am-
plifier uses it as an integral part of
the circuit.

The shunt capacitor (fig. 21) provides
a current path when the transistor is off.
The rf choke acts as a constant dc current
source. The series-tuned circuit forces
sinusoidal current to flow into the load,
and has a high input impedance to har-
monic voltages. The difference between

A

fig. 21. Capacitor-shunted switching (CSS)
amplifier can provide operating efficiencies
of nearly 100%.
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the current flowing into the circuit
through the rf choke and that flowing in
the output either flows through the tran-
sistor (when it is on) or charges the
capacitor (when the transistor is off}. The
fundamental frequency component of the
collector voltage is the voltage which
appears across the load.

Any energy stored in the capacitor at
the time the transistor switches on will be
dissipated in the transistor. Recently, Sokal
discovered that mistuning the resonant
circuit so that it is inductive causes the
capacitor voltage to drop to zero at the
time the transistor switches on, producing
100% efficiency.25

Analyzing this amplifier is fairly com-
plicated, but the resulting design equa-
tions given by Sokal are fairly simple:

_QR
[63]

L2

-1+1/Q
wQR

C1=C2-0Q/6.3
P= —22V¢2—_
s
( 4 +1 R)
where Q is the Q of the output circuit.
Adjustment for peak efficiericy may be

Cc2



somewhat critical, and the amplifier will
have inefficiency due to saturation volt-
age and rise time, just as a class-D
amplifier does. However, the simplified
output circuit (compared to multiple
tuning) and reduced driving problems
(compared to class-D) may be worth it,
especially at vhf.

summary

In this article | have tried to give an
overview of high-efficiency amplifiers,
particularly class-D amplifiers, which
might be useful to amateurs. There are a
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feed system

for log-periodic
antennas

How to find

the optimum point
for feeding

a multi-band

log periodic
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G.E. Smith, W4AEO, 1816 Brevard Place, Camden, South Carolina 29020

L.og-periodic antenna texts provide little
information on methods of getting a
practical transmission line matched to the
antenna feedpoint. References 2, 5 and 7
describe methods of matching and feed-
ing vhf log periodics by use of boom
balun to coax matches, but most of these

systems are not suitable for high-
frequency log periodics.
The original log-periodic antennas

built here? were first fed by using a 1:1
balun with the balanced winding across
the normal short-element feedpoint.
Although the swr was relatively low
across the 20-meter band and not too bad
on 15, there was some variation between
these two bands. On 10 meters there were
some bad swr excursions when going
from 28.0 to 29.7 MHz, some exceeding
2.5:1, showing a bad mismatch on these
higher frequencies. Equipment was not
readily available to make a complete swr
run over the antenna’s entire bandwidth,
14 10 30 MHz.

Though some of the vhf references
1,2,3,etc. indicate that the swr could be
expected to go up to 2.5:1 over a log
periodic’s bandwidth, it was felt this
could be improved by a better matching
system between the transmission line and
the antenna. Upon checking several log
periodics at the normal short-element
feedpoint using the Omega Antenna



Noise Bridge, it was noted that there was
considerable variation in impedance over
the three bands.

analysis

Upon anaylzing this result it became
evident that the active or driven elements
(one-half wavelength long at a specific
frequency) were at various electrical dis-
tances (1/4 wave-wise) from the feed-
point. In fig. 1 for example, the second
element, which is the driven element on
(3’ '57,;) fglﬁ) (573?)
15.9" 2375'

54 45 (425 36 ( 35'(325
t.8m) | (.6m) | ¢4m) |0:3m) | (iim) | (Lim} [1.Om)

2812512018
@5 |(76 |(61 |(55
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with a feedline which is a half-wavelength

long. This was

confirmed by tests with

the bridge on 20 meters.
Consider the situation on 15 meters.

Element 6 is a

half-wavelength long on

that band so it becomes the active or

driven element.

It is located about 16.5

feet (6.1 meters) from the feedpoint, but
a quarter-wave of open-wire feedline on
15 is about 11.25 feet (3.4 meters) and a

half-wave about
or 6.9 meters).
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fig. 1. A 12-element three-band log-periodic antenna showing the electrical relationship of the
extended feedpoint to the driven element on each of the three bands.

20 meters, is 35 feet (10.7 meters) or
approximately a half wavelength to the
rear of the feedpoint at the front of the
antenna. Since previous tests with the
antenna bridge had indicated the driven
element exhibited 30 to 33 ohms input
impedance, it can be assumed that this
impedance would be repeated at the
feedpoint since the two are connected

about halfway between a high- and low-

impedance point

on 15 meters.

Looking at 10 meters, element 9 is
about 16 feet (5 meters) long so it is the
active element on that band. It is about
6.5 feet {2 meters}) to the rear of the
feedpoint. A quarter-wavelength feedline

on 10 meters

is about 8.4 feet (2.6

meters) and a half wave, 16.8 feet (5.2
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meters). Again, the feedpoint is at an
intermediate point with respect to the
active element.

In summary, it will be noted that
although the feedpoint at element 12
presents a fairly predictable impedance
on 20 meters, it presents a highly variable
match on 15 and 10. This was confirmed

wavelength open-wire line acts
matching transformer.

The low and high impedance points
along the open-wire line for each of the
three bands are shown in fig. 1. Incorpo-
ration of this modification extends the
feedpoint 17.25 feet (5.3 meters) forward
of the short-element end of the antenna.

as a
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fig. 2. An extended 12-element three-band log periodic with a 5/8-wavelength extended-feed

matching system.

by swr readings across each of the three
bands.

moving the feedpoint

By extending the open-wire feedline
toward the antenna apex as shown in fig.
1, a point is reached near the apex where
elements 2, 6 and 9 are all about 3/4
wavelength from this common, higher
impedance, feedpoint for their respective
bands. The impedance at this point
appears to be on the order of 200 to 300
ohms, so it can be fed with 50-ohm coax
through a 4:1 balun with a satisfactory
match on all three bands. The 3/4-
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In fig. 2 the same principle of an
extended open-wire feeder is applied to
matching a longer log periodic with a
70-foot (21.4-meter) boom length and
22-degree apex angle. This requires an
open-wire feeder 5/8-wavelength long to
reach the common-impedance feedpoint,
also approximately at the apex angle. In
this case the open-wire feeder has been
extended 27 feet (8.2 meters) from the
center of the short element. Note that
these extended feeders can hang down
from the short-element end of the
antenna if necessary; they need not be
extended horizontally as shown.
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fig. 3. A 5-element, 40-meter monoband log
periodic. The center of the short element is just
a quarter wavelength from the driven element,
providing an optimum feed point.

The longest 20-, 15-, and 10-meter log
periodic in use here (17 elements, with a
100-foot (30.5-meter) boom and 16
degree apex angle) requires seven
quarter-wavelengths between each active
element and the common feedpoint.14
Further, it witl be noted that any active
element on any of the antennas shown is
an odd number of quarter wavelengths,
three in fig. 1 or five in fig. 2, from the

fig. 4. Overall view
of the five-element
vertical monopote
log periodic. Con-
struction details and
dimensions are
shown in fig. 5 and
table 1.

common feedpoint. For example, ele-
ment 4 in fig. 2 is 28 feet (8.5 meters)
fong and will resonate at 16.7 MHz. It is
approximately 5/4-wavelength from the
common feedpoint at this frequency, so
we can therefore assume that this antenna
is a true log periodic.

The monoband log periodics of fig. 3,
tested here on 10, 15, 20 and 40 meters
in G-element versions (some 4- and 6-
element types were also tested) have all
had element 2 exactly a quarter wave-
length from the high-impedance, short-
element feedpoint. These have worked
extremely well using a 4:1 balun to
match them to coaxial transmission lines.
The swr has been relatively low across
each band.

Similarly, the single-band vertical mono-
pole log periodics of fig. 4, tested on 40
and 80, also used the quarter-wavelength
feed and were similarly flat.15 The swr
readings on the 80-meter version were:

4.0 MHz 1. 5 1
39 MHz 1.
38 MHz 1.
3.7 MHz 1.
3.6 MHz 1.

1.

3.5 MHz

MMdNbM
SAL4L5

similar approach

This system for feeding log-periodic
antennas was believed to be original at

178" (6mm} NYLON CATENARY

_BEAM
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table 1. Vertical monopole log-periodic antenna dimensions (5-element arrays).

frequency in MHz

element 3.5-4.01 3.8-4.02 7.0.7.32 14.0-14.351
E1 70" (21.4 m) 65' (19.8 m) 35' (10.7 m) 17.5' (5.3 m)
E2 67' (20.4 m) 62’ (18.9 m) 33" (10.0 m) 16.5' (5.0 m)
€3 58' (17.7 m) 55' (16.8 m) 28' ( 8.5m) 14.0' (4.3 m)
E4 50" (15.3 m) 45" (13.7 m) 24.5'( 7.5 m) 12.2' (3.7 m)
E5 43 (13.1 m) 40" (12.2 m) 20" ( 6.1 m) 10.0’ (3.0 m)
s1 30'( 9.2 m) 26'( 7.9 m) 14 ( 4.3 m) 7.0' (2.1 m)
sS2 27 { 8.2 m) 24’ { 7.3 m) 13'{ 4.0 m) 6.5’ (2.0 m)
53 24’ ( 7.3 m) 23 ( 7.0 m) 12" ( 3.7 m) 6.0' (1.8 m)
54 19'( 5.8 m) 18' ( 5.5 m) 9" ( 2.7 m) 4.5 (1.4 m)

total , , , ,

ot 100" (30.5 m) 91' (27.8 m) 48’ (14.6 m) 24" (7.3 m)

mast o' (24.4 75" (22.9 o' (15.3 ,

heiaht 80' (24.4 m) (22.9 m) 50 (15.3 m) 30" (9.2 m)

pole 45 (13.7 40’ (12.2 m) 25" ( 7.6 m) .

height (13.7 m) . (76 m 20' (6.1 m)

1. Calculated design, not actually built and tested.
2, Built and tested design, with measured swr under 1.5:1 over frequency range shown.

the time | worked it out. However,
after it was mentioned briefly in a pre-
vious article? it was learned that Ray
Rosenberry, K8EBF, developed a similar
method that was described and covered
by his patent of 16 February, 1971,
which covers ‘“Broad Band Transformer
Antenna and Related Feed System.’’13
Therefore, | do not claim the odd
quarter-wavelength feed method for log

periodics to be original. KBEBF and |

have since exchanged several letters
regarding these log-periodic feed
methods.

In any case, it is hoped the above
information on improved methods of
feeding log-periodic antennas will be help-
ful to amateurs using these interesting
antennas. | would like to hear from
anyone trying this technique.
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fig. 5. Construction details for a 5-element vertical monopole log periodic. Dimensions for 80, 75, 40

and 20 meters are given in table 1.
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“Ever since | bought that $450 receiver, I've
had a communication problem — my XYL!"

GREGORY ELECTRONICS
The FM Used
Equipment People.

Send for New Calalog

T51G or T51GGV, 40-50 MHz.,

6 or 12 volt, 50 watts, vibrator $58
power supply, fully narrow

band, less accessories

T53GGD, 150-170 MHz., 6/12

volt, 50 watts, dynamotor power

supply, transmit narrow band, $36
receive wide band, less acces-

sories

D43GGV-3100, 150-170 MHz,
6/12 volt, 30 watts, vibrator
power supply, front mount with 388
“private line"” (less reeds), fully
narrow band, with accessories

FMTRU41V, 150-170 MHz., 6/
12 volt, 10 watts, vibrator pow-
er supply, front mount, trans-
mit narrow band, receive wide
band, with accessories

R.C.A.

CMFT50, 25-54 MHz., 12 volt,

50 watts, transistorized power

supply, partially transistorized $1 28
receiver, fully narrow band with
accessories

CMCT30, 150-170 MHz., 12 volt,

30 watts, transistorized power $
supply, fully narrow band, com- 98
plete with accessories

Now! Full line of
G.E./T.P.L. Solid State @
2-way radios.

"" GREGORY ELECTRONICS CORP.

239 R1. 46, Saddle Brook, N. J. 07662
Phone: (201) 489-9000
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high-stability

crystal oscillator

The Goral oscillator —

a new high-performance
crystal-oscillator circuit
that features excellent

load capacitance correlation

and temperature stability

One of the most frustrating problems
faced by a newcomer to the crystal
manufacturing business is that of capaci-
tance correlation of the oscillators. Al-
though 32 pF has been the recommended
standard for many vyears, few engineers
seem inclined to use this value in their
new circuits. In many cases the engineer
gets the circuit working to his satisfaction
and is reluctant to change any of the
component values. Usually, the burden of
correlation falls on the crystal supplier.

A second problem, which is no less
irritating, is that of activity requirements.
The crystal vendor may supply perfectly
good crystals, only to find that many will
not oscillate in the user’s circuit.

While the crystal oscillator circuit to
be described will not cure any of these
past problems, it can certainly minimize
them in the future. Although the oscilla-
tor configuration {which is an adaption of
the basic Colpitts circuit) may not be
new, | am unaware of any similar designs.
It was developed independently in the
quartz crystal laboratory at SGC, Inc.,
and has the following features:

36 october 1974

Donald L. Stoner, W6TNS, Director of Marketing, SGC, Inc.* NN

1. The ability to correlate at virtually
any capacitance between b and 50 pF. In
fact, the crystal will oscillate very close to
its series-resonance point in this circuit.

2. The ability to make crystals oscillate
with equivalent series resistances (ESR)
well above the Mil-spec maximum. The
circuit is sufficiently active to oscillate
guartz blanks which have not been plated
during the manufacturing process.

3. The temperature stability is essen-
tially independent of the solid-state de-
vices used. Capacitance variations due
to the semiconductor junctions are virtu-
ally swamped out due to the large shunt
capacitance in the circuit.

4. The circuit is easily adapted to ‘“‘rub-
ber’’ the crystal with semiconductor
variable-capacitance diodes and exhibits a
very wide pulling range due to its high
activity.

Colpitts oscillator

The simplified circuit for the transis-
torized Colpitts oscillator is shown in fig.
1. Note that the rf ground has been
shifted from the customary position at
the collector. Oscillation occurs due to the
180° phase-shift through the transistor and
the additional 180° inversion across the
tuned circuit represented by the crystal.
The capacitor values are determined by
the circuit impedance and frequency
range.

The basic circuit for the fet Colpitts
oscillator is quite similar and is shown in
fig. 2. Note that the rf ground has been
moved to its customary position by by-
passing the source (collector), leaving the
drain (emitter) at an rf potential above

*SGC, Inc., Frequency Control Division, 13737
SE 26th Street, Bellevue, Washington 98005.



ground. Thus, one end of all crystalsina
bandswitching circuit can be grounded.
The fet Colpitts circuit is also very useful
because the temperature characteristics
are excellent. The fet causes virtually no
drift with temperature.

Fig. 3 shows a practical application for
the fet Colpitts oscillator. The values have
been optimized for the 10-to-20-MHz
range. Note that this circuit also incorpor-
ates a leveling diode, CR1, that rectifies
the rf voltage across the crystal. Thus, the
more active the crystal, the more negative
bias which is produced. This, in turn,
reduces the gain of the oscillator. Thus
high and low activity crystals tend to
produce the same output voltage at the
drain of the fet.

Unfortunately, the fet Colpitts is not a
particularly active circuit and seems to
require lower resistance crystals than its
transistor counterpart. Crystals with an
ESR above 20 ohms appear to be quite

1

fig. 1. Basic Colpitts oscillator using an npn
transistor.

sluggish. In this instance, the ESR re-
ferred to is measured at parallel resonance.
This is the mode the crystals oscillate on
in this circuit.

The sluggishness of the fet circuit is
due primarily to the shunt loading placed
across the crystal by the netting capaci-
tor, C1, and the diode, CR1. If a variable-
capacitance diode is used in the circuit (in
addition to the netting capacitor), crys-
tals with ESRs of less than 16 ohms are
required for reliable starting.

Goral oscillator

Obviously, it is possible to make the
basic fet Colpitts oscillator more active by
operating it at higher drive levels, However,

for best stability, the crystal drive level
should be kept as low as possible, consis-
tent with reliable starting. |f the oscillator
loop gain can be increased without
increasing crystal current or substantially
increasing drive level, the performance of

fig. 2. Basic Colpitts oscillator circuit using
an fet.

the basic Colpitts fet oscillator can be
noticeably improved.

This is what is done in the Goral
oscifiator circuit shown in fig. 4. While
only a few components are added to the
basic circuit of fig. 3, and the circuit
changes are subtle, the difference in
performance is extraordinary. Again, the
component values are optimized for 10 to
20 MHz. in this circuit transistor Q2 acts
as an emitter follower to provide power
gain for the feedback energy without
changing the phase angle of the signal.
The increased feedback permits increased
values of C2 and C3 from those shown in
fig. 3. This further increases the tempera-

e

7O BUFFER
ot

fig. 3. Practical Colpitts oscillator using an fet.
Component values have been optimized for the
10- to 20-MHz frequency range.
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ture stability of the circuit. Transistor Q3
is a simple buffer to prevent oscillator
loading.

Don’t be concerned by the strange
numbers associated with the transistors.
Device Q1 is a Motorola jfet and was
selected because of its low cost ($.38
each). Practically any junction-type field-

MOTOROLA
MV -2209

+0-10v0C

fig. 5. A varicap may be used in the Goral
oscillator, as shown here, to vary the output
frequency from a variable dc source.

effect transistor will work in the circuit
without affecting performance. The
MPS-5172 may also be an unusual num-
ber. Again, it is the lowest cost Motorola
rf small-signal device in their line ($.21
each). There are HEP equivalents, but,
frankly, they are more expensive because

T

fig. 6. Using the Goral oscillator as a highly
stable vfo. The L/C values are chosen for the
desired output frequency.

of the packaging. Again, transistors Q2
and Q3 are totally non-critical and virtu-
ally any general purpose npn rf type
should work equally well. The agc diode,
CR1, isa TN914 or 1N4148.

Fig. 5 shows a simple variation to the
basic Goral oscillator which incorporates
a variable-capacitance diode. This allows
the frequency to be varied with an exter-
nal dc source (such as a clarifier on
fixed-frequency ssb equipment) or modu-
lated for fm applications.

Although the circuit of fig. 6 is un-
tested, it should make an outstanding vfo.
Any temperature instability and drift
which occurs in this circuit is the result of
the tank circuit and not the devices or
components.

A printed-circuit board for a simple
crystal test oscillator is shown in fig. 7.
Note the only variation from fig. 4 is the

ot
2. T
MPF 112

9V
a el

e

(4
MPS5i72

Q3

33uH

fig. 4. The Goral crystal oscil- 470
fator circuit. Emitter follower
Q2 provides power gain for
the feedback energy, providing

MPS5172

BUFFERED
OUTPUT

high crystal activity without affecting the crystal drive level. Transistor Q3
is the output buffer. Diode CR1 isa 1N914 or 1N4148.
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fig. 7. Printed-circuit component layout for a simple crystal test set using the Goral oscillator. This
same circuit board may be used for the circuit shown in fig. 4 (see text). Full-size PC board is shown

in fig. 8.

GORAL OSC.

x—SGC‘ INC.

FREQUENCY CONTROL |

DIVISION

fig. 8. Full-size printed circuit board for a simple crystal tester,

value of the gate resistor for Q1. Here it is
reduced to 100k to permit reading the
gate current (and, therefore, crystal activ-

ity) on th

e meter.

| wish to thank Pierre Goral, who
developed the circuit, for his assistance in

preparing this article.
ham radio
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simple

tunable receiver

modification
for vhf fm

Simple vfo adds
all-channel
receiving capability
to two-meter fm

transceivers
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Paul Franson, WB6VKY, 577 36th Street, Manhattan Beach, California 90266 SR

Vhf fm transceivers have become very
popular for local communication, taking
much pressure off the high-frequency
bands, but the typical fm transceiver,
with its limited number of channels, lacks
the versatility that many hams desire. In
Southern California, for example, every
two-meter channel is occupied — some
many times over — and trying to provide
operating capability on each can be very
expensive, whether the approach taken is
multiple crystals or a frequency synthe-
sizer. Yet most hams would like to
operate, or at least have the capability to
operate, on many channels. After
operating for a while, mostly mobile, on a
few channels that were already installed
in the used rig | bought, | came to the
conclusion that what | really needed was
tunable receiving capability, not vast
numbers of full channels. A tunable
receiver permits me to listen in on other
channels, perhaps finding one I'd like to
try, or quickly eliminating others because
of the geographical coverage, use of the
repeater, or even the people on the
channel. It’'s obvious, | believe, that some
repeaters welcome new blood, whereas
others are occupied by users who prefer
to talk to the same people, just as is true
in any social organization.



A tunable receiver also permits tuning
the input of repeaters when malicious or
accidental interference disrupts the fre-
quency, making a little transmitter hunt-
ing desirable.

| developed the simple variable-
frequency oscillator shown in fig. 1 to
give me the tunable receiving capability
needed for the relevant upper two mega-
hertz of the two-meter band. It replaces
the first crystal oscillator in an fm trans-
ceiver, and tunes over the required range,
generally one-third of the first injection
frequency; i.e., it operates at approxi-

follower output stage buffers the oscilla-
tor, and the supply voltage is regulated by
a zener diode. Stability is certainly ade-
quate for the wusual fm receiver, but |
haven't checked it on one with a very
narrow bandpass.

None of the parts in the vfo seem
exotic, and it should be possible for any
active building ham to put it together in a
few hours out of parts in his collection.

The oscillator uses an inexpensive
plastic field-effect transistor in a Colpitts
circuit. The transistor is a member of the
popular and large Motorola family whose

390
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|

l l ]
25 /,77[\20 20

mv220!
(6.8 pF)
5k 47k
< N—

Tt
S

>
;
3 15k U
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.05 001 8-10v 001
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IN5240
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/J;: 5k
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o

FET

BOTTOM VIEW
fig. 1. Schematic diagram of the receiving vfo for two-meter vhf-fm equipment. Fets Qt and Q2 are
MPF102 types (2N5668, 2N5669 are better). L1 is 4 turns no. 16, 12" (13 mm) in diameter.

mately 45 MHz for popular fm trans-
ceivers, a frequency that can easily be
changed if needed.

The vfo can either be built into an
existing transmitter, or into an add-on
enclosure. The circuit itself is very small,
and the potentiometer used to tune it can
be placed remotely.

circuit description

The vfo uses a field-effect-transistor
oscillator tuned by a tuning diode {vari-
ously known as a Varicap, varactor or
variable-capacitance diode). A source-

Grandfather is the MPF102, but [ recom-
mend that you use one of the better
specified versions rather than the
MPF102, which has a very wide lpgg
range. | used the MPF102, but ended up
having to try different values of source
resistance to get satisfactory results.

The oscillator tank coil is a simple
four-turn coil of heavy silver-plated wire.
The silver is obviously not needed, but |
found it easier to unwind a short piece of
World War 1} vintage tank-transmitter coil
than find tinned number-16 copper wire.
A toroidal coil would also be suitable,
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perhaps even necessary, for lower-
frequency versions if you want to keep
the vfo small.

The circuit is tuned by an inexpensive
Motorola tuning diode in a plastic TO-92,
D-shaped case like that used for the fet
oscillator. The particular diode used, the
MV2201, has a nominal capacitance of
6.8 picofarads, but any similar diode —
even an expensive military type — is
suitable. | used Motorola parts because
they are widely available; the HEP ver-
sions are quite suitable with the sole
warning that their HEP802 fet appears to
be like the MPF102, so the same warning
about the source resistor applies. 1§ it
doesn’t work, try another value of resis-
tance.

The varactor tuning makes it simple to
tune the unit remotely, and to pick
restricted ranges, but a small trimmer
capacitor could also be used. In this case,
construction is more complicated and
critical.

With a variable resistor for tuning,
however, you can take a number of
approaches. A simple 270° potentiometer
will cover the band in one swing, but
makes tuning a little tricky. One is easy
to add to the front pane!l of a transceiver,
however, and if the tuning range is
restricted to part of the band, this should
work. Use a composition pot, not a
wirewound one, which tends to give
step-wise tuning, and the steps aren’t
likely to be the ones you want.

For best control and calibration, |
recommend a ten-turn potentiometer and
appropriate digital dial. With a 2000-kHz
range, and close to 1000 divisions, repeat-
ability and calibration is excellent. It
won’'t be linear calibration, of course,
though if you're a masochist, you could
probably come close with proper selec-
tion of component values and padding. A
wire-wound pot is fine for this use since
the steps are much smaller.

It’s also possible to use a switch and
multiple resistive trimming pots for
selecting specific channels. | still recom-
mend that you have provision for variable
tuning, however.
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You might notice the two diodes at
the ground end of the potentiometer.
These forward-biased silicon diodes raise
the cold end of the pot about 1.4 volts
above ground, ensuring that the varactor
is reverse biased at any setting of the pot.
They also help select the proper band-
spread (with the 1500-ohm resistor and
5000-ohm pot), and provide some tem-

45 MHz
TANK 50 MHz

/-D‘ :: RF CHOKE
e i

2
/ji/.5k l 001

fig. 2. Suggested tuned circuits for obtaining
higher output drive from the buffer stage.

perature compensation for the varac-
tor, at least in theory. | don’t have the
facilities for checking the latter, and am
not ambitious or curious enough to find
them.

I highly recommend that you use
quality mica capacitors in the frequency-
determining tank circuit ({and that
includes all small value capacitors in the
circuit except the 15-pF output
capacitor). An unstable ceramic capacitor
can be very frustrating, particularly if you
use the unit in an unheated garage or
automobile (admittedly not as big a
problem in coastal Southern California as
it is in Wisconsin or New Hampshire). The
small rf choke, by the way, is not critical
in value. The circuit works without it, but
exhibits considerable amplitude variation
across the tuning range.

The buffer output stage is straight-
forward, and uses the same type of
transistor as the oscillator. The source
follower configuration provides adequate
drive for popular transistor rigs; if drive is
inadequate, it might be necessary to



convert this stage to a tuned-drain ver-
sion, as shown in fig. 2 (} haven't tried
this, though). Even a broadly tuned rf
choke might be adequate, but don‘t
bother unless you try. Most quality rigs
designed for fm don’t require much drive;
it would make the crystals drift. A
converted military receiver might be
another matter.

The vfo operates from about 12 volts,
with a 9- or 10-volt zener diode regulating
the voltage to the transistors and tuning
diode. Little current is required, but if
you operate from small batteries, you can
dispense with the zener and operate
directly from 9 volits or so. The short-
term variations should be small enough
for the intended use. That's not truein a
car, however. The supply voltage there
often varies from 11.5 to 14.5 volts.

construction

The easiest way to make the vfo is
probably to use a small peice of perfor-
ated Vector board. An etched circuit
board is prettier, but a lot of trouble if
you're just making one. Do mount every-
thing solidly, as in any vfo. | found fairly
extensive filtering and shielding neces-
sary, but this might not be critical out in
the provinces. Before | shielded the unit,
it received amateurs, Adam 12, aircraft
and Alice Cooper, simultaneously. A
shielded cable is vital for both remote
control and output leads, also.

installation
The electrical installation is relatively
straightforward; I'll leave the mechanical

engineering to you. Simply unplug one
crystal, and connect the output of the vfo
to the hot end. In the Tempo FMP | use,
the high end of the crystal is switched,
and the low end is grounded through a
small trimmer capacitor. Make sure that
you connect the vfo and cable ground
directly to the transceiver ground, not
through this trimmer. Use the shortest
Jead possible, and a direct ground.

| recommend Teflon-insuiated minia-
ture cable, not RG-174/U with its soft
plastic insulation. Most of the fm rigs are

tiny, and burning plastic insulation looks
and smells horrible. By the way, the
battery compartment of my Tempo FMP
has space for the vfo.

One warning: It is possible for the
crystal oscillator in the rig to take off
when you attach the input lead to it, but
this can be prevented by instaliing a small
rf choke in the lead from the vfo right at
the crystal socket. A couple of small
ferrite beads may do the job. If worst
comes to worst, you might even have to
ground the emitter of the crystal oscilla-
tor transistor through a bypass capacitor
of, say, 470 pF, when using the tunable
vfo. | didn't have any trouble with one
vfo | built, but the other needed the rf
choke.

calibration

| suggest that you make sure the vfo is
working properly before you install it, as
the installation will undoubtably be a
little tedious if you put it in a transceiver.
The easiest way to check operation and
range is with a suitable frequency
counter. You can also use a monitor
receiver, or a signal generator plus the
receiver, but these can be confusing due
to the numerous images possible. You'll
need to touch up the tuning after installa-
tion. If the tuning range isn’t correct, you
can juggle component values. This techni-
que is undoubtably all too familiar to
anyone who reads ham radio and has read
this far.

final note

Just out of curiosity, | replaced the
source-follower output stage with a tuned
tank circuit on two meters (as in fig. 2),
then introduced a small amount of audio
into the varactor from a dynamic micro-
phone. The combination transmitted
good quality fm for a few blocks, but |
can’t really recommend the technique for
general use, not with the sharp receivers
{and tongues) found in most areas. |
don‘t even recommend it as a crystal
replacement for transmitters for the same
reasons.

ham radio
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mechanical
design of

cubical quad

antennas

Construction notes
for a quad
designed to

withstand the fury

of Canadian winters
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R.C. Golding, VE3II, 69 Gordon Road, Willowdale, Ontario, Canada

After using a Yagi antenna for ten years
with excellent results, the time came
when it had to be replaced. | decided this
was a good time to test the relative merits
of the quad antenna. The following piece
presents the results of four years of work
dealing with construction problems of a
cubical quad in a Canadian climate.
Emphasis is placed on mechanical details
such as clips and fasteners, joint inter-
faces, protection of wire elements and
spreader design. On-the-air results are also
reported, which are based on gqualitative
observations.

Eiectrically, the design is the same as
that described by Lee Bergren in the May,
1963, issue of QST.1 The only claim |
have to this design is the mechanical
features described here.

project objectives

The quad has a bad reputation in
Canada because of mechanical problems
that occur during the severe winters. My
first two models failed during successive
winters; the third model survived three
Toronto winters with no maintenance, It
was designed with the following objectives:

1. Stronger joints between crossarms and
boom.

2. Better clamps between spreaders and
wire elements.



3. A means to avoid element breakage.

4. A better joint between spreaders and
crossarms.

description

The boom is made of 3-inch (7.6-cm)
aluminum irrigation pipe instead of the
4-inch (10.2-cm) diameter pipe used in
Bergren’s design and proved to be quite
satisfactory. It is lighter in weight and
crossarm-to-boom joints remained tight
by minimizing sway in the spreaders,
which could elongate the holes in the
boom. In a commercially-built quad, the
holes through the boom have additional
bearing surfaces provided by sleeves
shrunk onto the boom. This is difficult
for the amateur to achieve, so it was
necessary to make a tight fit with the
materials available. If you have the means
to shrink sleeves onto the boom at these
points, the advantage is obvious. Alumi-
num irrigation pipe is not always perfect-
ly circular, and this in itself presents a
difficulty when making sleeves or spider
clamps.

drilling the boom

As explained in the article by Bergren,
holes are drilled at 90 degrees through the

1/8 IN, (3 MM} 3/8 IN,
1.D. COPPER (10 MMm)
TUBING DIA CLAMP

3 IN. (76 MM) RADIUS

\\\\/ \kas
ELEMENT
fig. 1. Details of

the clamp and support for antenna elements.

boom 1/8 inch {3 mm) apart. These holes
are to accommodate the square aluminum
plate used as a support. Certain precau-
tions must be observed, however, in
drilling the holes to make them accom-
modate a push fit for the 1%-inch
(32-mm) ID aluminum tubes used for
crossarms, each of which is 4 feet (1.2
meters) long.

To avoid some of the weaker points in
antenna construction much care must be
used in marking the boom for drilling.
Nothing but utmost pains is good enough.
Circumscribe on the outside of the metal
boom a circle that exactly defines the
outside contour of the tube hole. If you
are using 1%-inch (32-mm) ID tubing, the
circles will be 1.376 inches (35.0 mm)
diameter {for a wall thickness of 0.063
inch, or 1.5 mm). A tube with a thicker
wall will need holes slightly farther apart.

When correctly marked, the holes will
be drilled to a diameter of 1% inches (32
mm). When using a large drill through a
thin-wall tube, the inside of the holes will
be rough and uneven. It is essential that
the holes make a perfectly smooth fit for
the tubing forming the antenna cross arms.

The hole now lies about 1/32 inch (1
mm) inside the circumscribed circle. A
steel plug 1.413 inches (36 mm) in
diameter is now prepared. File the rough-
drilled hole carefully until it is perfectly
circular, so that the steel plug fits the
hole exactly.

measurement notes

You'll notice that dimensions for holes
and parts are given quite exactly, and this
is important., If the antenna is to with-
stand the weather, care in making
measurements is imperative. Much care
and patience at this point will pay off in a
maintenance-free installation. It's surpris-
ing how exactly the fitting process can be
done, especially if a jig or template is
available.

The remaining 1/32 inch (1 mm) of
the crossarm hole is now filed out, using
the circumscribed circle on the metal and
a piece of the crossarm tube as templates,
A really tight fit is the objective here — a
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joint that will not work loose. The
corresponding hole on the other side of
the boom is similarly marked and drilled
{don‘t try to drill straight through the
boom). By careful measurement, the
holes will be so closely opposed to each
other that the spreader tips, when assem-
bled, will not be more than 1 inch (25
mm) out of alignment.

2.5
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2\ \H -7
@ > 5,\ e
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3.8 13.9 14.0 14.1 14.2 14.3 14.4
FREQUENCY (MHz}

Curve 1 Driven element only, 15 feet (4.6 m)
Curve 2 1st director added, 15 feet (4.6 m)
Curve 3 2nd director added, 15 feet (4.6 m)
Curve 4 Boom lifted to 30 feet (9.1 m)
Curve 5 Reflector added, 75 feet (22.9 m)
fig. 2. Standing wave ratio readings taken

during assembly of the array. Bridge was
located at the junction of the coaxial trans-
mission line and the efement except for curve 5,
when the bridge was between the coaxial
transmission line and the transmitter. Dimen-
sions refer to boom heights above ground.

machining the boom

The only part of the work that re-
quired commercial help was turning a
24-inch (61-cm) length of aluminum tub-
ing to join two 15-foot (4.6-meter)
lengths of aluminum irrigation pipe used
for the boom. The pipe arrived in two
20-foot (6.1-meter) lengths. However, the
boom went together so easily, and was
erected so simply, that if | did the job
again, I’d have no hesitation at all in using
a 40-foot {12.2-meter) boom.

If, as in my case, the pipe is not
absolutely circular, carefully measure the
maximum and minimum diameters,
average them, and subtract 0.003 inch
{0.1 mm) for clearance. Grease the pipe
well (a good silicone grease is best), and
hammer the two boom lengths onto the
junction piece using a block of wood and

46 [ october 1974

a sledge hammer. This completes the
boom except for minor details.

spreaders

Fiberglass tapered tubes are used for
the spreaders, rather than aluminum, be-
cause the fiberglass causes less wind load-
ing. The spreaders are 13 feet (3.96
meters) long, 1% inches (32 mm) in
diameter, tapering to 3/8 inch (10 mm),
This configuration presents a nicely
balanced combination of adequate stiff-
ness with light weight.

At a length of 13 feet (3.96 meters),
the two spreaders in line need no separa-
tion to achieve the desired length, and so
are simply moved down the 1%-inch
(32-mm) diameter crossarms until they
meet at the center. They are fixed in this
position by the bolts that secure each
crossarm to the square plate, since these
bolts pass through the aluminum tube,
fiberglass tube and plate.

The only other adjustment is at the
point where the spreader emerges from
the crossarm. Since the spreader is ta-
pered, some play will exist at this point.
This play is taken up by inserting a
neoprene O-ring just inside the end of the
aluminum crossarm. It needs no holding
in place, but the joint at this point can be
covered by a machined aluminum sleeve,
made to fit the two tubes, and secured by
two self-tapping screws.

The size of the thick end of the
spreader should be checked with the
manufacturer before buying your cross-
arm material. Mine required a little work
with an emery cloth to make a perfect fit.

clips and fasteners

The homemade clip shown in fig. 1
resulted from many experiments. The
clamp is a commercially obtained item.
The tube portion, which carries the wire
element, is made from 1/8-inch {3-mm)
ID copper tubing. The tube radius should
be 3 inches (76 mm). Sections of the
copper tube are cut off so that the ends
point at right angles to each other. The
supporting band, to which the 3/8-inch
(10-mm} diameter clamp attaches, is a



strip of copper cut to length, formed, and
soldered to the copper tube as shown.
The idea is to provide support to the wire
elements through the entire radius of the
bend, presenting no solid point where the
wire could fracture from vibration.

When the wire loops have been fed
through the tubing clamps, cut to length,
and secured, the wire will be prevented
from slipping through the clamps by
solder dropped onto the wire just clear of
the clamp ends. One or two turns of
number-22 AWG (0.6-mm) wire at the
desired point will assist in making a good
solder joint. Note that cold solder jobs in
this area are a definite “no-no”" if your
antenna is to withstand the elements.

Be certain the wire elements move
freely within the copper tubing. Any
sharp bends in the wire will defeat the
entire idea of this project; remember, care
in construction will pay off in
maintenance-free operation.

rotator

The usual pressure-grip clamp arrange-
ments used on the antenna rotator shaft
(2 inches, or 51 mm) diameter are inade-
quate for an antenna of this size. If a
HAM-M rotator is used, the %-inch
(6-mm) bolt that screws into the rotating
shaft at top and bottom of the motor
should be removed. This bolt should be
replaced with a 3/8-inch (10-mm) high-
tensile-strength bolt to avoid shearing
under the stress involved.

performance

The curves in fig. 2 show the standing
wave ratio of the antenna during assem-
bly. Curve 5 shows swr with the complete
array elevated to 75 feet (22.9 meters).
Antenna bandwidth is 200 kHz with an
swr of less than 2:1, which is to be
expected. Qualitative tests indicated a
front-to-back ratio of 28 dB. Not bad for
a home-built antenna.

reference

1. Lee Bergren, WQAIW, “"The Multielement
Quad,” QST, May, 1963, page 11.
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NURMI ELECTRONIC SUPPLY
Dvpvattinent 11
1727 Donna Rgad e« West Palm Beach. Flarida 33401
PHONE — (305) 686-8553

M ALL RY PTC 205

EQUIVALENT TO
HEP 170

"THE DO EVERYTHING” 2% AMP, 1000 VOLT DIODE

1032 50 100520 00

REGA w0r3s

THE MOST POPULAR DUAL GATE PROTECTED MOS FET
around. Good to over 400 MHZ. We got'm and you get'm for
only BACK IN STOCK 5/$6.00

RG -174/U

WE WENT THROUGH 20 MILES OF IT LAST TIME!
We are authorzed Belden Distributors and new shipments have
come m from the factory. Spht 4 500" spoal with a friend and
save 59565
BELDEN NO. 8216 100°°$6 10 500522 45

RF POWER TRANSISTORS

We did it again - All brand new with standard ™
markings and most were manufactured this ynar

A
A major manufacturer dropped tis BF power ling ,J\

&t we bought his inventory

2NSS89 3Wans Ot $ 350 2ZN6080 4 Watts Ot 500
2NGHN0 10 Watts, Out 6.00 2N6082 25 Watts Out 1000
2NBH9N 25 Watls O 12 00 2N60R4A 40 Wants Out 1500

Al are Silicon NPN and power output tatings are good 1o
176 MHZ Hurry! Some quantities are liomted

MINIATURE TOGGLE SWITCHES:
6 AMP. 125 VAC

SPOT $1.46
DPDT $180
DPDT Center Off $2.14

DIPPED SILVER MICA CAPACITORS
MIL SPEC: CMO5, CMOS, * 5%

18pt 50pf 15051 380pf

20 51 160 430

22 56 180 470

24 68 200 500

27 75 20 510

30 82 240 560

33 N 250 620

36 100 270 680

39 110 300 820

a3 120 330 90

47 130 360 1000

It 100t 15010

ORDER IN MULTIPLES 110pf 360nt 1.80 10

QOF 10 PER VALUE 390pf 620pt 250 10
680pt 1000pt 2.80 10

RF RELAY

Designed 1o handle 200 watts t 460
MHz. 12 VDC col, DPDT. The nicest
RF relay we have vver had Only about
1137 cube. Super low VSWR  Satis

factian qedranteed

Oniy $4.96 or 4 $1700

ARCO/EL MENCO TRIMMERS

421 s 55 428 5126
55 126
84 37
80 32
85 52
101 B4
420 7 112

—————————— WE GUARANTEE WHAT WE SECL"") ————
We ship UPS whenever possible Give steeet address include enaugh for
postage  excess retunded 0 cash Flonda residents include 4% Tax
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sARoc—-_I—JANUARY 2-3,1979

Tenth National Convention
Hotel Sahara Space Center, Las Vegas, NV

DEL WEBB’'S HOTEL

SAUARA

LAS VEGAS, NEVADA

J

Advance Registration, $11.00 per person, includes:
. Advance Registration ticket.
. Regular Registration ticket.
. Admission ticket to Social Hour, hosted by T. P. L. Communications and
TRI-EX Tower Corp. with SAROC on Friday.
. Admission to Exhibit Area and Technical Sessions.
. Ladies will receive an additional ticket.

. Admission ticket to Social Hour, hosted by Ham Radio Magazine with
SAROC on Saturday.

. Hotel Sahara Safari Brunch ticket for Sunday.
. Tax and Gratuity on all items listed.

Advance Registration, with midnight show, $21.00 per person:

Includes all items 1 thru 8, plus Hotel Sahara's midnight show with two
drinks in the Congo Room starring Totie Fields.

Advance Registration, with dinner show, $27.42 per person:

All items 1 thru 8, plus Hotel Sahara’s Dinner Show, no drinks, in the
Congo Room starring Totie Fields.

Mail your SAROC Advance Registration check now to SAROC, P. O. Box 945,
Boulder City, Nevada 89005, must be received before 15 December 1974.

Full refund on advance registration if written request is received in SAROC,
P. O. Box 945, Boulder City, Nevada before 2 January 1975.

Special airfares via United Airlines round trip to Las Vegas, Nevada from selected
cities, includes three nights accommodations, SAROC Advance Registration,
Dinner Show, Tax and Gratuity. Request complete details from SAROC, P. O.
Box 945, Boulder City, Nevada 89005.

Call toll free 800-634-6666 for Del Webb's Hotel Sahara accommodations, for
SAROC special room rate of $15.00 per night, plus room tax, single or double
occupancy, effective January 2-6, 1975.
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Explore

the world of RTTY...

with sophisticated equipment from HAL.

The RVD-1002. The silent, reliable

RTTY video display unit from HAL.

The revolutionary HAL RVD-1002 RTTY video display
unit "prints" an RTTY signal from any TU at the four
standard data rates (60, 66, 75 and 100 WPM), using
a TV receiver with slight modification. Or it will directly
feed a TV monitor. Power consumption is low, thanks
lo the RVD-1002's solid-state construction. So turn on
to silent, trouble-free RTTY — with the RVD-1002.

Price: $575 ppd, USA. Air shipment $10.

The silent RTTY keyboard —

that's the HAL RKB-1.

The RKB-1 TTY keyboard is loaded with features to
make sending RTTY easy and fun. You get automatic
letter/number shift at all four speeds, typewriter
keyboard layout, and no clatter! The loop keying
transistor is isolated from other keyboard circuits —
wire it into any convenient point in your loop. Plus
TTL logic, glass epoxy PC board, commercial grade
keyswitches and more.

Price: $250 Assembled, ppd USA. Air shipment $5.

/7"

RTTY— and CW on one keyboard!
The HAL DKB-2010.

All solid-state. Transmit al data rates of 60, 66, 75 or
100 WPM at the flick of a switch. Complete alpha-
numeric keys, 15punctuation marks, 3 carriage control
keys, 2 shift keys, break key, 2 character function
keys, a "DE-call sign" key, even a "Quick brown
fox..." test key.

The DKB-2010 is equally versatile in the CW mode,
with complete alphanumeric and punctuation keys,
speeds from 8-60 WPM, and a ""DE-call sign" key.
The DKB-2010 includes a three-character butfer oper-
ational in either the RTTY or CW mode. Optional
64 or 128 key buffer also available
Price: $425 Assembled, $325 Kit, ppd USA.

64 key buffer $100, 128 key buffer $150.
Air shipment $10.

Commercial quality on an amateur’s
budget — the HAL ST-6 TU

Every amateur who knows his RTTY respects the ST-6
terminal as being the best. Autostart operation, an
antispace feature and switch selection of B50 and
170 Hz shifts are standard. Circuitry is state-of-the-art,
including DIP IC’s on plug-in PC cards. Filters and
discriminators are designed for standard RTTY tones.
A 425 Hz shift discriminator is an option which allow;
superior reception when copying commercial press
transmissions. Another option is the AK-1 audio fre-
quency shift keyer for input to an SSB transmitter.

The ST-6 and ils oplions are available in assembled
or kil form. Cabinet not included in kit.

Price: ST-6 $310 Assembled, $147.50 Kit, ppd USA.
425 Hz Discriminator $40 Assembled, $29 Kit, ppd
USA. AK-1 AFSK $40 Assembled, $29 Kit, ppd USA.
Air shipment: Assembled ST-6 with any or all options
$10, ST-6 Kit $4, 425 Hz Kit $1, AK-1 Kit $1

mﬂ HAL Communications Corp Enclosed is $ for: [] RVD-1002 RKB-1 DKB-2010 [1 ST-6
Box 365, Urbana, lllinois 61801 Please specif Assembled [] Options
; ‘ iy bl pecity ssembled Kit Options
Telephone: (217) 359-7373 Please send me more information on the following HAL products
] RVD-1002 [J RKB-1 [ DKB-2010 ST-6
[] Complete HAL catalog
Name — Address o Call Sign

City/State/Zip

Ilinois residents add 5% sales tax.

More Details? CHECK—OFF Page 94
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Using the versatile
NE555 timer IC

as a ten-minute

ID timer
or repeater

time-out timer

Recently, when a friend expressed a need
for a timer with automatic reset or
triggering capability, the NE555V inte-
grated circuit came to mind. The
NEB5E5V is a versatile, inexpensive IC
designed especially for timer and oscilla-
tor use. External components determine
the time delay or oscillator frequency and
duty cycle. The output is capable of
sourcing or sinking 200 mA, adequate for
most small relays. Other basic timer

TAlthough a relay coil is shown as the load, the
NES55V may be able to operate some loads
directly. The 200-mA load current is for a
supply voltage of 15 volts, however, and load
current will be less for lower supply voltages.

6 Ki
NORMALLY
OFF

1
24 ! &4 vormaLy
. . ON
Tc( :"1._1

i )
&

fig. 1. Basic timer circuit uses NE555 {C. Time
detay is set by RC product of R1 and C1.
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Harvey Vordenbaum, WSZHV, 5446 South Shady Creek, Houston, Texas 77017

automatic reset timer

circuits have been described pre-
viously,1,2 but all require triggering by a
manually-operated switch or by relay

contacts.
Fig. 1 shows the basic timser cireuit. As

shown, the relay ot other load Is normally
off. For normally on operation connect
the relay or other load betweer pin 3 and
ground. The delay time constant is set by
the simple RC product of R1 and C1.
Pins 2 and 4 are grounded momentarily
through switch S1, providing start or
manual reset of the timer. Pin 2 is the
trigger input; when it is grounded momen-
tarily the timing interval is started. Once
started it cannot be retriggered. Pin 4 is
the reset input; when it is grounded

+Vee

(> <
R RS 273 ZR2 R
S
8 4.8
6 (412
ur \ v2
3] .00t 48] 3
NESS5 NES55

7, b7

T T

COMMON

fig. 2. Two or more timar I€s may be cascaded
when sequential timing is required.*

momentarily the timing interval is ended
{the output goes low). With pins 2 and 4
connected together both functions are
obtained with one push of the switch.
When the reset function is not wanted pin
4 should be connected to pin 8, V..

The NEGS55V [C can also be triggered
by a negative-going pulse applied to pin 2.
Thus, two or more timers can be cascaded
for sequential timing as shown in fig. 2.

*For those circuits requiring two NES55V
timer ICs, you might consider using the new
dual-timer I1C, the NES56, which contains two
NEBS5s in one package. Editor



When pin 3 goes low at the end of a
timing interval, a negative pulse is gener-
ated by the .001-uF capacitor and 27k
resistor. This pulse triggers the start of
the second timer IC. If a similar pulse
circuit is connected to the second timer,
and its output is connected to the trigger
input of the first timer, the second timer
automatically triggers the first timer as
shown in fig. 3.

The second timer can be set to deter-
mine the on time of the first timer. When

cause the first timer cannot be reset or
triggered by the trigger pulse from the
second timer while the first timer is in its
timing interval.

For time delays of more than a few
minutes a good quality tantalum capaci-
tor such as a Sprague 150D should be
used. For example, a ten-minute time
delay requires a 100-uF capacitor and a
6-megohm resistor. Two possible applica-
tions for this circuit are station ID timers
and repeater time-out timers.

<
8
w

001 2 NESSS 001

~c2

|— START/RESET

COMMON O—— \d —&

fig. 3. In this circuit the second timer, U2, automatically triggers the first, U1.

the timing interval of the second NES55V
is completed a negative pulse is generated
from the second .001 uF capacitor and
27k resistor. This pulse triggers the first
timer which turns off the relay. Thus, the
first timer determines the delay time
interval and the second timer determines
the on time of the relay.

At the end of the on time the first
timer is automatically triggered and starts
another timing interval. If the start/reset
switch is closed momentarily, both timers
are triggered. This does not matter be-

Ve O f

2

$Fa

4.8 i
4
SRy NES555 3
< 6
2 !
1

gl
COMMON O— &

fig. 4. The NE555 may aiso be connected as
an astable multivibrator but this circuit has
several disadvantages when used as a timer
{see text).

You might also consider using the
astable multivibrator circuit (fig. 4). The
charge and discharge times of the capaci-
tor, C, are determined as follows: Dis-
charge time {when the output, pin 3, is
low) = t2 = 0.685(R,)C. The charge time
(when the output is high) = t1 = 0.685
{R;+R,)C. This circuit has two main
disadvantages for longer time delays. For
one thing, the first timing interval is
longer than subsequent ones. This is due
to the fact that the capacitor’s charge
starts from zero for the first time interval
but thereafter operates between 1/3 and
2/3 of V¢c. The second disadvantage is
that there is no manual reset capability.
Even if the reset pin is connected to
ground through a switch the capacitor
will not be completely discharged, due to
the time constant of R, and C.

references

1. D. Blakeslee, WIKLK, “Time — (C Con-
trolled,” QST, June, 1972, page 36.

2. E. Mooring, W3CIX, "Simple Timer,"” ham
radio, March, 1973, page 58.
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402BA
PX-DEMON!

2 element 40 meter
beam
antennas

Shed unwanted QRM and Foreign Broadcast signals with a 25 db
front-to-back. Work stations you never knew existed. Let the Hy-Gain
402BA help you make 5 Band DXCC and 5 Band WAS. Designed with
only one objective...optimum performance in a small package, the
402BA offers mechanical and electrical superiority at an affordable
price. A unique linear loading stub delivers maximum performance
without the loss of center loading coils. Can be easily stacked with tri-
band or 20 meter beams and requires only 10’ separation. The
exclusive Hy-Gain Beta Match gives positive DC ground to drain away
precipitation static. For best results, use with Hy-Gain BN-86 Balun.
* 4.9 db forward gain.
= 12-25 db Front/Back ratio.
« SWR 1.5:1 or less at resonance.
+ Takes maximum power,

1 KW AM, 2 KW PEP.
« Boom length 16, longest element 43".
» Only 6.5 sq. ft. surface area.
* Weighs just 47 Ibs.
* Turns in only 24’ radius.
» DC grounded, driven element.
» Wind survival —80 mph.

Order No. 397
For prices and information, contact your local oy a'"

Hy-Gain distributor or write Hy-Gain.

Hy-Gain Electronics Corporation, 8601 Nartheast Highway Six; Lincoln, NE 68507, 402/464-9151, Telex 48-6424
Branch Office and Warehouse; 6100 Sepulveda Bivd., #322; Van Nuys, CA 91401, 213/785-4532; Telex 65-1359
Distributed in Canada by Lectron Radio Sales, Ltd.; 211 Hunter Street West, Peterborough, Ontario

Actual radiation pattern
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enhancing

cw reception

through a
simulated-stereo
technique

A simple method
for improving
copyability

of CW

signals

f sharp audio filter is a great help in
zopying CW signals through noise and
interference. A filter passband of 100 Hz
will accommodate the keying bandwidth
at 20 wpm and tolerate some short-term
Hirift of transmitter and receiver.! How-
2ver, such a narrow filter makes scanning
of the band slow and difficult, and with

Max Blumer, WATMKP, Box 446, Woods Hole, Massachusetts 02543

high skirt selectivity the character of the
received signal and its attack and decay
may become distorted from ringing.

threshold gating

Higher noise reduction than possible
from a tuned filter can be accomplished
through threshold-gating, a technique in
which the received and filtered CW signal
is used to key a relay2 or an electronic
switch.3 In turn, the relay or switch feeds
the received and filtered signal or a
sidetone oscillator to the headphones or
speaker. Threshold-gating achieves its
selectivity through the switching process.
No signal is heard off frequency or
between the dots and dashes. However,
the original signal is highly distorted,
especially in its attack and decay, or is
completely replaced by a sidetone. As a
result, feel for band conditions and for
the quality and ‘‘signature’’ of the signal
are lost, and any reply slightly off the
filter frequency will not be heard at all.

This discussion suggests that you can-
not, at the same time, use high filter
selectivity and retain an essentially un-
altered CW signal and full feel for the
signal and the band. Therefore, sharp
filters seem to have little value in contests
and net operations, where you want to
respond rapidly, often to signals which
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appear to one side of your receiver center
frequency.

another approach

This is certainly true as long as you
listen to the filtered signal only. However,
if you were to listen simultaneously to
one speaker fed with the processed signal
and another speaker reproducing the
“raw’’ CW signal, you could retain a feel
for the band and would even hear chirp
and clicks that extend beyond the filter

FILTER

L ATTENUATOR

fig. 1. Block diagram showing how a simulated-
stereo signal is derived from unfiltered receiver
audio containing a desired signal plus QRM and
QRN.

LEFT EAR
PHONE

cw
INPUTO_’ SPLITTER

RIGHT EAR
PHONE

passband. Also, if the received signal were
drifting you would not lose it, and you
could hear replies at some distance from
the center frequency of vyour filter.
Obviously, you would also lose some of
the advantage of the filter and QRM and
QRN would have returned to some de-
gree.

To this end, you can be helped by the
ability of the brain to discriminate be-
tween signals which appear at both ears
or only at one. To do this, the incoming
CW signal is divided into two channels as
shown in fig. 1. Half of the signal goes
through a sharp filter to one ear, and the
other half is passed unfiltered to the
other ear. The level or balance control in
the unfiltered side compensates for any
attenuation of the filter. It is set so that a
tone centered in the filter passband is
heard by both ears at the same loudness
level. This tone is then perceived stereo-

*Because this effect may be enhanced or
diminished by the phase relationship of the
audio in the two earpieces, it would be desir-
able to try transposing the leads to one of the
earpieces to see what happens. editor
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phonically and appears centered within
your head.” Any other tone is attenuated
by the filter and will be heard predomi-
nately from the unfiltered channel. Con-
sequently, all signals that are not passed
by the filter appear to come from that
side which is receiving the unfiltered
channel.

results

The effect of this simulated stereo
reception of CW signals is dramatic. Inter-
fering signals and broadband noise appear
to come from a point off to one side of
the head. The desired signal, centered in
the filter passband, appears within or just
in front of the head and assumes a
transparent clarity that is hard to de-
scribe. The signal-to-noise ratio is much
improved. The character of the signal is
preserved and ringing is either absent or
less apparent than in monaural reception
with the same filter. Chirp and clicks are
readily noticed, and even drifting signals
or DX signals with multipath distortion
are readily copied.

The mind seems to concentrate auto-
matically on the desired signal and to be
relatively unaware of and undisturbed by
the signals outside the filter passband.
Yet, that information is present and an
off-frequency reply is heard just as well as
if no filter were in use.

practical considerations

| have used this approach with a
simple passive toroid filter and with a
more complex filter and threshold-gate
combination. Both are effective. The
latter has an advantage on some occa-

88 mH

TOROID 05

— i TO LEFT

AL 1 6—0 EARPHONE
(4 OHM}

!e—omu

FROM 500
RECEIVER OHMS

CENTERTAPPED

49— COMMON
P

TO RIGHT
EARPHONE
(4 OHM}

fig. 2. Circuit of complete simulated-stereo
setup including simple but effective series-tuned
toroidal filter.




sions, but for its simplicity and ease of
adjustment the toroid filter is superior.
The high-impedance audio signal from my
HW101 is matched to the low impedance
of the series-tuned toroid filter by a
transformer, as shown in fig. 2. The
center-tapped secondary provides two
equal signals, one attenuated by the
balance control and then fed to the right
channel of a low-impedance stereo head-
set.

The toroid filter in the other half of
the secondary resonates at 790 Hz and
has a 3-dB bandwidth of 60 Hz; this
frequency was chosen because the appar-
ent stereo separation increases at lower
frequencies. The output of the filter is
fed directly to the left channel of the
headset. The balance control should be
adjusted on a moderately weak CW signal;
a strong, steady tone, such as from a
crystal calibrator, gives a slightly different
balance.

First, peak the signal in the filter by
listening only to the left earphone, then
put on both phones and adjust the
balance control until the signal appears
centered. The range of the balance con-
trol is sufficient to move the signal from
the far right across center to the left.
Little further adjustment is required
under differing band conditions.

The principle can be applied in various
ways. Other input and output impedances
can be accommodated with different
transformers, or a parallel-tuned toroid
filter (approximately 500 ohms) could be
used. Other filters could be substituted,
and instead of earphones a stereo ampli-
fier and speaker combination used to give
a good demonstration of simulated-stereo
CW reception to interested listeners at a
club meeting or hamfest.
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DATA
SIGNAL

the latest in station accessories

AUDIO AUTOMATIC GAIN
CONTROL AMPLIFIER

Is your tone decoder having problems due to in-
put signal variations? If so, eliminate these and
other problems caused by weak, strong or vary-
ing input signals, The AAGC-1 will take signal
levels between 50 mV to 5 Volts and feed a
clean rock stable signal to any decoder for per-
fect operation. Give your decoder a chance to
decode properly with our AAGC-1 amplifier.

Shipping Weight 3 oz. $14.95 kit
$19.95 wired

DELUXE RECEIVER PREAMPS

Specially made for both OLD and NEW receivers.
The smallest and most powerful single and dual
stage preamps available. Bring in the weakest
signals with a Data Preamp. Now with im-
proved FET's for greater performance.

FBAND STAGES| GAIN |} NOISE | KIT | WIRED
FIGURE| PRICE | PRICE

10 meter | Single | 25 dB | 2 dB | $15.50 | $18.50
6 meter | Single | 25 dB | 2 dB | $15.50| $18.50
2 meter | Single | 20 dB [2.5 dB| $15.50| $18.50
2 meter | Double | 40 dB [2.5 dB| $30.50 | $36.50
220 MHz | Single ) 17 dB 2.5 dB| $15.50| $18.50
220 MHz | Double | 35 dB |2.5 dB | $30.50 | $36.50

CRICKET 1 ELECTRONIC KEYER

A popularly-priced IC keyer with more features
for your dollar. Cricket | is small in size and
designed for the beginner as well as the most
advanced operator. It provides fatigue-free send-
ing and its clean, crisp CW allows for easy
copying at all speeds. Turned on its side, the
Cricket can be used as a straight key for man-
ual keying. Right or left hand operation. AC/DC.

Shipping Weight 3 Ibs. $49.95

OTHER EXCITING PRODUCTS INCLUDE
TOUCHTONE TO ROTARY CONVERTER
TOUCHTONE TO TOUCHTONE CONVERTER
TOUCHTONE PADS
AUTOMATIC DIALER
ANTI-FALSING TOUCHTONE DECODER
AGC AMPLIFIER

Write today for complete details

Data Signal, Inc.

Successor to Data Engineering, Inc.

2212 Palmyra Road
Albany, Ga. 31701

912-435-1764
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circuits and
techniques
ed noll, W3FQJ

storage-battery
QRP power

In a self-sufficient QRP station the
storage battery is king. Although battery
power need not be limited to low-power
stations, QRP operation does permit you
to gain knowledge of the science, gradu-
ally weaning you away from plug-in
power, and over a period of time you can
make your amateur station reasonably
independent of the power mains. Solar
power, wind power, etc., can make it so.
The wind and solar conversion combina-
tion is attractive because on very cloudy
days when there is no bright sunshine,
there often is wind. Initially it might be
expedient to take some power from the
mains with an efficient battery charger,
particularly when power demand is above
the QRP level and there is a sequence of
dark, windless days.

The radio amateur may be able to
make a considerable contribution by
demonstrating how energy can be derived
from light, wind and other means. A
house that is partly or completely self-
sufficient in terms of heat and electrical
power is a worthy objective.
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Battery power at kilowatt and higher
levels requires a well-ventilated hut or
battery room, if lead-acid wet batteries
are to be used. During the charge cycle
batteries release some hydrogen gas
which, if permitted to accumulate,
becomes explosive. More gas is released
when charging at a high rate or when you
permit batteries to overcharge. Normally
there is no hazard if the hydrogen gas
circulates and intermixes freely with the
atmosphere.

A ventilated window box will do for
somewhat lower power levels. However,
batteries must be selected to withstand
the weather extremes of the site or
mounting position. Nickel-cadmium
batteries have fewer such problems and
can be operated in more confined areas
but are considerably more expensive at
the higher power levels as compared to
lead-acid types.

Some of you who lived in farm coun-
try before rural electrification may recall
the small battery room just away from or
attached to farm houses. Remember the
wind chargers, small gasoline engines and
dc generators? This is not so much
nostalgia as some very practical dreaming
as to how to obtain at least some degree
of self-sufficiency, avoiding some of our

fig. 1. This gelled-electrolyte, 12-volt, 4.5
amp-hour battery is a relative newcomer to

the rechargeable battery scene (photo
courtesy Globe-Union).
- ©
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fig. 2. Case and charger for gelled-electrolyte
batteries (photo courtesy Globe-Union).

enslavement to mass energy sources plus
the high cost that shortages trigger.

small lead-acid batteries

In the realm of QRP operation there
are a variety of small lead-acid types.
Visit your local motorcycle shop or take
a look at the variety of types listed on the
motorcycle batteries list in the Sears
catalog. Two- and four-ampere-hour (Ah)
types can be purchased at low cost. A
typical price for a 4-Ah, 12-volt battery is
not much more than 10 dollars. Such a
low-powered battery displaces very little
hydrogen and can be brought into your
radio shack with little hazard. It can be
charged by the smallest of chargers or by
a small solar energy converter. On the
basis of a 20-hour discharge period, the
4-Ah battery can supply 200 mA continu-
ously for a period of 20 hours (4/20.
Based on amateur operating practice it
would be no problem to supply up to 10
watts for almost 8 hours of continuous
operation without requiring a recharge.

Power capacity and current capability
can be increased by connecting two or
more of these small batteries in parallel.
Much depends on your operating
practices. In most cases operating time is
substantially less than the projected maxi-
mums suggested by the previous figures.

gelled-electrolyte batteries

There is an attractive newcomer on the
scene. It is a lead-acid battery that uses a
gelled electrolyte, fig. 1. It is truly a
portable lead-acid battery that can be
mounted at any angle and, in some
models, even charged at any angle. Others
charge more efficiently with the battery
upright but can be charged at other angles
with some limited decline in the total
number of recycles. The electrolyte is
unspillable and lasts for the full life of the
battery, avoiding maintenance and hand-
ling problems. The battery has a one-way
vent that serves as a release when there is
undue gas pressure, although in this style
of battery there is much less gassing.

The gelled-electrolyte battery handles
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fig. 3. Operating characteristics of a 12-voit
gelled-electrolyte battery, the Globe GC
1245-1.
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temperature extremes very well and is
capable of performing down to -76°F
(-17°C). It is tolerant of both overcharge
and a deep discharge and provides long,
maintenance-free shelf life. Batteries may
be connected in series, parallel or series-
parallel combinations to obtain desired
voltage and current capability. Case and

GC 1245-1 Specifications

Nominal voltage
Nominal capacity at:
225 mA (20-hour rate) to 10.5 volts

430 mA (10-hour rate) to 10.26 volts

780 mA (5-hour rate) to 10.14 volts
2400 mA (1-hour rate) to 9.6 volts

Energy density (20-hour rate)
Specific energy (20-hour rate)

Internal resistance of charged battery

Maximum discharge current
with standard terminals

Operating temperature range:
Discharge
Charge

Charge retention (shelf life) at 68°F
1 month
3 months
6 months

charger are provided for some types as
shown in fig. 2.

The characteristics of the Globe-Union
4.5 ampere-hour, 12-volt battery are
given in fig. 3. This battery would be a
good choice for up to 5-watts QRP
operation. Typical capacity figures are
shown in item 2 of the specifications
chart (fig. 3). Note, under item 9, the
charge retention ability of the battery.
When sitting unused for six months the
charge drop-off is only 82%.

The first graph shows battery capacity
as a function of the discharge rate. When
discharged at the 20-hour rate the battery
provides 100% capacity if operated at
normal room temperature (about 69°F or
21°C). The percentage is lower for faster
discharge rates.

Curves for various discharge rates are
shown in the second graph. The top
curve, representing the 20-hour rate,
indicates a voltage decline to about 10
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volts when the current demand is a
continuous 0.225 amperes for a period of
20 hours. The final power delivered under
this situation is about 2.25 watts (0.225 x
10). If a current demand of 1 ampere is
made, note that the battery will provide
almost four hours of continuous opera-
tion. This is about 10 watts of power for

12 volts (6 cells in series)

4.5 Ah

4.3 Ah

3.9 Ah

2.4 Ah

0.96 watt-hours/cubic inch
12 watt-hours/pound
approximately 60 milliohms

80 amperes

-76°F to +140°F
-4°F to +122°F

97%
91%
82%

a continuous 4 hours. Thus, the 5-watt
rating is a very conservative one.

In normal amateur operations you
would have no trouble supplying 10 watts
input to a QRP transmitter, and perhaps
even more if you take care of the battery,
preventing it from overcharging or dis-

fig. 4. This charger for gelled-electrolyte
batteries provides either fast or float charging
(photo courtesy Globe-Union).




charging to too deep a level. You can
protect the battery’s welfare by keeping
an eye on its output voltage under load.

Power demand can be stretched even
further if the battery is kept on a
continuous floating charge with the per-
manent connection of a small charger, fig.
4. Current demand in amperes can be
made for short periods of time.

The above operation also applies for
daytime operation when using a sofar
energy converter as a float charger.
Battery charge must be restored before
the end of the day if capacity for
night-time operation at lower power level
is required.

The rated capacities (20-hour basis)
for various Globe-Union gelled-electrolyte
batteries are shown in table 1.

Prices are higher than for comparable
wet electrolyte lead-acid types, but sub-
stantially lower than the cost of nickel-
cadmium batteries. The combination
shown in fig. 2 is especially attractive for
use with portable transceivers because it
includes a battery-case and a charger.
Batteries of this type do vent some
hydrogen at the end of the charge cycle,
or upon overcharge, and although they
are less hazardous than wet electrolyte
types, sensible ventilation and avoidance
of sparks are advisable during the charg-
ing interval.

solar power as a charger

The solar energy converter has excel-
lent battery charging capabilities. There
are a number of ways in which you can

table 1. Rated capacity of various Globe-Union
gelled-electrolyte batteries.

part number nominal capacity

GC 210 0.9 Ah
GC 410 0.9 Ah
GC 610 0.9 Ah
GC 1215 1.5 Ah
GC 620 1.8 Ah
GC 426 2.6 Ah
GC 626 2.6 Ah
GC 1245 4.5 Ah
GC 660 6.0 Ah
GC 280 7.5 Ah
GC 680 7.5 Ah
GC 12200 20.0 Ah

use such a source. If the converter has
adequate capacity it can even handie the
initial charging of the battery. This is
really not too much of a requirement if
you are willing to charge the battery
initially in a series of long-term steps.
The second technique is to use a
conventional charger to obtain the initial

4 VOLT 40 mA
(SYLVANIA 4 ES)

2N5294 OR EQ.
W/HEATSINK

nr
VAC

fig. S. This constant
voltage charger for [
gelled-electrolyte bat- FLoat ‘E~22 OHMS
teries is capable of I )o ¢
either fast or float o /7
charging. FAST

charge. Then the solar energy converter
can be pressed into service as either a
float or trickle charge source. In this
mode of operation the current demand is
only one-quarter or even a smaller frac-
tion of the initial charge current require-
ment. |f the battery is critical of charge
voltage or current it is possible to add a
solid-state regulator to the output of the
solar energy converter. Under less strin-
gent requirements the protective diode
that is a part of the solar device can
prevent the discharge of the battery when
the impinging light on the solar cells is
inadequate to maintain the proper charge
current.

battery chargers

There are several battery-charging
arrangements relating to battery types
and mode of operation. Insofar as the
initial charge is concerned, some batteries
can be charged quickly while others are
preferably charged at lower current rates
over a longer period of time. In general,
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nickel-cadmium types are charged at a
slower rate than lead-acid types. Gelled-
electrolyte types are usually charged at a
slower rate than wet electrolyte cells.

For practically ail types of recharge-
able batteries the slow charge is much
preferred over the fast charge, although
certain battery types are less ill-affected

table 2. Charging-current values for Globe-Union
gel-cells.
approximate

battery maximum initial finai
rating charge current current
0.9 Ah 0.15 Amp 10-20 mA
1.5 Ah 0.25 Amp 20-40 mA
1.8 Ah 0.30 Amp 20-40 mA
2.6 Ah 0.40 Amp 30-60 mA
4.5 Ah 0.70 Amp 50-100 mA
6.0 Ah 0.90 Amp 60-120 mA
7.5 Ah 1.20 Amp 80-160 mA
20.0 Ah 4.00 Amp 100-300 mA

by a fast charge, and in some circum-
stances you may have to sacrifice some
battery life in favor of fast charging.
Regular amateur radio operations are
such that you can usually take advantage
of slow charging, and, therefore, gain an
extension in battery life.

Batteries can be charged and then
discharged to a specified end voltage. At
this time the battery is again charged
fully, discharged, etc. In this mode of
operation the battery is on charge when-
ever it is not being discharged by a con-
nected load. Two other arrangements
keep the battery on continuous charge.
These are known as a constant-voltage
charger (float voltage charge) or a
constant-current charger (trickle charge).
In the float voltage system preferred for
gelled-electrolyte batteries the charge
voltage is held constant while the current
is free to vary. In contrast, the trickle
charge plan preferred for nickel-cadmium
batteries maintains a constant charging
current while the voltage is allowed to
vary.

The chart of table 2 shows the initial
charge current and fully charged current
for the standard ratings of various Globe-
Union gelled-electrolyte batteries. For
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example, the 4.5-Ah, 12-volt battery
begins charging at a level of 700 mA. Full
charge is indicated when the battery
voltage reading is 14.4 volts and the
charge current has dropped to a level
between 50 and 100 mA. This corres-
ponds to a final cell voltage of 2.4
volts.

When the same gelled electrolyte bat-
teries are to be kept on continuous charge
it is preferable that the charge voltage be
held to 2.25 volts per cell, or for the
4.5-Ah version, a final voltage of 13.5
volts. Therefore, the charger must supply
a constant 2.25 volts/cell {13.5 volts in
the case of the 4.5-Ah, 12-volt battery).

To obtain the maximum number of
recharge cycles the on-charge voltage
initially should be such that the battery
charge is brought up to 2.4 volts per cell.
This charge should be continued until the
current drops to the values shown in the
tables. At this point the charger should be
switched over to a float voltage of 2.26
volts per cell.

In practice as many as 200 to 400 full
charge/discharge cycles are possible. If a
float voltage charge is maintained, instead
of permitting complete discharge, thou-
sands of cycles of operation are feasible.
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fig. 6. Battery charge data for the Eveready
N86 nicad battery.

The charger shown in fig. 4 permits both
modes of charging. Note the switch that
can be used to select either float or fast
charge. An indicator lamp is turned on
when the battery reaches 80% of full
charge.

An example of a constant-voltage



charger that can be used for float or fast
charge activity is shown in fig. 5. For
fast-charge activity it provides exactly
14.4 volts. The constant voltage is main-
tained by the series power transistor and
two series-connected voltage-regulator
zener diodes. The precise value of the
constant voltage is set by the two resis-

IN2O6S

nr
WAL

fig. 7. Basic constant-current battery charger
for nicad batteries.

tors connected between the anode of
zener diode CR6 and common. In the
float position only one resistor is used,
the output voltage being maintained at
13.8 volts. An additional resistor is
inserted in the circuit when the fast
charge voltage of 14.4 volts is desired.

A nickel-cadmium battery is best
charged with a constant-current source. A
rather extended charge time is recom-
mended and it is advisable that the charge
rate not exceed the 10-hour figure. Infor-
mation for the Eveready N86 12-volt
battery (refer to information given in the
August column) is shown in fig. 6. A
series charge current of 120 mA will
charge the battery fully in 14 hours.
About 82 mA of charging current will do
the same in 20 hours.

A basic charging circuit for nickel-
cadmium batteries is shown in fig. 7. The
circuit is fundamental although the values
given are for the Eveready NB86 battery.
This circuit provides a charging current of
120 mA. After a battery has been fully
charged, a trickle charge arrangement can
be used to maintain full charge. Recom-
mended trickle charge current for this
battery falls between 24 and 40 milli-
amperes. This current value can be
obtained by switching a higher value
resistor into the constant-current charging
current.

ham radio

HERE IS A FIST FULL
\of 2 METER POWER

American Made
Quality at Import Price

Model HRT-2

5 Channel, Narrow Band
2.2 watt FM Transceiver

This light weight, "'take anywhere"
transceiver has the “"Regency-type"
interior componentery to give you
what others are looking for in
portable communications. You get a
heavyweight 2.2 watt signal . . . or if
you want, flip the HI/LO switch to
1 watt and the receiver gives you
0.7 uv sensitivity and 0.5 watts
audio. Both transmitter and receiver
employ band-pass circuitry so that
power and sensitivity are maintained
across the entire band. Get one

to go. . . . only s] 7900

Amateur Net

Feqeucg_a_scmomcs. INC.

7707 Records Street
Indianapolis, Indiana 46226

An FM Model For Every Purpose . . .
Every Purse

QL2 () o (-]

HA-2MS HR-212 AR-2
8 Channel Transcan 12 Channel-20 Watt 2 Meter FM
2 Meter FM Transceiver 2 Meter FM Transceiver Power Amplifier
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transmitter
fail-safe timer

This timer was designed to provide for
the disabling of an automatic RTTY
transmitter in the event of control failure.
In particular, this station has features
which allow control codes to be punched
on tape. After starting a tape the operator
may leave the room to work on one of
the many unfinished projects always wait-
ing in the basement. Another feature
allows a remote operator to punch tape
on the LRXB composite tape set and
then have it automatically replayed at its
completion (operator on premises, but
not necessarily at the control console). In
either case a tangled tape or a mis-
punched control code could leave the
transmitter keyed. There is also the possi-
bility of the operator leaving the switch-
ing set-up in such a way that the system
can not function properly. In all such
installations it is necessary to provide
some sort of backup control so that the
channel is not blocked by a stalled
automatic system.

This system allows the transmitter to
remain keyed no longer than ten minutes
(five minutes for the replay). If the time
limit is exceeded, the transmitter is re-
moved from the air and cannot be re-
keyed until reset by the control operator.
The timer is reset by the CW identifica-
tion device. Hence, it is possible to make
transmissions longer than ten minutes,
but only if the proper identification is
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given. Station control wiring prevents a
remote station from inserting the CW ID
sequence on a replay tape. However, such
codes may be inserted when the control
operator punches tape.

Originally | planned to use a NE555
timer IC to set the ten-minute time
period. However, | found it impossibie to
reach the ten-minute limit with the
capacitors | had on hand. Since such
capacitors were also expensive and some-
what difficult to find, it was decided to
go to a shorter period and use a 7490
divider to extend the period. This
approach costs no more than the original
plan with a high quality/cost capacitor,
and it allows for other timing periods as
well.

The NE555 oscillator is set at approxi-
mately one cycle every 1.4 minutes. The
output is introduced to the 7490 decade
divider. Pin 11 of the 7490 goes high on
the eighth count {approximately 11.2
minutes) after the 7490 is enabled by
U4B. Then the output of U3D goes low,
forcing the output of U3C high. When pin
8 of U3C goes high, Q1 conducts, remov-
ing the base bias from Q2. When Q2 stops
conducting, the disable relay opens, reset-
ting a holding relay in the control unit
and disabling the entire automatic
system. The Q1, Q2 configuration was
chosen so that the disable relay would be
normally on and power supply failure
would also reset the system.

When the replay is enabled U3A, pin
3, goes high. Pin 8 of U2 goes high on a
count of four (approximately 5.6
minutes); U3B goes low, shutting down
the disable relay as previously described.



The 7490 is enabled when the trans-
mitter is on (U4D pins 12 and 13 low). If,
however, pin 3 of U4A is forced low (by
the CW ID device), then U4B pin 6 goes
high, resetting the 7490 to its zero count.
It has not been found necessary to reset
the oscillator, but this may be done for
increased accuracy in the timing periods.

If either the transmitter or the CW ID
is keyed, Q3 conducts, keying the trans-

, L
S 4700 ;]:"’
8

u

8201 3

NESSS

40 pF [
25v

at half the value chosen for operator
initiated transmissions.

A revision planned for the future
would include an /dle /ine detector to
sense the lack of regular transitions from
mark to space on the loop to time the
disable relay out in sixty seconds. This
would decrease the recovery time for the
channel in the event that a tape reader is
not properly enabled or some other mal-

+5v +5v
10K D - R
f_ _' +2av +24v
| 2 5
1 6 |
I 3 0 4
| | K2 K3
TRANSMIT cw 1D
| us |
[ 7400 | Q3 2] Q5
i 10
( 3 8 ] 220 220
o A of €
I |
—_— |
-
:
XMIT = 0 CW ID ON =+ REPLAY ON = O
REC » + CWID OFF =0 REPLAY OFF « +

fig. 1. Circuit for the fail-safe timer. Nearly any npn transistors may be used at Q1 - Q5. Relays are’

Potter and Brumfield KH4703, 24-volt coils.

mit relay. Aiso, when the CW [D is keyed,
Q4 conducts, keying the CW ID relay
which is used to disable the station tape
readers and keyboard during the identifi-
cation sequence.

When the replay is keyed, Q5 pulis the
transmitter line low (a single transistor
was used here to eliminate the need for
another 1C package), enabling the 7490
and keying the transmitter. As mentioned
above, keying the replay allows the four
count from the 7490 to reach Q1 via U3,
setting the time-out period for the replay

function keys the transmitter, but does
not allow any data to be sent.

The circuit described here has been in
operation for a period of four months, It
has never timed out a transmission of
proper duration and on several occasions
it has removed the transmitter from the
air when transmissions were too lengthy
(and a few times when the proper control
codes were not received by the system).

The logic draws less than 100 mA at
five volts. The relays are 24-volt P&B
KH4703 and are operated from the un-
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regulated dc supply. This supply is 18
volts under the load of the five-volt
regulator, and is quite adequate for reli-
able operation of the relays. The unit is
constructed on perf board and is enclosed
with the CW ID device in an rf-proof
enclosure. All leads entering or leaving
the enclosure are bypassed.

Notice that since the timer is reset by
the CW ID, the timer would not function
properly if the CW ID were inserted auto-
matically every eight to ten minutes. The
CW ID must be inserted {possibly on
tape) by the control operator for the
transmitter to run longer than the limit
set by the timer,

Robert Clark, KO9HVW

waveguide
klystron cooler

In many amateur microwave assem-
blies, it is impractical or even impossible
to obtain adequate air flow around reflex
klystrons or other signal sources. One
solution is a simple water-cooled section
of waveguide. Such a solution is more
practical than fabricating a water jacket
for the klystron itself because the guide
section can be used with any flange-
mounted klystron or Gunn diode. An

UG -39/U FLANGE

Z

JOINTS SILVER
SOLDERED

WR -390 WAVEGUIDE —/

Z 2

1.75 IN

fig. 2. Water-cooling jacket for WR-90 wave-
guide. tnput and output tubes are ' (6 mm)
diameter.
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example unit is illustrated in fig. 2.
It was fabricated from a short section of
WR-90 guide with UG-39/U flanges and
1/4-inch (6-mm) water lines. The klystron,
a Varian 6975, was operating with a beam
power of 9.0 W. The temperature reduc-
tion at the worst case was greater than
15°C (see fig. 3). The coolant flow rate
was 0.6 liters/minute, coolant temperature
was 25°C.

John M. Franke, WAAWDL

160 —
50— pog—
140 e
0 /‘/
# 120
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tig. 3. With coolant flow rate of 0.6 liters/
minute (25°C coolant temperature) klystron
temperature decreased 15°C, minimum.

protector
guards against
auxiliary battery drain

The latest Sears catalog has an item
which should be of interest to amateur
operators who use multi-battery electrical
systems for mobile, portable or repeater
use. The Sears system, which sells for less
than $15.00, charges the auxiliary
battery, without switching, while the
engine (or recharging system) runs. It also
protects the engine-starting battery from
discharging while the engine is not run-
ning such as when operating portable or
camping. The system, which consists of a
heavy-duty 50-amp circuit breaker and a
solid-state switching arrangement, can be
used with two or more batteries wired in
parallel, 6 to 32 volts, negative ground.
The Sears system can be ordered from
your local Sears store or sales office;
order catalog number 28T7105.

Jim Fisk, WIDTY
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When you want

an authoritative,

up to date directory
of licensed radio
amateurs

It’s the
CALLBOOK

Over 210,000 QTH's
in the DX edition
DX CALLBOOK for 1974

$8.95

Over 285,000 QTH's
in the U.S. edition
U.S. CALLBOOK for 1974

$9.95

See your favorite dealer or Send today to

(Mail orders add 50¢ per CALLBOOK
for postage and handling)

wgi;:— fOR RADID MIATEUR II b oo k -

Huﬂ 925 Sherwood Drive
BRO Deot-E- ke Bluff, 11, 60044

NEW AND DIFFERENT”W

liﬂll!ilﬁﬂlu

'\ N \
The aI’I new T,
experimenters

manual for electronics
and hobbyists

llpdate \r\uhoul \unual Replacement

pgres 1 28 ’-Ir oy : W' DO0K LR ¢ b I

the “book -l" in a
y updat mnly

Electronics Bench Manual

Postpaid
Introductory Price: $I7951n U.S.A.

Send check or money order marked

“EBM” with your name and address
to:

TECHNICAL DOCUMENTATION
BOX 340
CENTREVILLE, VA 22020
703-830-2535

More Details? CHECK—OFF Page 94
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vhf test meter
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The new Ascom ASMR100
transmitter/antenna system tester is a
three-way test instrument which provides
a constant monitor of transmit/antenna
functions in any vhf system. When in-
stalled in the transmission line between
the antenna and transceiver, it provides
an accurate check of power output with
settings of 25- or 50-watts full scale.
Accuracy is 5 percent. The second in-
line function of the instrument measures
the standing wave ratio of the antenna
circuit to assure optimum efficiency. The
instrument can also be used as a field-
strength indicator.

Attractively packaged in an
all-aluminum case to resist rust or
corrosion, the Ascom system tester is
designed to mount permanently or for
use by servicemen as a precision test unit.
Frequency range is 144 to 174 MHz.
Suggested resale price is $69.95. For
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more information write to Antenna
Specialists Company, 12435 Euclid
Avenue, Cleveland, Ohio 44106, or use
check-off on page 94.

quick-op amplifier

@ enae QUICK-OP &

- =
g PT
-

AMELIFIEN

The new Quick-Op Amplifier now
available from Hildreth Engineering pro-
vides an easy way for you to experiment
with a wide range of operational amplifier
circuits. Solderless connectors are pro-
vided on the front panel of the device so
you can easily install resistors, capacitors
and diodes, building any op-amp circuit
you wish. The internal 741C op amp IC
has been tested for gain and dc offset
adjustment. Two standard 9-volt
transistor-radio batteries mount inside the
case, making a completely self-contained
unit. If you've been wanting to use op
amps, but haven’t yet, here’s a good way
to get started. $11.95 each, less batteries,
first-class postage paid, from Hildreth
Engineering Company, Post Office Box 3,
Sunnyvale, California 94088. For more
information, use check-off on page 94.

dBm/microvolt
conversion scale

A free conversion scale is available
from Singer Instrumentation that con-
verts microvolts to dBm and vice versa.
High resolution is afforded by the 10-inch
(25-cm) scale length. The scale is printed
on silver foil with adhesive backing suit-
able for permanent attachment to any
instrument.

Write to Singer Instrumentation, 3211
South LaCienega Boulevard, Los Angeles,
California 90016, or use check-off on
page 94.

More Details? CHECK—OFF Page 94



DUU A < High quality American made.
UDUJ “\T = ) Aluminum battery box. All
-\ir .~ terminals insulated. Made to
aall hold 2 “C" cells.

50¢ each ppd.

) ~ﬁnom'nvuss THAT) / . e )

High quality 3" Square Frame PM Speaker, 4
ohm Impedance $1.25 ea. ppd.

UNUSED PRINTED CIRCUIT g
BOARD ASSEMBLY. Manufac- '
turers overrun. His loss your «

gain.

M

Consists of: 5- 14Watt resistors, 3 - Silicon

CWeTRANSMITTER | | et teci i Wi

MODEL 50 1-SPDT High Current Relay.
® Built-in Antenna Relay Price: $3.25 ea. ppd.
* 160, 80, or 40M Plug-in Coil NEW NEW NEW
® Crystal Control GNAT'S EYE LED PILOT
® Zener Regulated Chirpless Keying '6'.151.:':""::‘:;7)« 100 nch:
¢ Clean Output — "T” Network TN Concen preo. YEL-
® Built-in 115 VAC Supply low 3 for $1.00 ppd.

MODEL 50K -BASICKIT............ $39.95
ADD-ON OPTIONS: SIDETONE (200-21K...§ 595

KEYER (200-22K ...$ 1395
MODEL 50W-BASIC WIRED..

MODEL 50W5 (WITH SIDETONE| ...
MODEL 50WK WITH KEYER ..........

Use Standard 7447 Decoder-
driver. Seven Segment Read-
outs. All tested and guaran-
teed. Specs included. Fit stan-
dard 14 pin DIP socket. Full
.335 inch high. Color, RED

MODEL 50WSK 'WITH SIDETONE & KEYER ....... $79.95 h‘l;" g:g:m:: :g gg Egg
ORDER DIRECT OR WRITE FOR BROCHURE With Colon 50 ppd.

- ANDNAOME O;rf?giiz?fﬂlfﬂ. Samel imit donljlr cont:ms_nu-
PHONE: 432- mera and plus and minus
LM@” BOX 158-A » FRANKLIN, PA. 163'23_J

sign. $2.25 ppd.

JUST ARRIVED — Transformer, 115 VAC pri-
mary, 18 volt, 5 amp ccs or 7 amp inter-

‘«‘ mittent duty secondary $6.00 ea. ppd.
For Transformer — American Made — Fully shield-
ed. 115 V Primary. Sec. — 24.0 24 @ 1 amp
i with tap at 6.3 volt for pilot i

) FREQ- Price — A low fz 90 each ppd.

=5 y

{ STAB'LITY 400 Volt PIV at 25 Amp. Bridge v 3

Depend on JAN Crystals. Rectifier. A

Our large stock of quartz $4.00 ea. or 3 for $10.00 ppd. =

cryslal materials and components assures Fast
Delivery from us.

CRYSTAL SpEc"ALS Factory MNew Semtech Bridge
2-METER FM for most Transceivers ea. $3.75 Rectifiers 7
144-148 MHz — .0025 Tol. ALL 10 AMPS
Frequency Standards 1[518 S::} g:g : :
100 KHz (HC 13/U) 4.50 200 VoIt PIV $2.25 ea.
1000 KHz (HC 6/U) 4.50 400 Volt PIV $2.50 ea.
Almost all CB Sets, Tr. or Rec. 2.50 All Postpaid USA
(CB Synthesizer Crystal on request)
Any Amateur Band in FT-243 1.50 NEW NEW NEW
(80-meter, $3.00 - 160-meter not avail.) 4 for 5.00 s R3f15 inch Dll‘ 2L5ED I..ltesd
For 1st class mail, add 20¢ per crystal. For <7 Green $.40 os. Bgd
Airmail, add 25¢. Send check or money order. ; Yellow $.40 ea. ppd.
No dealers, please. Super BI-LED — Lites red
with polarity one way and
green when you reverse the
polarity. Neat for many
Division of Bob Whan things.
& Son E!e:tronicsl, Inc. Price is a Low $.75 ea. ppd.
2400 Crystal Drive SEND STAMP FOR BARGAIN LIST

o My;::;brlorlda Pa. residents add 6% State sales tax
ALL ITEMS PPD. USA

[a»:;ll ‘;2:"29;9? Add $1.00 postage for Canadian orders.

L ]
e 0w o et e WA AR BRI m. weinschenker

i i i f1 tock.
circuils and lists of Irequencies in sloc . K3DPJ BOX 353 - IRWIN, PA. 15642

More Details? CHECK—OF F Page 94 october 1974 67
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only STAN DARD

sells more STANDARDS
than Erickson...and here’s

SRC-146A
ERICKSON
SPECIAL
WITH
® Charger
® “Stubby” antenna
® | eather case
® Ni-Cads
® 94/94, 34/94 and one
channel of your choice
$369 List
—50 Package Discount
$319 Prepaid — Cashiers
Check or M.O.

ERICKSON
COMMUNICATIONS

3501 W. Jarvis
Skokie, I1l. 60076 (312) 677-2161

SPECIAL  $7.00

COIL KIT FOR .

PART NUMBERS AS
B ER T
L2, 3 -5 U
L4 6 ham __
RFC1 Q-x‘ o] radio
LS, 6, 7 i PAGE 16
miniature
7-MHz transceiver
Coil Winding Quick Quotes Stock Coils

Send Specs or Sample Coil & Choke Forms

.
«@w» CappeLL Cor Corr. @@

/\

TAD

/ |s

SOLIDSTATE2M AMPLIFIER
50 ohms input/output; 1-3
watts in, 10 watts out; au-
tomatic solid state switching

ADJUSTABLE REGULATED
POWER SUPPLY
2-15 VDC, 4 amp @ 13
VDC. Perfect for powering

12 vDC solid state 2M FM rigs.
Kit Less Case $£24.95 Kit Less Case $25.95
Kit With Case 27.95 Kit With Case 29.95
Assembled, Tested 39.95 With Meter, Add 10.00
Allow $2.00 postage — VA, residents add 4%, tax,

RTTY Converters
now available
Write for Free
information

Send check or money order to:
TEKPRO DESIGN SYSTEMS

P. 0. BOX 6324

VIRGINIA BEACH, VA, 23456

HAM/HOBBY/EXPERIMENTER GRADE
SEMICONDUCTORS

CSEN

* 24 HOUR COD-PHONE ANSWERING SERVICE

* OUR DATA/APPLICATION SHEET ENCLOSED
WITH EACH TYPE SHIPPED

= EVERY UNIT 100% PARAMETER AND FUNC-
TION TESTED TO OUR GUARANTEED LIMITS
ON THE SAME FAIRCHILD COMPUTER-TYPE
HIGH SPEED TESTER USED BY MAJOR SEMI
COMPANIES.

COMMUNICATIONS INTEGRATED CIRCUITS

IC Type Description Case Price
ea,

MNAS55 Versatile Timer 8-DIP 0.99
NAS555-2 Dual Timer 16:DIP  1.55
NA370 AGC/Squelch/VOX 10-TOS 1.20
MNA371 Versatile RF/IF 10.TO5 1.29
NA3018 4-Trans. Array 12.TO5 0.89
NA3026 Dual Diff. Array 12.TO5 0.99
NA3086 5-Trans. Array 14-DIP  0.45
NA3036 Dual Darlington 10.-TO5 0.75
MNA1595 Analog Multiplier 14-DIP 1.90
NABO3B VCO/Sine/Sq./Tri. 14-DIP 4,50
MNA1596 Bal. Mixer/Mod. 10-T05 1.20
NA376 Voltage Reg., Pos. Low Stdby

8-DIP 1.25
NA723 Voltage Reg., Pos./Neg. 10-TO5 0.99
NA741 Op. N‘ng 8-DIP 0.45
NA1303 Stereo Pream 14-DIP  0.99
NA1304 Stereo Multiplex Decoder 14-DIP 1.20
NAZ2111 FM IF Strip/Quad. Detector

14-DIP 2.25
NA3075 FM IF Strip/Det./Preamp 14-DIP 2.45
COD-PHONE (408) 867-5900

AUTOMATIC RECORDER 24 HOUR COD TELE-
PHONE ORDER SERVICE

1. Name & Full Street Address (NO P. O.
Boxes) Include ZIP

2. Your telephone number, including area
code.

3. Your Order - Type. Price, Quantity.

SPECIAL — TRANSISTOR BAGS

IC Type Description Case Price
ea.
2NA2222 NPN Trans.,, Bag of 12 TO18 2.00
2MNA2907 PNP Trans., Bagof 12 TO18 2.00
2NA3904 NPN Trans. Plastic, Bag of 20
TO92 3.00
2NA3906 PNP Trans. Plastic, Bag of 20
TO92 3.00
2ZNA930 NPN Low MNoise, Low Power,
Bagof 12 TO18 3.00

RADIO TRANSMITTER ON A CHIP!

= OSCILLATOR = BUFFERS * MODULATOR =

* CONTROLLED POWER OUTPUT STAGE +
NA2000 100Mw AM on 10 Meters 9.95
NA2001 250Mw AM on 10 Meters 14.95

in stud mount package

Both types usable at reduced output at 6 Me-
ters and above. Requires external crystal and 2
tuned circuits. With Data/applications.

TERMS:

Prepaid U.S. orders over $10.00, we pay shipping.
Prepaid U.S. orders under $10.00, add gl.OD chg.
Prepaid Foreign orders over $10.00, add postage,
Prepaid Foreign orders under $10.00, add $1.00
plus postage.

COD U.S. orders over $10.00, add $1.50 chg.

COD U.S. orders under $10.00, add $2.50 chg.

No Foreign COD orders.

California residents add 6%, sales tax.

Confused? Please read again before ordering.

NASEM, Box Al, Cupertino, Ca. 95014
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Don't settle for second. Get the best...

-fiIdiN Antennas!

/ TH6DXX
6-Element Super Thunderbird DX
Superior Performance TriBander!

Impressive coverage 10-15-20 meters.
Separate, improved Hy-Q traps for
each band...SWR less than 1.5:1 on
all bands. Takes maximum legal power,
up to 1 kw AM, 2 kw PEP. Exclusive
Beta Match. Factory pre-tuned. Feeds
with 52 ohm coax.

== e T— - p—
TH3Mk3 |
3-Element Super Thunderbird Popular TriBand Beam Im-

proved!

Outstanding performance 10-15-20 meters at reasonable cost. Separate,
matched Hy-Q traps for each band. Exclusive Beta Match for tapered im-
pedance, DC ground. SWR less than 2:1 at resonance. Accepts maximum

‘ legal power and feeds with 52 ohm coax.

. 18AVT/WB

| The Great Wide Band Vertical SuperPerformer 80 through
10 meters!

! Superb omnidirectional capabilities. Automatic band switching. Beefed-

f up Hy-Q traps. Top loading coil. True 1/4 wave resonance on all bands.
{ SWR 2:1 or less at band edges. Outstanding low radiation pattern. En-
tirely self-supporting.

18 HT
Incomparable Hy-Tower Finest Multiband on the Market!

i

|

‘ Automatic band selection 80 through 10 meters. Unique stub decoupling
system isolates electrical 1/4 wavelengths for each band. Takes maximum
legal power. Feeds with 52 ohm coax. 24 tower is entirely self-support-
ing, virtually indestructible. Requires only 4 sq. ft. for installation.

GECC revolving credit available
Use your BankAmericard or Master Charge

ELECTRONIC DISTRIBUTORS, INC.

« Communications specialists for over 35 years.
1960 Peck Street, Muskegon, Ml 49441 616/726-3196 Telex 228-411

More Details? CHECK—OFF Page 94 october 1974 69



_ 160
~ METERS

DENTRON 160 XV TRANSVERTER

Get in on the excitement on 160 meters the easy way with Dentron Radio Company's
Model 160 XV Transverter. No need to buy a new transceiver. This low cost, easy-to-use,
new accessory quickly connects to your existing SSB station with just two simple con-
nections and you are ready to join in on the fun on top band. With sunspots at their low,
there will be a lot of good action in the months ahead and you'll want to be ready.

* 5 watts drive ample for full output
* 100 watts DC input

* Full 1.8 - 2.0 MHz coverage

* 3.8 to 4.0 MHz input

+ Matches 50 ohm antenna

* Built in power supply for 110/220V 50/60 Hz.
* No modifications to existing equipment

+ Operates in both transmit and receive modes

Dentron 160 XV Transverter $199.50 ppd. U.S.A.

Also the 160 AT antenna tuner matches
random length or existing antenna — just

our 160 Meter, 50 ohm exciter to almost any
9.95 postpaid.

All units in stock for immediate delivery

Order from

Dentron Radio Co.

27587 Edgepark Drive, North Olmstead, Ohio 44070

216-734-7388

West Coast: 11591 Rabaul Ave., Cypress, CA 90630

BANKAMERICARD

— PCB KITS -

RTTY SPEED CONVERTER/Drilled PCB 5 & 11 VDC Sdg.%

DRILLED PCB ONLY S 6.
RTTY AFSK Gen. All Shifts & CW 1.C. 9VDC @ 2ma $7.25
100 kHz XTAL CALIBRATOR Less Xtal 9 VDC @ 2ma $5.25
POWER SUPPLY — 28 VDC @ 650 ma output $9.85
PREAMP MICROPHONE 26 dB Gain 9 VDC @ 1ma $3.85
LIMITER PREAMP For High Z Mike 9 VDC @ 1ma $5.30

PRODUCT DETECTOR For Your Receiver 9 VDC @ 1ma $3.95

"S'* METER KIT Less 1ma Meter 6.3VAC  $5.25
SWR METER, Stripline, Less 200ua Meter $3.25
WWV CONVERTER 3.5-4.0 MHz OQutput 9 VDOC @ 5ma $5.75

Requires 6-6.5MHz Crystal

6 METER CONVERTER FET Front End 9 VDC @ 5ma  $6.50
7-11 MHz Output, Less 43 MHz Xtal

CW KEYING MONITOR, RF Keyed, Less Spkr. 9 VDC @ 9ma

$5.20

POWER SUPPLY - 9 VDC @ 50ma Output 115VAC  §$5.35

6 METER CASCODE PREAMP B0 VDC @ 4.5ma $5.45
Wired & Tested Less 2 ea 6CW4 Nuvistors

DRILLS, #54, 56, 58 or 60 (each) $.50
Finest Quality for PCB's, Made in USA  Three For $1.25

EXCEPT_ AS NOTED ABOVE, ALL KITS ARE NEW
100% SOLID STATE. AND COME COMPLETE WITH AN
UNDRILLED G-10 PCB (PRINTED CIRCUIT BOARD) AND
ALL PCB MOUNTED COMPONENTS. KITS ARE LESS
POWER SUPPLIES, CHASSIS, AND ENCLOSURE HARD-
WARE. SEND SELF-ADDRESSED, STAMPED ENVELOPE
FOR COMPLETE DATA SHEET AND SCHEMATIC.

SATISFACTION GUARANTEED. RETURN I[N 30 DAYS
FOR REFUND. ALL KITS POSTPAID. INCLUDE 50¢
HANDLING CHARGE. WASHINGTON RESIDENTS ADD
5.3% SALES TAX.

Martex Corporation

519 S. AUSTIN, SEATTLE, WASH. 98108

Radio Amateurs
Reference Library
of Maps and Atlas

. puiy

WORLD PREFIX MAP — Full color, 40" x 28", shows

prefixes on each country . . . DX zones, time zones,

cities, cross referenced tables $1.25
RADIO AMATEURS GREAT CIRCLE CHART OF THE
WORLD — from the center of the United States! Full
color, 30" x 25", hsting Great Circle bearings in de
grees for six major U.S. cities; Boston, Washington,
D. C.. Miami, Seattle, San Francisco & Los Angeles

$1.25

RADIO AMATEURS MAP OF NORTH AMERICA! Full

color, 30" x 25" — includes Central America and tne
Caribbean to the equator, showing call areas, zone
boundaries, prefixes and time zones, FCC frequency

chart, plus wuseful information on each of the 50
United States and other Countries 81.25
WORLD ATLAS — Only atlas compiled for radio ama-
teurs. Packed with world-wide information — includes
11 maps, in 4 colors with zone boundaries and coun-
try prefixes on each map. Also includes a polar pro-
jection map of the world plus a map of the Antarctica
— a complete set of maps of the world. 20 pages

size 834" x 127 52.50
Complete reference library of maps — set of 4 as listed
above $3.75
See your favorite dealer or order direct.
Mail orders please include 50¢ per order for postage and handling.

"};ﬂfw e AMéTEg I I b 0o I( INC.

! 925 Sherwood Drive
BROCHURE! Dept. £\ ke Biuft, Il. 60044
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The TRITON is a One-of-a-Kind HF transceiver, totally solid state including the
final amplifier. The new generation that does more things better than ever before.
One, you can change bands instantly. Just turn the band switch—and go!

Two, there is less internal heat to prematurely age components
and no high voltage to break down insulation or cause accidental shock.
Three, it has ample reserve power to run at full rating even for RTTY or SSTV without
limit. Great for contests or emergency service.

Four, it is light and compact with a detachable AC power supply
to work directly from 12 VDC—For mobile operation without tedious installation.
Five, the TRITON is a delight to operate. SSB is clean, crisp and articulate.
Amplified ALC puts all available speech power into the antenna without splatter. CW is
wave-shaped to cut through QRM and pile-ups. Instant break-in (not
“semi"” which really isn't break-in) lets you monitor the frequency while transmitting.
And six, a lot more goodies such as excellent dial illumination, plug-in circuit
boards, offset tuning, built-in SWR bridge, speaker, crystal calibrator,
snap-up anti-parallelax front feet, light indicators for offset and ALC,
direct frequency readout, WWV, entire 10 meter band coverage—and a lot more.
The TRITON brings together all that is new and exciting in
Solid State for your greater enjoyment of Amateur Radio.

We'll be happy to send you full information.
TRITON | 100 watts input._........ $579.00

TRITON Il 200 watts input._....__... 669.00
Model 251 Supply for TRITON I...  79.00 TEN-TEC,INC.
Model 252 Supply for TRITON Il.  99.00 SEVIERVILLE, TENNESSEE 37862
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RTTY VIDEO Dls'PLA"Y' UNIT
X0 CHARACTERS ~ ANY TV SET A

LELAND ASSOCIA
.16'0"‘;&"7‘23550 18704 GUASTONSURY RO

DIGITAL:THEORY DESIGN ,
CONSTRUCTION

LOGIC

6T-HR2

6 FREQUENCY CRYSTAL DECK. REGENCY HR-2 OR HR-
EJII.T IMPROVED CIRCUIT BOARD, LAYDgT AND FI%IL.

K

NEWSLETTER ©

SAMPLE COPY § 1.00
LOGIC NEWSLETTER
POB 252

WALDWICK N.J. 07463

.95 o

HF144U0 MOS FET PREAMP
OUR FAMOUS 2-METER PRE-AMP GIVES 17d8 OF AM-
PLIFICATION WITH ONLY 3dB OF NOISE INSERTION,

KIT $11.95 WIRED $17

The Hy-Gain 550A is the complete amateur system. Designed from the ground up to work
together for total performance. Each element is matched to the system.

GT-550A Transceiver The matchless heart of the 550A System. No other transceiver can
give you this performance for the price. Operating fixed station or mobile, the GT-550A is
guaranteed to have top frequency stability after warm.up. 25 KHz calibrator and VOX, optional.

RF550A contains high accuracy watt meter; switch for forward or selected power; switch
to select 5 antennas or dummy load.

RV550A is a solid state VFO.
SC550A Speaker Console with headphone jack. AC400 power supply will mount inside.

AC400 Power Supply is heavy duty solid state to operate GT-550A at full power from
115/230 VAC 50/60 HZ.

G-1000 12V D C Mobile power supply with cables.

Electronics Center carries complete lines of Ham equipment, accessories and antennas. Write or call Walt,
WS5ZYA or Al, WSPXH for your HAM neads

Home of the world's largest
Electronic Flea Market. It's

ectronics center, inc. free! First Saturday of each

month.
2929 N. Haskell = Dallas, TX 75204 « 214/526-2023
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THE GREAT M
GETAWAY

CROWDED BANDS GOT YOU DOWN? . .. DO YOUR 2 METER CHANNELS SOUND
LIKE THE RECEIVING END OF A 20 METER DX PILE UP? . . . DO YOU HAVE TO
WAIT IN LINE TO USE THE LOCAL REPEATER? . . . IF THE ANSWER IS YES (OR
IF YOU'RE JUST LOOKING FOR A LITTLE PRIVACY) HERE IS YOUR CHANCE TO
GETAWAY TO THE LESS CROWDED BANDS THAT ARE JUST ITCHING TO BE
UTILIZED.

—2 METER TYPE COVERAGE & SIMPLICITY ON 220 MHz—
10W & 1W OUTPUT

COBRA 12 CHANNELS
VHF 200 LESS THAN .5uv RCVR

223.5 SIMPLEX SUPPLIED

HAS ACCESSORY JACK FOR
TONE INPUT & DISCRIM-
INATOR OUTPUT

220-225MHz RANGE

ONLY $229.00

ASK ABOUT SPECIAL CLUB GROUP PURCHASE PLAN

IF YOU WOULD LIKE TO COMBINE PRIVACY WITH
A LITTLE DX ONCE IN A WHILE . . .

——NMOTOROLA MOBILES CONVERTIBLE TO 6 OR 10 METERS
T41GGV 25-watt VIBRATOR POWERED-WAS $ 75.00-NOW $59.00

T51GGV 50-watt VIBRATOR POWERED-WAS $ 75.00-NOW $59.00
U41GGT 30-watt T-POWER -WAS $100.00-NOW $79.00

TERMS OF SALE: Sales to licensed Radio Amateurs for use on Amateur freqs only. All
prices FOB Oak Park, IL. Check with order, COD or you can charge to
your BankAmericard or Master Charge.

STORE HOURS: Mon.-Thurs. 9:30-6:00, Fri. 9:30-8:00, Sat. 9:30-3:00. Closed Sun. & Holidays
INQUIRIES WITHOUT ZIP CODE OR CALL . . . NO ANSWER
WANTED: Good used FM & test equipment. No quantity too large or small. Finders fees too.

e e sy SPECTRONICS AT T
SPECTRONICS INC.

1009 GARFIELD STREET
OAK PARK, ILL. 60304
(312) B4B-6778
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CRYSTAL FILTERS
and

DISCRIMINATORS
127/64" x 1 3/64" x 3/4"

9.0 MHz DISCRIMINATORS

9.0 MHz FILTERS XDS-01 + 5 kHz RTTY $24.10
XDS-02 £ 10 kHz NBFM $24.10
XF3-A 2.5 kHz SSB TX $31.95 XD9.03 12 kHz NBFM $24.10
XF9-B 2.4 kHz SSB RX $45.45 :
XF9.-C 3.75 kHz AM $48.95 9 MHz CRYSTALS (Hc25/u)
XF9-D 5.0 kHz AM $48.95 XF900 9000.0 kHz Carrier $3.80
XF9-E 12.0 kHz NBFM $48.95 XF901 8998.5 kHz USB $3.80
XF9-M 0.5 kHz cw $34.25 XF902 €001.5 kHz LSB $3.80
XF903 8999.0 kHz BFO $3.80
F-05 Hc25/u Socket .50

(Export Inquiries Invited)

VHF CONVERTERS UHF

MMc 50 MMc 144 MMc 220 MMc 432 MMc 1296

RF Freq. (MH2) ¢ 50-54 144-148 220-224 432-436 1296-1300

IF Freq. + 28-32 28-32 28-32 28-32 28-32

N.F. (typical) 2.5dB 2.8dB 3.4dB 3.8dB 9.0dB

Nom. Gain 30dB 30 dB 26dB 28dB 9.0dB
$53.70 $53.70 $64.45 $64.45 $85.95

Power 12V D. C.

14" x 2%" x 43" 4 connectors . SPECTRUM

INTERNATIONAL

BOX 1084 CONCORD
MASSACHUSETTS 01742
u. S. A,

LEARN RADIO CODE

THE EASY WAY!

® No Books,To Read

® No Visual Gimmicks To
Distract You

® Just Listen And Learn

Very low N. F. units on special order.
tOther ranges, amateur & commercial, to order.
Shipping: Filters, $.50: Converters, $1.00

USED TEST EQUIPMENT

All checked and o erahngh unless otherwise
noted. FOB Monroe. oney ack (less shipping)
if not satisfied.

Boonton 190A Q-mtr 20-260 MHz Q5-1200 . 375
Boonton 2028 Sig Gen AM.FM 54-216 MHz 325
Boonton 202D (sim. to above) 175-250 MHz 225

HF100D-Freq, stand. w/scope-Acc. 1ppm 85

HP185A Scope w/186B amp sampling lgHz 335 Patoc o Imadem Ewalioiess
HP202A Function Gen. .008-1200Hz 95 #9 qs beyond 13w, I
HP205AG Audio Gen. .02-20kHz-metered 195 k me'm *}“"AN H‘;f-F THE TIME!
HP330B Dist anal 20 Hz-20kHz .19, 205 ] w E h !
HP524D-Freq Counter. Basic unit 10Hz.10MHz 185 Album contains three 12°  Available on magnetic tape
HP540B Trans osc. for 524 to 12.4gHz 185 LP’s 2% hr. Instruction $9.95 — Cassette, $10.95

HPE&0BD (TS510A/U) sig. gen. 10-420MHz 450

HP610B Sig Gen .45-l,§gHz calib attn 365 E Ps ' lo N RECOR Ds

HPBO3A Imp Bridge 50-500MHz, 2-200 ohm 195

Panoramic SPA-4 Spec. Anal. Bandswntcnmgg - o
10MHz-44gHz, 5 or 70MHz sweep width 98 508 East Washington St., Arcola, lllinois 61910

Polarad MSG34-Sig. Gen 4.2-11gHz calib a;tgns.

AM-FM-Pulse mod.

Polarad R uwave rcvr .4-84gHz with plug-in AM,
FM, CW, Pulse - less plug-in 225 Hin RTTY PICTURE

Polarad TSA Spec. Anal .01-44gHz with plu%-zlg v, PERF TAPES
less plug-in LR

Solitron 200A SCR testerchecks anode, gate e e 5-LEVEL « CHAD TYPE
volts,current,leakage and holding 165 S ; 3 e11/16" WIDE

Stoddart NM10A (URM-6) RF intens mtr 10-
250 kHz, complete with acc. 630

e ERROR FREE

« 3 Min to 7 Hours Long

5
Stoddart NM20A (PRM-1) RF intens mtr .15-

20MHz, complele with acc. 655 T e Send 16 cents in
Stoddart NM52A-RFI mtr, .375-1gHz, w/acc. 985 "2 i AP i
Tek RM 15.DC-15MHz GP scope 26 ] Y TE B e s NOT a0 ¥
Tek 181 Time mark generator 95 (This is e

lustrated catalog)

Tek 190A Const. Ampl. Sig. Gen .35-50MHz 125
Tek 565 dual beam 10MHz scope, less plug-ins 625
TS-403A-Sig. Gen. (HPG16) 1.8-dgHz 3

URM 7 RI- EI mtr. (sim. NF-105) 20-400MHz ?50

GRAY Efegfrgg;c;ﬂl Monroe, Ml 48161

(Send SASE for complete list) JOE DICKENS, WASUGE, 601 S. Dodson
Specializing in used test equipment Urbana, IL 61801
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HT-1448

TWO METER
FM PORTABLE

CRYSTAL SOCKETS INCLUDED!
IMPROVED TRANSMIT AUDIO!

UP TO 6 KC DEVIATION!

.35 uV SENSITIVITY OR BETTER!
.25 SQUELCH SENSITIVITY!
IMPROVED INSTRUCTION MANUAL!
F.C.C. TYPE APPROVAL PENDING!

KIT ONLY $129.95 COMPLETE less batteries

AND for a limited time only we will furnish
ONE SET OF CRYSTALS FREE!
Your choice of 94-94; 52-52; or 34-94.

IT'S AN EVEN BETTER BUY NOW!!I!!I!!!!

ACCESSORIES: ‘‘Rubber Duckie” Antenna (BNC Connectors) $12.95
Nicad Battery Charger $ 495
Sealed 12v Nicad Battery Pack $29.95

Please include $1.00 for Shipping and Handling - N.Y.S. residents add sales tax

. ==V_'_HF ENGINEERIN-G=<

— DIV. OF BROWNIAN ELECT. CORP. —
\ 320 WATER ST. POB 1921 BINGHAMTON, N.Y. 13902 607-723-9574 /
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HI THERE !!! Specifications
MEET THE AMAZING NEW

SABA-5

Solid State Circuitry MOS-FET
B0-40-20-15-10 Meters NO TUNING

.
.
* Ultra Low Noise-High Useful Gain
.
.

PREAMPLIFIER in. 20 db min. Typical 25 db
MNoise Figure Less than 2.5 db
WBATPI | Jerry ) Says "/ 2@°9 High Quality Communications Design
does that thing work! » Hroadband with adequate MARS
Overlap
WALILS (Hugh) Says “Couldn't have made s Minutes to install on Receivers

W

station contacts without it
o el et = Battery or Exiernal Power Operation

WHVE (Frank) Says “Will enhance any = Mo Strong Signal Overloading
Mfg. by,

station’s capabilities

= SYMTEK inc. WAEPC (Mac) S
H 4805 N. HESPERIDES "

—

= Allows reduced RF Gain on receiver

for improved cross modulation

Well worth while

Above ns on Collins 75A4

R4.-C Signal-One

Line. Drake

| TAMPA, FL. 33614

C F P ENTERPRISES

866 RIDGE ROAD, LANSING, N. Y. 14882
Whether vou extend the range of vour VHF A COLLECTION OF

l_' M .\'t;l_l'n:n wllll. ”w. new liufgu H;En_[;l-r or MOTOROLA SCHEMATICS
rotate vour house with full size HF Mono-

beam. It's hard to beat CUSHCRAFT for Alignment, Crystal, and Technical Notes
the very best in antennas. covering 1947-1960

Contact CFP today for the Cushcraft an- 136 pages 115" x 17" ppd $7.50
tenna of your choice. You'll be glad you did. S. Wolf

Office & Salesroom Hours by Appointment Only
24-Hour Phone: 607-533-4297 P. 0. Box 535

Sanet SAIE for Montily 3t ot Lexington, Massachusetts 02173

3-D MAGNETIC CALL SIGNS

3 inch letters

TRI-TEK, INC.

P. O. Box 14206, Dept. H
Phoenix, AZ B5063

Your choice of colors —
Black, Red, Blue or Green
Adherence to metalic surfaces test up to 180 MPH

8038C VCO WAVEFORM GENERATOR new fac- $4.00 each — 2 for $7.00 (same call)

i
] 1)
1 ]
1 I
| 1
| 1
] ]
1 i
1 I
| 1
| I
| 1
I |
1 1
tory parts, full specs. 14 pin DIP $5.75, 2/$10.50 : ALSO '
LMS66CH VCO FUNCTION GENERATOR e, ! ]
-5, specs. ¥ I 1
P . RUBBER STAMPS |
I 1
I i
1 ]
] ]
I 1
1 ]
] ]
[ 1
1 1
1 ]
1] ]
] |

MC1455 (555) PRECISION TIMER. new, minsi-DiP Made to order — 3 lines - $4.00

! Preinked stamp pad $1.35

MM5314 CLOCK CHIP. New, full specs. $9.50 (Please print or type all copy)

8220 MEMORY. 8 bit (4x2) content addressable
memory. TTL and DTL compatible. For use in

e ermiry momiracon oaviae wongngor, | | WBBOTV SPECIALTY PRODUCTS

cache memory, auto correlation, virtual mommy P. 0. Box 187 =+ (Grasslake, Michigan 49240
learning memory. New, house numbered ________________________________________

o o, 'WA ESAVER )
OWERS & MASTS

MFC 6034, Variable to +20V, 200 MA. $1.00

MC7805, 7806, 7812, 7815, 7824, positive volt-
age, 1A $2.50

MC7912, 7915, Negative voltage, 1A $2.50 " =
723G variable 2 to 37V, 150 ma. House num- CZ series towers, cranks up, installs
bered. $.70 without guy wires. New lacing design
DTL SALE. 930, 946, 962, creates greater strength.

$.25, $10/$1.75; 100/$15.00 Any Mix Mini and Magna rotating masts . . . high
TTL SALE. New, house numbered. SN7400, SN- strength galvanized tubing, self support-
7402, SN7410, SN7430, SN7450, SN7453, SN- ing crank-up.
7460. $.25 ea, 10/$2.00, 100/$17.50 Any Mix For complete details and prices please

check your local dealer or write
] Certified Welders L.A. City License #634

All orders postpaid. Minimum $5 U.S., $15 for- HISTAo anEn cu
eign. Latest lists, 10¢ stamp. Please ADD .

INSURANCE. k P.0. Box 115, Hanford, California 93230 /
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Come Face toFace
with the facts...

IC-21A ... 24 channel capability

with 7 channels supphed. It's MOSFET front end
. S HELICAL FILTERS virtually
upphes. Modular construction, of

provides better than U duy

elimnate intermodulatior

course. Many other

...and chooseICOM

IC-22 . ., 22 channel capacity, with § sup
1 state T-R switchu

large speaker.  All the great quality feature
that label 1 as one of the tuly fine 1ICOM

g, and an extra

plicd

transcewvers, 10/1 watt power saving optior
Trimmer caps on all 22 channels for both

transmit  and plt a built n

discnimimator jack to let vou get on and stay on
frequency

The IC-3PA is a regulated DU power supply
for all the INOUE maobile transceivers, Use

with wvour JC-230 for bhase
completely  regulated  and

indication of peraling con.

i
excessive current, or if the protect
¢

B working These are shown thiougl

eye catching inc

bult in speaker in the cabinet

ICOM

Distributed by Dealerships Availatie
ICOM WEST, INC ICOM EAST Div. ACS Inc
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KEYBOARD
ENCODER ..

* 48 Keys

* ASC-Il Encoder

* For: Terminals
TV Typewriters
Calculators
RTTY Displays
CATV and more

At long last
data entry keyboard at a sensible price. Key-
switches are full
ponse type, arranged in a modified ANSI
layout. Full length spacebar with equalizer.
Keyswitches are mounted on a double sided
fiberglass circuit board with plated through
holes. The encoder provides a standard ASC
Il output and includes a debouncer circuit.
ASC Il code includes shift and control func-
tions with two user defined keys available.
Keytops are first quality double shot molded
types for permanent good appearance. Gold
plated contacts on keyswitches. NEW—no
surplus parts. Typewriter style—NOT a modi-

a top quality fully professional

typewriter travel and res

fied keypunch board.

0 ]2 B [ ] R $39.95 ppd
T { I..l. Southwest Technical
= = Products Corporation

DEPT. H
219 W. Rhapsody
San Antonio, Texas 78216

78 october 1974

LOW PRICES
ON POPULAR COMPONENTS
IF FILTERS

Monolythic crystal filters at 10.7 and

16.9 MHz
Ceramic filters at 455 kHz

SEMICONDUCTORS

VHF power transistors by CTC-Varian

* J and MOS FETS

« Linear ICs — AM/FM IF, Audio PA

« Bipolar — RF and AF popular types
INDUCTORS

+ Molded chokes

« Coil forms — with adjustable cores
CAPACITORS

Popular variable types

QUALITY COMPONENTS

.

No seconds or surplus
Name brands — fully guaranteed
Spec sheets on request

GREAT PRICES

« Price breaks at low quantities
« Prices below large mail-order houses

WRITE FOR CATALOG 173
AMTECH, INC.

P. 0. BOX 624, MARION, IOWA 52302
(319) 377-7927 or (319) 377-2638

radio

communication

Great Britain's most popular amateur
magazine. The official publication of
the RSGB. Learn what English amateurs
are building, learn what they are doing.

$12.50 per year (12 issues)
Includes RSGB Membership

HAM RADIO

GREENVILLE, NH 03048

NEW HOT SUGGESTED GIFT ITEM
' W DIGITAL
CLOCK

KIT
$34.95

Full 6 digit

I LED display

— Complete with anodized
alum. case. All parts and P.C. board. With com-
plete assembly drawings. Ship wt. 1% Ibs.

SLA-1 7 SEG READOUT $2.25 EA. 6/$12.50
12 ASST'D LEDS, RED, GREEN, AMBER, MOSTLY
JUMBO 12 FOR $2.50

Orders over $10.00 ppd. Others add 50¢ handling & mailing

HAL-TRONIX

P. 0. BOX 1101 SOUTHGATE, MICH. 48195
(313) 285-1782
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30-watt, 12-channel 2-meter
mobile transceiver with dual
channelselectors, Discrimina-
tor and S/RF/SWR meters. Crys-

15-watt, 12-channel 2-meter
mobile transceiver has multi-
ple FET front end. Instantan-
eous final protection circuit.
Crystals for .16/.76, .34/.94, tals for .16, .34, .94 TX plus
.94/.94. And R.S.V.P. Ask for .76,.94 RX. And R.S.V.P. Ask
Model 13-500 at $249.95. for Model 13-505 at $299.95.

AND R.S.V.P.

With Midland, R.S.V.P. means Repeater Service Voucher Program.
Midland's new way to help support non-profit 2-meter repeater services
across the United States through you, the active radio amateur. Your
Midland amateur radio dealer has all the details, and your purchase of
one of these high performance Midland 2-meter mobile transceivers
will include an R.S.V.P. certificate. Simply complete and return this—
Midland will see that the qualifying repeater installation you choose
receives a cash contribution in your name. Offer void where prohibited
by law.

Write for Midland's free
nL s IDLAND
Dept. H, P.O. Box 10932, 4

Kansas City, Missouri 64141 ELECTRONICS COMPANY
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-fJain TH3Mk 3
10-15-20 Meter Trl-Band Antenna

No matter how you stack 'em,
Hy-Gain is still the best.

/

Outstanding performance makes the difference in Hy-Gain's popular 3
element TH3Mk3 tri-band beam. Superior construction makes it the best.
The Hy-Gain TH3Mk3 superior construction includes a cast aluminum,
tilt head, universal boom-to-mast bracket that accommodates masts from
1%" to 2'2". Allows easy tilting for installation, maintenance and tuning,
and provides mast feedthru for beam stacking.

Taper swaged slotted tubing on all elements. Taper swaged for larger
diameter tubing at the element root where it counts, and less wind loading
at the element tip. Slotted for easy adjustment and readjustment.

Full circumference compression clamps at all joints are mechanically and
electrically superior to self-tapping metal screws.

Extra heavy gauge machine-formed, element-to-boom brackets with
plastic sleeves used only for insulation. Bracket design allows full
support.

“"Hy-Q" traps for each band are tuned at the factory. You can tune the
antenna, using charts supplied in the manual, for optimum performance
on your preferred mode, phone or CW.

Hy-Gain's exclusive Beta Match for optimum matching. balanced input
on all 3 bands and DC ground to eliminate precipitation static.

For best results, use with Hy-Gain BN-86 balun is recommended.

* Up to 8 db gain.

= 20-25 db front-to-back.

« VSWR less than 1.5:1 at resonance.

* 1 KW AM, 2 KW PEP power capability.

* Turning radius...15.7".

* Net weight...36 Ibs.

* Boom length...14",

* Longest element...27".

« Surface area...5.1 sq. ft.

* Nominal 50 ohm input.

Electronix Sales

23084 5. CRENSHAW BLVD., TORRANCE. CALIF. 30505

CLIP THIS AD!
And send it with your check for
$189.95 for your Hy-Gain TH3MK3,.
100’ of free RG-8/U foam cable and
prepaid shipping!

HOME of LA AMATEUR RADIO SALES
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OUR DIGIPET 60 IS A
GENERAL-PURPOSE FREQUENCY
COUNTER WITH A RATING OF
1 kHz TO 60 MHz.

(PLUS 130 MHz TO 160 MHz)
L N

Perfectly designed for the radio amateur who wants quality,
accuracy and economy.

If you operate around the 50 MHz band, we can offer you the
Digipet 60—it measures a range of 1 kHz to 60 MHz—and it costs
less than $300.

However, if you operate up around 140 MHz, you'll want the
Digipet 160 converter. It costs an additional $50 and, mated-up with
the Digipet 60, measures the critical range from 130 MHz to 160 MHz.
Its AC or DC operable with complete overload protection, plus being
stable (aging rate: 1 part in 10%/week), small (7" deep x 2'," high),
sensitive (50 mVm's), flexible (five numerical-tube digits) and
accurate (resolves to 1 kHz or 1 Hz, depending on gate time selected).

Write immediately for more information.

T.R.l. CORPORATION
505 West Olive Avenue ® Sunnyvale, CA. 94086 * (408) 733-9080
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YVALU=PAK

ALL MERCHANDISE 1S NEW UNUSED SURPLUS

AND IS SOLD ON A MONEY BACK GUARANTEE.
LED 7 SEGMENT READOQUTS EACH 10 PAKJ TTL EACH 10 PAK
MAN-3 .115" w/RH decimal (claw} s .90 § 8.00 7400 HN § .22 $ 1,80
MAN-3 .115" w/RH decimal (flat leads) .80 7.00 7401 .28 2.50
MAN-4 19" w/RH decimal (DIP) 2.00 17.50 7402 .28 2.50
DL 33 .1” 3 digits in one 12 pin DIP 2.50 22.003 7403 .28 2.50
7404 HN .22 1.80
LED DISCRETE DEVICES EACH 10 PAKY 7405 .28 2.50
7406 .40 3,50
MV50 axial micro-mini red $ .15 5 1.00Q 7408 .30 2.60
MV5021 diffused dome red .25 2.00 7410 .28 2.50
Mv4 2 WATT hi-pwr red (STUD) 2.25 20.00 7411 .40 3.50
MV4H 2 WATT hi-pwr red (hi-dome) 2.50 22.00Q 7416 .45 3.80
ME5 2 WATT hi-pwr INFRA~RED 2.50 22.00 7420 .28 2.50
LINEARS EACH 10 PAak| 7426 .35 3.00
7430 .22 2.00
LM301 MINI-DIP Hi perf, AMPL $ .50 § 4.25% 7441 1.25  10.00
LM307 MINI-DIP Op AMP (super 741) .50 4.25 7445 1.10 9.00
LM309H TO5 5V Regulator .90 7.50 7450 .22 1.80
LM309K TO3 5V 1A Regulator 1.75 15.00 7460 .22 1.80
LM311 8DIP Hi perf. Volt. Comparator 1.00 8.00 7473 .50 4.50
LM320 TO3 5V Negative Regulator 1,90 17.000 7474 .50 4.50
LM320 TO3 12V Negative Regulator 1.90 17.00Q 7483 1.00 9.00
LM320 TO3 15V Negative Regulator 1.85 17.00 All IC's are DUAL IN
LM380 14DIP 2 WATT Audio AMPL 1.70 16.00 LINE (DIP) unless o-
LM381 DIP Low noise Stereo Amp. 1.75 15.00 therwise stated.
9601 DIP Monostable Multivibrator .55 3.95 Please ask for data
9602  DIP Dual 9601 .65 5.00 sheets as required.
555 8MINI-DIP TIMER 1.20 9.50 All parts are marked
723 DIP Precision Voltage Regulator .90 7.50 and are tested for
741 8MINI-DIP Hi perf. Op Amplifier .45 3.95 function.
Some parts are house
cMos EACH 10 PAK numbered, (HN).
CD 4016 Analog Switch s1.20 s1o0.00] OPTO ISOLATOR SPECAL!
74C74 pual D FF l1.20 10.00 MONSANTO MCT26
74C76 Dual JK FF 1.30 11.00
74C195 4 bit Shift Register 2,30  20.00 6 PIN MINI-DIP
CT5001 CALCULATOR CHIP SPECIAL! $1.25 EACH 10 FOR $10.00
Forty-pin calculator chip will add, subtract, multiply FLIP FLOP SPECIAL!
and divide: 12-digit display and calculate; chain cal- Dual Tow power RST flip
culations; true credit balance sign output; automatic flop DIP package similar
overflow indication; fixed decimal point at 0, 2, 3, or to SIGNETICS #8424, With
4; leading zero suppression. data & application notes.
$5.95 EACH 10 FOR $49.00 10 FOR $2.50

Memory |G 745206 1X256 BIPOLAR TTL RAM $3.49 EA.I0 FOR $29.00

FIVE DOLLAR MINIMUM ORDER. FREE FIRST CLASS POSTAGE ON
ALL ORDERS. CALIFORNIA RESIDENTS PLEASE ADD SALES TAX,

SEND STAMP FOR FREE FLYER. WRITE T0: WA LY« P A K
box AF Carmichael, Ca. 95608
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B RATES Commercial Ads 35¢ per
word; non-commercial ads 10¢ per word
payable in advance. No cash discounts
or agency commissions allowed.

B COPY No special layout or arrange-
ments available. Material should be type-
written or clearly printed and must in-
clude full name and address. We reserve
the right to reject unsuitable copy. Ham
Radio can not check out each advertiser
and thus cannot be held responsible for
claims made. Liability for correctness of
material limited to corrected ad in next
available issue. Deadline is 15th of
second preceding month.

@ SEND MATERIAL TO: Flea Market,
Ham Radio, Greenville, N. H. 03048.

ROCHESTER, N. Y. — Hamfest date of 1975 —
May 3l1st. Marriott Inn is new headquarters. In-
formation? Write WNY Hamfest, Box 1388, Ro-
chester, N. Y. 14603.

QSLs. SECOND TO NONE. Same day service.
Samples airmailed 25¢. Ray, K7HLR, Box 331,
Clearfield, Utah 84015.

WANT OLD RADIO SHOW TRANSCRIPTION discs.
Any size or speed. Send details to, Larry Kiner,
7FIZ 7554 132nd Ave N.E., Kirkland, Wa. 98033,

RESISTORS: Carbon composition brand new. Ali
standard values stocked. 2W 109% 40/%$1.00; YW
10% 30/%$1.00 — 10 resistors per value, please.
Minimum order $5.00. 15SW RMS 1C Audio Ampli-
fier — Panasonic. Frequency response 20Hz-100
kHz. 4% distortion. Price $6.95 Postpaid. Pace
Electronic Products, Box 161-H, Ontario Center,
New York 14520.

HAM RADIO APRIL 1970 MISSING: K6MHQ needs
it to complete files. ¢/o AM. Radio Service, FPO

96620.

WANTED: ARC-51, 618T-1, ARC-102, FM-633, ARC-
131, 807A Wilcox, Transceivers. Pay Cash. Bob
Sanett, 616 S. Holmby Ave.,, Los Angeles, CA.

(213) 279-1275.

PERSONAL ATTENTION plus the best cash deal
anywhere is what you receive at Queen City Elec.
tronics in the heart of the Midwest. Queen City
carries all major brands including Drake, Tempo,
Kenwood, Yaesu, Swan, Regency, Clegg, Standard
lcom, Genave Write or phone us for your
equipment needs. Queen City Electronics, Inc.,

7404 Hamilton Avenue, Cincinnati, Ohio 45231,
(513) 931-1577.
BUY—SELL—TRADE. Write for monthly mailer,

give name, address, call letters. Complete stock
of major brands new and reconditioned equipment.
Call us for best deals. We buy Collins, Drake,
Swan, etc. SSB & FM. Associated Radio, 8012 Con-
ser, Overland Park, Kansas 66204. 913- 381-5901.

TELETYPEWRITERS — Kleinschmidt -—— portable,
fixed, sets, punches, parts, reconditioned, reason-
able. Mark/Space Systems, 3563 Conqulsta, Long
Beach, Calif. 90808. 213-429-5821.

CALCULATOR OWNERS: Use your +—X-i- calcula-
tor to compute square roots, cube roots, trignono-
metric functions, (ogarithisms, exponentiais, and
more! Quickly, Accurately, Easily! Send today for
the Improved and Expanded Edition of the First
and Best Calculator Manual . . now in use
throughout the world . . . still only $2.00 Postpaid
with Unconditional Money-Back Guarantee! Mall-
mann Optics and Electronics. Dept.-M3, 836 South
113, West Allis, Wisconsin 52134,

RTTY EQUIPMENT FOR SALE including machines,
parts, gears. Send us a list of your teletype needs.
Atlantic Surplus Sales, 1902 Mermaid Ave., Brook-
fyn, N. Y. 11224,

FREE: 12 Extra crystals of your choice with the
purchase of a new Regency HR-2B at $229. Send
cashier's check or money order for same-day ship-
ment. For equally good deals on Collins, Drake,
Kenwood, Standard, Clegg, Swan, {com, Yaesu,
Genave, Halhcrafters, Tempo, Ten-Tec, Venus, Hy-
Gain, CushCraft Mosley, and Hustler, write to
Hoosier Electronics, your ham headquarters in the
heart of the Midwest. Become one of our many
happy and satisfied customers. Write or call today
for our low quote and try our individual, personal
service. Hoosier Electronics, R.R. 25, Box 403,
Terre Haute, Indiana 47802, (812)- '894.2397.

FIGHT TVl with the RSO Low Pass Filter. For bro-
chure write: Taylor Communications Manufacturing
(h:dc:rsnpsaan, Box 126, Agincourt, Ontario, Canada.

DEAR FANS: Distortion meter, rf sweep generator,
af sweep generator, function generator, miniature
80M receiver, etc. Many built for articles in Ham
Radio, etc. Sase for details and prices. Ray Megir-
ian, K4DHC, Box 580, Deerfield Beach, FI. 33441.

MEMPHIS AREA HAMFEST, Sunday, October 6 at
State Technical Institute, conveniently located at

Interstate 40 and Macon Road (Exit 11). Demon-
strations, displays, FM forum, MARS meetings,
flea market, XYL entertainment, prizes. Informal

dinners Saturday night. Dealers and distributors
welcome. Talk-in on 3980, .34-.94 and MARS. Con-
tact Harry Simpson, Box 27015, Memphis, TN
38127, phone 901 358-5707.

NEW PARTS BARGAINS: Calrad KW SWR-relative
power dualmeter bridge 24.95; Hygain TH6DXX —
see this month’'s ad. CDE Ham-2 109.00; Belden 8448
8-wire rotor cable 12¢/ft; #22GA/7STD phosbronze
longwire-rhombic antenna wire, plastic coat, high
tensile 2.50/1000-ft; new Brandes headphones (J)
5.50; many new Sprague capacitors, write needs;
doorknobs: Sprague 500PF/20KV 2.50; CDE .001/
10KV 1.95; Erie Padder Caps 3-12PF & 8-50PF, both
49¢ coax: RG62B/U 8¢/ft; RG71/U 8¢/ft; RG13B /U
15¢/ft; Belden, Consolidated RG8 foam 8214 18¢/ft;
Amphenol PL259 53¢; Motorola semi-conductor data
series books 7.50; Rider, Tab, Radio Publications,
ARRL, Ameco, Calibooks; many old tubes — write
needs; new panel meters — write; H-P LEDS series
5082 - 99¢ ea; new Raytheon, GE 811A 7.95;
15.00/pr; Sorensen ACR2000VA AC regulator 150.00;
GE receiving tubes 509, off list; KY65 code keyer
(plastic wheels) 5.95; free flyers All items new,
guaranteed. Prices fob Houston. Madison Electron-
ics, 1508 McKinney, Houston, Texas 77002. 713/
224-2668, Nite 713/497-5683.

HOMEBREWERS: Stamp brings list of high quality
components. CPO Surplus, Box 189, Braintree,
Mass. 02184.

TRADE: Collins 390A & manual. Very good condi-
tion, for late model transceiver. Write George Keys,
WAGBKAA, 1334 N, Broadway, Santa Maria, Ca.
93454. 1-805-925-7755.

DO-IT-URSELF DXPEDITION — Stay at ZF1SB —
Caymen is. Vertical antenna and Caribbean at your
doorstep. Diving/fishing if band folds. Write Spanish
Bay Reef Resort, Box 800K, Grand Cayman, B. W. I.

TELL YOUR FRIENDS about Ham Radio Magazine.
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INTERNATIONAL EX CRYSTAL & EX KITS

OSCILLATOR + RF MIXER + RF AMPLIFIER - POWER AMPLIFIER

for the EXPERIMENTER!

1.
RF MIXER

MXX-1 TRANSISTOR

A single tuned circuit intended for
signal conversion in the 3 to 170
MHz range. Harmonics of the OX
oscillator are used for injection in
the 60 to 170 MHz range. Lo Kit 3
to 20 MHz, Hi Kit 20 to 170 MHz
QSpecify when ordering)

RF AMP

A small signal amplifier
MXX-1 mixer,
and link output. Lo Kit
MHz, Hi Kit 20 to
(Specily when ordering)

2. SAX-1 TRANSISTOR

to drive

Single tuned input
3 to 20
170 MHz

$3.50

3. PAX-1 TRANSISTOR
RF POWER AMP

A single tuned output amplifier
designed to follow the OX oscil-
lator. Qutputs up to 200 mw,
depending on the frequency and
voltage. Amplifier can be ampli-
tude modulated. Frequency 3,000
to 30,000 KHz

Amateur

\

4. BAX-1 BROADBAND
AMP
General purpose unit which may
be used as a tuned or untuned
amplifier in RF and audio appli-

cations 20 Hz to 150 MHz
vides 6 to 30 db gain
SWL. Experimenter or

83,20/
4

5. OX OSCILLATOR

20,000 to 60,000 KHz.
when ordering)

Pro-
Ideal for

: .SJ.TS/)\

Crystal controlled transistor type
Lo Kit 3,000 to 19,999 KHz, Hi Kit

(Specity
e 3295

6. TYPE EX CRYSTAL

Available from 3,000 to 60,000 KHz
Supplied only in HC 6/U holder.
Calibration is = .02% when oper-
ated in International OX circuit
or its equivalent. (Specify
frequency) $3.95

/‘

CRYSTAL
TYPES:

o

International Crystals are available from 70 KHz
to 160 MHz in a wide variety of holders.
Crystals for use in military equipment can be
supplied to meet specifications MIL-C-3098E.

(GP) for ™
applications

‘Commercial Standard"

‘High Accuracy'’ close tem-

(CS) for *
(HA) for '

General Purpose''

perature tolerance requirements

for the COMMERCIAL user...

INTERNATIONAL
PRECISION RADIO CRYSTALS

N
hG

v
<

write for
CATALOG

INTERNATIONAL

\N\NY %

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

>

. _J
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QSL'S — BROWNIE W3CJI — 30358 Lehigh, Allen-
town, Pa. 18103. Samples with cut catalog 35¢.

TECH MANUALS for Govt. surplus %ear. $6.50 each:
URM-25D, URM-32, R-220/URR, R-274/FRR, R-390/
URR, TS-497B/URR, TS-382D/U, LM-21, PRC-10.
Thousands more available. Send 50¢ (coin) for
large list. W3IHD, 7218 Roanne Drive, Washing-
ton, D. C. 20021.

ONLY HR REPORT brings you the news of amateur
radio via air mail as it happens, not weeks or
months later, Send for a one year subscription, 24

issues plus extras. Only $12.00. HR REPORT,
Greenville, NH 03048.
4-1000A, socket w/dome, blower, fil xfmr, air flow

switch, trade for Ham-M or price of same —
WA2DCA - P. O. Box 104, Cherry Hill, N. J. 08034,

WANTED. BLONDER-TONGUE Field Strength Meter
Model 4127. No substitute. Also Simpson 260, 261
or 270. State price and condition. Marvin Loftness,
;é?a;%ﬁ 20th, Olympia, WA 98501. Phone 206-

FOR SALE: MOTOROLA MODEL #C74BBY 90 watt
compa station with blower, 450 MHz repeater with
6 dB gain antenna @ $350.00 as is, (working while
ulled from service). Also available: 125 ft. 7/8
eliax @ .60/ft. and UHF fittings @ $7.50 each.
F.0.B. Topeka, Kansas.

PACKRAT HAMARAMA is Sunday, October 6th at
the Bucks Cuunt‘_ Drive-In Theater on Rt. 611 in
Warrington, his is near exit 27 of the Pa.
Turnpike and north of Willow Grove, Pa. Huge flea
market, auction. Festivities begin at 9:30 a.m. and
auction starts at 2 p.m. — RAIN or SHINE. Reg-
istration is $1.00 and tail gate selling $2.00. Talk-in
146.52, 52.525 and the club repeater WR3ACD
222.98 and 224.58 out. For further information and
flyer with map, SASE to K3IMXM, Lee A. Cohen,
8242 Brookside Rd., Elkins Park, Pa. 19117.

WANTED — TPL; Want 100 watt, 150-174 MHz,
TPL multiplier — PA cage and Hi-Band receiver
RF card. State price, condition, and GE PN. Will
swap with 6 meter equipment. G. Lose, 907 Min-
nesota #6, Troy, MI 48084

VERY in-ter-“t -ing! Next 5 big issues $1.
Trader," Sycamore IL 60178

FAX PAPER, 19'% " wide. Good for weathermap and
desk fax recorders. $2.95/box, 4 for $9.00, 12/$25.
Fax and RTTY list free. Jim Cooper, W2BVE, 651-H
Forest Avenue, Paramus, N. J. 07652.

USED MYLAR TAPES — 1800 foot. Ten for $8.50
E‘ostpaid. Fremerman, 4041 Central, Kansas City,

“The Ham

VOLUNTEER needed in Orange, California area to
handle traffic for Bible translators. Also need RTTY
gear, ham gear; tax deductable. Write Mike Naruta,
WABBHR, 4466 Burtch, North Street, MI. 48049.

QUALITY CABLE TIES (6" nylon), half price, $2.75/
100 postpaid. Joe Ottinger, 106 Sheridan Ct.,
Leavenworth, KS 66048.

CANADIANS — We carry a broad line of electronic

arts, including most solid-state devices, LEDs,
sz Send for free flyer to: Ken, VE1AOJ, Dartek
Electronics, Dept. H, Box 2460, Dartmouth, Nova
Scotia B2W 4AS.

PRINTED CIRCUIT TECHNIQUES for the hobbyist.
Booklet: $2.00. H. S. steel and carbide drill bits
and PC artwork. Send SASE fur flyer. Trumbull,
833 Balra Dr., El Cerrito, Ca. 94530.

FOR SALE: MOTOROLA TLN 6185A Quik Call De-
coder with reeds. $20 each. Various Motorola and
G. E. mikes, control leads, cables, manuals, and
tubes. WA7PUD, 503-252-0303.

MOBILE IGNITION SHIELDING provides more
range with no noise. Available most engines in
assembled or kit forms, plus many other suppres-
sion accessories. Free literature. Estes Engineering,
543-H West 184th, Gardena, California 90248.

WORLD QSL — See ad on page 93.

More Details? CHECK—OFF Page 94

FM YOUR GONSET

(or your Cle 22'vr, Poly Co

6N2, Aerotron 500, HA

* New! Plug-in modulator
puts t he
Communicato
transmitter on FM.

* No modification or
rewiring on your
Communicator. Just
plug into mike jack
and crystal socket.

s Compact self-contained
modulator measures
4" x 3" n1%".

* Works with Communicator |, Il, IIl, IV

and GC-105, and other rigs listed.

* FM at a tenth the cost of a new rig.

* Frequency adjust for netting built in,

» $£34.50 postpaid U.S.A. $36.50 for PC-2,
PC-62, HA-460. Specify transmitter
model, California residents add 5%
sales tax. (HC-6/U crystal and 9 volt
transistor battery not supplied.)

* Send for free descriptive brochure.

PALOMAR

BOX 455, ESCONDIDO, CA 92025

MADISON
Electronics Supply, Inc.

Hy-Gain THEDXX

6-Element Super Thunderbird DX
Superior Performance TriBander

Impressive coverage 10-15-20 meters

List $224.95
CALL OR WRITE FOR QUOTE

Belden Coax, Ham-Il, Tri-Ex Tower

FREE FLYER
Madison Electronics Supply, Inc.

1508 McKINNEY AVENUE
HOUSTON, TX 77002
Phone: 713-224-2668

Nite/Weekend: 713-497-5683

e e e e e e e e e e e e e e e e e -

Lo o o o -
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ONEIDA INSTANT-WELD
ENGINEERING Evaluation

Kit, feve assorted two-gram
tubes (. 57.95 postage paid
Send one ounce bottle of

No. 102 INSTANT-WELD—

60 sec. 3et—58.75 postage pawd
A complete sel of literature.
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ALPHA CYANOACRYLATE ADHESIVE

inch and costs less than 1 & C
® Very strong—up to 3000 1bs. ' tenside

rubber, ceramcs and plashes
® Extremely rapid 1ething — seconds,

not hours
® Economical —one drop Covers one square

heat needed

® Does not use solvents or catalypshs

of lntures
@ Sebs af room temperature—no

strength

e Versatie—bonds metal, glass, phenolics,
* Fingertip pressure only—no clamps

® Onecomponent only — no miming reguired

ELECTRONIC

Pa, 16338

ONEIDA

Mmendville,

1C-230 Icom
$489.00

Craig

radio

P. O. Box 615
Portsmouth, N.H. 03801

Phone (207) 439-0474
(603) 436-9062

MFG_'INC.

“THE ELECTRONICS STORE"
RMS CORPORATION
675A GREAT ROAD (ROUTE 119)
LITTLETON, MASS. 01460
7400 SERIES |.C's MATRIC-KEYERS
HUSTLER ANT. GOTHAM ANTENNAS
VHF ENG. KITS — VHF-HT-144 — VENUS SSTVI
LARGE INVENTORY OF COMPONENTS
1-495 to Rte. 119, Groton Exit 19
2 Miles On The Right

YOUR BEST BET FOR FM!

e PREAMP KITS $6, WIRED $10
FREQUENCIES FROM 20 TO 230 MHz

LED SCANNER KITS $10
RECEIVER KITS $59.95
FULL STOCK CUSHCRAFT FM ANT.

COMPONENTS FOR VHF PROJECTS
— SEND SASE FOR LITERATURE —

HAMTRONICS, INC.

182 BELMONT RD. ROCHESTER, N. Y. 14612

NEW “JUNQUE”
Limited Supplies — ALL BRAND NEW
JENNING'S VACUUM VARIABLE CAPACITORS.
+5 TO 425 PF, 20 to 10 KV. #UTC-25. 2” dia.

x 3%"” + 1" for mounting 14" for control,
long. 2 Ibs. each $24.00
+4 TO =56 PF, 10 to 5 KV. #CGS-55. 214" dia.
x 3" 4+ 13" for control, a* for 14" shaft.
2 Ibs. each $27.50
METERS — all fit 2%“ hule. ALL BRAND NEW.

WESTON #1941, 41 4", wide view plastic.
100 MV F5 5c,ale callbrated 0-4000 amp; or 50
mv. F.S, scale calibrated 0-2000 amp. NO
SHUNTS. Choice each $8.50
0-200 MA DC. APl #430-274. Mirror scale. 5" x
£ R each $8.50
0500 MA DC. 3'5" sg. SIMPSON, gray plastic
case, wide view. each $6.50
0-50 UA DC. 34" sq. SIMPSON, plastic case,
wide view. Scale 0-360w. For Motorola Motrac
base station transmitter, each $6.50
0-50 UA DC. 3%" sq. SIMPSON. Dual scale
0-50 va. & 0-250 ma. (no shunt) 4/%20; ea. 55 50
0-200 UA DC. BURLINGTON fan style, 44" x
2%" scale 4/$17.00; each ia

PLEASE — include sufficient to cover postage,
any excess returned in order. lllinois shipments,
add 59, for "sales tax'. Store 5696 N. Ridge
Ave., Chicago, Ill. 60660. Hours: Wed. 11:00 a.m.
to 2:30 p.m.; Sat. 10:00 a.m. to 2:30 p.m. MAIL
ADDRESS: 1249 W. Rosedale Ave., Chicago, Il
60550, Phones: (312) 334-4463 & 784.4426.
BC ELECTRONICS

DYNAMIC Electronics Inc. “*
P. 0. Box 1131 8

Decatur, AL 35601 Add 52 thim. for AT mod
CONVERTERS

VHF/UHF PREAMPS

Ten meters through 432 MHz. A post card will bring our
full 1974 Catalog

@ J@m @,LL laboratories

BOX 112 SUCCASUNNA NJ 07876
Telephone 201 584 6521

=

1301 seoapwar nw. ATV Research

LOOKING FOR A NEW CHALLENGE?
... then build a TV cameral

DAMOTA CITY, NEBR. 68711

ATTN. FT-101 MARK 2/B OWNERS

G3LLL's RF Clipper
5-10 dB extra talk power, better .
RX gain and selectivity, no circuit
modifications, better than a lin-
ear. Intro. price 599, post paid,
$110 from October 1st. Details
Holdings Ltd.,, 39-41 Mincing
Lane, Blackburn BB2 2AF. England
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SURPLUS TEST EQUIPMENT, VHF and microwave
gear; write for bulletins. David Edsall, 2843 St.
Paul, Baltimore, Md. 21218.

QSL's, Sample catalog 20¢. N & S Print, P. O.
Box 11184, Phoenix, Ariz. 85061.

MANUALS for most ham gear made 45/65, some

earlier. Send SASE for specific quote. Hobby In-

glljg‘(t)ry, W@JIK, Box H-864, Council Bluffs, lowa
1.

WANTED: GENERAL CLASS (or higher) hams to
join 4,500 member Morse Telegraph Club. Hun-
dreds of hams already belong. Send modest $3
annual dues (includes subscription to great slick
paper newspaper ‘‘Dots and Dashes’’) to GST A. J.
Long, 520 West Schwartz Street, Salem, ill. 62881
for membership card and assignment to nearest
chapter.

EXCLUSIVELY HAM TELETYPE 21st year, RTTY
Journal, articles, news, DX, VHF, classified ads.
Sample 30¢. $3.00 per year. Box 837, Royal Oak,
Michigan 48068.

PC's, Send large S.A.S.E. for list. Semtronics, Rt.
#3, Box 1, Bellaire, Ohio 43906.

LEARN DESIGN TECHNIQUES. Electronics Monthly
Newsletter. Digital, linear construction projects, de-
sign theory and procedures. Sample copy $1.00.
Valley West, Box 2119-C, Sunnyvale, Calif. 94087.

NEED PARTS? We carry parts for R-388-390-390A.
391-392-1051-51S1 - Nems Clark-Racal-Pack sets -
PRC-25-41.47-62-70-71-73-74-77. If you need a part
no matter what you have. If its U.S. government
we have it or can get it. Also we want to buy or
trade all aircraft communications. All ground radio
communications. All plug-in modules control heads.
No matter what cond. they are in - bent or busted
ok. We will buy or trade. We have R-390-388-390A-
392-1051-51S1 Nems Clark - Racat - and new ham
gear for trade. D & R Electronics, R. D. #1, Box
56, Milton, Pa. 17847. Phone 1-717-742-4604 after
6:00 P.M.

SIGNAL ONE OWNERS, expert and prompt service
by ex-Signal/One engineer. Also will purchase your
functioning or not functioning unit or spare pars.
Write or cail for details. Larry Pace, K2IXP/7, 5717
Genematas, Tucson, AZ, 85704 (602-888-5234).

WANTED - USED FM 2-way radio communications
equipment and test equipment. Mot.,, GE and RCA
etc. No doggies please, CAL-COM Systems, Inc.,
701-51A Kings Row, San Jose, Calif. 95112, Tel.
408/998-4444.

YAESU TRANSCEIVER OWNERS -— Present and
Prospective. Join the International Fox-Tango Club.
Send business-size SASE or two IRCs for complete
information and sample of monthly FT newsletter.
Milton Lowens WA2AQQ, 3977-F Sedgwick Ave.,
Bronx, N. Y, 10463.

VHF-UHF PRE-AMPS, 432 MHz receive and trans-
mit converters. Send for illustrated information.
Carmichael Communications,” P. O. Box 256, Car-
michael, CA. 95608.

SWAP-N-SELL ADS FREE in TRADIO. Box 4391,
Wichita Falls, Texas 76308.

WANTED: tubes, transistors, equipment, what have
you? Bernard Goldstein, W2MNP, Box 257, Canal
Station, New York, N. Y. 10013.

CANADIAN JUMBO SURPLUS and Parts Catalogs.
Bargains Galore. Send $1. ETCO-HR, Box 741, Mon-
treal A" H3c 2V2.

RECIPROCATING DETECTOR, write Peter Meacham
Associates, 19 Loretta Road, Waltham, Mass. 02154,

TRAVEL-PAK QSL KIT Converts photos, post cards
to QSLs! Send call and 25¢ for personal sample.
Samco, Box 203H, Wynantskill, N. Y, 12198.

YOUR AD belongs here too. Commercial ads 35¢
per word. Non-commercial ads 10¢ per word.
Commercial advertisers write for special discounts
for standing ads not changed each month,

More Details? CHECK—OFF Page 94

FREE IC

With Every $10 Order*®

® REDUCE YOUR PROJECT COSTS

® MONEY-BACK GUARANTEE
® 24-HOUR SHIPMENT
e ALL TESTED AND GUARANTEED
® TRANSISTORS:
NPN
2N3963 FYPE RF Amp & GSC 1o TGHZ (pl 2N918) 6/$1.00
2N3565 TYPE Gen. Purpase High Gam (T0-106) 6/31.00
2N3691 TYPE GP Amp ta 25 mA and 50 MH/ 6/$1.00
2N3866 TYPE RF Pwr Amp 1 2 W @ 100-600 MH2 $1.50
2N3902 TYPE GP Amp & Sw to 100 mA and 30 MH: 6/31.00
2N3904 TYPE GP Amp & Swto 100mA {T0-92) 5/31.00
2N3919 TYPE RF Pwr Amp 3.5 W (2 3-30 MH/ $3.00
Assart NPN GP TYPES, 2N3565, 2N3641, etc. 115) $2.00
PNP
2N3638 TYPE Gen. Purpuse Amp & Sw 4/81.00

2NA4249 TYPE Luw-Noise Audic Amp 1 A 1o 50mA 4/31.00
® FET's:

N-CHANNEL (LOW NOISE)

2N4416 TYPE RF Amphiter to 450 MRH2 (TO 72} 2/$1.00
2N5486 TYPE RF Amp tn 450 MH. Iplastic 2N4416)  3/$1.00
2N5163 TYPE Gen. Purpose Amp & Sw (T0-106) 3/$1.00
2N4091 TYPE RF Amp & Switch (T0-106) 3/$1.00
ITE4868 TYPE Ultra-Low Noise Audio Amp 2/$1.00
Assnrt RF & GP FET's, 2N5163, 2N5486 wte (8) $2.00
P-CHANNEL
2N4360 TYPE Gen Purpuse Amp & Sw (TQ-106) 3/$1.00
M104 TYPE MOS FET (Owde protected) 0.3 pF $3.00
e LINEAR IC's:
555X Timer 1 gs-1 hr, Dif pinout fram 555 (DIP) S .90
709 Pupular OP AMP (DIP/TQ 5) S 38
723 Vohage Regulator 330 V @ 1 250mA (DIP/TO-5) $ 75
739 Ouat Low Nase Audig Preanig/QP AMP (DP) $1.00
141 Freq. Compensated OP AMP (DiP/TO-5/MINIDIP) $ 4y
2556 Dual 555 Timer 1 usec to 1 hours (0iP) S1.69
LM305 Pysitive Vaoltage Regulator (TD-5) $1.25
MC1458 Dual 741 OP AMP (MINI-DIP) $ 95
Assorted Linears 741/708/723, etc. (4) $2.00
® DIODES:
IN914 TYPE Gen. Purpase 100V/10mA 10/$1.00
IN3600 TYPE Hi Speed SW 75V/200mA 6/$1.00
1N4608 TYPE GP & SW 80V/400mA 6/$1.00
1N3893 TYPE RECTIFIER Stud Mount 400V/12 A 2/$1.00
1N749 ZENER 4.3 Volt 400mW 3/$1.00
1N753 ZENER 6.2 Volt 400mW 4/$1.00
IN755 ZENER 75 Valt 400mW 4/$1.00
IN757 ZENER 9.1 Volt 400mW 4/81.00
1N758 ZENER 10 Vaolt 400mW 4/81.00
1N9BS ZENER 15 Volt 400mW 4/$1.00
1N96B ZENER 20 Velt 400mW 4/81.00

D5 VARACTOR 550 W Qutput @ 30250 MH, 770 pf  $5.00
F7VARACTOR 1-3 W Output @ 100 500 MH: 530 pf $1.0C

*MAIL NOW! With every order of $10 or more, postmarked
priorto 11/30, FREE 739 Low-Noaise Dual OP AMP included
$1 VALUE.

ORDER TODAY-AIl items subject to prior sale and prices
subject 10 change without notice. DATA SHEETS included with
maost items.

WRITE FOR FREE CATALOG offering hundreds of semi
conductors not listed here. Send 10¢ stamp.

TERMS: All orders prepaid. We pay postage. $1.00 handling
charge on orders under $10. Calif. residents add 6% sales tax.

ADVA.......

BOX 4181-F, REDWOOD CITY, CA 94062
Tel. (415) 851-0455
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THREE QUARTER

Any colar

Buylo 15~

INCH DIGITS $4.95 Hncount
BY OPCOA | ,, B
3 for $13. GREEY uv 100 —
. 0.7 character YELLaw B0 SU30 BY Lype number! Spee sheets an request “ONLY'" Factory Marked Take 2857,
*0t09 SN7401 .22 SN7430 .24 | OO sN7472 .42
" Color SN7402 24 | U SN7432 28| O sN7473  s2 8 SN7ales 8% g Snrsies 153
+ 7 Sogments O s’{_'}. an RED sN7a03 22 g SN1a3T a8 Dgnraza .39 1O sn7av1z a5 | O SN74164 380
30 mils [ SLA-3H* RED 7404 27 | 5 Sufiie 91 | 0] SN74113 (95| (] SN74165 2.85
0 stA-13 GREEN SN7a08 (24 | g SNTA40 .22 ) [] SN7476 .52 (I SN74113 .95 | [] SN7d166 o
LA-14% RE SN7408 .79 7441 1.19 | O SN7478 .79 -85
B Al SELLOW SN7407 0 SN7442 102 | [ SN7aB0 53 | o SN73121 .49 [] SN74173 1las
Order b g s 3 0 .48 (] SN74122 55| [] SN74174
rder by type 5 g8 23 YELLOW SN7408 .27 (L SN7443 102 | O SN7481 1.25 | (] SN74123 1.09 | O on 33
number *Plus or Minus one SN7409 (27 | LJ SNT44s 1.02 O sh74a2 .99 | (] sN7a125 es | [ SNrsiva heH
SN7410 .22 . 1.19 | (7 sN74) R :
CRYSTAL OSCILLATOR SNTa1L 3 g N7a3e 113 E]I SnTess 250 [ SN7a139 138 B 3232:33 i
Rare buy of these popnlar SNy413 35 | sN7ass 1019 | O snvass k21D N7aias 39| 0 surais: a'es
precision modules that are SNya1a 2323 | SNT4s0 27 | 7 SN7a%0 113 El SN7a141 11907 SN7a182 108
used by hams, clock en- SN7415 a5 SN7451L (28 | (] SN7491 1.35 | (] SN7a148 200 | o SN74185 234
thusiasts,  hobbyists. By SN7a16 .as | SN7353 (28 | [ SN7492 .98 | [] SN74180 1 15| SN74187 234
Monitor. Type 850.° Frea: SN74l? 43 [0 SN7asa (38 | [] SNress o9 | O SN7ais0 1.3 g snra192 i'se
5057 Requires S VDE. Gen. sAvezo 2z | SN7225 28 0 SN743a 1l0s | SN7aisy 1139 | Suyaiss bos
erates “a_squaze wave °': SN7aZ2 39 | sh7ssr 26| () Sn7ase 99 | D Shraise ios | SN741es 1o
atput. Size: 3 - 62 .39 | [ SN74100 1.5 : 20
2 SN7423 (32 | ) sN746a 38 e+ B SN74156 1.45 | [ SN74197 1.10
Sn7a2s (35 | SN73ed 39| 0 SN74108 1125 SN74157 1.45 | [] SN74198 2.48
SN7426 (31 |[] sN7470 o9 | o SN74105 .95 | (] SN74158 1.45 | (] SN74199 2 45
- SN7327 (38 | SNrars .':s [ sN74106 .95 | [] sN74160 1.85 [0 SN74200 9.9s
y o 5 95 CLOCK CHIPS #* Low us INTEGRATED —]
L ON A “DIP” §4.95 CIRCUIT SOCKETS
'8 WATT STEREO |OwMs3i116.dieit 28-Pin... s7.77, 0~ L1g-gin. oI s.a
LUMMS312 4-digit 24-Pin. .. " 7.77] g,8"a,, 3 (112 5in: Side Mount1. gﬁ
AUDIO AMP LIMMS313 6-digit 26-Pin . ... 7.77] v, 18 (110 5 8 o 10.6ins |29
N COMMs314 6-digit 24-Pln . . 7.770 Gt e 10 8 o 10.000
The factory ‘‘snipped’’ most of the cables (o this com- 1) MmME316 4-digit 40-Pin Alarm9.95 ins ! 1. .39
piate. 1t 2"‘2‘§sy“‘55e§se"22'ca‘.fééhwi““n'llifé“':n he'tabios {OMME316A minus Alarm  4.95 [ 14-Pin, Wire Wrap .. .68
marked ready to use. power supply. llb5vac. 3 WITH DATA SHEETS [} 16-Pin, Wire Wrap - 89¢
controls, LEFT and HICHT VOLUME Santrols for iwo WMinr's Type Watts  Sale
speakers for balansmg aml’; center 'I;ION(E control, With SANKEN vaR]D [] S1-1010Y 210 $ :.sa
bs, 7 x 3% 3%2. H ec sl . S§)-1 S 18.88
knobs. 7 x 3%/z x 3%z Hookup spec sheets. AUDIO POWER AMPS [ 519258 23 18.88
Used extensively in hi-fi systems, tape decks, FM (un-

PROFESSIONAL

8-TRACK
TAPE

Same type unit found in tl
players. It's a complete

of our
or you

fier
rep

(see some
ement unit,

quality stereo tape system.

cartridge to turn-on deck,
of non-stop, non-repeat s
player “shuts off’’ autom.

Tin preamp. Feature;

your car tapes at
cooled motor,
external 12Vde

dingrams,

supply,

TRANSPORT

BUILT-IN PREAMP — just plug into any stereo ampli-

automatic or manual
home,
which operates off 116Vac.

he most expensive home tape
8-track player system with

low-priced unmits). Excellent
can design your own high-
It's the type vou insert a
then enjoy up to 80 minutes
tereo. Remove cartridge and
atically, Built-in output con

s: 4 ROGRAM IN[)ICATOR
program change, plays
WOW-FREE precision fan-
Requires
With

for the electronics,

8-Track Tape Transport
and hook-ups both,

R-Watt Stereo Amnblifier,

a only

$19.95

POLY PANKS

BLUE RIBBON

hz

ended pushpull autput,
Output to ¥ ohms. Order by Stack No.

ers, record players, stereo components,
ments,

P.A, 1 amplifiers, fat
ach unit properly
connecting  tie lug
Power

to

connections,
supply

musical instru-
within 2 db from
heat-sinked, with
Single-

v required 24VDC.

HIGH POWER
TRANSISTOR
WITH HEAT SINK '

3t0r33 O $1.49  prnp. 150 wans, VCHO
Removed from new equin- XUV, 15 amps, 10 hfe, For
ment! Includes popular gnition, high power tran<e
2N1T4 doorkneb’ transis-  mutters, ete, Mounted

v TO-46, germanium. heat simk 6 x 212 8 1147

plus sheets.

BASIC KIT #3 —
chip is National 6-d.

@@H@nﬂﬂ@@@@ Your Eholco
biit Basfies $16.95 \,

BASIC KIT f1 — includes case,
Keyboard, Cal Tech CT5002 caiculator chip,
Antex LED display with built-on individual magnifiers,

9-di

BASIC KIT #2 —- same as Basic #1 except calculator
chip is National R-digit MM5726,

same as Ba:

c #1 except calcula
igit MM5 .

and 75492

all-function Flex Key

Rit

ton

Epoxy o 2NE, B olicy 12 DIGIT BASIC #a — Key parts include: CT5001 i G
100 [] .79 [J .99 INCLUDES chip, 4-3 digit readouts, factory etched PC board, case, :
WAVE 200 (J .95 ()1.28 carrying case, 2-resistor networks, decimal switch, g7
SILICOR 200 O1.19 [1.50 Wild Rover Keyboard with ON-OFF switch diagrams. 00
B8RIDGE 00 ()3.38 (J1.7% Sale $2. Y ©
RECTIFIERS | 800 (159 ()1.95 20-Years of Business 12¢ DIGI‘I’ BASIC “MEMORY" KIT #8 -— Key parts
ode: 2 amp 00 [11.79 []2.28 EGRITY for 4.-memory calculator. Case with '‘slight touch key-
) o [ ; ol board'", CT5005 memory chip, 6 MAN 3's, ON-OFF
T0-h o SAmp textex i 20-Years of Money-Back || 080" book, | (*entend key allows 12 digits). pe
GUARANTEES boards). $19.95
PRECISION ] Only 20-Yeara of & ]
CRYSTAL $1.95 LOWEST PRICES! Output Sale
Excellent time base and 0 5.0V @ .120A
¥therHuses. 5.000 MHz. 48-HR. SERVICE B 1‘2;':330'1‘ @ 3A ’;gg FILAMENT
5 se. . @ 3A
voe HEU case __ 0 18.0VCT @ 24 295 TRANSFORMERS
0 150.0v @ som Input all 115/60 cycles.
‘“‘ULTRA BRITE' 7.0V @ 1A* 2.98 Open frame and metal en-
XCITRON LEDS *Nixie tube transt. cased.
sg'' THRU $2 S0 D 9-pc. kit Mad. b SHURE, T
. Iy Paks ade v ype .TO.
5 METER | O rtve oftern Y SCRS! TRIACS! | cmiun. Originally used for SHIP-TO
Indicates: 0 to 1.5 brice Kn.ln(‘ludo QUADRACS! Raytheon Marine eqpt. Ex- SHORE
Plastic case. 3 GREENS, 3 cellent fidelity, sensitivity. QR 4CB'’
1, 11, xi1”, each  including Jl \1H(l\ SAME PRICE | Gray molded plastic case, MIKE!
12 x 192 MEDIUM and MICROS. SALE! with red push-to-talk but:
a ton. With heavy-duty flexi-
OPCOA SLA-1 10-Amp Power ble cord, mounting socket [ $9.95
6 DIGIT | "ReFLECTIVE | Tab Piastic Units | _on back.
KRONOS | LED READOUT Torms: add postage  Rated: net 30
“Red’’ U Phone Orders: Wakefield, Mass. (617) 245-3829
CLOCK Retail: 16-18 Del Carmine St., Wakefield, Mass. ’
MAN-3 1-95 (off Water Street) C.0.D.'S MAY HE PHONED Vg
“""C‘ let. * 1 20c CATALOG Fiber Optics, ‘ICs Serms Parts
N omplete 3 for MINIMUM ORDER — $4.0
¢
Money-Back “~ $29 95 38 Y P Ks
e ) DI | 1regment, POLY PA
Character 0.33 P.0.B0X 942H LYNNFIELD,MASS. 01940
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There's nothing amateur
about our radios.

Deluxe ““101 Series’... The ultimate base station combination.

YAESU DIGITAL AROCEIVEN FR=101

'
— '2l25a0
Wiy l.
N
PrONES
A
nicoRo ; i e p - |
FR-101 Digital e Total coverage capability: 160 thru 2 meters + 12 major S.W. bands.* il
Direct frequency readout to 100Hz
SOLID-STATE ° :
RECEIVER ¢ Provision for all-mode reception: SSB, CW, AM, RTTY & FM.**
» Reliable, plug-in, modular circuitry.
* Compatible transceive operation with 101 series
* Six and two-meter converters and crystals optional. *# Filters and FM detector optional
i

FL-101 e 240 Watts PEP.
160 thru 10 meter coverage + 2 optional auxiliary bands
SOLID-STATE ° : -
e All-mode operation: SSB, CW, AM & FSK.
R ¢ Reliable, plug-in, modular circuitry.
¢ Provision for RF speech processor

Specifications subject to change without notice

\v/ YAESU

X" MUSEN USA INC.

rGE‘. E. Rosecrans Avenue, Unit #29 Paramount, California 90723 (213) 633-4007

Visit your dealer for details
or write for our new catalog.
All Yaesu products warranted
by the selling dealer. Complete
after-warranly service available
in Paramount, Calit

More Details? CHECK—OFF Page 94 october 1974 89



NEW BIPOLAR MULTIMETER:
AUTOMATIC POLARITY INDICATION

Ohms, Volts or A
0 olts to 500 esis

Millighm Megohm C { 100 Nano
Amps 10 1 Amp 0 extra. $12.50

(Optional probe)

40 MHz DIGITAL FREQUENCY COUNTER:

* Will not be damaged by high power transmission levels.
* Simple, 1 cable connection to transmitter’s output.

ES 220K - Line frequency time base.
1 KHz resolution 5 digit: $79.50. Case extra: $10.00

ES 221K - Crystal time base
100 Hz resolution . 6 digit: $109.50 Case extra: $10.00

DIGITAL CLOCK:

ES 112K/124K * 12 hour or 24 hour clock: $46.95.
Case extra: » Metal $7.50

CRYSTAL TIME BASE:
ES 201K - Opt. addition to ES 112K, 124K or 500K
Mounts on board. Accurate to .002% . . .. $25.00

1.D. REMINDER:
ES 200K - Reminds operator that 9 minutes and 45seconds
have passed. Mounts on ES 112 or 124 board. Silent LED
flash: $10.95. Optional audio alarm $4 extra.

Dependable solid state components and circuitry, Basy reading
7 segment display tubes with clear, bright numerals. These products
operate from 117 VAC, 60 cycles. No moving parts. Quiet, trouble free

printed circuit
Each kit contains complete parts list wath all parts, schematic illustrations
and easy to follow, step by step instructions. No special tools required

ORDER YOURS TODAY:
Use your Mastercharge or
Bankamericard

Money Back Guarantee

4 «(213) 674-3021

90 october 1974
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DEL WEBB’S HOTEL

SAUARA

LAS VEGAS, NEVADA

SPECIAL AIRFARES
via United Airlines round trip
to LAS VEGAS, NV
from selected cities with
SAROC Advance Registration,
Dinner Show, and Hotel Room
for 3 nights.

Baltimore, Md. or

Washington, D. C. $330.00*
Boston, MA $361.00*
Chicago, IL $271.00*
Cleveland, OH $303.00*
Columbus, OH $298.00*
Dayton, OH $292.00*
Toledo, OH $294.00*
Youngstown, OH $307.00*
Detroit or Flint, MI $297.00*
Lansing, MI $290.00*
Hartford, CT $352.00*
Milwaukee, Wi $271.00*
Buffalo, NY $322.00*
New York City, NY or

Newark, NJ $346.00*
Rochester, NY $325.00*
Philadelphia, PA $340.00*
Pittsburgh, PA $315.00*
Kansas City, MO $233.00*
Richmond, VA $340.00*
Toronto, Canada $309.00*

*The amounts quoted are per per-
son for coach class service, double
occupancy in hotel room; if single
occupancy is desired add $25.00
additional to fare. Additional air-
line fee of $15.00 will be charged
for return on Sunday. All fares are
subject to Civil Aeronautics Board
regulations and tariffs in effect at
time of travel.

Depart from any one of the listed
cities with advance reservations on
Thursday, January 2, 1975, on flight
of your choice and return within
30 days.

Send for complete details from
SAROC, P. 0. Box 945, Boulder
City, Nevada on Las Vegas SAFARI
brochure by Del Webb World Travel
Company.

More Details? CHECK—OFF Page 94




The New Hy-Gain 270
brings state-of-the-art design
to 2 meter mobile.

The Hy-Gain 270 is specifically designed to solve the problems of
gain 2 meter mobile antennas. .. hard tuning, high VSWR, poor
pattern due to irregular ground plane, and fade from whip flex.

The all white fiberglass and chrome design develops 6 db gain
through the use of 2 stacked 5/8 wave radiators with a self-
contained 1/4 wave decoupling system. Because the Hy-Gain 270
operates independent of the car body ground, you get minimum
pattern distortion for maximum range in all directions. Independence
from the car body also means the end to tune-up problems. The
fiberglass design solves the fading problem due to upper whip flex.
Since the antenna and feedpoint are sealed in fiberglass, the
Hy-Gain 270 will deliver top performance year after year without
loss due to corrosion. The Hy-Gain 270 can be mounted anywhere
...bumper, cowl, deck or mast...for fixed, land mobile or marine
service using Hy-Gain mounts listed below.

* 6.0 db gain.

« 250 watt rated.

* 144-148 MHz.

* VSWR less than 1.5:1 at resonance, 6 MHz Bandwidth.
* 96" whip height.

* No pruning required, completely factory tuned!

« 50 ohm input.

* 3/8 x 24 standard mobile thread.

*» Comes with 18’ coax and PL-259 connector.

Order No. 270

Mounts —Universal No. 271
Flush Body No. 499
Bumper No. 415

Get maximum range...get a Hy-Gain 270!

For prices and information,

contact your local Hy-Gain - a'"

distributor or write Hy-Gain.

Hy-Gain Electronics Corporation; B601 Northeast Highway Six; Lincoln, NE 68507, 402/484-9151; Telex 48-6424

Branch Oftice and Warehouse, 6100 Sepulveda Bivd., #322; Van Nuys, CA 91401; 213/765-4532; Telex 65-1359
Distributed in Canada by Lectron Radio Sales, Ltd.; 211 Hunter Street West, Peterborough, Ontario

More Details? CHECK—OFF Page 94 october 1974 91




Aha, the SECRET of PC Board
success finally revealed. A per.
f(_-('!I}' balanced lighting tool com
bining magnification with cool
fluorescence., Excellent for fine
detail, component assembly, etc.
Lens is precision ground and
polished.

Regularly $55.00. Now. over 30%
discount (onlv  $38.00) to all
licensed Hams. verified in Call
Book. Uses T-9 bulb (not sup
plied).

Include $2.00 U.S. postage, or $3.00 in
Canada. $4.00 elsewhere. California Res
idents include 6% sales tax.

Or send stamped envelone for free
brochure of other incandescent or
fluorescent lamps suitabhle for all en-
gineers, architects, students, efc.

D-D ENTERPRISES
DEPT. A, P.0. BOX 7776
SAN FRANCISCO. CA 94119

K W MlWI KIT STILL ONLY ,“5 4

SEND FOR
FREE FLYER!

CALIF. 91607

NOW....... An extremely rugged, weather-prool BALUN!
eFull 2KW, 3-30 MHZ., 11or 14 ratios.

- *Special Teflon i II|IUDO< May be used
with tuned lines and tuners.
*With dipole insulator and hang.up hook.
. ONLY $9.95ppd. (state ratic)

At your dealer or order direct

K.E.Electronics eox 1279, Tustin Calit.92680

YOUR GEAR WANTED!

WE PAY TOP DOLLAR OR TRADE!

We are looking for: MD!B.’EAJ’HRN Modulator
. PRC-66B . . . ARC-115 . . . TS-683/TSM
Crystal impedance meter.

RT-742/ARC-51BX . . . RT-T43/ARC-51A . . .
RT-662/GRC-106 . . . RT-698/ARC-102 .
RT-823/ARC-131 or Magnavox FM-622 .
RT-857/ARC-134 . . . RT-B59/APX-72 . . . RT-
524/VRC . . . RT-246/VRC . . . R-442/VRC
. R-390A/URR . . . RT-64B/ARC-94 . . . AN/

TRC-68 . . . AN/VRC-24 . . . ANJURC9 . . .
CU-1669/AR . . . 4907-1 . . . 618T-1, -2, -3,

. C-62B7/ARC 51BX, Wilcox 807 . .. AN/
PRC-25-74-77 . . . We buy all types of mili-
tary test equipment ., . . radios, etc. Do you
have a HAMMARLUND SP-600, H-P, or TEK-
TRONIX equip.?

If you hate money, we'll trade for NEW ham gear!

COLUMBIA ELECTRONICS SALES, INC.

Box 9266-C, No. Hollywood, CA. 91609
Phone: (213) 764-9030

QUALITY + THE SIZE + THE FEATURES +« CHECK

CTCSS — MINI ENCODER

G-10 Glass epoxy circuit board. Preci-
sion grade American components, 3/4
x 1-1/4~ (single freq.). Fits with ease
into handheld units. Multi-freq. units
avail. Low power consumption (less than
2mA), Single Freg. Unit Only $14.95.
Each Additional Freq. Only $2.00.
+« COMMUNICATION PRODUCTS & ENGINEERING .

P. O. Box 261 * Milford, Michigan 48042

CHECK THE
301dd 3HL

92 october 1974

RADID & ELECTRONICS

CONSTRUCTOR

» Audio Construction Projects
* Receiver Construction Projects
+ Transmitter Construction Projects
+ Test Equipment Projects
+ Radio Control Projects
* ...and much more
ONE YEAR SUBSCRIPTION — $7.00
12 MONTHLY ISSUES
Write

RADIO CONSTRUCTOR
Greenville, N. H. 03048

COMPLETE ANTENNA SYSTEMS

A complete ready-to-use .lnl-
signed for your favorite ne v
No. 12 copperweld wire c-lnmm 1||pu!v
ft. of coax with connector, and 100 ft. of
inch diameter dacron Il-ll_\-lr(l at each end of
dipole. No “diddling” or trimming required.
You furnish the supports, plug the feedli
into your xmtr and start operating. Power rat-
ing ZKW, VSWR 1.5:1 or less.
75/80M Monoband 130 Ft. $ 74.75
40M Monoband 65 Ft. 69.
50/40M Dualband 130 Ft. 09.¢
50/40/20M Triband 130 Ft. 18 5;(")
Descriptive literature available. State desired
frequency. Postpaid contiguous USA,

HOUSE OF DIPOLES

Box 8484 Orlando, Fla. 32806

1 r FT101B Yaesu
radio xa

$649
2602h E. Ashlan
Fresno, Calif. 93726 Phone (209) 224-5111

More Details? CHECK—OFF Page 94



NEW
ELECTRONIC KEYER KIT

Features
TTL Circuitry

Sends perfect code including susrantesd 1oore between
dit and doh where o space (4 one fime siement, & @it is
one time slemant, ond o deh ix thres time olements

Actual keying slement in 250 ¥ tronsister

Side ~ tone generstor (odjustable frequency ond volume)

Speed odjustoble 5 = 50 WPM

A = C Operated

One year guaranies

it includes everything necessary sncept key and snclosure

Etched ond deilled PCB
All PCB mounted parts
Transtormer

Speakes

Potentiometern

Complete detailed assembly insturctions and schematic
KIT PRICE $39.95 Kit with PCB Assembled ond Tested 34995

ANACOM ENGINEERING CO.
POST OFACE BOX 12603
DALLAS, TEXAS 73724

Cash for any Colline mililary or commercial squip-
menl or parts, especially 618 T Trance vers. 4807
sntenna couplers. AM/ARC- 102. AN/ARC- M.

CASH

AN/MRC- 95, SPACE ELECTRONICS CO.,
mmlcemauw- Sc::;oalw N.J. 07458

WORLD QSL BUREAU

THE ONLY QSL BUREAU to handle all
of your QSLs to anywhere; next door, the
next state, the next country, the whole
world. Just bundle them up (please arrange
alphabetically) and send them to us with
payment of 6¢ each.

5200 Panama Ave., Richmond, CA USA 94804

GROTH -Type

COUNTS & DISPLAYS
YOUR TURNS p-

e 99.99 Turns N
e One Hole Panel Mounr
e Handy Logging Area
e Spinner Handle Available
Case: 2x4"; shaft 4 "x3"

Medel TC2: Skirt 2%"; Knob 1%"
Model TC3: Skirt 3"; Knob 2%"

R. H. BAUMAN SALES

'P.O. Box 122, Itasca, ll. 60143

More Details? CHECK—OFF Page 94

Like everything else
in these mixed-up
times, the price

of Ham Radio,
whether by sub-
scription or news-
stand, is going to be
raised.

You can SAVE by
subscribing or ex-
tending your exist-

ing subscription

at today's low rates,
but you must do it
before the end of

the year when our
new rates take effect.

Remember, you can
save even more with
our low priced

three year sub-
scriptions where you
get three years for
the price of two.

(ongup

Please enter my

[] new [] extension subscription
] 1 YEAR $ 7.00 These rates
] 3 YEARS $14.00 expire
LIFE $99,00 Dec. 31, 1974
Name__ = o | | I
Address == —a——r
City == == Zip_

GREENVILLE, NH 03048

[ dio
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AdyerTigers

check-off

... for literature, in a hurry —
we'll rush your name to the companies

whose names you

Place your

“check-off”’

check mark

in the space between

name and number. Ex: Ham Radio 234
INDEX
ATV Research * K.E.___ 072
Adva ____ 265 Leland ___ 193
Amidon ___ 005 Logic ___ 133
Amtech ___ 006 Madison ____ 083
Anacom ___ 267 Martex ___ 197
Antenna Spec. ____ 010 Matric ___ 084
BC ___ 013 Midland ___ 086
Barry * Nasem ____ 249
Bauman __ 017 Nurmi ___ 090
Budwig _ 233 Oneida ____ 144
CFP ___ 022 Palomar ___ 093
Caddell ___ 247 Poly Paks __ 096

Columbia 212
Comm. Prod.

& Eng. ___ 268
Craig 177
Cush Craft ___ 035
D-D Ent. ___ 269
Janel ___ 068
Data Signal ___ 270
Dentron ___ 259
Dickens, WASUGE ____ 271
Dynamic Elect. ___ 041
ES Ent. ___ 208
Ehrhorn ____
Eimac ____
Elect. Ctr __ 236
Epsilan ___
Erickson __ _

.. 057
Hal-Tronix
Ham Radio
Hamtronics
Henry ___ 062
Holdings ____ 252
House of Dipoles ____ 036
Hy-Gain ___ 064
lcom ___ 065
International

Crystal 066
Jan 067

RMS ___ 239

Radiation Devices __ 099
Callbook ____ 100

Radio Const. ____ 150
Regency ___ 102
SAROC ___ 146

Signal One ___ 262
Singer _- 219
Southwest Tech. ___ 263
Space-Military ___ 107
Specialty ____ 216
Spectronics FM ___ 191
Spectrum ____ 108
Swan 111

Symtek 203

T.R. 1. Corp. ___ 225
Technical Doc. 226
Tekpro ____ 250
Ten-Tec *

Topeka FM __ 115
Tri-Ex __ 116

Tri-Tek ___ 117

Tristao ____ 118

U.S. Coast Guard ____ 272
VHF Engineering 121
Valu-Pak 264
Webster 255
Weinschenker ____ 122
Wolf ___ 124

World QSL ___ 125
Yaesu ____ 127

“Please contact this advertiser directly
Limit 15 inquiries per request.

Qctober 1974

Please use before November 30, 1974

Tear off and mail to

HAM RADIO MAGAZINE — “check off”

Greenville, N. H. 03048

NAME
CALL

STREET

CITY

STATE ZIP.
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ATV Research 86
Adva Electronics 87
Amidon Associates 92
Amtech 78
Anacom Engineering Co. ..o 93
BC Electronics 86
Barry e 96
Bauman 93
Budwig Manufacturing Co. ..o 86
CFP Enterprises 76
Caddell Coil Corp. 68
Columbia Electronics 92
Communication Products & Engineering ... 92

Craig Radio
Cush Craft
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Data Signal, Inc. .
Dentron Radio Co.
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Dynamic Electronics,
E S Enterprises ..
Ehrhorn Technological Operations .
Eimac, Div. of Varian Assoc.
Electronics Center, Inc. .
Epsilon Records
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Gregory Electronics
Gray Electronics
Hal Communications COrp. ...,
Hal-Tronix
Ham Radio
Hamtronics, Inc.
Henry Radio Stores .

Inc.

Holdings Photo Audio . 8
House of Dipoles . 92
Hy-Gain Electronics Corp. ........ 52, 69, 80, 91
{com 77
International Crystal Mfg. Co. Inc. ... 84
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Janel Labs 86
K. E. Electronics 92
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Logic Newsletter 72
Madison Electronic Supply .....cwiiiinn. 85
Martex Corporation 70
Matric 67
Midiand Electronics Co. ... 79
Nasemn

Nurmi Electronic Supply
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BUY OUR ANTENNA... TAKE IT OUT OF BOX...ASSEMBLE IT EASILY

IT WORKS

No Professional Help Required!
If I (an ad man) can put one to
gether in minutes, anyone can!
And then...

IT WORKS BEAUTIFULLY'!

FM 2 METER ANTENNAS

FROM THE WORLD'S LEADING MANUFACTURER
OF VHF/UHF COMMUNICATIONS ANTENNAS

NEW Fm GAIN RINGO RANGER — Get ex-
tended range with this exciting new antenna. A one
eighth wave phasing stub and three half waves in
phase combine to concentrate your signal at the hori-
zon where it can do you the most good. Your present
AR-2 can be extended with a simply installed
RANGER KIT.

ARX-2 100 watts 146-148 MHz
ARX-220 100 watts 220-225 MHz
ARX-450 100 watts 435-450 MHz

ARX-2K RANGER KIT

NEW FM MOBILE — Fiberglass 5/8 wave pro-
fessional mobile antenna for roof or trunk mount.
Superior strength, power handling and performance.
AM-147T 146-175 MHz mobile

NEW 4 POLE — A four dipole gain array with
mounting booms and coax harness 52 ohm feed,
360°or 180°pattern.

AFM-4D 1000 watts 146-148 MHz
AFM-24D 1000 watts 220-225 MHz
AFM-44D 1000 watts 435-450 MHz

IN STOCK WITH YOUR LOCAL DISTRIBUTOR

-

@ cushcratft

CORPORATION
621 HAYWARD ST., MANCHESTER, N.H. 03103

More Details? CHECK—OFF Page 94 october 1974 95



SEE BARRY FOR THE EXCITING NEW DENTRON
160 Meter Transceiver. Just plug into vour ex-
isting 80 meter transceiver and you're on the
air $199.50

From VHF Engineering

HT Kit 2 watts out, 4 channel 2 meter trans

ceiver kit HT-144 $99.95
RX-144C 2 meter receiver kit, .3 _uv sens. 2
watt audio $69.95
TX-144 or 220 Transmitter kit $29.95

IC-230 by Inoue

Completely synthesized with phase locked
loop, Single Knob Control, Smart compact

sbling. $489.00

From Drake

Drake T-4XC $580.00

TR-22C Transceiver $229.95

Drake AA-10 Amplifier for TR-22 $49.95

Drake AC-10 Pwr. Sup. for TR-22, AA-10 or TR72
$44.00

DC-4 Write

VENUS
S$S-2, SLOW SCAN MONITOR - $349.00
Hood $15, CG Test Tape $9.50
SS-2K, SLOW SCAN MONITOR KIT
$269.00
Cl, FAST SCAN/SLOW SCAN
CAMERA & CONVERTER - $469.00

NPC POWER SUPPLIES

115 VAC input - 12 VDC 4 amps out . $29.95
Same as above but regulated $47.95
Model 108R — 115 VAC/13.6 VDC 12 amgs
max, REGULATED

BARRY has Antennas

CushCraft A-147-4 $13.50
CushCraft A-147-11 $21.95
Hustler 4 BTV Vertical Antenna $56.95
HyGain 18V 10-80 m. vertical $33.00
Newtronics CGT-144 5.2 dB gain. Trunk lid
mount $39.95

Gold Line Single Pole, 5 position coaxial switch,
wall bracket or panel mount, 1 KW AM $17.95

Courier ML-100 Mobile Linear Amp. 100 input-
200 watts pep, 10 meter operation: New $120.00
CONSTANT VOLTAGE TRANSFORMER. Input 115
VAC @ 60 Hz output, 24 Volts @ 15 amps regu-
lated (plus or minus 19%) requires 6 mfd, 660
VAC capacitor add $4.95 $60 value $14.95 ea.
Mallory UHF Inductuner, covers 50-250Mc $9.95 ea
SWR_ Bridge less meter by Automatic Electric.
To B00 Mcs, see July '74 CQ pg 43. TNC
connectors, $90 wvalue $10.95

Same with N connectors $14.95

Clegg FM-27B, 146-148 Mc coverage without
buying a crystal. Fully synthesized 25 w.

out $479.95
Shipping prepaid on all FM-27B's
031 Power Supply for FM27B $89.95

Tube Headquarters. Diversified Stock. Heavy
Inunlor of Eimac tubes, chimneys, sockets,
etc. 3-500Z or 3-400Z Specify $42.50

Bird

We are official distributors for all Bird pruducts
Bird Model 43 Wattmeters 100.
HQ-145 - Gen'l coverage on Ham bands $155. .00
2-30 MHz Slugs. $35.00 Most VHF Slugs $32.00

C.D. Ham Il Rotator
New Improved  $149.95

write or call for introductory offer
TR-44 complete with control box
$69.95

B8 conductor cable for HAM Il & TR-“
Rotators 5¢ /ft.

FM from Barry

Drake TR-72, 2-meter FM transceiver, 23 chan-
nels, 1 or 10 watts output, 13.8 volits $320.00
Deluxe Headsets, excellent for ham radio or audio

visual labs: 600 ohms, vinyl cushioned: ... $9.99

With volume control $11.99
Collins 152-J1 Phone Patch, good, removed from
equip. with detailed schematic $24.95

DYCOMM Block Booster D" Kit, 10-15 watts in
45.55 watts out continuous Sale $59.95
DYCOMM Brick Booster “E" Kit, 1-3.5 watts in
12-30 watts out $59.95

CHECK BARRY FOR FAMOUS
BASSETT ANTENNAS

Complete packaged multiband wire an-
tennas including special Bassett helium
filled sealed resonators.
DGA-204075 $79.50
DGA-152040 $79.50

Also the Bassett DGA-2ZM high gain 2-meter
collinear featuring fiberglass construction
and polished chrome brass 35-24 thread
mounting, 6 dB gain $29.95

HF Gear from Barry

Swan Cygnet 260, Good but need wafer switch
for DC operation $250.00
Famous Triton-1l by Ten-Tec. Fully solid-state, 200
watt transceiver. 5 bands - full break in on
Cw $606.00
Ten-Tec 252 AC Power Supply with VOX $119.00
Drake TR-4C Transceiver new, $599.95
Drake AC-4 Power Supply $120.00
R-392/URR by Collins & others. 500 kc to 31.99
Mc, digital readout similar to R-390. 24 volts dc
at 3 amps. Very good condition. Introductory
offer subject to change. As is $150.00

Good tested $195.00
Heath SB-301 with SB-600 Speaker Exc. $250.00
R-389/URR 15 to 1500 kc. Manual or motor
tuned with digital readout. Very good $495.00
Servo Corp. R-5200 Receiver 50 to 250 Mc con-
tinuous CW, FM, AM, adjustable selectivity, 115
volt AC $150.00
Hunter Bandit Linear Amplifier, Ex. Cnd. $495.00

HQ-170 - Hammarlund 170 6-160 meter with/
clock: Exc: $195.00
HQ-215 - Hammarlund Solid State Amateur Re-
cever: Very Good: $245.00

Drake 2NT Transmitter New cond. $125.00
Collins MP-1 Mobile 12 VDC Power Supply:
Good Cond: $89.00

BA RR Y 512 Broadway
ELECTRONICS

DEPT. H-10

212-WA-5-7000

TELEX 12-7670

NY, NY 10012
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Today when you ask “How can | modernize
my SSB operation?”, the answer certainly is
KENWOOD. The deluxe TS-900 transceiver,
the superh, go-anyplace TS-520 transceiver

and the versatile R-599A receiver and T-599A

transmitter offer today’s amateur advanced
design, reliable solid-state performance, con-
temporary styling. . . and the cost is modest.
Now more than ever the answer is KENWOOD.
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Kenwood's superh Kenwood's go every plac
- state-of-the-art SSB transceiver | - jo everything transceiver

. . . the ultimate transceiver. The promise of the tran- The new TS-520 is the transceiver you have wanted, but
sistor has been fulfilled. Here is the transceiver you will could not buy until now. It is a non-compromise, do
want to own . . . whatever you have now, get ready to everything, go everywhere 5 band transceiver for SSB
trade up. Its important features are far too numerous to or CW that performs equally well at home, in an auto-
list. Its specifications are superb. The TS5-900 is un- mobile, airplane, boat or trailer. The TS-520 fea-
questionably the best transceiver of its kind ever offered. tures built-in AC power supply, built-in 12 wvolt DC
THE PrICE © oo eeeeeeeeeenananannanns $795.00 power supply, built-in VOX with adjustable gain delay
PS-900 (AC Supply) $120.00, the DS-900 $140.00 and anti-VOX. The price . ......c000004 $629.00

The “Twins" The R-599A is the most complete receiver ever
by Kenwood

offered. It is solid state, superbly reliable, small

and lightweight, covers the full amateur band . . .

10 thru 160 meters, CW, LSB, USB, AM, AM.N
and FM.

|| The price: ..o omamsmms i AR AT . $459.00

The T-599A is mostly solid state . .. only 3 tubes,
has built-in power supply, full metering (ALC, Ip.

RF output & high voltage), CW-LSB-USB-AM = =\r
: operation. ® (/ S _4." o M
R e st i, e T e THEDICE . (s o7 er f R ma e wiiaas $479.00 S A A
- - - -
R-599A Receiver T-599A Transmitter

See the Kenwood line at the following dealers: « ALABAMA / L & T Electronic Specialties, Birmingham » ALASKA /
Service Electric Co., Inc., Ketchikan » ARIZONA / Elliott Electronics, Tucson ® Ham Shack (Thel, Mesa = Orbit
Electronics, Tucson * CALIFORNIA / Communications Headquarters, San Diego » Electronics Emporium Int’l., San
Diego * Gary Radio, Inc., San Diego * Ham Radio Outlet, Burlingame = Henry Radio, Anaheim * Henry Radio, Los
Angeles » Webster Radio, Fresno * COLORADO / Radio Communication Company, Arvada « FLORIDA |/ Amateur
Electronic Supply, Orlando * Amateur Radio Center Inc., Miami » Amateur Wholesale Electronics, Miami ® Grice
Electronics Inc., Pensacola ® Hollister Electronic Supply, Jacksonville s GEORGIA / Clayton Communications, College
Park » IDAHO / United Electronics Wholesale, Twin Falls » ILLINOIS / Klaus Radio, Inc., Peoria « INDIANA /
Graham Electronics, Indianapolis * Hoosier Electronics, Terre Haute » Radio Distributing Company, South Bend
IOWA |/ Hobby Industry, Council Bluffs « KANSAS / Associated Radio Communications, Overland Park » MAINE
/ Down East Ham Shack ® MARYLAND / Electronic International Service Corp., Wheaton » Professional Electronics,
Baltimore * MICHIGAN / Electronic Distributors, Muskegon ¢ Radio Supply & Engineering Company, Detroit
MINNESOTA / Electronic Center, Minneapolis « MISSOURI / Ham Radio Center, St. Louis ® Henry Radio, Butler »
MONTANA / Conley Radio Supply, Billings « NEW MEXICO / Gene Hansen Company, Corrales « NEW YORK /
Adirondack Radio, Amsterdam e Harrison Radio Corp., Farmingdale, New York City, Spring Valley « NORTH
CAROLINA / Vickers Electronics, Durham & OHIO / Amateur Electronic Supply, Cleveland ® Communications
World, Cleveland * Queen City Electronics, Cincinnati ® Srepco Electronics, Dayton « OKLAHOMA / Derrick
Electronics, Broken Arrow * Radio, Inc., Tulsa « OREGON / Portland Radio Supply, Portland « PENNSYLVANIA /
Electronic Exchange, North Wales ® JRS Distributors, York  Kass Electronics, Drexel Hill « SOUTH CAROLINA /
Accutek, Inc., Greenville « SOUTH DAKOTA / Burghardt Amateur Center, Watertown ® TEXAS / Douglas Electronics,
Corpus Christi ® Electronics Center, Inc., Dallas « Ed Juge Electronics, Inc., Fort Worth ® Madison Electronics,
Houston » UTAH / Manwill Supply Company, Salt Lake City » WASHINGTON / Amateur Radio Supply Company,
Seattle * WISCONSIN / Amateur Electronic Supply, Milwaukee ® Prices subject 1o change withoul notice




For years, the industry.wide standard
warranty for power grid tubes has been
1.000 hours.

For years, the operating lifetimes of EIMAC
tubes have exceeded this warranty reducing
down-time and boosting on-the-air time in
thousands of transmitters. So. EIMAC offers a new
warranty policy for B1% of all standard power grid
tubes: 3,000 hours/l year, with prorated adjustment
from 300 to 3,000 hours. Failure during the first 300
hours results in complete replacement

This warranty is a direct result of reliability
that has been built into every EIMAC product for
the past 40 years. Our 3,000 hour warranty stands
as proof.

For details about which tube types are covered
by the new warranty, contact EIMAC, Division of
Varian, 301 Industrial Way, San Carlos, California
94070. Or any of the more than 30 Varian/EIMAC
Electron Device Group Sales Offices throughout
the world.

division
varian
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