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*Microphone provided.
*Dual RIT control
allows hoth broad and
narrow tuning.
*All band 80 through
10 meter coverage.
*Multi-mode USB, LSB,
CW and AM operation.
*Extraordinary receiver
sensitivy (.3u S/N 10 db)
and oscillator stability
(100 Hz 30 min. after

*Phase lock-loop (PLL)
oscillator circuit
minimizes unwanted
Spurious responses.

*Hyhrid Digital
Frequency Presenta-
tion.

*Advanced Solid-state
design...only 3 tubes.

*Built-in AC and 12

VDC power supplies. warm-up)

*CW‘ﬁlter standard *Fixed channel crystal
equipment...notan A BRILLIANT NEW SSB TRANSCEIVER control on two
RECEIONY- _ PROVIDING AN UNBEATABLECOMBINATION available positions.

*Rugged 6146-B final  oF ADVANCED ENGINEERING AND UNIQUE ~ *RF Attenuator.
SR it e OPERATING FEATURES. *Adjustable ALC

*Cooling fan standard action.
equipment...not an YOU MAY NEVER HAVE OWNED A e
accessory. TRANSCEIVER THAT OFFERS SO MUCH. it lacks.

*Hi rformance * i
nu?:eﬂ,ﬁanoke, is Send for descriptive information on this fine new 1832:;2:?1:1;” ji
standard equipment transceiver, or on the time proven Tempo ONE Seigage :

...N0t an accessory. transceiver which continues to offer reliable, low cost Built-in speaker.

*Built-in VOX and performance. *The TEMPO 2020
semi-break in CW ...5759.00.

keying. Model 8120 external

-
*Crystal Calibrator and speaker...$29.95.
WWYV receiving Model 8010 remote

capability. _ / VFO...$139.00.
11240 W. Olympic Blvd., Los Angeles, Calif. 90064 213/477-6701
931 N. Euclid, Anaheim, Calil. 92801 714/772-9200
Butler, Missouri 64730 816/679-3127
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5 Allve with activity at both

ends of the band! Be a part of the total
2 Meter picture with the Cush Craft
Twist Antenna. Actually two, easily
assembled, 10 element yagis in one —
the vertical elements are cut for the
high end, the horizontal elements for
the low end, and separate feed lines
" are used. The A147-20T is tailored to
meet the demands of the operator

fesiio o - who enjoys the best of both worlds
'T" e - b — FM and SSB/CW.
I A147-20T $47.50

B80) DSBAR save oo

. Extend your horizon — Explore the excit- 4
ing new world of amateur satellite communications using e
low power with our multi-polarized Twist Antennas. All
models include phasing harness for selectable linear or right/
left circular polarization. Two of these Twists may be mount-
ed on the A14T-MB mounting boom which is complete with
a pre-drilled plate for a readily available mast-through rotator.
Face this challenging frontier— Become a Specialist!

A144-10T $32.50 A432-20T $45.00
A144-20T $47.50 A14T-MB $13.95

PERFORMANCE ARRAYS

Enjoy fade-free contacts on VHF/UHF with Twist Antennas and
Arrays. Excellent for scatter and other long-haul techniques. Double
your effective radiated power by stacking two Twists, or quadruple
ERP by stacking four Twists. Arrays are easily assembled for your
special communications requirement. Write for stacking and phasing
harness details concerning amateur and commercial frequencies.

Dependable communications — Now Yours!

SPECIFICATIONS .

Model A147-20T A144-10T  A144-20T - IN STOCK WITH

Center Freq. (MHz) 144.5/146.5 145.9 1459 DISTRIBUTORS WORLDWIDE

No. Elements 10/10 10 20

Weight (Ibs.) 6 35 6

Wind Surf. Area (ft.}) 1.42 74 1.42

Mounting Center Rear Center

Dimensions (Inches) 40x40x140 40x40x70  40x40x140

Front-to-Back Ratio ([dB) 22 22 22

Forward Gain (dBd) circular — 10.8 136 ; CORPORATION
linear 12,4 96 124 | 621 HAYWARD ST, MANCHESTER. N.H 03103

More Details? CHECK—OFF Page 126 august 1976 [ 1



" qu ST-6000

o BT M
sno ass

The HAL ST-6000 demodulator
/keyer and the DS-3000 and DS-4000
KSR/RO series of communications
terminals are designed to give you
superlative TTY performance toda

—and in the future. DS series termi-
nals, for example, are re-program-
mable, assuring you freedom from
obsolescence.Sophisticated systems
all, these HAL products are attrac-
tively priced—for industry, govern-
ment and serious amateur radio
operators.

The HAL ST-6000 operates at
standard shifts of 850, 425, and
170 Hz. The tone keyer is crystal-
controlled. Loop supply is internal.
Active filters allow flexibilityin estab-

— LIMITER BENSE  ATD

ara an NORM DN

lishing different tone pairs. You can
select AM or hard-limiting FM modes
of operation to accommodate differ-
ent operating conditions. An internal
monitor scope (shown on model
above) allows fast, accurate tuning.
The ST-6000 has an outstandingly
high dynamic range of operation.
Data 1/O can be RS-232C, MIL-188C
or current loop.

The DS- and DS-4000 series of
KSR and RO terminals provide silent,
reliable, all-electronic TTY transmis-
sionand reception, or read-only (RO)
operation of different combinations

Stay tuned for future programs.

of codes, including Baudot, ASCII
and Morse. The powerful, program-
mable 8080A microprocessor is in-
cludedin the circuitry to assure maxi-
mum flexibilityfor your present needs
—and for the future. The KSR models
offer you full editing capability. The
video display is a convenient 16-line
format, of 72 characters per line.

These are some of the highlights,
The full range of features and speci-
fications for the ST-6000 and the DS
series of KSR and RO terminals
is covered in comprehensive data
sheets available on requesLWrilc for
them now—and tune in to the most
sophisticated TTY operation you can
have today...or in the future.

HAL Communications Corp., Box 365, 807 E. Green Street
Urbana, lllinois 61801 » Telephone: (217) 367-7373

2 august 1976
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a second look
by Jim Fisk

"At this very minute, with almost absolute certainty, radio waves sent forth by other intelligent
civilizations are falling on earth. A telescope can be built that, pointed in the right place, and tuned to the
right frequency, could discover these waves. Someday, from somewhere out among the stars, will come the
answers to many of the oldest, most important, and most exciting questions mankind has asked."”

Frank D. Drake
Intelligent Life in Space

in the late 1950s, soon after the United States became involved in a concentrated effort to place an astronaut
into orbit around the earth, several scientific groups began to think seriously about using radio telescopes to
search for extraterrestial intelligence. Inspired by articles in such prestigious magazines as Scientific American and
Sky and Telescope, amateur radio astronomers began taking part in Project Ozma, pointing their antennas toward
the heavens, looking for radio signals from intelligent beings in outer space. They didn’t know where to look, nor
what frequency to tune, so it’s not surprising that when nothing was found for several years, enthusiasm began to
wane. Then an English radio astronomer discovered the first pulsar, many scientists postulated that it might be a
controlled radio beam from intelligent life in another galaxy, and a whole new search for extraterrestial
communications was soon underway.

Unfortunately, there was no organized follow-up to Project Ozma, so it's not known today how many
individuals or groups are still listening, nor who and where they are. Nick Marshall, W60LO, a member of the
very first Oscar group back in 1960, became interested in this problem and announced the formation of a "’Reviva
Ozma" committee at the 1975 Project Oscar meeting at Foothill College in California. One of the goals of Reviva
Ozma (now known as Starquest) would be to locate and communicate with individuals and groups who were still
listening, and to help them publish their findings. Another goal was to assemble a state-of-the-art listening post
which would be dedicated to continuing the search for radio signals of extraterrestial origin.

In late 1975 Marshall contacted Dr. John Billingham at the NASA-Ames Research Center for further
information on the Project Cyclops follow-on, a NASA study of a system for detecting intelligent extraterrestial
life. It became immediately apparent that Starquest could serve an interim purpose by disseminating correct
information about Project Cyclops and, more importantly, assist in trying to keep various listening frequencies
clear of occupancy by commercial, industrial, and government radio services.

Marshall also made contact with members of Operation Serendip, a study being conducted by a small group
from the University of California at Berkeley. This group has been using an 82-foot {25m} dish near Mt. Lassen to
listen and record extraterrestial signals on 1420 MHz and process the data on a pdp-8 computer,

Foothill College graciously offered the Starquest group an antenna location near their observatory, and work is
now underway on a spherical dish which is patterned after the 1000-foot (305m)} dish at Arecibo, Puerto Rico,
although on a much smaller scale. The initial Starquest dish will have a 35- to 50-foot (10.7m-15.2m) center
section which can be expended later to about 100 feet (30m) in diameter. Starquest members are also
formulating plans for a state-of-the-art receiving and data-processing system which will be used in the station, In
the near future the group is expected to start publishing a quarterly Starquest Bulletin which will be mailed to
members and affiliates.

In addition to their other activities, Starguest has established a world-wide amateur-radio net on 20 meters for
gathering and disseminating information relating to the search for extraterrestial signals. This net, which meets on
14.280 MHz (5 kHz) at 1900 GMT, the first Sunday of every month, is now operational. It is hoped that
interested amateurs and experimenters will listen in, and help Starquest locate other interested groups in their
own local areas who are involved in the search for intelligence in outer space. Amateurs living in Northern
California who would like to participate directly in the construction of the Starquest listening station are invited
to contact W6OLO for more information.

Jim Fisk, W1DTY

editor-in-chief
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ICOM
VHE FM TRANSCEIVER

Now It’s Crystal Clear

Yes, now ICOM helps you steer clear of all the hassles of channel crystals. The new
IC-22S is the same surprising radio you’ve come to know and love as the IC-22A,
except that it is totally crystal independent. Zero crystals. Solid state engineering
enables you to program 23 channels of your choice without waiting. Now the
ICOM performance you’ve demanded comes with the convenience you’ve wanted,
with your new IC-228S.

VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT Distributed by:
ICOM WEST, INC. ICOM EAST, INC.
Suite 3 Suite 307
13256 Northrup Way 3331 Towerwood Drive
Bellevue, Wash. 98005 Dallas, Texas 75234
(206) 747-9020 (214) 620-2780

More Details? CHECK—OFF Page 126 august 1976 5



presst®p

FCC'S FIRST ACTION ON RESTRUCTURING was taken in mid June, and Novices and Technicians
became the principal beneficiaries. This first Report and Order on Docket 20282 lib-
eralizes both license classes' privileges but appears to reject the '"Dual Ladder" ap-
proach to restructuring that was such an integral part of the Docket's original philosophy.

Technician Class Licensees receive the most significant benefit in the form of full
Novice privileges — CW on 80, 40, 15 and 10 meters. No other Technician privileges were
changed at this time, so it's still possible that 10-meter phone and/or expansion of
Technician frequencies on the bottom of two or six meters may be part of expected later
actions on 20282. Technician exams will no longer be '"mail order," either — the Report
and Order makes administration of Tech exams an FCC Field Office job.

Novices Receive two benefits under the just announced Rules changes. Power limits
for Novices have been raised to 250 watts, and a Novice who has failed to upgrade during
his two-year license term will be permitted to continue as a Novice by taking another
Novice exam — the requirement for a one-year delay before going for another Novice
license has been dropped. The new 250 watt Novice power limit actually applies to
Novice frequencies, by the way — any station operating in the Novice sub bands will be
limited to 0 watts, regardless o icense class.

All '"Mail Order" Amateur Exams except Novice are effectively being eliminated. The
one exception that will remain Is for an applicant who cannot travel because of medical
reasons and who can back it up with a physician's statement.

Deletion Of Conditional Amateur Licenses won't shut the door on Americans overseas
such as servicemen and missionaries who can't get to an FCC Field Office for their
exams. Procedures to take care of such people are being developed and they will be
taken care of on a case-by-case basis. One idea being considered is a "Conditional"
license good only while the holder remains out of the country — he'd have to be re-
examined by the FCC on return if he wished to continue his Amateur activities.

All Present Conditional and Technician (C) license holders will be '"grandfathered"
into straight Technician and General Class licenses as their present licenses come up
for renewal. No re-examinations will be required, which should make at least a few
present license holders breathe easier!

AMATEUR LICENSING TIMES have definitely dropped since our last report, with several
recent renewals returned 37 to 45 days after they went into the mail. As of early
July the FCC was handling requests for volunteer exams in about two weeks, down from
six weeks in early June.

The Next Big Hurdle is the phase-in of WD calls, where computer programming problems
have developed. Until they're overcome, significant delays in getting new licenses out
are likely to begin to occur despite efforts to head the problems off.

AMATEUR RADIO IS VERY PROMINENT in the Smithsonian Institution's newest displays.
OSCAR 1 is on display in the Communications Satellite area of the new Hall of Satel-
lites, and NN3SI, the Institution's new Amateur station located in the Museum of History
and Technology, was dedicated on June 8th. First contact from NN3SI was on CW with
trustee W4KFC working W1AW with the same key General Sarnoff used in 1912 when he par-
ticipated in the Titanic disaster.

NN3SI Is the Institution's special events call — WB3APS is its regular call — and
NN3SI has been authorized for a year with operation on all bands and OSCAR planned.

Smithsonian's New Amateur Station can be a bit tricky to get to, warns K8NHR. It's
almost directly under the antennas, and can be found by bearing hard left after entering
the building's main entrance.

UNLICENSED 27 MHZ OPERATORS are protected by a legal loophole — the Communications
Act of 1934 gives FCC jurisdiction only over licensees. Justice Department is the
agency with the power to go after unlicensed operators, but it has neither the tools
(as FCC does) nor time to chase down all such violators.

This "Catch 22" May Change shortly, however — FCC Chairman Wiley said at the CES
show in Chicago in mid June that there is legislation pending before both houses of
Congress that would give the FCC power to prosecute unlicensed operators and confiscate
their equipment, and he expects it to become law very quickly.

TWO-LETTER CALLSIGN availability chart has been prepared by the ARRL from current
FCC records and can be had for the asking. It covers all ten districts and includes
instructions on the procedure for requesting a two-letter call. Send an SASE with
24¢ postage to ARRL for a copy.

MOONBOUNCE ENTHUSIASTS are going to get a crack at Alaska thanks to K6YNB/KL7. Wayne
plans to open up from Ketchikan, August 1lth on 144 and switch to 432 about the 18th.
He also plans to be on 50 and 220 MHz, but not with the same big gun antennas that he'll
use on the other bands. Meteor scatter (the Perseids shower occurs during that period)
as well as possible tropo and Aurora contacts are also expected during the trip.

6 [} august 1976



If you're fighting the constant battle of limited band
width, high SWR ratios, inefficient low-pass TVI filter
operation due to high SWR you‘re not alone.

DenTron makes the Problem Solvers.

The DenTron tuners give you maximum power transfer
from your transmitter to your antenna, and isn't that where
it really counts?

Our Super Tuners(A. B. & E.) are the only tuners on the
market that match everything between 160 and 10 meters.
Whether you have balanced line, coax cable, random or
long wire the DenTron Super Tuners will match the antenna
impedance to your transmitter.

NEW: The Monitor Tuner (E.) was designed because of
overwhelming demand. Hams told us they wanted a 3
killowatt tuner with a built-in wattmeter, a front panel
antenna selector for coax, balanced line and random wire.
So we engineered the 160-10m Monitor Tuner. It's a life
time investment at $299.50

Does Your Transmitter
Love Your Antenna?

The DenTron 80-10 AT (D.) is a random wire, 80-10
meter tuner which is ideal for portable operation or apart-
ment dwellers.

Every serious ham knows he must read both forward
and reverse wattage simultaneously for that perfect match.
So upgrade with the DenTron W-2 Dual in line Wattmeter.(C.)

The flexibility we build into our Tuners make any
previous tuner you might have owned obsolete.

A Super TUuner IKWPEP ... . «.c sie was av o weie o $12950
B. Super Super Tuner3KWPEP . . . ... ......... $229.50
CoWI2WaIMIBIET .o v we enim sie seimime sooe ags sisusl s $ 99.50
D.80-10 AT B00W PEP ... s s wiwimisie sis sis miw mimie $ 59.50
E. Monitor Tuner 3KWPEP . . . ... ... o $299.50

All DenTron products are made in U.S.A.

w,? 2100 Enterprise Parkway
m Twinsburg, Ohio 44087

Radio Co.. Inc (216)425-3173

Deghocited G Moking Awiloun Rodeg MORE FUN!

More Details? CHECK—OFF Page 126
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/) TS-520
P e .
() pecifications
MODES: USB. LSB, CW

’ O 200 watts PEP input on SSB. 160 watts
DC input on CW
ANTENNA IMPEDANCE: 5075 Ohm

5

unbalanced
CARRIER SUPPRESSION: Better than -45 dB
UNWANTED SIDEBAND SUPPRESSION: Better
than -40 dB
HARMONIC RADIATION: Better than -40 dB
AF RESPONSE: 400 1o 2600 Hz (-6 dB)
AUDIO INPUT SENSITIVITY: 0.25uV for 10 dB
(S+N)N
SELECTIVITY; S5B
(-60 dB) CW O
(-60 dB) (with ac 5
FREQUENCY STABILITY: I
minultes atter warmup
IMAGE RATIO. Better than 50
IF REJECTION: Better than 5
TUBE & Sk
3 tu

>4 kHz (-6 dB). 4.4 kHz
5 kH2 (-6 dB). 1.5 kHz

3. 12BY7A)L 11C. 1B
B4 dindes

DIMENSION x59"Hx13.2"D

WEIGHT: 35.2 Ibs

SUGGESTED PRICE $629.00

VFO-520

Prov

yith precision gearing
y combination with

ch VFO is being
cable and obtains

SP-520

Although the TS

addition of the S

5 & built-in speaker, the
wovides improvec
match in b
performance. Suggesied price: $22 95

TV-502

TRANSMITTING/RECEIVING FREQUENCY
144145 7 MHz. 145.0:146.0 MHz (option)
INPUT/OUTPUT IF FREQUENCY: 28.0.29.7
MH:z
TYPE OF EMISSION: S5B (A31), CW (Al)
RATED OUTPUT: BW (AC operation)
ANTENNA INPUT/QOUTPUT IMPEDANCE: 501!
UNWANTED RADIATION: Less than -60 dB
SITIVITY: More tt

wan 1V at

SIN IC

IMAGE RATIO. More than 60 dB

IF REJECTION: Mare than B

FREQUENCY STABILITY: L han =2.5 kHz
during 1-60 min after power switch 1s ON
and within 150 Hz (per 30 min) thereafter

Why wait any longer for a rig that offers top performance. dependability POWER CONSUMPTION: AC 220/120V, Trans
and versatility . . . the TS-520 has proven itself in the shacks of K ]r:
thousands of discriminating amateurs. in field day sites, in DX and FH'\F::JVMEJJ1:fi|\{(Nrp'AP:1;‘;J;\ o 12
contest stations, and in countless mobile installations SEMI CONDUCTOR: FET 5, Transistor 15
Superb craftsmanship is evident throughout . . . in its engineering WEIGHT. 115 s, e
concepts as well as its construction and styling . . . craftsmanship that SUGGESTED PRICE: $249.00
is a Kenwood hallmark CWS20 s 00

Maybe the Kenwood TS-5620 is the one you have been waiting for Prices subject to change without notice

Kenwood offers accessories guar- |
anteed to add to the pleasure of
owning the TS-520. The TV-502
transverter puts you on 2-meters
the easy way. (It's completely
compatibile with the TS-520.)
Simply plug it in and you're on
the air. Two more units designed
to match the TS-520 are the VFO-
520 external VFO and the model
SP-520 external speaker. All with
Kenwood quality built in

TRIO-KENWOOD COMMUNICATIONS IN(



KENWOOD
GIVES YOU A CHOICE
FOR 2-METER SSB

D E——ee

§ KENWDOD

KENWOOD’S TV-502 TRANSVERTER PUTS YOUR TS-520
OR TS-820 ON THE 2-METER BAND...SSB AND
CW. SIMPLY PLUG IT IN AND YOU’RE ON THE AIR

OR GO ALL THE WAY WITH THE BEST...THE TS-700A

Ever tried 2 meter SSB or CW? How about the OSCAR satellite? Tune the band with a VFO instead of fixed
channel crystals and experience DX-ing on VHF. In fact, there's a VHF QSO party coming up on September

11 thru 13. FMers improve your scores...beginners try it for the first time. You don’t need a big antenna to do it
either...anything from a coat hangerto ---? The OSCAR satellites (6 & 7) are waiting for you too! Orgo
exotic with meteor scatter or tropospheric ducting. The “Sky is the limit” on VHF SSB and CW.

KENWOOD

116 EAST ALONDRA/GARDENA, CA 90248 . .
... pacesetter in amateur radio




high-performance

two-meter fm exciter

Eleven channels,
superior modulation and
complete kit availability
are just

a few features

of this little jewel

10 august 1976

After reviewing the limited number of two-meter fm
transmitter construction articles available to the home-
brew enthusiast, | decided it was time to break away
from the Sonobuoy-type design and try to generate
some interest in building a more conventional commer-
cial-type exciter. This article is the result of the over-
whelming response to an earlier construction article for
an fm receiver! of the type of design | am encouraging.

Before dismissing the Sonobuoy-type exciter com-
pletely, I'd like to mention that these designs, which
have appeared in the amateur literature for the past few
years, deserve a great deal of credit. They were easy to
build and were the first solid-state transmitters to gain
wide popularity and to be constructed in quantity. How-
ever, they had some disadvantages that |'ve attempted to
correct:

1. The Soncbuoy designs used direct frequency modula-
tion of the oscillator with a varicap diode. Although
sometimes described as a feature such modulation often
resulted in unsymmetrical modulation because of im-
proper dc biasing. For some reason, this flaw has been
perpetuated in several spinoffs of the Sonobuoy trans-
mitter that |'ve seen.

2. Direct fm circuits made crystal switching difficult.
Such circuits could not be used with a frequency
synthesizer.

3. Audio circuits weren't really optimized for voice
operation with a variety of microphones; not surprising
since Sonobuoys were designed for a different purpose.

4. Tuned circuits were unshielded and construction, in
general, was intended to be of the ‘“disposable” type

By Jerry Vogt, WA2GCF, 182 Belmont Road,
Rochester, New York 14162
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fig. 1. Schematic of the high-performance 2-meter fm exciter. A complete parts kit is available together with other accessories at modest cost.

because of the original intended design function. You
can readily see the difference when such a unit sits next
to a commercially designed two-way radio.

design goals

After sorting through the many available circuits for a
two-meter fm transmitter, design objectives were based

Here's an example of ham radio’s promise to bring you
construction articles based on available kits so that parts
scrounging will be a thing of the past. This two-meter fm
exciter has been designed with the homebrewer in mind —
easy to build and easy to align and get working. You'll
find many features that are included in the latest commer-
cial designs. Best of all, the parts kit price won't fracture
your pocketbook. Editor

on the best features of some of these circuits that could
be implemented with readily available parts and simple
construction.” The design goals were:

1. Superior modulation — quality to be proud of in
either a repeater or home station.

2. Inclusion of both deviation and microphone gain
controls.

3. Effective lowpass filter following the modulation
limiter to eliminate raspy voice signals.

4. Compatibility with either carbon or transistor-
amplified dynamic microphones.

*A list of kits and accessories for the transmitter will be found at
the end of this article.
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5. Phase modulation suitable for use with multichannel
operation and frequency synthesizers.

6. Shielded coils and sufficient tuned circuits between
multiplier stages to reject harmonics and spurious
signals,

7. A maximum number of electronically switched and
individually adjustable channels, consistent with the
selected board size along with exciter and multiplier
stages.

Top view of the completed 2-meter fm exciter showing clean
layout of parts without overcrowding.

8. An oscillator using common 12-MHz series-resonant
crystals.

9. Voltage regulator for oscillator, modulator, and audio
stages to minimize effects of line-voltage variation and
noise,

10. Adjustable output level,

11. Sufficient output power (150-200 milliwatts) to
drive the new rf power modules now available.

12. A design easy to build, align, and test.

features and technical characteristics

The exciter measures 3 x 7% x 1 inches (7.6 x 19 x
2.5cm) and weighs 5 ounces (142gm). Operating power
is +13 volts at 70 mA. Sufficient power is provided for
use as a control link, or the exciter can be used as a
low-power transmitter. It can be adapted easily to 50 or
220 MHz by changing the multiplier tuned circuits, or it
can be adapted to 450 MHz by adding tripler/driver
stages on a separate board.

Eleven oscillator channels are used. Multilayer oscilla-
tor frequency-netting coils provide vernier adjustment
on each channel. A simple ground-on diode channel-
switching scheme allows easy adaptation to trunk
mounting (important in these days of ripoffs) or other
remote-control application. CW operation is possible by
keying the B+ line to the multiplier and output-amplifier
stages.

The exciter can also be used as an inexpensive multi-
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channel frequency standard or fm signal generator. A
convenient output-level control, used with an external
fixed attenuator, provides variable output level,

The exciter schematic is shown in fig. 1. Audio signals
from a carbon or transistor-amplified dynamic micro-
phone are applied to microphone amplifier Q1 through
microphone gain control R1. This control, normally not
provided in most transmitters, allows the audio level to
the limiter stage to be adjusted independently of devia-
tion level, so that sufficient audio punch is obtained
without excessive clipping. Limiter CR1, CR2 consists of
back-to-back diodes forward biased a small amount.
When audio peaks exceeding the bias level are applied,
clipping action limits the audio transferred to the next
stage. Q2 is a lowpass filter with a cutoff frequency just
above the normal voice range to remove the audio har-
monic components generated by clipping the audio
signal. This stage, together with its separate microphone
gain and deviation controls, is primarily responsible for
the professional-sounding modulation of this exciter,

The 12-MHz injection to the modulator is provided
by Clapp oscillator Q3. Eleven channels are diode
switched by grounding the appropriate control lines. The
diodes are reverse biased except the one having its con-
trol line activated to cause dc conduction, thereby
completing the path to one crystal circuit from the base
of Q3. The variable coil allows the crystal load reactance
to be varied for frequency netting.

The phase-modulated 12-MHz signal from reactance-
modulator stage Q4 is multiplied in tripler stage Q5,
doubler Q7, and doubler Q8. Double-tuned circuits
between multiplier stages provide rejection of spurious
frequencies. (Multipliers create more than one harmonic,
of course; and if tuned circuits of sufficiently high Q are
not used, undesired frequencies will be passed through
the multiplier chains to cause spurs in the transmitter
output).

The B+ voltage to doubler Q8 is adjustable with series
potentiometer R34 to provide output power level con-
trol. This control is normally set fully clockwise but may
be used to reduce output level if desired. (For example,
to limit drive to a power amplifier or provide variable
output when used as an alignment generator). Amplifier
Q9 provides 150-200 mW output to a 50-ohm load (2-3
volts). This level was chosen to drive an rf power module
and is also suitable for several other applications. If
desired, a simple one-watt PA stage could be added as
well as many other types of amplifiers, although the rf
power module is simplest by far.

To allow for easy alignment with only a vtvm, three
test points provide dc signals as a function of rf levels at
several stages. TP1 and TP2 provide indications of emit-
ter current in the two doubler stages. TP3, in conjunc-
tion with rf detector CR5, C40, provides an indication
of rf output to the antenna or power amplifier.

power amplifiers

There is only one word to describe the new rf power
modules by TRW and Motorola: “fantastic.”” You have
probably seen them in advertisements for various radios.



CH. D

The photo of a power amplifier using one of the rf
power modules shows how simple it is to make a PA of
moderate power level today. The exciter in this article
was designed to drive these power-module PAs,

The rf power modules, or “bricks” as they're some-
times called, are magic compared to the alternative. Each
PA brick is an integrated circuit containing several power
amplifier stages with decoupling and tuned circuits to
provide many watts output for 150-200 mW input. All
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construction

The exciter is assembled on a single-sided 3 x 7% inch
(7.6x19cm) PC board. Construction details are shown in
fig. 2. The following details of coil assembly and other
suggestions are given to facilitate assembly.

Plastic coil forms of % inch (6mm) OD are used with
% inch (13mm) square shields and vhf tuning slugs. The
coils (fig. 1) are wound in a clockwise direction as
viewed from the top, using the solderable wire supplied

# « TEST POINT - LEAVE LOOP AT TOP LEAD,

CH K

fig. 2. PC-board component layout for the 2-meter fm exciter. Eleven channels are included plus microphone
gain and deviation-level controls all on a 3 x 7%z inch (7.6x19cm) printed-circuit board.

that’s required externally is a means of connection (a PC
board) and low-frequency decoupling components.

Operated at normal 13.6 volts from a battery supply,
the PA bricks provide 20 watts of rf at 145 MHz, or 13
watts at 432-450 MHz. (A tripler/driver module kit,
model T-20, is available for 450-MHz operation). At this
power level, no damage will occur even when operating
into a load of infinite vswr. Usually, the bricks can be
driven to 25 watts at 2 meters or 15 watts at 450 MHz
or higher if loaded properly and operated with sufficient
drive and B+ supply. Of course, the greatest feature is
that absolutely no tuning is ever required! Current
requirement is 2-4 amperes, depending on rf level
Efficiency is 30 to 50 per cent.

No doubt it's more expensive, watt-for-watt, to use
an rf power module instead of an amplifier with discrete
components. However, considering the difficulties you
can have with discrete PAs and the careful tuning and
special packaging required, the brick is a bargain and
certainly adds a lot of pleasure to homebrewing
transmitters.

with the kit. A// turns are close spaced. The diagram of
fig. 3 is exaggerated for clarity. However, all leads should
be pulled tight, no fancy bends are required, and no Q
dope is needed. Holes in the base of the form are
numbered as shown. Fractions of turns relate to the
number of funnels on the form; for example, 2/6 turns
beyond a full number (as in L7, fig. 1) means ending two
funnels beyond the starting funnel.

Oscillator trimmer coils are wound with no. 26
(0.3mm) wire in two layers, with just over half the turns
on the first layer and the remaining turns on the second
layer. Wind from bottom to top, going directly back to
the bottom and winding up again to the top on the
second layer. All other coils are wound in one layer with
no. 24 (0.5mm) wire. Coils with capacitors will have
capacitor leads inserted through coil-form funnels after
the coils are wound.  The capacitors should be seated
down onto the board as much as possible, as should all
parts. This is important at vhf!

Don’t be over concerned with coil winding. Neatness
isn’t important; turns can overlap and windings need not
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be uniform. Start coil leads through board holes while
the coil form is above the board, then seat the coil into
place onto the board. Don't attempt to insert capacitor
leads with the coil form tight against board. After coils
are installed, apply heat from a very hot soldering iron

The 2-meter fm exciter married to one of the “‘instant PAs" for
increased power output.

for 10-15 seconds with solder applied. This will auto-
matically strip the wire and allow solder bonding to
occur. If you prefer, the leads may be stripped in the
conventional way before installation in the board. Don‘t
solder-strip the leads unless the coil is mounted on the
board, or the leads will migrate in the warm plastic.

Shield-can tabs should be soldered to the board for
proper grounding and mechanical support. It is unneces-
sary to bend the tabs. Diodes and electrolytic capacitors
must be installed with proper polarity. The top leads of
R33, R36, and CR5 should be installed with loops
accessable for probe connection. The extra length allows
the top of the component to serve as a test point.
Crystal sockets may be used with the popular HC-25/U
type crystal, or crystals may be soldered directly to the
board.

External leads should be connected by soldering them
into large pads on the PC board. The microphone shield
may be easily terminated by wrapping a few turns of bus
wire around the shield and soldering. The channel switch
should ground the desired channel line for activation.
It's sometimes possible to use a common switch for both
transmit- and receive-channel selection if the receive
switching scheme also uses a ground.

mounting

The T40 PC board is designed to slide into a vertical
groove in a companion cabinet just forward of the rf
power module mounted on the rear panel. The compo-
nents should face forward, and the board should be
oriented upward as shown in the component location
diagram. The upper right-hand corner may be cut off as
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indicated in fig. 2 to allow cables to be routed past the
board in the cabinet. If the companion cabinet is not
used, appropriate holes may be drilled in ground areas of
the PC board to allow standoff mounting to your own
chassis or panel.

crystals

The exciter uses HC-25/U series-resonant crystals.
The crystal frequency, in the 12-MHz region, is deter-
mined by dividing the 2-meter channel frequency by 12.
When adapted for other bands, the divisor changes
accordingly; e.g., 36 for 450 MHz, 18 for 220 MHz, and
4 for 52 MHz,

alignment

After constructing and visually checking the PC board
for proper assembly and soldering, you are ready to
apply power and perform alignment and testing.
Caution: Use a proper tuning tool; a loosely fitting tool
may crack the powdered-iron tuning slugs.

1. Install one crystal at the approximate center of the
desired frequency range, and ground the corresponding
channel control line.

2. Set the audio controls R1 and R10 to full counter
clockwise, and set power control R34 fully clockwise.

3. Preset all tuning slugs to half range.
4. Connect 50-ohm load to output connector J1.

5. Apply 13.6 Vdc (battery power, etc.). Observe
polarity.

6. Check regulated voltage. It should be approximately
+6 to +9 Vdc.

7. Connect vtvm, set to 0.5 Vdc range, to TP1 (loop at
top of R33 at first doubler Q7).

8. Peak L3; then peak L4. Dip L5. Dc voltage should be
roughly +0.3 to +0.4 volt.

9. Connect vtvm, set to 1.5 Vdc range, to TP2 (top of
R36 at second doubler Q8).

10. Peak L6; then peak L5. Dip L7. Dc voltage should be
roughly +1 to +2 volts.

11. Connect vtvm, set to 1.5 Vdc range, to TP3 (top of
CR5 at final amplifier Q9).

12. Peak L8; then peak L7. Dc voltage should be roughly
+1 to +2 volts.

13. Repeat all above steps to eliminate effects of inter-
action and to check tuning. When you're finished, the dc
current drain should be about 70 mA. If you have an
accurate rf probe arrangement, the rf voltage at the
50-ohm load should be about 2-3 volts (150-200mW),
which is the level required to drive the rf power module.
Note that output will be somewhat less if the power
supply voltage is below 13.6 Vdc. Note: Do not attempt
to tune in any manner other than described. In particu-
lar, multiplier stages should not be repeaked for maxi-
mum at the antenna connector.



14. One, by one, ground each channel control line with
crystals installed, and adjust the corresponding oscillator
trimmer coil to net each channel to the proper
frequency.

troubleshooting

The usual troubleshooting techniques of checking dc
voltages at transistor elements and tracing ac signals,
with a voltmeter and an rf probe where applicable, apply
in this case. Don’t overlook the possibility that parts
may be installed incorrectly.

For convenience, the regulated voltage is obtained for
the low-level stages by using a 2N4123 as a zener diode
(Q6 in fig. 1). Since transistors are not calibrated for this
parameter, the zener voltage should be checked the first
time the board is fired up to ensure that a zener voltage
in the range of 6 to 9 Vdc occurs. If lower, you may
wish to substitute another 2N4123 to find one with a
useful zener voltage. The exact voltage is unimportant;
it is only necessary that the voltage be held stable under
varying line conditions.

If trouble is encountered in netting one or more
channels, check the number of turns on the corres
ponding oscillator trimmer coils. Make sure the coil is
wound in two layers, as described earlier. If a channel
won't oscillate at all, check the corresponding diode and
other components in the control-line circuit. The fol-
lowing typical test voltages will serve as a rough guide to
proper transistor operation, based on 13.6 Vdc input.

transistor emitter base collector

Q1 0 0.6 2

Q2 2.2 2.9 7*
Q3 3.8 4.4 6*
Q4 2.6 3.2 4.5%
Qs 1.2 1.8 13.4
Q6 7* [«
Q7 0.35% 0.61 13.4
Q8 1.7t 1.7t 13.6

*Assumes 7 volts from a regulated supply, but supply ranges
between 6-9 V in actual units.

TRough indication of drive level.

Base and collector voitages of Q9 cannot be measured
with drive applied because of rf effects on meter.

microphone and audio adjustments

The exciter is designed to operate with either a
carbon microphone or a transistorized dynamic micro-
phone. The microphone should be connected with
shielded cable to avoid rf pickup. To adjust deviation
level, preset R1 and R10 both fully clockwise. Key the
exciter, and make sure that the carrier is adjusted
properly to frequency. Speak into the microphone and
observe the deviation meter on the receiver, or listen to
the audio with the squelch set tight. Reduce deviation
control R10 setting until all noticeable effects of over-
deviation are removed; e.g., distortion, meter swing on
peaks, squelch pumping.

The setting of microphone gain control R1 is a refine-

ment not found on most transmitters. It should be set to
provide sufficient audio for full modulation on voice
peaks but low enough to remove background noise and
obvious clipping effects, which normally result from
overdriving a clipper.

WINDING DIRECTION

TOP VIEW
OF COIL FORM

INSERT_DISC CAPACITOR
LAST THROUGH ADJACENT
HOLES AND SEAT FIRMLY.

fig. 3 Diagram for winding coils (exaggerated for clarity). The
number of turns for all coils is shown in the schematic. All turns
are close spaced; winding direction is extremely important.

Since the amount of deviation depends on the fre-
quency band to which the exciter signal is multiplied,
resistor R16 is provided to allow the amount of devia-
tion at full control setting to be altered. The value of
R16 may be reduced to obtain wider deviation if
required, and it may be increased to reduce the range of
the deviation control. (R16 is also a part of the lowpass
filter following the limiter).

The following kits and accessories are being made available in
conjunction with this article.

part number description price
T40 Two-meter fm exciter module kit $39.95
T80-150 Two-meter rf power module PA $79.95
T80-450 432-450 MHz rf power module PA $79.95
note

Rf power module PAs are wired and
tested and are complete with heat
sink. No construction or tuning is
required, ever,

T20 Two-meter to 450 MHz tripler/driver $19.95
module kit
A25 Cycolac cabinet, 7 x 7% x 3% inches $24 .95

{17.8x19.7x8.9¢m) with aluminum

panels, to house exciter, rf power

module PA, and other modules

Crystals for any desired channel $ 5.50
frequencies

When ordering, please add $1.00 for UPS or parcel post
shipping. New York State residents, please add 4% sales tax.
Other kits offered include fm receivers, converters, preamps,
scanner and multifrequency adapters. Send a self-addressed,
stamped envelope for a complete catalog to Hamtronics, Inc.,
182 Belmont Road, Rochester, New York 14612,

reference

1. G. Francis Vogt, WA2GCF, ‘"High Performance VHF FM
Receiver,’”” ham radio, November, 1975, page 8.
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update of the
phase-locked loop

Here are the answers
to your questions
about this terminal unit
plus a modified circuit
for upward shift

Since the NS-1 phase-locked loop RTTY demodulator
first appeared in the RTTY Journal, October, 1974, and
later in ham radio,!l | have received numerous inquiries
about its operation. | hope this article will answer some
of the questions and also provide some added tips.

First, as an explanation, the NS-1 was developed
primarily for fsk downward shift on the high-frequency
bands, using low tones to take advantage of a narrow re-
ceiver passband. The 741 op-amp limiter drops off
around 2000 Hz, so the tones must be within this limit.
On fsk the tones can be varied by receiver tuning, so it’s
easy to obtain these low tones. Shift reversal is accom-
plished by changing sidebands if receiving in the ssb
mode or by moving the bfo to the other side of zero
beat if receiving in the CW mode.

meter adjustment

RTTY demodulator

value depends on the meter movement; i.e., whether it’s
50 uA, 200 ua, 1 mA, etc. The easiest way to determine
this value is to put a 500k pot in series with the meter
and gradually reduce the resistance until full scale (+) is
obtained on the mark/hold signal. This resistance can
then be measured and a fixed resistor substituted.

If you don’t have a zero-center meter, fig. 1 shows
such a circuit using a regular 0-1 mA meter. Before con-
necting the 18k resistor to the M terminal, set the 25k
pot about midway, ground the 18k resistor to the chas-
sis, and adjust the pot until the meter reads center scale
{0.5mA). Now, when the 18Kk resistor is connected to

+zv

fig. 1. Using a 0-1 mA meter for
zero-center indication. Connected as 25K
shown, the meter will indicate plus to

the right and minus to the left, See

text for adjustment instructions. —i2v

the M terminal, the meter will act like a zero-center
meter with plus to the right and minus to the left.

cross pattern

Several readers asked where to connect a scope to
receive a cross pattern. A scope cross pattern requires
tuned filters to distinguish between the mark and space
tones, one displayed vertically and the other horizon-
tally. Since the NS-1 has no filters, there is no place to
connect the scope. However, if you have a scope with
tuned fiiters that will produce a cross pattern, connect
the scope ahead of the NS-1 or at the receiver output.
Tune in a signal that gives a good cross pattern, then
adjust R1, the Bk vco pot, until you get good copy.
Thereafter you can use the cross pattern for tuning.

Some readers complained that they were unable to

| suppose the most-often asked question concerned By Nat Stinnette, W4AYYV, P.O. Box 1043, Tavares,
the value of the zero-center, meter-adjustment pot. This Florida 32778
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get wide-shift copy. The usual 2125/2975 Hz tones will
not work, as the 741 limiter will not accept frequencies
much above 2000 Hz, as stated previously. So tones, say,
around 2125/1275 Hz should be used. A compromise
setting of R1 can be found that will permit copy of both
wide and narrow shifts.

other tips

The purpose of the switch is to put the teletype
machine in a “hold”” condition. Random noise and sig-
nals will produce garble when tuning. Also the switch

changes were tried including reversal of the two inputs
to the 741. This change worked, but best results were
obtained after installing a transistor just ahead of the
2N5655. A 2N706 was used. It switches the keying tran-
sistor off and on and has the effect of reversing the
voltage from the 741 output, which permits smooth up-
ward-shift copy.

The 741 limiter was eliminated since it is restricted to
around 2000 Hz; thus high tones such as 2125/2975 Hz
can be used. Two reversed diodes were placed ahead of
the 565 PLL. These give good limiting and prevent PLL

+i2vy

METER

ADJUST X 500k
ZERO
CENTER

"] ISEE TEXT)

it

+i2v -V

LLLL

+i2v

fig. 2. Schematic of the NS-1A phase-locked loop demodulator for copying afsk/fsk (upward shift). The 2N706 switches the 2N5655 on
and off, which reverses the polarity of the voitage from the LM741 comparator on mark/hold. This permits smooth upward-shift copy.

should be closed when transmitting, as interaction be-
tween the receiver and TU will also produce garble.

Remember that the NS-1 will act very much like any
other fm demodulator. If a stronger signal is near the
one you're trying to copy, the stronger signal will take
over. I've found that a receiver T-notch filter is quite
effective at times. Also, use the narrowest selectivity you
have on your receiver that will permit copy of the tones;
this reduces the effects of interference. One amateur
wrote that he installed an active audio filter (2100-2300
Hz) ahead of the NS-1 and adjusted the unit for
2295/2125 Hz. He said this arrangement compared very
favorably with the ST-type terminal units.

modified unit for upward shift

A few people have tried to use the NS-1 on afsk on
the six- and two-meter bands and found it would not
work. This is because afsk is usually upward shift (mark
low, space high), and the NS-1 will not copy this way.
Afsk tones are fixed. Nothing can be done at the receiv-
ing end to reverse the shift, and there are no provisions
for it on the TU.

To achieve copy with upward shift, it's necessary to
reverse the polarity of the voltage coming out of the 741
comparator on the mark/hold signal. Several circuit

overload. The 565 is very sensitive, so no amplifier is
needed. This modified arrangement works equally well
on afsk and fsk, wide or narrow shift. The revised circuit
diagram is shown in fig. 2 and has been designated the
NS-1A.* The same adjustment procedure as used on the
NS-1 should be used for the NS-1A. The zero-center
tuning meter will now show full scale minus {left) read-
ing on the mark/hold signal. The tuning meter may not
even be needed on afsk.

acknowledgements

| wish to thank Ron, W8BBB; Buck, WAQLEM; and
Rick, WB5FHU for their tests and evaluation of the
NS-1A on afsk. The added feature of afsk copy should
encourage more activity on two- and six-meter RTTY
with this simple terminal unit.

*At present no modified boards are available; however, wired
and tested NS-1A units are available for $29.95 postpaid; the
circuit board is $4.75 postpaid, For more information, contact
the author.

reference

1. Nat Stinnette, W4AYYV, “Phase-L.ocked Loop RTTY Terminal
Unit,"”” ham radio, February, 1975, page 36.
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the hand-held

electronic calculator:

its function and use

First of a
four-part series
on how to apply

the simple

four-function machine

to math problems
encountered in radio work

This is the first of four articles on the hand-held elec-
tronic calculator — how it works and how it can work
for you to solve even the most complex problems en-
countered in radio work. The operating principles of the
four-function machine are discussed first, with examples
illustrating how the basic arithmetic functions are per-
formed in response to input-key manipulations. Dis-
cussed next are some of the more important operations
that can be performed with larger and more expensive
machines: chain operation, the use of constants, and the
use of various memories. Finally, some suggestions are
given to help you choose the best machine to fit your
needs.
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In the second article, which will be published in the
next issue of ham radio, the power of the simple four-
function calculator is expanded for solving problems in
radio work. Examples are given on using approximations
as substitutes for special calculator functions, the use of
problem-organization technique to overcome the limita-
tions of simple machines, and the use of the “scratch
pad’’ as a substitute for calculator memory. Examples
are given on using the simple four-function machine to
solve problems involving transcendental functions and
numerical integration. The following articies will cover
transmission-line calculations and use of the new pro-
grammable calculators.

These articles should help dispel the mystery of how
to use the four-function electronic calculator in solving
electronics problems by providing basic information on
the logic of operations within the machine and providing
the approximations and tools available.

basic calculator principles’

Addition. In digital electronics, a register is a place to
store numbers. Actually, these don’t have to be elec-
tronic devices; a chain of relays, a toothed wheel, or even
knats in a piece of string can serve as a register. But in
the small calculator registers are always electronic and
are almost always made using field-effect transistors.

To be useful there must be a way of putting numbers
into the register, of taking them out, and, for at least
some registers, of telling what number is stored. Hand-
held calculators have standardized on a set of push-
buttons or keys for input, and a stylized display for
presenting the content or number stored.

Suppose we wish to perform the simple arithmetic
operation of addition. We could use three registers, one
for the addend, or first number, a second for the augend,
or second number, and a third for the result, or sum.
Actually it’s easier to do this with only two registers by
a technique called “add to storage.” In this, the addend,
when received, is first placed in the sum register, then
the augend is added to it to get the final sum. The two

By R.P. Haviland, W4MB, 2100 South Nova Road, Box
45, Daytona Beach, Florida 32019



registers involved can be called the keyboard register and
the answer register.

To make a small calculator, we need the two registers,
the keyboard, and the display. We also need some con-
trol circuitry to tell the register how to work. For
convenience, the control can also be arranged to switch
the display from the keyboard to the answer register. In
block diagram form, these elements are shown in fig. 1.

We can see these registers in operation on any calcula-
tor by considering only the ten number input keys O
through 9, and the add key. This key is usually marked
+/= in small calculators, but may be marked +. When the
calculator is first turned on, a 0 will appear at the
extreme right of the display (a decimal point may appear
also, but ignore this for now). Suppose we wish the
addend to be the number 123, Pressing the 1 key causes
the 0 to change to a 1. Pressing the 2 key causes the 1 to
jump, or shift, to the second position from the right and
a 2 to appear at the rightmost position. Similarly, pres-
sing the 3 key causes the numbers displayed to shift
again, the display now reading 123. We have now
entered the desired number, 123.

To transfer this number to the answer register, we
now press the add key (+/= or +). All that seems to
happen is a blink of the display, but the display is now
presenting the number in the answer register. We can
show this as follows. Press the 0 key, which causes the
display to change to a zero. Now press the add key
again: the display changes to 123, the number stored in
the answer register. This display will continue to show
the number in the answer register until another opera-
tion is started.

In this test we are actually performing an addition,
123 + 0 = 123. We can continue addition by entering
another number then pressing the add key. Each time,
the display switches to the keyboard register then back
to the answer register as the add key is pressed. The
answer register always shows the sum of all numbers
entered.

When pressing the number keys it's possible to make
a mistake, say by pressing 132 instead of the desired
123. This is easily seen, since the display shows the
number actually entered; this is the reason for switching
the display back and forth.

To correct a mistake in entry, it's necessary to wipe
out the entire number entered, or clear the keyboard
register, and start over. On most small calculators this is
done by pressing a special control key marked CE for
Clear Entry. In this example, pressing CE causes the
display {and the keyboard register) to change from 132
to 0. The correct number is then entered.

Let’s leave addition and go on to other operations. To
get ready for these, the number stored in the answer
register must be removed lest it make an error in the
next calculation. To do this, another control key is
pressed, marked C for Clear, which sets the internal
register to zero. The same result could be obtained by
switching off the calculator; the internal circuits in most
calculators are arranged to clear the registers when the
power is first switched on.

In some calculators Clear Entry and Clear are com-
bined into a single key, usually marked C or CLRA.
Pressing this key once clears the entry, and pressing it
twice in succession clears all registers.

Subtraction. As far as the user is concerned, the opera-
tion of subtraction is almost identical to that of addi-
tion, the one difference being that a different operation
key, marked - or -/= is used. Suppose we wish to
subtract 456 from 123. The number 123 is first entered
into the keyboard register then transferred to the answer
register by pressing the + key. The number 456 is
entered into the keyboard register then transferred to
the answer register with the proper sign by pressing =
(equals). The answer, -333 appears immediately. In
some calculators the minus sign appears next to the left
number; in others it’s at the extreme left. The number is
called a “signed number” to indicate that the sign relates
to the number rather than to the operation (subtract).
When working with signed numbers the order of
entering the numbers isn’t important providing the signs
associated with the numbers are entered properly. For
example, 123 - 456 may be handled as follows:

enter press display

C 0

+ 0
123 - 123
456 = -333

Alternatively, the operation may be:

enter press display

c 0
- 0

456 + —456

123 = -333

Multiplication. Recall that multiplication is just a
method of successive addition. Suppose we wish to mul-
tiply 456 by 123. The answer is equal to 456 + 456 +
456, plus 4560 + 4560 plus 45600. This can be
confirmed by making the addition, the sum being
56088.

To solve this problem in a calculator, the internal
controls cause the multiplicand to be added to itself
three times, and the result is stored in the answer regis-
ter. The multiplicand is then multiplied by 10, and this
value is added to the answer register twice. Finally, the
multiplicand is again multiplied by ten, and this value is
added to the answer register to get the result, 56088.
This process requires a place to store the multiplicand, a
third register, as shown in block form in fig. 2. In most
small calculators the contents of this register can’t be
displayed so it's often called a hidden register.

To the user the operations for multiplication are not
much different than for addition. The first number, the
multiplicand is first entered, followed by x. This opera-
tion stores the number in the hidden register. The
second number, the multiplier, is then entered. Pressing
the = or +/= key gives the answer, the product.

In very small calculators, it’s not possible to multiply
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negative numbers directly. The easiest way to handle this
is to remember that, from algebra, the product is posi-
tive if both multiplier and multiplicand have the same
sign; if not, the product is negative.

Overflow. Recall that the number of digits in the
product is either equal to the sum of digits of the
multiplier and multiplicand, or is one less than the sum.
When two large numbers are multiplied, the product
may have more digits than the register (and display)
capacity. This condition is called overflow. It can also
occur in addition, since the number of digits in the sum
can be one greater than the largest number of digits of
the two numbers being added.

Most calculators have some form of indication of
overflow. It may be a special symbol at the left of the
display, a glowing dot, or a blink. Some small calculators
eliminate the need for this by making the answer register
twice the size of the keyboard register: pressing a special
key marked with a right-pointing arrow causes the
additional digits to be displayed. Also overflow can be
avoided by a technique called multiple precision, des-
cribed in the next article.

Division: underflow. Just as the calculator handles multi-
plication by successive addition, it handles division by
successive subtraction. For example, to divide 56088 by
123, the calculator first subtracts 123 from the left 3
digits, 560, leaving 437. This is a positive number, so
123 is subtracted again, to get 314, then again to get
191, and stil again to get 68. Another subtraction of
123 causes the sign to change to minus, producing a
reading of -55, a signal that subtraction has proceeded
too far. Accordingly, 123 is added, to get 68 again. This
number is shifted one position to the left, bringing in the
next digit, for an internal reading of 688. The net
number of subtractions, 4, is recorded as the first digit
of the quotient. The process of subtract, test, adjust
when necessary, then shift continues until the answer is
obtained, 456 in this case.

Suppose we wish to divide a very small number by a
larger one, say, 3 divided by 987654. On the small
calculators the number appearing as an answer is a zero.
This answer is obviously wrong, since the actual answer
must be greater than zero. This condition is called under-
flow. It is handled in one of several ways, depending on
calculator design. In some, an underflow signal is pre-
sented; in others, a special conversion may be used as
described below.

Decimals and calculator notation. So far we have ignored
the decimal point and have looked at whole number
problems. A few types of calculators do the same thing.
I1t's up to the user to keep track of the decimal. This is
not difficult if three simple ruies are remembered:

1. In addition and subtraction, zeros must be added
to the right as needed to make the number of places
to the right of the decimal the same for all numbers.
Example: 7.6 + 0.25 must be entered as 760 + 25.
The indicated answer, 785, is read as 7.85.
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2. In multiplication, the number of places to the right

of the decimal in the product is equal to the sum of the
number of places of the multiplier and multiplicand.

3. In division, a simple method is to use zeros to give
the same number of places in divisor and dividend.
The answer displayed is the part of the quotient to
the right of the decimal point. On most no-decimal
calculators, the decimal part of the quotient can then
be displayed by pressing a key marked —.

By far the largest number of calculators on the mar-
ket have decimal provision, indicated by a key labeled
with a decimal dot. There are, however, several ways of
handling the decimal. Some calculators allow entry of
the decimal point at any place up to a limit — often 2, 4,
or 5 places. The answer is given to the same number of
places (fixed decimal).

Some assume that the number to be entered has
two decimal places, as in dollars and cents. Answers
show two places (adding machine entry).

Some allow the decimal to occur at any place on
the display for both entry and answer. The answer
display starts with the first digit, or with a decimal, as
necessary (floating decimal).

Some express the answer as a number multiplied
by a power of ten, such as 1.2345 x 1077 (scientific
notation).

Some restrict the power of ten to 107, 107, 106
(engineering notation).

In complex machines, there may be manual or automatic
change from one notation to the other. The method of
handling the decimal is very important, and time should
be spent with the instructions and in practice until the
mode of operation is thoroughly understood.

simple and extended calculators

So far we've looked at the elements basic to all
calculators. As seen with respect to the keyboard, these
are:

numericals: (0 to 9, and . {decimal point)

operations: +, -, x,*, =
instructions: C, CE

Depending on the design, these can be placed on 15 to
17 keys, 16 being the most common. In simple calcula-
tors only these keys are found. There are however, a
number of other instructions and operations that can be
added and which will be found in various combinations
in the larger and more expensive machines.

Chain calculations. In the simplest calculator the number
in the answer register is available only to the display As
a result, this register must be cleared at the end of each
calculation before starting another to prevent error.
More advanced calculators, by internal switching,
make this number available to the keyboard or to the
hidden register, to serve as the input for a new series of
calculations. This technique is called chain, since it
allows linking or chaining of successive operations.



Where this method of construction really pays off is
in mixed calculations. For example, the problem%‘j +
6 is solved by the successive entries of 2, x, 3, +, 4, +/=,
6, +/= (calculators with no separate = key), for an
answer of 7.5. Without chain, the entries would be 2, x,
3, +/=,C, 6, + 4, +/=, C, 1.5, +, 6, +/= again for an
answer of 7.5 but with the necessity of remembering the
result of each step long enough to input it for the next
step.

There are some things to be aware of with chain
operation. For example if you wish to solve 2% = 8 and
you press the keys 2, x, x, x the display will show 16. In
the multiply, divide, and add operation above, omission
of the intermediate equal sign gives the erroneous result
of 6 instead of 7.5. More important, the order of opera-
tions must be correct. In most simple calculators, multi-
ply/divide can be mixed in any order as can add/sub-
tract; but multiply/divide must precede add/subtract in a
chain.

Percent. Many small calculators have a key marked with
the symbol for percent, %. This is used exactly like the =
key to obtain an answer, but it has the effect of shifting
the decimal point two places to the right on divide and
two places to the left on multiply For example, 2,%, 3,
% gives 66.6666, and 2, x, 3, % gives 0.06. On divide, the
result answers the question, “What percent of the second
number is the first?”” and on muitiply, the gquestion,
“What is the second number percentage of the first
number?”’

Values of constants. When a register is cleared, it is
actually set to contain zeros. It is no great problem to
design it to be set to some other number,

In the small calculator, such ‘‘set to a value” capa-
bitity is rarely provided. Even the larger ones include
only a single value, that of w, or 3.141592654. An
exception is the family of special calculators designed
for metric conversion. In these, the multiplying factors
for feet to meters, pounds to kilograms, etc., are built in
and come into play as the appropriately marked key is
pressed.

KEYBOARD

KEYBOARD O
CONTROL = - — Y
REGISTER DISPLA

T |

ANSWER
REGISTER

fig. 1. Elements of the basic hand-held electronic calculator. The
registers store information input from the keyboard, and the
display provides a readout of calculation results based on instruc-
tions to the registers from the controtl circuits.

Change sign. In many small calculators, operations such
as division by a negative number are not directly pos-
sible, since the - is an instruction to subtract. However,
some avoid the problem by providing a special key,
usually marked +/-, i.e., change sign. This operates only
on the keyboard register, causing its sign to change + to
- or-to+.

CONTROL KEYBOARD

kevoaro | O o1SPLAY
REGISTER

)

HIDDEN ARITHMETIC ANSWER
L o L~

REGISTER UNIT REGISTER

i i !

fig. 2. Calculator with add, subtract, divide, and muitiply func-
tions. A third register is used to store the muitiplicand during
problems involving multiplication. Its contents can’t be dis-
played, hence the name ‘‘hidden register.”

Exchange. In fig. 2, the number in the third, or hidden,
register can't be seen; it can't be checked; nor is it
available except for specifically intended operations. To
increase flexibility, a key may be provided that causes
the contents of the keyboard and hidden registers to be
exchanged. Usually the key is marked £X; i.e., exchange.
Pressing the key once allows the contents of the hidden
register to be examined; a second action returns the
contents to the initial condition. Alternatively, after the
first actuation, an operation can be performed, say,
addition.

Memory 1: constant. One function of the registers
shown in figs. 1 and 2 is to remember the numbers
placed in them. It seems obvious that calculators would
be more flexible in use and would have more calculating
power if more memory capability were provided, just as
the calculator of fig. 2 has more capability than the
simpler unit of fig. 1. In practice this is true.

The simplest type of added memory is called con-
stant. When provided, it is usually made evident by a
slide switch, one position being marked K. When this
key is depressed, a number can be loaded into this
memory by pressing an arithmetic operation key. There-
after, entering another number followed by = causes the
operation to be performed between two numbers. For
example, suppose constant is on, and has been loaded by
pressing 3.14159, x. Pressing 120, =, gives the answer,
376.9908, or 120m. Now pressing 2, = gives 6.28318.
The constant is retained until replaced by keying a
number and some operation other than =.
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Quite a range of variation is possible in the method of
operation. Some calculators require two numbers to be
loaded and place the second in the constant memory. In
others, the constant memory holds the first entry. An-
other variation is automatic constant, which seems to be
coupled with the chain. It operates the same as the
switchable constant described above but is always avail-
able without switching. In other variations, constant can
be used with multiply and divide but not with add and
subtract. However, despite its exact form, this simple
form of memory adds greatly to the calcuiator power.

Memory 2: four-function memory. A further increase in
calculation power can be secured by making the memory
more flexible so that it can be loaded or recalled at any
point in the calculation cycle. Typically, this is done by
providing four keys, +M, -M, RM, CM, indicating: add
number displayed to the number in memory, subtract
number displayed from the number in memory, read
memory (transfer number in memory to the keyboard
register, leaving the number in memory intact)}, and clear
memory (set the memory number to zero). Some calcu-
lators include a flag to show when memory is loaded.
Some may omit one or more keys, usua.ly the ~M key.

The major use of this form of memory is to store
intermediate results while making a continuing calcula-
tion. For example, to solve (A*B) - (Y'Z), the key
strokes are A, x, B, =, +tM, Y, x, Z, =, -M, RM. Another
use is storage for constants, such as 7, or the rate of sales
tax, for example.

Memory 3: stacks. As problems become more complex,
it is found that several numbers must be “remembered”’
at the same time. One way of accomplishing this is to
provide several memory registers arranged so that each
successive call for memory input causes a nhumber al-
ready in memory to be displaced into another register.
These registers are said to form a stack.

Stack memory appears in two forms, One is based on
conventional algebraic notation and usually appears on
the keyboard as a pair of keys marked [ (and) ], standing
for inner and outer parentheses. Successive keying of the
left parenthesis causes the stack shift. The other stack
arrangement is based on a special notation called Polish
reverse notation (no one can pronounce the mathema-
tician’s name!).* The two keys for this are usually
marked ENTER?, and RCL for recall, A key marked R
for ro/l may be provided to allow reading the memories
successively. This type has no equals key; the notation
arrangement makes it unnecessary Readout of both of
these memories is automatic, occurring as the logic of
the problem demands.

Memory 4: addressable memory: programs. As the
amount of memory provided is increased, the stack
arrangement becomes too limiting. To avoid this prob-
lem each memory can be assigned to a symbol, so a
number can be placed into any memory cell, or the
number in any cell can be read out without calculation.
This arrangement is called addressable memory.

*The Polish logician, Jan Lukasiewicz.
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Addressable memory may be found combined with a
special memory, one which remembers the successive
steps needed to solve a problem. The assembly of steps is
called a program. In some calculators the program is
stored internally and is lost when the power is shut off.
Other calculators store the program on a card, usually
similar to magnetic tape. The power of these addressable
memory and programmable calculators approaches the
capability of computers.

Functions. A function of a quantity bears a definable
relationship to the quantity. If X represents the quanti-
ty, the quantity Y = XX or Y = X? is a function of X.

Small calculators have no built-in provisions for these
specific functions. Slightly larger ones may provide X2,
\/)—( and 1/X, by special keys. Still more powerful ones
may provide sin X, cos X, sin"1X, eX, XY, etc. These
additional functions are generated by special circuits in
the control section of the calculator. They are calculated
each time they are needed, using the number present in
the keyboard register. Usually the calculation takes a
noticeable time period, during which the display is
blank, or flashing.

The next article in this series describes methods of
approximating these functions on the smaller calcula-
tors.

which calculator?

Which calculator to buy should be based on expected
use, problems to be solved, and cost. A simple calculator
is best for simple problems; there is much less chance of
error. If more complex problems are to be solved or
much repetition is involved, the calculator power should
be increased accordingly. However, if complex problems
are encountered only at rare intervals, it's best to stay
with the simpler calculators, using scratch pads and
function tables as substitutes for calculator power (dis-
cussed in the next article}. Not only is the cost lower,

_but the time wasted is less — it's easy to forget the tricks

of the larger calculators.

The four-function, 16-key calculator with constant is
about the simplest usable machine for routine radio
calculations. The type with four-function memory
{usually 20 keys) is appreciably better. Of course, the
regular user should consider the advanced caiculator.
Regardiess of the type used, practice is in order. A good
technique for refreshing your memory of problems, and
at the same time becoming acquainted with the calcula-
tor, is to solve the example problems in The Radio
Amateurs Handbook, or The Radio Handbaok. In run-
ning these problems, it's a good idea to practice approxi-
mate mental solution at the same time — the best way to
avoid error.
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Call

1-800-633-3410
for Kenwood

(*Plus Drake, HyGain, CDE, Newtronics, Spec Comm, Rohn and Tristao)

The Kenwood TS-820 transcelver

The TS-820 covers [0 thru 160 meters - has 200 watts P.E.P. -
Integral IF shift - RF speech processor - Digital readout DG-1 (op-
tional, 170.00) - Complete solid state, except driver and final
stages - Heater switch - VOX circuit - Noise blanker - PLL circuitry
- Full metering - DRS dial - Built in 25 kHz calibrator - CW sidetone
and semi-break in - Rear panel terminals for linear amplifier, IF
QUT, RTTY, and XVTR. Phone patch IN and OUT terminals - Op-
tions: VFO-820, DS-1A, DC-DC converter, TV-502 2 meter

WANBVOMBE iiviiivinismnames was smuismyis listprice  830.00

The Kenwood TS-700A transcelver

The TS-700A is an all-mode, solid-state transceiver - Frequency
range: |44 to 148 MHz - Repeater activation - Built-in SSB, FM, AM,
and CW - High stability FET VFO— 11 fixed channels (crystals op-
tional) - 44 channels with 11 crystals, heterodyne switching cir-
cuitry - AC/DC operation, built-in - Dual tuning with band spread -
Noise blanker - Amplified-type AGC circuit -S-meter, RIT - Built-in
marker oscillator - Squelch circuit - VOX operation (optional) -
Fully equipped RF circuitry with dual gate-type 3SK35 MOS

FET- s it s et i ey e aian & listprice 700.00

More exceptional ham radlo values...

Kenwood TS-7200A 2 meter transcelver - 10 watt output - 22
channels, - 6 supplied: 94/94/, 34/94, 52/52, 16/76, 22/82, 28/88
- Complete w/mic., slide-out bracket - PS5 power supply (op-
T e list price 249.00

Kenwood TS-2200A portable 2 meter Fm transcelver -

Solid-state - High ZW and low 0.4W out put - 12 fixed channels (6
supplied) - % wave telescoping antenna - rechargeable Ni-Cd
batteries - lighted channel indicators ........ list price 229.00

Kenwood TS-520 SSB transcelver - covers 10 thru 180 meters -
Solid-state thru out except for final and drive stages - FET VFO -
WWYV - Amplified-type ACG - VOX/PTT/MOX circuit - Dual gate
MOS FET 3BKI5 ... .conmenvsonsissameeis list price §29.00

Longs

A word from Jim...

I'm sure it does not impress you to see a hundred different
manufacturers trademarks listed beside our name and nothing in
stock. At Long's Electronics we try to stock all of the items in the
product lines we carry. So, call us toll-free 1-800-8633-3410,
and see if we can help you. We also service what we sell.

Sincerely,
Jim Long WA4ZRZ

Call toll-free

1-800-633-3410 ror

Long’s Electronics price on any ham Iltem

Electronics

3521 10th Avenue North, Birmingham, Alabama 35234



for Drake
equipment

Elimination of
conventional vox delays
is featured in

this novel system
adapted to the popular
Drake T-4XB and R-4B

Radiotelephone conversations without speech delays
caused by conventional vox systems is truly a delightful
experience. The system described here has been designed
for the Drake T-4XB and R-4B transmitter and receiver.
It eliminates poor speech habits induced by vox relay
delay and also eliminates vox relay contact-bounce tran-
sients. In addition, true break-in CW keying is possible
with this system.

Dr. Hildreth, W@IP, described his system for instanta-
neous voice interruption (IVIH) in QST.1 While 1V clear-
ly demonstrated the feasibility of rapid-switching syl-
labic voice response in the control of rf transmission, |
experienced difficulties when trying to use conventional
vox with V1.

conventional vox systems

Vox, anti-vox, and delay circuits in most popular
transmitters are similar in design principles. Therefore,
these technigues might be called ‘“‘conventional vox."”
Conventional vox depends on passive integrals developed
from the audio signal by rectified dc charges to a control
capacitor. Qutput from the capacitor appears at the grid
of a relay-switching tube; or, in solid-state circuits, as

syllabic vox system

sion, anti-vox during reception requires a negative charge
to inhibit operation of the vox relay.

A significant period of time is required for both vox
and anti-vox functions because the control capacitor
can’t be charged or discharged instantaneously. Time,
dependent on source and load resistance, together with
the value of the control capacitor, is extended according-
ly. Likewise, time is equally important to the anti-vox
input, which requires similar processing of opposite
polarity. A delay of many milliseconds, or even seconds,
may be involved, which varies with the amplitudes of
vox input and anti-vox receiver output. Usually, these
functions are mutually dependent. Such factors con-
tribute to annoying and compromised operating adjust-
ments, often leading to abandonment of vox in favor of
PTT.

In the use of conventional vox systems, the opera-
ting-point bias to the final amplifier tubes is active
throughout the vox relay on time. This, of course, means
that final-amplifier bias current is present between
speech syllables, words, and code elements. Power used
in this manner, without rf transmission, is wasted. Also,
a T-R switch loses merit, because final-amplifier tube
noise appears at the switch and receiver input.

Both these undesirable conditions are eliminated by
the syllabic vox method. Final-amplifier operational bias
is applied only during rf transmission. At all other times,
the final amplifier tubes are cut off completely and no
plate current flows. Significant improvement in transmis-
sion efficiency results.

adaptation to Drake equipment

Using this system with the Drake R-4B and T-4XB
requires no hole drilling or component changes. The
only outhoard unit required is a small circuit board
containing the 5-volt power supply, which is mounted in
the Drake MS-4 speaker cabinet. During operation, all
controls and transmission modes are in accordance with
the Drake instruction manual.

All components except the T-R switch and power
supply are mounted on a 3.5 by 4.75-inch (89 by 121
mm) Vector board. The components are self supporting
on the board and no heatsinks are required. The circuit
board is mounted in the upper right-hand corner of the
T-4XB transmitter, where adequate space is available
without crowding. Two small L-brackets secure the
board to the chassis. Existing chassis screws secure the
board. No critical or difficult wiring problems were
encountered. Total component cost is about $50.00.

current to the base of a relay switching transistor. When By R.W. Hitchcock, W6RM, 667 West Arrow High-
a positive charge provides vox activation during transmis-  way, Upland, California 91786
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Referring to fig. 1, all logic components are in the
7400-series ICs, U2, U3, and U4. The retriggerable
monostable, U3, is the most important single component
in this circuit. With the RC values shown, a single posi-
tive pulse at U3A pin 3 would deliver a Jow output at
U3A pin 6 for 8.4 milliseconds, plus or minus the
tolerance of the RC combination. However, the device
offers retriggering capability at all audio frequencies
between 120 and 4000 Hz in this application, which
means that pin 6 of U3A or U3C will remain low during
voice syllables. Upon cessation of voice signals, U3A-6 or
U3C-6 will go high after 8.4 milliseconds, which is the
time required for one CW dot at 140 wpm. Obviously,
this cutoff time is insignificant with respect to voice
syllable duration.

U1, an LM3900 quad operation amplifier, was chosen
for front-end application to both vox and anti-vox chan-
nels. In each case, the first stage offers negligible loading
to a high-impedance source and delivers approximately
unity gain throughout the range of the source. The
second stage produces the required signal gain and stabi-
lization. Use of this amplifier group assures circuit repro-
ducibility with no concern for the varying parameters of
discrete devices,

Output from each two-stage amplifier is introduced
directly to Schmitt triggers U2A and U2B for square-
wave shaping necessary to following logic. The Schmitt
triggers have hysteresis values of nearly one volt between
upper and lower trigger points. This characteristic is
quite important to noise immunity when setting vox and
anti-vox gain during operation. Signal inversion occurs in
the vox amplifier channel, but no inversion is present in
the anti-vox amplifier.

These conditions are essential to the positive CW start
pulse and the negative CW stop pulse but they have no
influence on radiotelephone transmission. In this way,
activation and inhibition of CW vox occurs at the start
and stop points of all code elements. Thus true break-in
follows with only the inherent delay of the receiver
mute circuit.

One section of the 7400 NAND gate, U4, provides a
low at either U4A pin 1 or U4A pin 2, which will deliver
a high at U4A pin 3. This condition is essential to the
solid transmission on requirement for tune, and PTT,
while retaining the syllabic voice response capability of
normal vox transmission.

U4A drives U4B, an inverter, which activates Q1 into
the open-collector cutoff condition during transmission
and into saturation during reception. Under the open-
colfector transmission mode, 50 mA flows through CRS
and the 2.6 mH rf choke in the T-R switch. This action
places the node at the junction of C11, CR5, C12, and
the rfc at virtual ground during transmission. In the
receiving mode, this nodal point offers no loading to the
received signal other than the desired receiver input.
Diodes CR4, CR6, and CR7 are protective devices in the
event forward bias fails.

Output of CR9 from Q1 also drives the base input of
Q4 to saturation during transmission. This condition
allows Qb to operate in the open-collector mode and
permits full muting to the receiver through the mute

line. White receiving, Q4 is cut off. Now, current flows
through the 430-ohm collector resistor and CR15 to
saturate Q5. The mute line is brought to ground in this
manner for normal reception by the R-4B.

Transistor Q4 also drives QB6, which is emitter-biased
to +1.5 volts by CR17 and CR18. When Q4 is saturated
during transmission, Q6’s base goes negative with respect
to the emitter and saturates. When saturated, the collec-
tor potential of Q6 is approximately +1.5 V with respect
to the collector of Q7. This action results in saturation
of Q7, which removes cutoff bias to a kW power ampli-
fier, if one is used.

Returning to the output, U4A pin 3, this point also
triggers U3B pin 3. The output at U3B pin 6 now goes
low for a constant period of 100 microseconds. With
U3B pin 6 low, U4D pin 13 is held low and U4D pin 11
remains high during the 100-microsecond delay. The
high at U4D pin 11 holds Q2 at saturation with a
collector potential approaching ground. This condition
holds cathode switch Q8 at cutoff for the delay period.
The 100-microsecond delay for the T-4XB final ampli-
fier is not significant, operationally. However, it provides
full assurance that the T-4XB rf output cannot appear at
the T-R switch until 100 microseconds after the T-R
switch, mute line, and kW final-amplifier bias have been
activated for transmission.

Both U4D pin 12 and U4D pin 13 must be high to
force a low at U4D pin 11 during transmission. During
reception U4B pin 6, driving inverter U4C, delivers a low
at U4C pin 8. As long as U4C pin 8 remains low, no
change of state at U4D pin 13 can alter the high at U4D
pin 11. However, when both U4D pin 12 and U4D pin
13 are high, a low will hold at U4D pin 11. Propagation
time for a change of state through U3B is somewhat
greater than that of U4B and U4C. So, a small delay in
the change from low to high at U4D pin 12 is desired.
This delay is accomplished by means of a 270-ohm
resistor and C15 (0.01 uF), which are shown at the
output, U4C pin 8. This step permits propagation time
for U3B and eliminates the possibility of a short, un-
wanted low transient at U4D pin 11.

The anti-vox signal is picked up through an extension
cable from a point near the anti-vox gain pot in the
T-4XB, and routed to the circuit board. This signal
performs the inhibit function to U3A. If the output at
U3C pin 6 goes low, any low existing at U3A pin 6 will
promptly go high, having been inhibited by U3C. Also,
when U3C pin 6 is held low, no activation of U3A can
occur. This is an important and useful feature of the
retriggerable monostable. Transmission, then, must be
initiated between syllables and words. This is a normal
occurrence in landline telephone conversations. The
anti-vox circuit is quite similar to the audio and sidetone
circuit, making further description of anti-vox un-
necessary.

Note that no variable adjustments by pots and no
component tailoring are required in this design. How-
ever, the normal T-4XB vox gain and anti-vox gain
controls are used for noncritical settings of each func-
tion. The vox delay pot in the T-4XB is not used. In
operation of the new vox method, no time delays are
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present that can be observed by unaided human senses.
Also no vox/anti-vox interaction occurs, During the
initial setup, the threshold for vox activation is estab-
lished by the vox gain adjustment. After this setting, an
increase in voice level does not alter the vox response in
any way. Similarly, the anti-vox signal threshold assumes
a constant level for activation after adjustment of anti-
voX gain.

setup procedure

The setup procedure is no more difficult and is per-
haps simpler than that of conventional vox.

dash must inhibit the vox circuit promptly to prevent
holding the mute line open for 8.4 milliseconds after the
end of a dot or dash. This requirement is accomplished
by negative pulse differentiation upon restoration of the
grid bias line in the T-4XB. Then, the negative-going CW
stop pulse is routed to the circuit board anti-vox circuit,
which inhibits U3A.

power supply

The T-4XB normally uses a 6EV7 for vox gain and
vox relay driving. Neither the vox relay nor the 6EV7
are used with the new vox system. So a simple heater
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fig. 2. Simple 5-volt power supply for the syllabic system. Input power is supplied by the Drake AC-4
power supply. Unit is installed in the Drake MS-4 speaker cabinet.

Step 1. With the receiver and transmitter in the ssb
mode, the anti-vox gain, vox gain, and receiver audio
gain pots should be set to minimum gain. With the voice
at normal audio level and the microphone in its custom-
ary position, bring up the vox gain sensitivity only
enough to observe vox enabling, which will be shown by
a fluttering action of the S-meter between syllables and
words. A sustained audio note will hold the S-meter at
maximum indication. Do not change this setting of the
vOX gain pot in the next step.

Step 2. With receiver band noise only, turn up the
receiver audio gain until the vox is triggered occasion-
ally, which is indicated on the S-meter as in the first
step. This audio gain level should be high relative to that
used in normal signal reception. Continuing with the
band noise conditions, increase the anti-vox gain until
the anti-vox LED glows intermittently, while the
S-meter remains at zero.

The anti-vox LED is useful when communicating with
a very weak signal under high-level noise conditions.
These conditions combine to present a ‘‘worst-case’’
operational example. In this situation, it is advisable to
reduce receiver audio gain until the anti-vox LED does
not glow intermittentiy due to adjacent frequency audio
interference.

CW transmission

The CW start pulse in the T-4XB is used for fast vox
initiation upon key or keyer contact closure at the start
of a dot or dash code element. After starting, the side-
tone signal holds the vox system on throughout the time
duration of a dot or dash. However, the end of a dot or

wiring change is made that eliminates the 6EV7 heater
load of nearly 4 watts. The new circuit board requires a
separate, regulated power supply that delivers 5 volts dc
at 425 mA. Elimination of the 6EV7 suggested use of
the Drake AC-4 power supply for the 5 Vdc requirement
without adding an additional load to the AC-4 unit.
Consequently, a 5-Vdc power supply was designed for
use with the 12.6 Vac transformer winding of the AC-4
(fig. 2).

A small circuit board was prepared to support all
components of the 5-Vdc power supply. Then 12.6 Vac
and ground leads were soldered directly to these trans-
former terminals inside the AC-4 unit. The new leads
were brought out of the AC-4 case through ventilation
holes and connected to the input of the 5-Vdc power
supply This new supply was then located between the
AC-4 power supply and the speaker in the Drake MS-4
speaker cabinet. This location offers more than adequate
space for the 5-Vdc power supply, and there is no
temperature problem. Incidentally, this method of con-
necting the available 12.6 Vac power automatically
places the b Vdc power under the control of the power
on/off switch on the T-4XB panel.

T-R switch

The T-R switch used in this system is a compromise
with respect to electromechanical relays. The titles “T-R
switch’”' or “diode switch’’ are erroneous in technical
fact. But these titles are used since correct and definitive
nomenclature is not immediately available, Casual obser-
vation of the circuit may lead to the false conclusion
that the T-R switch is a simple device for receiver protec-
tion. However, a rigorous, quantitative analysis of this
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device is beyond the scope of this article. The interested
reader is invited to bypass the T-R switch with a con-
tinuous 50-ohm line from antenna to receiver for com-
parison testing. Such tests conducted at my station dis-
played no discernible difference of signal strength on the
S-meter.

Like other electronic T-R switches, this switch must
be handled properly to avoid signal suckout. In this case,
the switch enclosure is mounted directly to the T-4XB
output connector. Rigid coaxial hardware is used and
provides secure mechanical support for the small T-R
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be wired so that on/off control of this relay is performed
by the power on switch on the kW amplifier panel only.

These changes were made to an NCL-2000 amplifier
in less than one hour. The end result was a pleasing lack
of clacking noise from the cumbersome relay in dynamic
operation.

T-4XB changes

The following steps define installation of all exten-
sion leads, minor changes, and cabling required to the
T-4XB chassis. No holes are drilted, no switches added

SHIELDED CABLE

SHIELDED CABLE

RG-58/1

RECEIVER ANTENNA INPUT
(RG-587U)

L 7-r DRIvE FrOM ciRCUIT BOARD
(SHIELOEQ CABLE!

RELAY POWER

fig. 3. T-R switch schematic for use with kilowatt final amplifiers. Suggested relays are Potter & Brumfield type KT-11D. Each T-R
enclosure should be mounted to each output by rigid coaxiat connectors. A bud type CU-234 utility box is suggested for each T-R switch.

switch can. No signal suckout will occur with this instal-
lation of the switch unless the receiver and transmitter
are tuned in different bands. When operating normally in
a given band, improvement in signal-to-noise ratio may
be observed. This is because the received signal looks
into the output tank of the transmitter before appearing
at the receiver.

T-R switch with linear amplifier

When a final amplifier is used, the dual T-R switch
method should be used, and the second T-R switch
should be mounted rigidly to the output of the kW
amplifier. See fig. 3 for a schematic and component
details. In this case, two changes must be made in the
control of the kW amplifier:

First, the power amplifier bias control must be
removed from the antenna relay section that normally
switches cutoff bias control to ground. Then, the bias
control lead should be a direct, isolated conductor from
the bias control point in the linear amplifier to the
power amplifier bias terminal on the new circuit board
in the T-4XB. It is assumed that the bias control point in
the final amplifier has a negative potential not exceeding
-150 Vdc and current loading not greater than 150 mA
when grounded. Positive cathode bias is not considered
in this article.

Second, the antenna relay in the kW amplifier must
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and no defacement of components or chassis are re-
quired. {The Drake T-4XB manual is referenced).

1. Connect a jumper wire between socket terminals 4
and 5 of V10.

2. Disconnect lead from pin 5 of V9 to pin 3 of V11.
3. Disconnect lead from pin 9 of V9 to ground.
4. Connect new lead from pin 9 of V9 to pin 3 of V11.

5. At the vox relay ant section to J7, connect a jumper
wire between the normally open contact and the
movable contact. Then disconnect the lead to rcvr J6
from the normally closed contact.

6. At the vox relay mute section to J8, disconnect the
movable contact from ground. Connect a board exten-
sion fead labeiled ‘‘mute line’’ to the normally closed
contact. Then connect another extension lead labelled
“‘cathode switch’’ to the normally open contact using
no. 22 AWG (0.6 mm) or larger shielded wire.

7. The third section of the vox relay is not specified but
is used to caontro! the grounding of kW-amplifier negative
bias in this application. Connect an extension lead
labelled ‘‘power amplifier bias’’ to the normally open
contact of this section. The 2N3584 will easily handle a
150-mA load at - 150 Vdc if required.



8. Locate the PTT contact on microphone jack J3 and
connect an extension lead labelled “tune and PTT" to
this contact.

9. Locate diode CR7 on the small circuit board at the
right rear section of the T-4XB chassis. Apply soldering
iron and pull out the cathode end of CR7. Then connect
an extension lead labelled “CW start” to the exposed
cathode of CR7.

10. The anode of CR7 connects to capacitor C131 (0.01
uF), and the other side of C131 is connected to R78
(1M). At the junction of R78 and C131, connect an
extension lead labelled "“CW stop.” Now solder a
1000-pF disc capacitor across R78. (Incidentally, this is
the only component added to the T-4 XB chassis).

11. Locate C92 (0.02 uF) and CR12 in the anti-vox
circuit. Then connect an extension lead labelled “anti-
vox'' at the junction between C92 and CR12.

12. C142 (0.02 uF) is connected at the junction of R98
(3.3M) and CR9. Connect a jumper across C142.

13. Connect an extension lead labelled ““audio and side-
tone’’ to the center wiper contact of the vos gain pot,
R89.

14. A shielded cable is connected to the T-R terminal on
the circuit board and routed outside the T-4XB cabinet
to the designated terminal of the T-R switch. The cable
delivering +5 Vdc power to the circuit board and the
cable to the T-R switch may be held together and
clamped by a convenient screw already located on the
T-4XB chassis.

This completes all changes and extension-lead connec-
tions to the T-4XB chassis. None of these terminals lack
adequate access and offer no problem in location. At
trade-in time, the T-4XB may be quickly restored to its
original design with no loss in value.

results

In radiotelephone practice, you'll experience some
new and pleasant features when using this system. There
is no vox-on presence between words or after a word of
transmission. Only words and syllables of words appear
on the air. Also there are no vox rf transients. The
operator may be broken at any time and “‘doubling” is
eliminated. Extraneous local noise does not appear on
the air because the voice frequencies overwhelm the
noise, If the transmitting operator wishes to force trans-
mission, he may use PTT in the normal manner.

In CW service, the only locally generated noise is
from the handkey, keyer, or power-amplifier blower.
Only sidetone is heard in the earphones or speaker.
Clicks and TVI are absent.

references

1. H.R. Hildreth, WQIP, "Instantaneous Voice Interruption,”
QST, October, 1968, page 40.
2. H.R. Hildreth, W@IP, "More on Instant Voice Interruption,”
QST7T, June, 1972, page 19.
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1 The Dentron EX-1 is the
antenna experimenter’s delight.
The EX-1 is a full 40 meter
Ys wave, 33" self-supporting
vertical. The EX-1 has a heavy
duty base, mounting brackets,
stainless steel clamps and the
highest quality seamless anten-
na aluminum. The ideal
vertical for any band you
choose. The EX-1 is great
for phasing! $59.50

2 The Dentron Skyclaw M
40/80/160 tunable monoband
vertical. The Skyclaw ™ gives
you no-compromise perfor-
mance on 160 (50 KH;band-
width), 80 (200 KH, band-
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It's a self-supporting 25 foot
vertical. It's an easy, one-
man installation with an easy
price. $79.50

3 The Dentron Skymaster M
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cleverly applied wave trap, the
Skymaster ™M covers these
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heavy seamless aluminum with
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their derivation
and history

An interesting sidelight
on measurement units
and their relationship
to the metric system

A lot of people who work in electronics have to deal on
a day-to-day basis with quantities such as voltage, resis-
tance, and current and the units used to measure these
quantities. Surprisingly few, however, know how the
units of measurement were established, and it almost
never fails to raise an eyebrow when they find out that
all the basic gquantities — volts, amperes, etc — are metric
units that can be defined in terms of kilograms, seconds,
and meters.!

It's strange to think that the amount of inductance
we call 1 henry can be traced back to the diameter of
the earth, or that 1 farad of capacitance owes part of its
definition to the weight of water. It’s stranger yet to
realize that these quantities wouldn‘t have the values
they do if it hadn’t been for the downfall of King Louis
XV! in the French revolution of 1789 — but that’s how
itis.

basic units

The watt, as a unit of power, and the ampere, as a
unit of current, provide the foundation for defining the
other units in electronics. Watts and amperes owe their
definitions to the field of physics, which we'll look at
later. The ohm, as a unit of resistance, arises naturally
from the ampere and the watt. It was found that only a
specific amount of resistance would produce 1 watt of
heat if 1 ampere were flowing through it. This value of
resistance is defined as 1 ohm, and the potential drop
developed across this resistance under these conditions is
defined as 1 volt. Even though an infinite number of
combinations of voltage and current will produce 1 watt
of heat in a resistor, there is only one value of emf that
will do it with 1 ampere of current, just as there is only
one value of resistance that will draw 1 ampere with 1
volt across it. Accordingly, there is no ambiguity in the
values: they are clearly defined and have no ““double
values.”

The ampere, as a unit of current, is commonly
thought of as a quantity, but actually it is a rate, or

electrical units:

you want to stay in the metric system. The electrical
equivalent of these galions or liters is the coulomb,
which signifies the actual quantity or number of elec-
trons that will sustain 1 ampere of current for 1 second.
In round numbers, 1 coulomb equals 6.25x1018 elec-
trons. It’s more commonly called the unit of charge, and
since it defines a quantity instead of a rate, its symbol is
Q. Incidentally, the ampere was originally described as
the unit defining the /intensity of a cutrent, hence the
use of the letter I in Ohm’'s and Kirchoff's laws to
symbolize it.

derived units

The units of capacitance and inductance owe their
definitions to the volt, ampere, and second. In the case
of capacitance, it was discovered that no current would
flow into or out of a capacitor unless the voltage across
it was changing. A further investigation revealed that if
the valtage changed at a constant rate, the current would
also be constant. If the voltage increased, the current
would be a charging current; if it decreased, the capaci-
tor would discharge current back into the circuit. A still
closer look revealed that, by doubling or tripling the rate
of voltage change, the current would proportionately be
doubled or tripled. As a result of these discoveries, 1
farad of capacitance is defined as the amount of capaci-
tance that will draw a 1-ampere charging current if the
voltage across it increases at the rate of 1 volt per
second.

Inductance was found to have similar qualities, but
with the roles of voltage and current interchanged. That
is, no voltage would exist across a coil unless the current
flowing through it was changing. If the current was
increased at a constant rate, the voltage developed across
the terminals of the coil would also be constant; and
doubling or tripling the rate of current change would
proportionately double or triple the voltage developed
across the coil.

One henry of inductance was therefore defined as the
amount of inductance that would sustain a 1-volt drop
across its terminals if the current increased at a rate of 1
ampere per second.

Thanks to this system of definitions, proportionality
constants are conspicuously missing in the equations
used in electronics. The factor 27, which crops up in the
equations for reactance and resonant frequency, is the
only exception; and even here it is unnecessary if the
frequency is expressed in terms of radians per second
instead of cycles per second — but that’s another story.

power and energy

It was stated earlier that the ampere is not a quantity
but is a rate of change per unit of time. 1t would be just
as correct to say that a given current was 50 milli-
coulombs per second as it would be to call it 50 milliam-
peres, The watt, as a measure of power, is also a measure

quantity per unit of time. Its hydraulic equivalent would By Robert R. Simmons, WB6EYYV, 1640 Walnut Ave-
be gallons per unit of time, or liters per unit of time if  nue, Long Beach, California 90873
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of rate instead of quantity. Just as 1 coutomb per second
is commonly called 1 ampere, 1 watt could also be called
1 joule per second. Here arises the distinction between
power and energy: energy is a quantity, whereas power
expresses the rate at which this energy is expended.

An example would be appropriate here. Suppose we
have a gquantity of water at room temperature and wish
to heat it to 10 degrees above room temperature. Let’s
further specify that the quantity of water is chosen so
that it will require 5000 joules of heat energy to do this.
We could put a resistor into the water and adjust the
power fed to the resistor so that it dissipated b0 watts of
heat into the water. At this rate, it would take 100
seconds to heat the water. If the power were increased
to 200 watts, it would take only 25 seconds; at 500
watts, 10 seconds; and so on. In each case the same
amount of work is accomplished; the only difference is
in the rate at which it was done and the amount of time
required. The joule is a unit of work or energy and has
its definition in the roots of the metric system.

measurement systems

A few words about measurement systems are in or-
der. Basically, there are three major systems used in the
world to measure quantities and rates on a scientific
basis. These are a) the familiar English system, based on
the foot for length, the pound as a unit of force (not
mass), and the second for time; b) the CGS system; and
c) the MKS system.

The CGS system (centimeter-gram-second) is the
system that Einstein used in his work in relativity. The
MKS system (meter-kilogram-second) is the system on
which electronic units are based. These last two systems
are metric and are based on the meter, gram, and second,
which were established in France as a new system of
measurement after the downfall of the ruling nobility in
1789. The meter, as a measure of distance, was defined
at the time as representing one ten-millionth of the
distance from the North Pole to the equator. The gram
was also defined as the amount of mass represented by 1
cubic centimeter of distilled water cooled to 4 degrees
Celsius. (This is the temperature at which water is most
dense}. As a unit of time, the second was retained,
having its definition in the motion of the earth. The
liter, as a unit of volume, was incidentally defined as
representing 1000 cubic centimeters.

force and work

In the MKS system, the first derived unit of measure
is the newton, which is a measure of force, and is

Ham Radio is designed to provide something for every-
one. This broadbush treatment of electrical units, their
derivation, and history is presented to encourage further
reading in the world of physics, the basis of our electronic
heritage. A more rigorous definition of international units
including a table of physical constants with their symbols,
values, units, prefixes and least-squares error adjustments
appears in reference 1. Also included in reference 1 are
ten pages of conversion factors to get you out of the
awkward English system and into the scientific metric
system of measurement. Editor

defined as follows: If a 1-kilogram mass were placed on a
frictionless surface, this mass could be accelerated from
a dead stop to any speed by exerting force on it. The
greater the force, the more quickly the mass would
accelerate. One newton of force, if exerted on this
1-kilogram mass for 1 second of time, would bring it
from a dead stop to a speed of 1 meter per second.

The unit of work in the MKS system is the joule and
derives its meaning from the newton and the meter. It is
defined as the amount of work expended by moving an
object across a rough surface for a distance of 1 meter, if
1 newton of force is required to move it. If the object
requires 2 newtons to move it, and it is pushed 2 meters,
the work would be 4 joules. The work expended equals
the product of the force and the distance.

power

Notice that the amount of time required to perform
this work does not change the amount of work that is
done. Whether the work is done slowly or quickly, the
same amount of energy is expended to move the object.
The rate at which this work is done is called the power,
or energy per unit of time. In the first example above, 1
watt of power would accomplish the job in 1 second. In
fact, this is the definition of 1 watt: expending energy at
the rate of 1 joule per second. In the second example, 1
watt would accomplish the job in 4 seconds, 2 watts in 2
seconds, or 4 watts in 1 second.

So much for the newton, joule, and watt as mechani-
cal units. Only the ampere now has to be defined in
mechanical units to completely relate all the electronic
units to the world of physics. The ampere is defined
under these conditions: If two very long wires (theoreti-
cally, infinitely long) are placed paraliel to each other
and spaced 1 meter apart, and if current is run through
them (same value of current for each wire), then the
magnetic fields they set up will tend to force the two
wires either together or apart, depending on whether the
currents are flowing in opposite or in the same direction,
respectively.

If the amount of this force exerted on a 1-meter
length of either of the wires has a magnitude of 2x1077
newtons then the current is defined as having an intensi-
ty of 1 ampere. | don’t know why 1x1077 newtons
wasn’t chosen to define the force created by one am-
pere, but perhaps it was thought that each wire actually
does exert this force, so that the total force actingon a
1-meter length would be 2x10°7 newtons — half of it
due to each wire’s magnetic field. This is all pure specu-
lation, however, and should not be construed as accu-
rate.

I hope this article has shed some light on our heritage
in the field of physics without too much confusion. In a
country that must go through the withdrawal pains of the
English system of measurement, it’s reassuring to know
that we work in a field that has always been metric.

reference

1. The International System of Units, NASA Publication
SP-7012, Superintendent of Documents, U.S. Government Prin-
ting Office, Washington, D.C. 20402, price 30 cents.
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“FACTORY DIRECT ONLY”

W".SON HWE'224” MOB"-E FEATURES

. 24 Channel Operation
W . One priority Channael
. Selectable 1 or 10 Watts Out
. 10.7 Monolithic Filter Installed
. 455 KHz Ceramic Filter
. .3 Microvolt Sensitivity for 20 dB Quieting
. Numerical Read-out on each Channel
. Built-in Adjustable “Tone Burst” Generator
. Front Panel “Tone Burst” Control
10. Accepts Wilson 1402 & 14055M Xtals

11. Individual Trimmer C. itors for both TX/RX

12. Mosfet Front End
$ 9 5 13. Helical Resonator
= ‘ 14. High VSWR Protection Circuit
o 15. Reverse Polarity Protection Circuit
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. External Speaker Jack

. Dynamic Microphone Included
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. Quick Disconnect Power Cable

. Frequency Range 144-148 MHz
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. Power Requirements:
r— ] Source: 13.5 VDC * 10%
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5 og Transmit: 2.6A (10W), .7A (1W)
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A. WILSON "“WE-224"
B. MOBILE MIKE
C. MOUNTING BRACKET

D. 146.52/52 SIMPLEX CRYSTALS
10 Day

Money Back
Warranty Guarantee
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PIN CONNECTOR 24.95
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» All Crystals Plug In /ANl Crystals Plug in SM2 STCL NEW MAND HELDS
» 12 KHz Ceramic Filter » 12 KHz Ceramic Filter '—'—H ROUND & PIN
+10.7 and 455 KC IF * 21.4 and 455 KC IF CONNECTOR 24.95
* .3 Microvolt Sensitivity for 20 dB Quieting * .3 Microvoit Sensitivity for 20 dB Quieting Ay "
. .Wuyhl: 11b. 14 oz, less Battery = Weight: 1 Ib. 14 oz, less Battery TE-1 SUB-AUDIBLE TONE
« Battery Indicator = Battery Indicator ENCODER
*»Size: 87/8x 1 3/4ax27/8 «Size: 87/Bx 1 3/4x27/8 INSTALLED ....... 34.95
« Switchable 1 & 2.5 Watts Outpul * Switchable 1 & 1.8 Watts Output TTP TOUCH-TONE PAD . 49,95
® 12 vDC ®12VvDC INSTALLATION AT
« Current Drain: RX 14 MA, TX 500 MA » Current Drain: RX 14 MA, TX 500 MA TIME OF RADIO
= Microswitch Mike Button * Microswitch Mike Bution PURCHASE FREE
= Unbreakable Lexan= Case * Unbreakable Lexans Case INSTALLATION AT
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XF-110.7 KC MONOLITHIC
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2. Flex Antenna
3. 446.00 Simplex Installed

BC-1 BATTERY CHARGER

32 [ august 1976 More Details? CHECK -OFF Page 126



FACTORY DIRECT ONLY

1402SM W I405I§I"EALD
wano iee > SUMMER SPECIAL s WATT
2.5 WATT TRANSCEIVER
TRANSCEIVER 144-148 MHz
144-148 MHz

164"

FEATURES

1402 SM

= 6 Channel
Operation

* Individual
Trimmers on all
TX/RX Crystals

= All Crystals Plug In
* 12 KHz Ceramic

1405 SM

= 6 Channel
Operation

+ Individual
Trimmers on all
TX/RX Crystals

* All Crystals Plug In
« 12 KHz Ceramic

Filter Filter
«10.7 IF and 455 «10.7 and 455 SPECIAL
KC IF KC IF ON EACH
* .3 Microvolt Sen- * .3 Microvolt Sen- RAD'O
sitivity for 20 dB sitivity for 20 dB
Quieting Quieting -
* Weight: 1 Ib. 14 oz. * Weight: 1 1b. 14 oz. iNCLUDES
less Battery less Battery
* S-Meter/Battery * Battery Indicator Flex Antenna
Indicator = Size: 8 7/8 x 1 3/4
. st;e;%ns x17/8 x27/8 52/52
x / * Switchable 1 & 5 i
« 2.5 Watts Minimum Watts Minimum Slmplex Xtal
Output @ 12 VDC Qutput @ 12 VDC
* Current Drain RX * Current Drain: RX
14 MA TX 500 MA 14 MA TX 400 MA
* Microswitch Mike (iw) 300‘MA I§W}
Button * Microswitch Mike
« High Impact Buttan
Plastic Case * Unbreakable
Lexan® Case
Shown With
Optional
Touch-Tone Pad
Can be Modified 10 Day a0
for Money Back Day
MARS or CAP Guarantee Warranty

TO: WILSON ELECTRONICS CORP., 4288 S. POLARIS AVE., LAS VEGAS, NEVADA 89103, (702) 739-1931
SUMMER SPECIAL DIRECT SALE ORDER BLANK

—_1402SM @ $164.95 —TTP @ $49.95 D eueci CIMONEV ORUER
_ 1405SM @$239.95  ___ XF1@$9.95 ENCLOSED IS Omc  OBAC
—WE224 @ $199.95 —_TXor RX XTALS @ $3.75 ea. CARD #
—22025M @ $239.95 ____ FACTORY XTAL INSTALLATION/
 4502SM @ $279.95 NETTING @ $7.50/Radio EXPIRATION DATE
—BC1 @ $34.95 EQUIP TRANSCEIVER AS FOLLOWS: NAME
— _BP1@%14.95 XTALS TX RX XTALS TX RX
BT1@86.00 A —322 52__G. ADDRESS
—tLciesnes B " CITY
—1Lc2@s$1195 © I
_ smi@s2495 O J! STATE ZIP
— SM2 @ $24.95 z IK SIGNATURE
s SHIPPING & HANDLING PREPAID FOR SUMMER SPECIAL
TE1 0 $34.95 NEVADA RESIDENTS ADD SALES TAX
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I-f/detector

receiver module

Design and

construction data

for an i-f strip,

detector, and audio filter
that can be used

for a high-performance
amateur-band receiver

This article provides design and construction details for a
high-performance i-f/detector receiver module. By itself
the circuit is an 80-meter-band receiver, requiring only a
frequency-determining oscillator and an audio stage for
on-the-air use on the high-frequency amateur band. Per-
formance data is given in table 1.

The sensitivity of this receiver is less than 0.1 micro-
volt rms for a signal-to-noise ratio of 10 dB. What does
this really mean? Looking through the ads, you'll find a
number of claims as to the sensitivity of a receiver at
some signal-to-noise ratio. What's most important (and
always missing in these claims) is a definition of terms.
For example, one manufacturer tells us that his receiver
has a sensitivity of 1 microvolt for a 10-dB signal-to-
noise ratio. The question is, *’Is this 1 microvolt rms or 1
microvolt peak-to-peak?’’ By proper attention to details
in the construction of the receiver described here, you
should be able to measure its sensitivity at less than 0.1
microvolt rms for a 10-dB s/n ratio, not 0.1 microvolt
peak. At 1T microvolt rms, you should be able to measure
a 10:1 voltage difference (20 dB) between signal and
noise. | made my measurements using an HP-606A signal
generator and a Tektronix 513 oscilloscope.

design features

The block diagram of the i-f/detector {(fig. 1) illus-
trates the overall design. Good image rejection is ob-
tained by initial amplification at the higher frequency
followed by a mixer stage with low noise and modest
conversion gain. Amplification and passhand character-
istics are obtained with a multipurpose IC, using either a
crystal or ceramic filter, or an LC tuned circuit at the
conversion frequency. In any receiver system the
detected audio will contain beat oscillator and spurious
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noise components; these are reduced by passing the
signal through an active low-pass filter 1C, which is
matched to an IC amplifier stage.

The i-f/detector schematic is shown in figs. 2A and
2B. Values for resonant-circuit components are shown in
table 2. Note that in the schematics, capacitors are shown
as a fraction; for example, 0.1/C. This means that the
capacitor is a 0.1 uF ceramic. An M below the value
means the capacitor is mica.

The 3.5 to 4.0 MHz rf signal is amplified by Q1 and
Q2. Tuning of both stages is accomplished using a var-
actor diode, which eliminates the need for a large
variable capacitor. Dual-gate mosfets allow external agc
and rf gain control if desired. For applications where an
agc and rf gain control isn’t required, a single-gate device
could be directly substituted, or the control gates, G2,

~ of Q1 and Q2 may be tied to some fixed voltage value.

Down-frequency conversion is accomplished by Q3, a
standard mosfet mixer. The input tuned circuit of Q3 is
fixed and broadly tuned; the output is matched to a
commercial i-f transformer. Biasing of gate 2 is accom-
plished by using a gate-to-source resistance that estab-
lishes the operating point for the device.

Overall system voltage gain, detection, and passband
characteristics are developed by U1, a multipurpose IC.
The schematic illustrates a Collins mechanical filter for

table 1. Performance data for the high-perfarmance i-f/detector
module.

frequency range 3.1 to 4.5 MHz with

suitable hfo
nominal operating
freguency range 3.5 to 4.0 MHz
high frequency
oscillator range 3.045 to 3.545 MHz
=~ 2V, peak-to-peak
sensitivity <0.1 uV rms for
10 dB s/n ratio
(distinguishable
signal of 1 kHz)
>20dBat 1 uvVrms

dependent upon filter,
Normally 60 dB with
Collins of Murata
ceramic filters

noise margin

shape factor

in-band spurious signals none using chassis and
shields as indicated
audio 0 to 3 kHz; 5 kHz notch;
15 to 20 dB minimum
attenuation on signals
>5 kHz

80 to 100 dB depending
on link positioning and
conirol voltages

nominal gain

By M.A. Chapman, K6SDX, 935 Elmview Drive,
Encinitas, California 92024



passband shaping. You may prefer a ceramic or simple
transformer-type component instead; the overall opera-
tion of U1 will remain the same regardless of the type of
filter used. Variations in gain can be expected using
crystal and transformer filters, which have operating
impedances differing from the ceramic type shown.

RF GAIN
INPUT

35-40.
MHr
RF IN

fig. 1. Block diagram, high-perfor-

o TUNING
mance i-f/detector receiver VOLTAGE
module, INPUT

The detected audio signal on U1, pin 7, will contain
many beat-oscillator audio components or hiss-type
noises in addition to the desired detected audio. The
most common method of eliminating these undesirable
noise products is to use a toroidal LC or multiple op-
amp active low-pass filter. These methods work well but
require large areas on the chassis and can be expensive.

An inexpensive active device is available that operates
as an elliptic lowpass filter having a rolloff frequency of
2.5 kHz. The attenuation at 5 kHz is approximately 18

High-performance i-f/detector
receiver module, cover removed.
Enclosure is an LMB 850 box. Rf
input is at right; audio output at
left.

dB with increasing attenuation of all higher-order com-
ponents. U2's output is matched to the input of U3,
which operates as a voltage amplifier to compensate for
the loss in gain through U2, U3 is a straightforward
operational amplifier with internal frequency compensa-
tion.

construction

The photographs show the construction approach. A
PC board carries all active components with input-

*Printed-circuit boards are available from the author for $3.00
plus postage.

output of the stages arranged along the LMB 850 chassis
sides through feed through terminals.” This circuit is a
classic i-f amplifier approach that will provide excellent
interstage shielding and minimum feedback coupling
which will eliminate oscillation. Interstage shields are
aluminum strips fastened to the PC board and chassis

CRYSTAL, CERAMIC

LOw
PASS |-
FILTER

+ O=BKHz
DETECTED
' AUDIO OUTPUT

ve

HFO INPUT BFO INPUT
(3.045-3.8458 (4552

KMzl

sides. These shields provide all the mechanical rigidity
required.

There are two methods of building the i-f/detector
module: the right way and the sure-failure way. The
right way is to build the assembly one stage at a time,
testing each stage as you go. The sure-failure way is to
install all components, assemble, and apply power ex-
pecting it to work!

Construction should start with U3. Install its associa-
ted components, temporarily apply power and signal

inputs, then verify the correct output signal. The next
step is to install U2, its associated components, and
temporarily apply power and signal levels to U2 to verify
its operation. This procedure should continue with U1,
Q3, Q2, and finally Q1. Proceed through each stage to
ensure proper operation. Using the step-by-step ap-
proach, you'll become familiar with circuit operation
and can optimize the stages for your own preference.

Figs. 3A and 3B illustrate the PC board component
locations. The board is designed to accomodate J-watt
resistors and low-voltage capacitors; larger components
may be used by mounting them vertically with respect
to the PC board.
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3.5-4.0MHz

455Kz >

R{SEE TABLE 1)
Ji
RF /N% i

.
|
| OPTIONAL
IN9i4
| DIODES
(SEE TEXT)
)
|
1
|

- Z2 (SEE TABLE 1)

J2-HFO IN
(SEE TEXT)
1-F TRANSFORMER
JWMILLER 205!

Lo - - - - - — =
RF TUNING (-)
VOLTAGE O- :
(SEE TEXT)
DETECTOR (SEE TEXT)
1 COLLINS
'3:” FASSFA-21 l3l:'pF
l AUDIO FILTER
+V —
o AN P C. BOARD
B8FO IN 10uF " 9% | | MEG. TERMINAL, TYP
(SEE TEXT) % - 15v
18K Siek| 100K
6| 4| 9 0.1uF i3tz lio e [t
2 7 25K 14 14 0.IyF
Ut + .005uF vz u3 gs;ngED
3| naTiONAL LM373H ;I; A FT-60 KTI FAIRCHILD uA741C aubio
1

3%
EXTERNAL ,}; 10K oPTION
SEE TEXT)
( 100K (SEE TEXT}

- [__ )
15K y 10K 15K Ui ot +
VO - - AN - - - - - = AAAS - \ .0ly
MANUAL I-F /;7 [— ;
GAIN
455KHz ¥ AUDIO

4 7

lOyFl 05
15V 'l

AGC THRESHOLD

fig. 2. Schematic diagram of the high-performance i-f/detectar module. Tuned circuit values are listed in table 2.

step 1. U3 installation. Install U3 and all associated fixed
PC-board components. The 1-megohm feedback resistor
may be left freely supported over the top of U3 using
bus wires from the PC board. Temporarily install one
end of a 100-ohm resistor in the +12 and ~ 12V terminals.
These resistors limit the current during test in the event
of a wiring or circuit error. Apply a 15mV 1-kHz audio
signal to pin 2 of U3, and with power applied, adjust the
feedback pot so that a 15-voit peak-to-peak signal ap-
pears at pin 6; this signal may be taken from the output
side of 0.1/C capacitor of pin 6.

step 2. U2 installation. Install U2 and all associated
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components up to the 0.1/C coupling capacitor from pin
7 of U1. Install the 100-ohm current-limiting resistors
for both the +12 and - 12V terminals, as you did for U3.
With power on both U2 and U3, apply a 100mV 1-kHz
audio signal to the U1 pin 7 side of the 0.1/C capacitor.
While monitoring the output of U3, adjust the U3 feed-
back pot for an output voltage of 100 to 150 mV.
Increasing the frequency of the audio input signal should
show decreasing output values at frequencies above 3
kHz.

U2 can be optimized by adjusting the resistor from
pin 8 to ground and the 560-ohm series output resistor
from pin 1, so that gain and rolloff siope are sharpened.
The CW buff will probably want to increase the 18k



Rf amplifier section. Q1, Q2 gates are in the center. Note
shielding and cutouts for devices.

resistors between pins 10 and 12 and, pins 1 and 2 to
22k, which will bring the rolloff to approximately 1 kHz.
step 3. U1 installation. Install U1 and all associated
components up to the 0.01/C coupling capacitor from
the 455-kHz i-f transformer secondary. During initial
test a 0.01/C capacitor can be installed between pins 4
and 9 rather than a filter, and a jumper wire can be
added between pin 8 and the output side of the 1k agc

NEGATIVE WWE TUNING WOLTAGE

feedback resistor from pin 1. Use the PC board terminals
provided for this installation. Initially apply power to
U1 only and verify that the first section of U1 is work-
ing correctly by injecting a 1-mV modulated 455-kHz
signal into the input of U1 at pin 2 through the 0.01/C
coupling capacitor. By monitoring pin 4, a gain of 25 to
30 dB should be apparent.

table 2. Resonant-circuit component data.

Z1 and 22 Z3
inductor: 45 to 50 turns 45 turns-same coil
no. 32 AWG (0.2mm) torm as £1 and £2
enamelled wire on Miller
4500-2 or 4500-3 coil form

VWVC: Motorola MV 1646 None

capacitor: 15 to 20 pF None
npo or mica type

link: 8 to 10 turns, same as Z1 and Z2

evenly spaced over
winding (see text)

Fig. 4 is a schematic for the suggested bfo circuit.
Initial bfo injection levels should be set at 50 to 76 mV
rms; higher values may cause the second section of U1 to
oscillate. With injection of both bfo and carrier signals a
detected audio signal of 50 to 75 mV should appear at
pin 7 of U1. The bfo voltage injection level should be
increased to the point of U1 oscillation then decreased
slightly. Remove the coupling capacitor between pins 4
and 9 of U1, and install the bandpass filter, using jumper
wires from the PC board. Apply power to U1, U2, and
U3 and inject the bfo and 455-kHz carrier as before.
With 1 mV applied at the input of U1 a clean 90 to 100
mV audio signal should be apparent at U3 output. To
simplify initial alignment and test, the bfo frequency
should be approximately +1 kHz from the center of the
filter. For instance, using a Collins ceramic filter, | use a

fig. 3. Component layout of rf amplifier, mixer, detector, and audio filter.
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455.95-kHz crystal for the bfo frequency, which
develops an easily distinguishable 1-kHz audio signal at
the output with unmodulated carrier injection.

step 4. Q3 installation. Install all components associated
with Q3. Adjust Z3 coil slug for resonance at 3.7E0
MHz. The input link should be loose along the outside of
the coil but terminated to the PC board. Apply power to
Q3 and U1 only, and inject a carrier voltage of 3.750
MHz at the link of Z3 and a beat oscillator signal from
an external oscillator into G2 of Q3. Reference 1 dis-
cusses the design of a suitable high-frequency oscillator
that matches this unit. By spreading and sliding the link
portion of the Z3 coil input for maximum signal output,

RFC
t -I_w +igv
SmM

'l‘ O8uF

200K

BFO | EZNda0)
CRYSTAL i _L_ OiuF
(SEE TEXT) - 005uF )
) BFD LEVEL
470pF
8-47 M 6 8K :’f‘ BFO OUTPUT
i - (ADJUST FOR
50 TO 100 MV
e ouTPUT)

fig. 4. Bfo schematic. Crystal frequency depends on filter, as
discussed in text.

a 50-uV signal at Q3 link input should provide a 30-mV
detected audio signal at U1, pin 7.

step 5. Q2 installation Install Q2 and all associated
components except Z2. Apply power to Q2 and Q3
only, and inject a 3.750-MHz carrier into G1 of Q2 while
monitoring the drain of Q3. Temporarily apply +12 volts
to the input side of the 100-k resistors of G2. Make the
final link adjustment on the output of Q2 for a voltage
gain of Q2 equal to 8 or 10. Apply a small amount of

Mixer input section. Q3 gates are on the right; HFO input is
through phono jack at upper left,

approximately - 10 volts while positioning Z2 slug for
resonance. The link may be moved over the surface to
the coil to optimize this coupling.

step 6. Q1 installation. Repeat all installation procedures
used for Q2 on Q1. Adjust Z1 slug so that the same
corresponding VVC tuning voltage is applied to both
resonant circuits in the Q1 and Q2 stages. The operating
characteristics of Q1 and Q2 can be verified by alterna-
ting grounding G2 of Q1 and Q2 for a short time while
monitoring the output of Q3 at either the drain or at the
i-f transformer secondary. Temporary grounding of G2
for either Q1 or Q2 should result in an immediate
decrease in the output signal level. This should
demonstrate the AGC operating feature of the dual-gate
mosfet. With the ground removed, the output signal
should slowly rise to full value. If you're not interested
in using an external rf gain control, you could substitute
a single-channel fet for Q1 and Q2 and adjust the source

TOD GATE 2 OF
RF AMPLIFIERS

ISEE FIG T
APRX_ BV ;
RE!E—I
130K roﬂxjo"r
+iZvo _—— A AGC SWITCH 20K
RF GAIN
0.1uF
il T T " R
A
aTKS I 100K
3
10K 2
L oz o3 SENSITIVITY
— 2N4403 2NS4E2 Hmﬁbjg 1F
& AUDH}ED oitp# O.1pF IN9I4 oK
INPUT ai POV f_._ﬂ_, [
Hook { 1 2N440) L
L 10 MEG S
:: sS4 7 ATuF o
Ll 330 S -iav
-2V O-

‘Lo IuF
»

mnu: ;J: oBuF

fig. 5. Suggested circuit for agc and rf gain control.

coil dope to the link to secure it in this position. Install
Z2 and the associated VVC components. Apply power
to Q2 and Q3 while injecting a low-amplitude
3.750-MHz carrier to the link of Z2. Apply -20 Vdc
through 100k pot, and adjust the voltage on the VVC to
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resistance for adequate feedback. Maximum gain is
achieved when the source terminals of Q1 and Q2 are at
ground potential; however, optimum noise margins are
obtained using a source resistance of approximately 220
ohms.



Mixer output, i-f amplifier,
and audio filter., Bfo input is
through phono jack at right of
the 455-kHz i-f transformer.
Audio output is at phono jack,

lower right.
-2ov
/;7 oK
oK RF TUNE
Iﬁf GAIN
492V
wWve | vve 2
RF RF 2
l L * l l ¥V eV
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fig. 6. Simplified operating mode for the i-f/detector module.

step 7. Initial i-f testing. During this step if oscillation is
apparent, look for feedback caused by the temporary
clip leads. Care in placement of clip leads and wire
routing to the bfo and hfo is imperative. Improper
grounding and bypassing will couple unexpected rf
components into the system. As an example, if your bfo
is at approximately 456 kHz, then the 8th harmonic is at
3.468 MHz, which can be picked up by the module if
you have poor shielding in the high-gain stages.

While keeping the current-limiting resistors in place,
carefully apply power to each succeeding stage, starting
at U3 and proceeding through Q1. If you haven’t made a
polarity error, poor positioning of clip leads, or injected
too much bfo voltage into U1, the system should be
quite stable. Monitoring the output of U3 should display
low-level random audio output noise, which should not
change even while Q1 input is alternately grounded or

left open when the hfo is tuned over the entire input
range.

Inject a 5 pV rms signal at 3.750 MHz into Q1 input.
While monitoring U3 output with the hfo tuned to the
beat frequency, an audio signal of approximately 0.1 V
peak-to-peak at 1 kHz should be obtained. Some adjust-
ment in the VVC tuning pot may be necessary to peak
the signal.

Strictly speaking, the gain of a system is defined as:

7.2
dB =10 log _I E_Q_U_R‘?
V21 /R,

If Ry =R, thendB = 20 log l :‘7]
1

This relationship is widely misused, and in voltage ratios
the gains are expressed in decibels even though R; # R,,.

— O *I2V

—» TO RF GAIN CONTROL
POTENTIOMETER

RF FIGUR
TUNE T | - [ IGURE %
VVE | VvC 2
(@)e0 3% AUDIO OUT
I1-F AMPLIFIER -l

RF | RF
l II Vv L +V
o —3—4:— —o—;g..cL-l
35-4.0 M +{8)

RF IN

. DETECTOR ASSY ’

HFO IN-={®) o je-BF0 (N
I3 12 11 10 9 @& “’)-n'rauRE 4)
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b Bt b ‘[ sizv
WOy -y Y 4
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fig. 7. Sophisticated operating mode for the i-f/detector module,
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fig. 8. Printed-circuit board layout for the rf amplifier and mixer (left side of board) and the detector and audio filter.
Board is 7-7/8" (20cm) long by 2-1/8" (5.4cm) wide.

Furthermore, we had a carrier of 3.750 MHz on the
input and are examining an audio signal on the output.
If we ignore this small impropriety, we can calculate the
i-f/detector gain as:

= | output voltage ’

dB = 20 log ‘ input voltage

The measured output voltage is 0.1V peak-to-peak, or
V2 rms= ~2—%—213— =0.0353 rms

and the input
V,rms=5(106)V

dB=20log 20353 =769d8
5(1076)

final assembly

Remove the temporarily installed current-limiting
resistors and install short pieces of bus wire for feed-
through access from the chassis. Install the PC board
assembly into the chassis as shown in the photographs,
terminating the bus jumpers to feedthrough terminals.
Twist the inductors slightly then slide them into
mounting holes along the side of the chassis.

For final testing the assembly should be wired as
shown in fig. 6. Readjust the coils slightly, and if the agc
threshold trimmer is used, adjust it for approximately 1
volt. The agc jumper wire between pins 8 and 10 may be
removed for initial testing. Apply a 1-uV signal to the
input, adjusting the coil slugs and the rf gain and rf tune
resistors, A detected 0.1 volt audio signal should appear
at the output, which represents a maximum gain of 90.9
dB. The slug settings on Q1, Q2, and Q3 may be adjust-
ed to optimize the tracking characteristics. It won't be
necessary to use the full voltage range control from the
10k rf tuning pot since only a few volts are necessary for
maximum gain in the rf stages. Peak gain for the mosfet
is achieved between 4 to 10 V. Where fixed gain of the
i-f/detector is desired, pins 2 and 5 may be tied directly
to the +12 volt lines through 100k current-limiting
resistors.

By experimenting with the 100k agc-threshold set-
ting, you'll find that a 4 to 5 volt setting on U1 pin 7
will provide a 50% decrease in gain at 300 4V input. You
might wish to vary this setting to suit your specific
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needs. For strictly CW applications this option is not
necessary and the circuit shown in fig. 6 will be easiest
to implement. For maximum operation flexibility, the
assembly should be operated as shown in fig. 7. This
arrangement provides agc control at both the rf and i-f
stages and, additionally, allows a variable control in the
rf and i-f gain to achieve the most ideal signal-to-noise
margin in receiving both CW and ssb signals. Referring to
fig. 7, with the trimpots shown on the i-f gain, a setting
range for both the rf and i-f gain control can be achieved
that will allow the pots to be ganged, which is also true
of the agc switches shown in figs. 5 and 7.

With both crystal and ceramic i-f bandpass filters, the
ideal ssb bfo frequency is at the plus and minus 20-dB
points from center frequency. CW reception is most
easily distinguishable at 800 to 1000 Hz. The crystal
oscillating frequency then is usually determined after
obtaining the filter and measuring the center and 20-dB
points. For both upper and lower ssb and CW reception,
individual bfo circuits can be used following the design
suggested in fig. 4, having a common output bus and
separate 12-volt control lines so that the desired
frequency may be selected.

The selection of Q1, Q2, and Q3 is a matter of
preference. The Motorola MFE3006, MFE3008, and
RCA 40673 work well in the circuit shown, Recently,
RCA announced an economy device, the 40841. Com-
parison tests between the 40841 and MFE3006 indicate
that the RCA device is a comparable unit and could
become the receiver builder’s most versatile transistor. It
may be used as a single-gate device by tying the gates
together for most fet oscillator and amplifier applica-
tions, or as a general-purpose unit operating to 50 MHz.
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There is no substitute for quality, nor per-
formance, nor the satisfaction of owning
equipment that is the very best.

Hence, the incomparable Hy-Gain
3750 Amateur Transceiver. It is unques-
tionably the finest unit available today.

The 3750 covers all amateur bands
from 1.8 through 30 MHz (160-10 meters).
It utilizes advanced Phase-Lock-Loop
circuitry, dual-gate MOS FET's at all critical
RF amplifier and mixer stages, a narrow
band SSB crystal filter and a 50 kHz T-notch
filter. And that’s just the beginning.

The 3750 also incorporates audio and
microphone compression circuits, ALC,
specially developed S-2002 tubes, and a
VFO section that's so stable drift is less
than 100 Hz (after a 30 minute warm-up.)

SPECIFICATIONS

Frequency coverage Modes of operation
1.8 MHz Band 1.8- 2.0 MHz SSB (LSB or USB)
3.5 MHz Band 35- 40 MHz cw

7.0 MHz Band 70- 75MHz . Input power

14 MHz Band 14.0 - 145 MHz 200W

21 MHz Band 21.0-215 MHz 1.8-21.5MHz

28 MHz Band A 28.0 - 28.5 MHz 100W

28 MHz Band B 28.5-29.0 MHz 28-30MHz

28 MHz Band C 29.0 - 29.5 MHz ANT, impedance

28 MHz Band D 29.5 - 30.0 MHz 50€ - 75€) Unbalanced

wwVv RX only 10.0 MHz
MIC, ingut impedance
50K

Carrier suppression
More than 50dB
Side band suppression

Frequency More than 50dB
300 - 2700Hz (—6dB) Spurious and harmonic
Sensitivity suppression

Greater than 40dB
3rd order distortion products
suppression

Greater than 30dB

SSB less than .25 uv for
10 dB S/N+N ratio
CW less than .15 uV for
10 dB S/N+N ratio

©1976 Hy-Gain

There's a rotating dial for low-speed
frequency indication and easy band-
scanning. And an electronic frequency
counter with four-place digital readout to
100 Hz for pinpoint accuracy. The tuning
section also includes a memory circuit for
remembering frequencies with a flip of
a switch. A 10 MHz WWYV receive position
eliminates the need for a crystal calibrator.

A speaker unit (3854) with tailored
audio response frequency and a complete
external VFO(3855) with provision for 7
crystal controlled channels are available in
matching cabinets.

See your amateur radio dealer for
complete details on the Hy-Gain 3750, or
write our Department MM. There is
no substitute.

IF Frequencies Power drain
1st IF 9MHz 400VA TX
2nd IF 50kHz 78VA RX
Selectivity 48VA RX (Power tube OFF)

SSB 2.4kHz (—6dB) Semi-conductors

4.0kHz (—66dB) Transistor 98
CW 400Hz (—6dB) IC 43
1.8kHz (—66dB) Diode 120
Audio output into 8(} load Tube 3
2.5W (10% distortion) Digital Ind. 1
3.0W (MAX) Weight
Power source 44 Ibs. 6 ozs. (23kg)
AC 120V 50/60 Hz (can be Dimensions
re-wired for 240V) 16-3/4" x 7" x 13-5/8" (420 x 172
x 340mm)
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Hy-Gain Electronics Corporation
8601 Northeast Highway Six; Lincoln, NE 68505



an introduction to
slow-to-fast-scan

television converters

Digital scan converters
are a new innovation

in slow-scan television —
here's how they work

One aspect of amateur radio that appears to be
leading all others in technical advancement is slow-
scan television. Unquestionably, the accelerated
advancements in this field are due to the application of
digital techniques to circuit design. Most digitized sstv
units are also available on PC boards. This means that an
enthusiatic amateur can build highly sophisticated sstv
circuits without a full knowledge of how they operate.
With these thoughts in mind, this article is presented as a
guide to understanding one of sstv’s latest innovations:
the slow-to-fast-scan converter. 1'd like to stress that this
is an explanatory rather than a construction article,
Amateurs can build kits; I'm attempting to describe how
their circuits operate — in this case, the slow-to-fast-scan
converter,

If you haven't kept abreast of sstv evolution, here's a
thought worth considering: begin with a technical start-
ing point {such as this article), expand from there, then
follow subsequent advancements. This beats following
behind new innovations because you’re not familiar with
in-between areas.

converter memories

Dynamic mos shift-register memories are the heart of
all scan converters. The typical converter memory has
about 16,000 digital words by four-bit plane capacity.
This means that about 64,000 bits can be stored in such
a memory. The four-bit planes usually store from binary
0000 to 1111, or 16 shades of gray. A simplified exam-
ple of this type memory is shown in fig. 1. The top left
corner of this hypothetical unit is shown storing a 5. Its
binary equivalent is written into the corresponding four-
bit planes. Similarly, the binary equivalent of 8 is writ-
ten into its corresponding planes, and zeros are written
into the four right-hand planes. The number of digital
words showing on the memory’s front area indicate

if you can visualize 1800 memory cubes as in fig. 1
wired in series, you'll have a good idea of the memory
size used in a slow-to-fast-scan converter. Also, gray
coding would be used rather than straight binary-coded
decimal coding. This gray code is easier to use because
only one bit changes state between successive digital
words. Now let's consider the overall concept of scan
conversion.

slow-to-fast-scan converter

This converter represents a revolution in sstv tech-
nology because it allows you to view slow-scan television
pictures on a conventional (fast scan) home television
set. Although there are presently only two basic designs
of this unit,1+2 their operational concepts follow a defi-
nite pattern. A typical slow-to-fast-scan converter is
shown in fig. 2. Incoming slow-scan television signals are
fed to an sstv demodulator and sync separator. These
circuits, shown in the dotted lines of fig. 2, represent a
typical P7 sstv monitor without a cathode-ray tube and
high-voltage supply. In fact, a conventional sstv monitor
could be used for this part of the converter if desired.

[ [+] o
ONE BYTE 0 0 }

o/ 1o
0 o
/ DATA OUTPUT WIRE
[4 ﬁ—"——

DATA INPUT WIRE

FOUR BITS / 4-BIT PLANE

fig. 1. Three-dimensional representation of a shift-register
memory used in a slow-to-fast-scan television converter. In this
example the total memory capacity is 9 bytes or 36 bits.

Varying video voltages from the demodulator enter
the analog-to-digital converter, which changes these volt-
ages to their binary equivalents. This A/D converter
employs a voltage divider string connected to voltage
comparators to produce digitized equivalents propor-
tional to the varying video levels. This conversion is
accomplished periodically by sampling each line of
slow-scan video, as illustrated in fig. 3. The sampling rate
is usually 256 times per line. This sampling rate results in
256 words, each containing four bits of gray-code infor-
mation. Immediately following each line of sstv video,
the sync separator extracts a slow-scan sync pulse, which

video resolution capability, while the number of bit By Dave Ingram, K4TWJ, Eastwood Village, 604N,
planes determine gray levels. Route 11, Box 499, Birmingham, Alabama 35210
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triggers the slow-speed clock (fig. 2). This clock, in turn,
opens the proper line buffer input to allow each digi-
tized line to enter the 65,000-bit shift register memory.
(Meanwhile, the fast-speed clock directs ‘read from
memory’’ and “recirculate fast scan information’’ func-
tions. It does this by sending high-speed shift pulses to
the memory and timed, binary-1-level signals to the D/A
converter).

this operation for, say, 20 times, you’ll see that the red
cars will again be on the track. This rather poor analogy
is similar to scan-converter memory functions.

concluding remarks

This information has been presented with the hope of
enlightening interested amateurs on the basic concepts
of digital slow-to-fast-scan conversion. Remember that

RECIRCULATE]

r-——————- M
| I
! |
SSTV —TO- 65,000 BIT _ FSTV TO
SLOW SCAN | " ssrvm VIDEQ | ‘"‘l‘)ﬁ‘;’faz" LINE SHIFT— Y FSTV ANTENNA
] MODULA ] BUFFERS REGISTER CIRCUITRY TERMINAL OF
| | CONVERTER MEMORY CONVERTER TELEVISION SET
| I _‘_T
! I
! |
|
j ' [
| -84 fig. 2. Block diagram of a typical
| SYNC lpuLses lstow-speen UPDATE FAST-SPEED slow-to-fast-scan converter. Input cir-
T SEPARATOR 0 cLock CONTROL cLOCK A .
| | cuits (shown in dotted lines) rep-
! |

TRIGGER PULSE (RESET)

t resent a typical P7 sstv monitor with-
Lo J

out a cathode-ray tube and high-
voltage power supply.

Now, at the precise start of the proper fast-scan line,
the fast-speed clock sends a pulse to the update control.
This control then directs a binary-1-level signal to the
appropriate buffer output, which allows a full line of
slow-scan information to enter the fast-speed 65,000-bit
memory. This controlled loading operation is performed
approximately 128 times during an eight-second period
to load a complete sstv picture into memory.

The shift register memory continuously operates at a
fast-scan rate, so this information is output (at the
proper times} into the D/A converter, where it's convert-
ed to fast-scan video. Every 1/156750 second the fast-
speed clock sends a sync level puise to the D/A converter
to produce sync-level signals. The D/A converter uses a
resistor-transistor network arvanged in a /adder adder
configuration to produce voltage level equivalents to the
binary weight of incoming counts.

The final step involves modulating a simple uhf signal
generator with the composite fast-scan television signal.
This signal is applied to the antenna terminals of a
conventional television receiver. Now the resultant slow-
scan television picture can be viewed in a well illumina-
ted room.

memory analogy

Memory operation could be illustrated by using an
automobile race track to symbolize data flow. First,
consider the race track as a circle filled to capacity with
very fast blue cars. Fifty green cars are on the entry
ramp at one end of this circle, and fifty red cars are on
the exit ramp at the opposite end of the circle. A horn
sounds and ten red cars quickly leave the exit ramp. At
the same time, ten blue cars quickly enter the exit ramp,
and ten green cars slowly enter the race track (but
quickly gain speed). The red cars then drive around the
track and wait in line with the green cars. If we follow

phenomenal progress is being made in slow-scan tele-
vision technology. While by no means describing the
final word in scan-converter design, | think you’ll find
this article helpful in following the operation of these
circuits.

| |

i i
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< | t | |
[C] | | I f
S 10001 0100 OlOI 1 |
I | DIGITAL BCD CODE | )
Z I | !

|le— ONE LINE OF VIDEO—eMWONE LINE OF VIDEO™
TIME

fig. 3. Each line of slow-scan video voltage is sampled at a
periodic rate (approximately 256 times per line), which results in
256 digital words per line, each containing four bits of gray-code
information.

Other sstv innovations are being developed, such as
the color system that uses a 500-Hz subcarrier to carry |
and Q color information, while black and white informa-
tion is contained in the usual 1200 to 2300 Hz range.
You'll probably be hearing more on slow-scan television
developments in the near future.

I'd like to thank Dr. Robert Suding, W@LMD, for his
criticism on the final version of this article. If reader
interest warrants, future articles on digital electronics or
slow-scan television may be presented.

references
1. David Ingram, K4TWJ, Slow Scan TV for Amateurs, TAB
Books, 1976, (W@LMD scan converter on page 110).
2, Dr. George Steber, WB8LVI, “SSTV to Fast-Scan Converter,”
QST, Part |, March, 1975, page 33; Part {i, May, 1975, page 28.
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a revealing analysis
of the

This analysis of the
coaxial dipole antenna
shatters many

of the myths —

it also explains why

its swr bandwidth
doesn’t measure up

to some of the claims

At some time or another most radioc amateurs have used
a folded-dipole antenna. And, wisely or not, more and
more amateurs are now trying the coax/a/ dipole, some-
times called the ‘‘double bazooka.””l Those amateurs
who favor the folded dipole generally do so because of
its flexible input-impedance characteristics; many ama-
teurs are also acquainted with its somewhat broader
bandwidth characteristics as compared with the single-
conductor dipole. Many amateurs also try coaxial di-
poles in hopes of obtaining increased bandwidth.

Some of the proponents of the coaxial dipole appar-
ently use it because they have been misled into believing
it also possesses certain other exotic characteristics, such
as supplying its own balun when fed with a coaxial
transmission line, as if providing an inherent un-
balanced-to-balanced input (not so); exhibiting more
than 1.5 dB gain over a simple dipole? {not so); and even
offering a noise-cancelling capability because the anten-
na is said to be “‘shielded’’ (some amateurs have claimed
that ‘“the coaxial dipole has no man-made noise pickup
whatever”’).

One purpose of this article is to show why the coaxial

coaxial dipole antenna

bandwidth and impedance, its performance is the same
as that of a simple dipole. Although the coaxial dipole
can provide a limited broadening of the impedance band-
width as compared to a simple dipole if engineered
correctly, the coaxial dipole configuration in general use
by amateurs is not engineered correctly. Consequently,
it does not provide the broadband operation erroneously
attributed to it.

A second reason for this article is to discuss the
reasons why the engineering requirements for broadband
operation are not fulfilled in the amateur configuration,
thereby alerting the eager but unsuspecting builder be-
fore he wastes valuable time and expensive coax in
building a complex dipole that will perform no better
than a simple dipale.

impedance bandwidth

The impedance bandwidth of an antenna is derived
from the impedance mismatch between the antenna and
its feedline as the operating frequency is varied between
specified limits. The principal contributor to increased
mismatch, as the operating frequency departs from the
self-resonant frequency of the antenna, is the reactance
which appears in the input impedance of the antenna.
The effect of reactance and other parameters is shown in
appendix 1. This reactance is developed whenever cur-
rent reflected from the ends of the radiating elements
arrives back at the input terminals with other than a 0°
or 180° phase relative to the incoming current from the
feedline. A zero or 180 degree relation is obtained only
when the operating frequency is the same as the seif-
resonant frequency. This is why the resonant frequency
of an antenna is sensitive to the length of the radiating
element.3

In an /deal antenna having infinite bandwidth all the
power delivered by the feedline would be radiated by
the time the outward-flowing current reaches the end of
the radiator, so no reflected current would return to
generate a reactance at the input terminals. In other
words, the ideal antenna would simply be a broadband
transformer, matching the feedline impedance to the
377-ohm intrinsic impedance of free space at a// frequen-
cies. In our quest for increasing dipole bandwidth we are
looking for some scheme which will either cancel or
compensate this reactance as it appears (as in folded and

dipole cannot perform according to these utopian speci- By Walt Maxwell, W2DU, Box 215, Georges Road,
fications and that, except for restricted differences in  Dayton, New Jersey 08810
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coaxial dipoles), or reduce the reactance by reducing the
amount of out-of-phase current reflected from the ends
of the radiator. The out-of-phase currents arriving from
the ends of a conically-shaped radiator (or a fan-shaped
multi-wire dipole) are smaller than those in a thin dipole
so less off-resonance reactance is generated in wider-
ended radiators.

The reactance compensation obtained in folded and
coaxial dipoles results from applying reactance of the
opposite kind, contributed by shorted stub sections, as
shown in fig. 1B for the folded dipoie, and in figs. 1A,
1C and 1E for the coaxial configuration. Each half of
the folded dipole and the internal portion of each co-
axial section in the coaxial dipoie forms a resonant
quarter-wavelength stub near the resonant frequency of
the dipole, short-circuited at the end opposite the feed
point. The two stubs of the coaxial dipole are connected
in series through their inner conductors. The series com-
bination is shunted across the dipole input terminals as
shown in fig. 1E. The shunt-connected stub combination
reduces the off-resonance reactance appearing at the
dipole input terminals because the stub reactance is
inductive below resonance, while the dipole impedance
is capacitive, and vice versa. Thus, the off-resonance
mismatch to the feedline is reduced.

However, the analysis which follows reveals some
facts which will probably come as a distinct surprise to
many amateurs, and may cause those who are using the
coaxial dipole to contemplate replacing it. The facts are,
one, whatever increase in bandwidth is obtained solely
by the two coaxial stub sections inside the dipole, the
same bandwidth can be obtained by using a simple wire
dipole of the same outside diameter, but having an
external shunt stub (equivalent to the internal stubs)
connected directly across the dipole input terminals as
shown in fig. 1D. Stuffing the stubs inside the radiator
does nothing except to provide a convenient place to
hide them. This is because the stub currents flowing on
the inner side of the coaxial outer conductor are com-
pletely separate from the antenna currents flowing on
the outside, and the outside antenna currents are un-
affected whether the conductor is the outer portion of a
coaxial cable, or simply a solid conductor.

Secondly, the amount of bandwidth improvement
actually obtainable using the shunt-stub technique de-
pends directly on the relationship between the values of
the conductance term of the dipole admittance and the
characteristic impedances of both the feedline and the
shunt-stub lines. This relationship, which will be ex-
plained, involves conversion between equivalent series
and parallel circuits. It limits feediines to those having
impedance values, Z., within a range whose lower limit
is well above those commonly used (50 or 75 ohms).
The stub lines must have Z. values in the range from five
to ten ohms, which are practically unattainable.

These requirements warrant an explanation which
will follow shortly. But first, for the reader who is using
a coaxial dipole fed with a fifty-ohm transmission line,
how about trying an experiment which will prove that
the stubs don’t provide the heralded broadbanding?
Measure and record the vswr at regular frequency inter-

vals across the entire band. Then open the center con-
ductor of the coaxial sections between the two dipole
halves at point A in fig. 1E, and replace the antenna to
the ariginal height. Now remeasure the swr at the same
frequency points and prepare for a shock. | predict that
you will find an insignificant difference between the two
sets of swr readings.

control of mismatch by R and X

To utilize frequencies in any part of a band, antennas
are operated off resonance (except at one frequency).

COAXIAL DIPOLE WITH AIR-LINE STUBS

e
I
0 E 1 REMOVE THE DASHED LINE
IR / AND THE FOLDED DIPOLE REMAINS

COAXIAL DIPOLE WITH SOLID-DIELECTRIC
STUBS; A/4 INTERNAL STUB LENGTH.L,
DETERMINED BY VELOCITY RACTOR, v, OF
DIELECTRIC

(y*246/%, % 0.66 FOR POLYETHYLENE)

TWO SERIES-CONNECTED SHORTED
STUBS IN PARALLEL WITH DIPOLE
TERMINALS

CENTER CONDUCTOR
SHORTED TO
OUTER CONDUCTOR —

00 D0 8]
I rPf)YNTA - OPEN HERE FOR TEST
e 20 ’r’ 5 D
/STUS OFQ PLACED INSIDE DIPOLE
4 J:—L’
(F ] L ]
L—— g ————w I

fig. 1. Reactance compensation in coaxial and folded dipoles
results from reactance contributed by shorted stub sections,
Coaxial dipole with air-line stubs at (A) reduces to a foided
dipole (B). Each haif of the folded dipole, and the internal
portion of each coaxial section in the coaxial dipole (C), form a
resonant quarter-wavelength stub. The same bandwidth can be
obtained with a simpie dipole which has the same outside
diameter by using an external shunt stub across the feedpoint
(D). Placing the stubs inside the dipole at (E) does not change
bandwidth performance. The equivaient configuration is shown
at (F).

When operated off resonance we know that the dipole
antenna impedance, Z4, contains both resistance, R, and
reactance, X. To obtain zero mismatch at resonance,
we know that the line impedance, Z_, must equal the
antenna load impedance, Z; = (R + jX), which is R +j0.
To obtain minimum mismatch (which can’t be zero) off
resonance, the line impedance, Z., must equal the abso-
lute value, or magnitude of the load impedance, [Z4], i.e.

Z.=12z4=/RZ+X2

A feedline having an impedance which will vary the same
as |Z4| over the desired frequency range does not exist.
Therefore a compromise must be found which will now
be discussed.

As seen in table 1 of appendix 1, for a value of line
impedance which equals load impedance, |Z;|, the
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mismatch is smaller when X is low and R is high;
mismatch is zero for a load impedance of R + jO. We
know that the magnitude of the dipole impedance, 12,4 |
rises above its resonant impedance on both sides of
resonance because of the off-resonant reactance compo-
nent which appears in the dipole impedance (fig. 2). |
will show later in the analysis that, when applying the
stub-compensation technique, the reactance of the stub
shunting the dipole tends to cancel the off-resonant
dipole reactance.
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fig. 2. The series resistance, Rsand reactance, Xs components of
uncompensated dipole impedance versus frequency. Values
shown here are for a half-wavelength thin-wire dipole in free
space.'

In our stubbing operations the following relationship
between equivalent series and parallel circuits is of great
importance,

When a series circuit containing both resistance and
reactance is shunted with a reactance of the opposite
kind, the absolute value of the circuit impedance | Z |is
increased. However, in applying the technique of shunt-
stubbing to thin half-wavelength dipoles, the transforma-
tion between series and parallel circuits appears to have
been ignored in amateur literature and applications. The
impact of ignoring this important relationship is evident
when you see that, while the shunt reactance of the stub
is cancelling the dipole reactance, the stub reactance
simultaneously raises the series-circuit resistance in the
resulting parallel circuit.

Therefore, even though the effective reactance in
the load impedance is lowered by the stub reactance,
the resulting increase in resistance increases the magni-
tude, |Z], of the load to values which are even higher
than those of the off-resonant impedance of the dipole
alone. Thus you have simply exchanged a mismatch
caused by reactance for a similar mismatch caused by
the increased resistance.” These relationships are illus-
trated in the following example:

Consider an 80-meter dipole antenna at a height
yielding a resonant impedance, Z;, of 55 + j0 ohms at
3750 kHz. At 200 kHz below resonance {3550 kHz)
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the impedance Zy is 50 - 790 ohms. Here | Z4 | = 103
ohms, and the mismatch is 5.04:1 on a 50-ohm line
(see appendix 2 for calculation method). Since stub-
bing is a shunting operation, we now examine the
equivalent parallel circuit. The component values of
the equivalent parallel circuit are R, = 212 and X, =
~-117.8 ohms. If the capacitive 117.8 ohms were
entirely cancelled, the new load impedance would be
212 + jO ohms, and the mismatch would be reduced
only to 212/60 = 4.24:1.

Note that the poor swr improvement is because the
resistance has been raised from 50 to 212 ohms. How-
ever, the situation is even worse if the reactance com-
pensation is performed with RG-58/U stubs gener-
ally found in amateur coaxial dipoles. Two 50-ohm
RG-58/U stubs in series, resonant at 3750 kHz, vyield
an inductive shunting reactance of 1190.9 ohms at
3560 kHz. If they are shunted across the above parallel
circuit of R, = 212 and X, = -117.8 ohms, the resul-
ting values are Ry, = 212 and X, = -130.7 ohms. The
equivalent series impedance is now 58.4 - j94.7 ohms,
[Z4l=111.3 ohms, and the mismatch is 4.9:1. Obviously
neither of these two mismatch reductions is worthwhile.

However, a stub can provide broadbanding if it is
properly engineered. The approach is clarified if we
recall how mismatch is produced by a constant value
of {Z,| when its components X and R vary if line
impedance, Z_, is nearly identical to dipole impedance,
|Z4l: low mismatch when X is low and R is high, as
shown in appendix 1, table 1. However, in the example
above the dipole impedance Zy = 55 + j0, and the line
impedance, Z. = 50 ohms, are nearly identical at reso-
nance. Thus the mismatch is lowest at resonance:
ZylZ. = 55/50 = 1.1:1. But as we depart from reso-
nance the minimum obtainable mismatch increases for
either of two reasons: The uncompensated dipole im-
pedance, [Z4l becomes increasingly higher than the
line impedance, Z., or the parallel-circuit resistance, -
R, becomes increasingly higher than the line imped-
ance. These reasons explain why, in the example, so
little mismatch reduction is obtained with stubbing,
even with the reactance entirely cancelled. In other
words, if there is a substantial difference between the
line impedance and the absolute magnitude of the load
impedance, it makes little practical difference in the
amount of the resuiting mismatch whether the load is
predominantly resistive or reactive.

On the other hand, as will be shown later, you can
reduce the mismatch (using stubs) over a limited fre-
guency range by choosing a line impedance, Z, inter-
mediate between the extreme values of the compensa-
ted dipole impedance encountered over the frequency
range of interest. Since the magnitude of the complex

*A typical article contributing to the misunderstanding on this
point, by failing to appreciate the fundamental reactions resul-
ting from parallel-connected circuit elements, may be found in
73 Magazine, June, 1973, page 80 (John Schultz, W2EEY, “The
Double-Coaxial Antenna’’}). The author’'s statement that a
50-ohm feedline must be used to feed coaxial-dipole antennas
further illustrates his lack of appreciation for the actual principles
involved.



dipole impedance rises off resonance (and is raised still
further by the shunt compensation}, the line imped-
ance required to reduce off-resonance mismatch must
be higher than that which yields the best match at
resonance. Thus we must accept a compromise in the
match at resonance in exchange for an improvement in
match at frequencies off resonance.

Because our control over the conductance values for
high-frequency dipoles of any practical length and
length-to-diameter ratio is limited by nature, the rela-

external stub is used, or from 5 to 10 ohms each for
two stubs /n series. In typical amateur coaxial-dipole
configurations series-connected stubs of RG-8/U or
RG-58/U present such high reactance, they are in-
capable of providing any significant compensation,
even if the feedline impedance is of the proper value
to obtain optimum improvement. Thus two fundamen-
tal parameters — low feedline impedance and high stub
impedance — cause the typical amateur version of the
coaxial dipole to fall short of its goal. The ineffective-

NORMALIZED CONDUCTANCE (g) AND SUSCEPTANCE (b)

ness of these parameters is illustrated in the 80-meter
example discussed earlier.

0.42 044 046 :_/f:ELENi?;W 0.52 054 036 Although this entire situation may seem a bit in-
200 ]‘ ' 1I et L LA e s e e e credible, the facts are supported explicitly in the pub-
S e omes // lished works of Kraus (W8JK),* Everitt,> Jordan,®
1.50 Coleman,” Borton (W9VMQ),8 and others, in addition
1.25 B / \\ to my own experiments and the analysis which fol-
1,00 /_k N lows.” In view of this, how do we account for the
075 sl / \ \ apparent success of the coaxial dipole as claimed by so
0450}/ 4 \ T\ many happy users? There are probably several reasons.
o.25 / \ \\\ First, how many of those happy users performed the

o= \ ] test described earlier to obtain a true comparison be-

\ tween the same dipole with and without the coaxial

T - L feature? Probably very few, if any. If not, how many

oo o3 b " amateurs know the absolute accuracy of their swr indi-

o . — cators in the actual 4:1 or 5:1 swr range? Many indica-

-leo tors give erroneous readings in this range, far /ower

128 than the true value, resulting in an indication of a
P : 33 l 34 + 35 : 36 : 37 e 3s o a4z —+3 7. wider bandwidth than actually exists.

FREQUENCY (MHz) Secondly, the apparent bandwidth improvement

fig. 3. For ease of calculation, the impedance values of fig. 2
have been converted to admittance and plotted in terms of
normalized conductance, g, and susceptance, b. Feedline imped-
ance of 144 ohms yields optimum bandwidth, as discussed in the
text.

tionships just described yield the following important
facts concerning the feeding of coaxial-dipole antennas:
A useful increase in bandwidth over a simple dipole
can be obtained with a coaxially-stubbed monopole
over a ground plane fed with a 50-ohm feedline be-
cause the antenna impedance at resonance is /ess than
the feedline impedance. A similar bandwidth increase
results when a thin, balanced-feed, half-wavelength co-
axial dipole is fed with a feedline having a Z. of 100
ohms or more. However, no significant increase in
bandwidth can'be obtained using the shunt-stub tech-
nique when a balanced, thin, half-wavelength coaxial
dipole is fed with a 50-ohm transmission line, because
the antenna impedance at resonance is usually near to,
or greater than, the 50-ohm line impedance.

A further requirement for obtaining significant
bandwidth improvement when using a feedline of suit-
able impedance is that the shunting-stub reactance
drops appropriately with deviation from anti-resonance
to compensate the antenna reactance as it increases
with deviation from resonance. This requires a stub
with a low value of characteristic impedance which is
difficult to attain. To satisfy this requirement, the
analysis will show that the impedance of the stub-line
must be in the range from 10 to 20 ohms if a single

claimed by those using the coaxial dipole with stubs
built from 50-ohm cable and fed with a 50-cohm feed-
line includes the cumulative effects of additional phe-
nomena which are overlooked without realizing that an
insignificant amount of improvement is actually contri-
buted by the coaxial configuration itself.

If we assume the swr values presented by Charles
Whysall are accurate, they seem to show acceptable
results obtained with his Double-Bazooka antenna.l
However, his design includes two broadbanding fea-
tures which contribute simultaneously — the coax
stubs plus capacitive loading of the dipole end sections
using two-wire ladder line extending beyond the
coaxial portion to obtain a full haif-wavelength radia-
tor. This type of multi-wire construction increases dipole
capacitance and decreases inductance in the same way
as increasing the radiator diameter. It can be shown that
this type of loading provides a greater contribution to
the increased bandwidth than the coaxial feature, yet
Whysall makes no mention of any analysis or experiment
performed to determine the amount of bandwidth con-
tributed separately by each feature; he simply states that
the effective reduction of length-to-diameter ratio
provided by the ladderline contributes to a lowered
radiator Q.

This is not intended as a criticism of his method of
obtaining more bandwidth, or of his article, which con-

*My analysis and experiments were reviewed by QST’s Associate
Technical Editor, Gerald Hall, K1PLP, who performed a veri-
fying experiment at the ARRL Lab. Result: The coaxial-dipole
antenna has not been included in the ARRL Antenna Book.
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tains valuable and pertinent information; it simply isn't
correct to attribute the combined effect of both features
to the coaxial feature alone because it's misleading to
the uninitiated.

Since the mechanical construction of the coaxial di-
pole is not simple, another purpose of this article is to
help you to understand what is actually happening so
you can reorient your design approach toward a con-
struction method which will yield increased bandwidth
performance. Antennas which meet this requirement
include the multi-wire, fan-shaped, bow-tie dipole men-
tioned earlier, invented by Philip S. Carter of RCA in
1937 to obtain the bandwidth necessary for television.®
Since the beginning of television broadcasting millions of
TV receiving antennas have used the Carter bow-tie
configuration, and in 1955 it was suggested for 80-meter
use by Camillo and Purinton,1© and again in 1975 by
Borton.® Additional information on the fan dipole has
also been published by Meier.”

coaxial dipole principles

In this section we will examine broadbanding princi-
ples using stubs under four different conditions. The
first two will provide useful bandwidth improvement,
while the third and fourth illustrations will provide negli-
gible improvement.

For the analysis to be realistic it will be centered
around a half-wavelength dipole which has the physical
characteristics of a typical amateur coaxial-dipole anten-
na, as shown in figs. 1C and 1E. Since the characteristic
impedances of both the feedline and the shunt-stub line
are critical factors in controliing bandwidth, | will first
show how to determine the value of feedline impedance
which will yield the maximum possible dipole band-
width with a given mismatch, or swr, and the impedance
required of the shunt-stub line. Next, for comparison, 1
will determine the bandwidths obtainable (and the stub-
line impedances required) when using feedlines of 100
and 50 ohms, respectively. Finally | will show graphi-
cally how to assess the bandwidth performance with
50-ohm feedline and 50-ohm stubs.

Since the parallel-circuit relation of the two stubs
with respect to the dipole terminals is sometimes diffi-
cult to perceive, | will also show why the shorted stub
lines are actually in shunt with the input terminals in
both types of dipoles. Since | will be discussing circuit
elements connected in shunt, or parallel, it is convenient
to use the less familiar terms of conductance G, and
susceptance, B, (components of admittance, Y,} in addi-
tion to the somewhat more familiar resistance, R, and
reactance, X, components of impedance, Z. Since con-
ductance and susceptance are the reciprocals of parallel-
circuit resistance and reactance, respectively, they
permit the use of direct algebraic addition of the compo-
nent values associated with each of the parallel-connec-
ted elements to determine the total value of the combi-
nation. Handling susceptances in this way simplifies the
understanding of reactance compensation, especially in
the graphical representation in the illustrations.

As an aid to understanding the relationship between
equivalent series and parallel circuits, if the series com-
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ponents of impedance are represented by R and X, and
the parallel components by R, and X,, then

R REPXE L _REeXE
R, Xs
R -X
while G= -5 = '2—;—
RZ + X2 R$+ X

The series resistance and reactance components of the
free-space, uncompensated, thin-wire dipole impedance
versus frequency are plotted in fig. 2. This graph shows
an impedance of 72 + j0 ohms!! at resonance.* How-
ever, since the effect of elements added in paralle/ with
the antenna is best shown on an admittance diagram, the
impedance values have been converted to admittance
and replotted in fig. 3 in terms of normalized conduc-
tance, g, and susceptance, b. The normalizing technique
will be explained presently. The fundamental relation-
ship between dipole conductance, feedline impedance,
and bandwidth will now be described for conditions
which vield the maximum possible bandwidth.

As a point of departure, we decide on a maximum
practical value of mismatch, or swr, which can be tolera-
ted over the band of interest. We will identify this value
by either “swr limit,”” or “mismatch limit.” We will
define the band of interest, or bandwidth, as the differ-
ence between the frequency extremes where the mis-
match limit is reached. As is well known, maximum
bandwidth is obtained in the conventional, uncompensa-
ted, coax-fed dipole when the feedline impedance, Z_,
closely matches the antenna impedance, Z,, at reso-
nance. However, as | pointed out earlier, to increase
bandwidth we must accept a mismatch at resonance in
exchange. in fact, | will show that for any swr limit we
may select, we obtain maximum bandwidth by deliber-
ately causing the mismatch to attain the selected limit at
resonance. We cause the mismatch to reach the limit at
resonance by choosing the line impedance, Z., higher
than the dipole resonant impedance, Z4 = Ry + j0, by
the ratio equal to the desired mismatch limit. Thus to
obtain maximum bandwidth for any swr limit, the line
impedance, Z., must be Z, = Ry x swrjmt, Where Ry is
the value of the dipole resistance at resonance. We will
use 3 mismatch limit of 2 for this entire discussion. Thus
the proper line impedance, Z., for feeding a 72-ohm

*A free-space dipole was chosen for illustrating the shunt-stub
broadbanding principle because its resistance and reactance com-
ponents of impedance are precisely known. |t also avoids compli-
cating the presentation with the effects of mutual coupling with
the ground-reflected dipole image at different heights above the
ground. Impedances and bandwidths obtained with actual earth-
oriented dipoles will therefore differ slightly from the values
presented here. The bandwidth of an uncompensated 80-meter
dipole at typical heights of 0.25A, or less, with a 50-ohm feedline
will be slightly wider than that of the free-space dipole because
the resistance of the earth-oriented dipole at resonance is
reduced from 72 ohms to some value closer to 60 ohms, due to
the mutual coupling with its image. However, the percentage
bandwidth /mprovement obtained when using shunt stubs with
earth-oriented dipoles will not differ significantly from that
presented herein using the free-space dipole data.



stub-compensated dipole to obtain maximum bandwidth
over 2:1 swr limits is Z, = 72 x 2 = 144 ohms.

| will now explain the normalizing procedure and
conversion between resistance and conductance, which
we will be using in the analysis which follows. An
impedance, Z, is normalized by dividing it by the line
impedance Z., to which it is being referenced; it is
indicated by the lower case, 2. In our example the
normalized resonant-dipole impedance z4 = rq + jO =
R4/Z. = 72/144 = 0.5. Conductance, G, is the reciprocal

© 'vpeoance

similarly the minimum dipole impedance, z4, at reso-
nance equals 0.5, as seen in fig. 4A,

Since maximum gy occurs at resonance this estab-
lishes the center frequency. The line impedance chosen
establishes the band edges of the mismatch limit at the
frequencies on either side of resonance where g4 equals
the reciprocal of the mismatch limit (where g; = 0.5).
Application of this rule in the analysis will be presented
shortly. However, it can be seen in fig. 4 that this
relationship between Z_ and g4 is chosen for the com-

© ~omiTTance

fig. 4. Smith chart plots of normalized impedance (A) and normalized admittance (B) from 3.3 to 4.4 MHz for both uncompensated and
stub-compensated dipoles, based on the use of a 144-0hm feedline. Selection of 19.7 ohm stubline impedance is discussed in text.

of resistance, R, so Gq = 1/Ryq = 1/72 = 0.0139 mhos
( 13.9 millimhos). Normalized conductance, g4 = Z. x
1/R = Z. x G, Thus the normalized resonant dipole
conductance, gq = 144 x 1/72 = 2.0.

These relations are sometimes best appreciated when
displayed on Smith charts, because, in general, plots
appearing on a Smith chart represent the normalized
values of impedance or admittance. Figs. 4A and 4B
show Smith chart plots of the normalized dipole imped-
ance, zgq, and admittance, yq, respectively; they show
conditions both with and without stub compensation.
Because of their reciprocal relation these impedance and
admittance plots are seen to be mutually inverted. The
circle marked “swr = 2:1"’ encloses all impedances (or
admittances) which give rise to mismatch values less
than the selected 2:1 limit. These plots will be explained
later on.

Since our analysis will be using admittance para-
meters, the following rule is convenient for determining
maximum bandwidth obtained with stub matching in
relation to dipole conductance, line impedance, and mis-
match limit: The optimum line impedance, Z., must be
chosen (as explained above} so that the normalized max-
imum dipole-conductance value, gq4, is equal to the mis-
match limit. The maximum conductance, g4, equals 2 at
the dipole-resonant frequency, f,, as seen in fig. 4B;

pensated dipole to yield an identical mismatch value at
the center frequency and at the band edges.

Fig. 4 also shows that selecting the line impedance,
Z., at 144 ohms gives rise to the 2:1 limiting mismatch
at resonance, and places the normalized uncompensated
dipole-impedance {(or admittance) locus on the graph so
it intersects the 2:1 swr-limit circle at resonance (f,).
The importance of this line-impedance selection will be
more fully appreciated after an explanation of the
reactance-cancelling action. However, it can be seen that
placing the uncompensated impedance {or admittance)
locus on the graph as just described allows the maximum
length (frequency range) of the locus to be warped
inside the swr-limit circle as the result of stub compensa-
tion. Note that although the mismatch reaches the swr
limit at both band center and band edges (because the
compensated locus passes through the swr-limit circle at
these points), the mismatch is less than the limit every-
where between the center and the edges. This is because
all impedances represented by the stub-warped locus
lying inside the swr-limit circle give rise to mismatches
that are less than 2:1.

The importance of selecting proper line impedance is
further emphasized in fig. 10. Observe the dramatic
reduction in frequency range of dipole impedances
warped into the swr-limit circle using 100- and 50-ohm
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lines shown in fig. 10, in contrast with the range ob-
tained with the optimum 144-ohm line (fig. 4). The
impedances plotted in fig. 10B illustrate the ineffective-
ness of stub compensation when using 50-ohm feedline,
with either an optimum stub, or 50-ohm RG-58/U stubs.
The frequency range of impedances moved into the
swr-limit circle with compensation is nearly the same as
with no compensation. Thus with 50-ohm feedline, the
only conceivable purpose a stub can serve is to enlarge
the antenna profile as an announcement to the neigh-
bars, “‘here is a ham, a potential source of RFL.”

This early comparison of the plots in figs. 4 and 10
was simply a preliminary view of the results obtained by
examining the four broadbanding conditions using stub-
reactance compensation. So we will now return to the
explanation of how these results were obtained. It is

042

the mismatch value to the 2:1 limit. The normalized
compensated-dipole resistance. rq, at the band edges is
2.0, as previously stated, and shown in fig. ~4A. Thus
the real resistance at the band edges equalsrg x Z, = 2 x
144 = 288 ohms. This reemphasizes that the resistances
72 ohms (at the center frequency) and 288 ohms (at the
band edges) yield the selected 2:1 swr limit when they
terminate the optimum 144-ohm feedline. Note that this
value of line impedance, which yields the maximum
bandwidth with a 2:1 swr, is centered between 72 and
288 ohms; it is thus the geometric mean value between
the resonant, band-center dipole resistance and the
band-edge circuit resistance. With these values and pro-
cedures established, we can delve into the operation of
the shunt-stub configuration to see how the reactance
compensation is effected.
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convenient to use a graph containing dipole admittance
data as a worksheet in determining the stub parameters
and the bhandwidth obtained through compensation
using various feedline and stub combinations. We will
use the Smith admittance graph of fig. 4B as a worksheet
a little later, but we will now use the rectangular-
coordinate graph of fig. 5, because it affords graphical
construction advantages that assist in clarifying the prin-
ciples of stub matching. Fig. 5 replots fig. 3, the dipole
conductance, g4, and susceptance by (normalized to the
optimum 144-ohm line), plus other parameters which
will be explained as we proceed.

Using fig. 5, the band edges of the 2:1 mismatch are
determined from the dipole conductance curve, g;, by
finding the frequencies on each side of resonance (shown
at f,) where the normalized conductance is 0.5 (the
reciprocal of the mismatch limit 2.0). We then find a
shunt stub of proper impedance to completely cancel
the dipole susceptance, by, simultaneously at both of
these frequencies. As seen in both figs. 4B and 5, com-
plete cancellation of dipole susceptance at each band-
edge frequency leaves a normalized, pure conductance of
0.5 at both of these frequencies, as required to reduce

52 august 1976

35 36 37 38 39 40 4 4z 43  44'°®
FREQUENCY (MH2

PARALLEL-CIRCUIT RESISTANCE, R,, AND REACTANCE, X, (OHMS)

shunt stubs

Referring now to fig. 1F, you can see the terminals of
the half-wavelength dipole (shortened to resonance) con-
nected in parallel with a shorted quarter-wave stub trans-
mission line. It is well known that the impedance at the
input terminals of a shorted quarter-wavelength line of
any characteristic impedance, Z., is a pure resistance of
a very high value. Thus, at the resonant frequency, f,,
the stub connection has a negligible effect on the
72-ohmdipole impedance. However, at frequencies below
resonance both the dipole and shorted stub line become
electrically shorter, and the dipole becomes capacitive,
while the stub line becomes inductive. Due to the paral-
lel connection the inductance of the stub line tends to
cancel the capacitance of the dipole.

Conversely, at frequencies above resonance the dipole
impedance becomes inductive and the stub line becomes
capacitive so a similar compensation is again obtained.
Unfortunately, the compensation is far from perfect
because, although the dipole and stub susceptances are
of opposite polarity, they are not equal nor do they
change at the same rate. You can see this in fig. 5 which
shows how the dipole susceptance, by, varies with fre-



quency in contrast to the stub susceptance shown by the
straight line, bs. The resultant susceptance remaining
from the imperfect compensation equals the sum, by +
b, shown in the curve b,es. This resultant susceptance,
bres, combined with the dipole conductance, gq, will
yield the locus of the compensated-dipole admittance in
fig. 4B, and the corresponding impedance locus in
fig. 4A.

Still referring to fig. 5, if you look far enough above
dipole resonance you will find a frequency where the
dipole and stub susceptances are equal and opposite, and
a perfect susceptance compensation is obtained because
this is the higher of the two band-edge frequencies at
which the stub line was selected to cancel the dipole
susceptance. These equal and opposite susceptance
values, by = -0.725, and b, = +0.725, are seen at points
on the ordinate line which intersects the dipole conduc-
tance curve at ¢ = 0.5, and the frequency scale at +fp,
(for = parallel-resonant frequency). Since the stub sus-
ceptance, b,, tunes out the dipole susceptance, by, at
this frequency, the resultant susceptance, b,es = 0.0, and
parallel resonance is established. (These values may also
be seen in fig. 4B.) From network theory we know that
when parallel resonance is obtained by cancelling dipole
reactance with a shunt-stub reactance of the opposite
sign, then the relatively-low value of series dipole resis-
tance is converted to the higher value of its equivalent
parallel-circuit resistance component.

Thus the impedance at the antenna terminals is a pure
resistance of 288 ohms for an swr of 2.0 as stated
previously. Fig. 2 shows the raw {(uncompensated) dipole
impedance at this frequency to be Z; = 92.8 + j134.6
ohms{ | Z4 | = 163.5 ohms). This impedance would yield
a 3.24:1 swr on the 144-ohm line in the absence of the
stub. However, the equivalent parallel-circuit compo-
nents are R, = 288 and X,, = +198.6 ohms, but with the
susceptance cancelled, leaving the 288 ohms of pure
resistance as shown in both figs. 5 and 6.

Similarly, a second parallel-resonance frequency,
—fp,, will be found below the dipole resonant frequency
where the dipole conductance again equals 0.5. This can
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fig. 6. Resistance and reactance components of compensated and
uncompensated half-wavelength antennas. Reactance is cancelled

at the upper and lower parallel-resonant frequencies +f and

pr
_fpr leaving a resistive component of 288 ohms.

be seen in figs. 4B and 5. This is the /ower band-edge
frequency at which the stub was selected to cancel the
dipole susceptance. The susceptance values at this fre-
quency are by = -1.0, and by = +1.0, while the raw
dipole impedance shown in fig. 2 is Zy = 57.6 -j115.2
ohms, (1Z2d | = 128.8 ohms) for an swr of 4.27:1 without
the stubs. The equivalent parallel-circuit components are
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fig. 7. Swr vs frequency for compensated and un-
compensated dipoles fed with a 144.ohm feedline.
Characteristic impedance of compensating stub is 19.7
ohms.

R, = 288 and Xp = -144 ohms, and as at +f,,, with
susceptances and reactances cancelled, the circuit imped-
ance is again 288 +j0 ohms for an swr of 2.0:1.

The procedure for calculating the precise value of the
shunt-stub line impedance, Z., which cancels the dipole
susceptance at both band-edge frequencies, from the
slope of the stub susceptance line bs, in fig. 5, requires
more space than is available here, but sufficient accuracy
will be obtained by using the procedure outlined in
appendix 3. However, the Z. value for this slope is 19.7
ohms and must be divided by two if two stubs are used
in series.

We know the mismatch and impedance values at the
band center and at the band edges. So we now want to
determine impedance and mismatch in the frequency
range between the band center and the edges. Suscep-
tance, b,es, (and reactance) are present in this frequency
range, because the stub provided complete susceptance
cancellation only at the band-edge frequencies. Deter-
mining impedance and mismatch in this range is simpli-
fied by using the Smith admittance chart of fig. 4B to
calculate graphically the effect of the stub compensa-
tion. While we see conductance and susceptance compo-
nents of admittance plotted separately in fig. 5, these
components are plotted together in a single continuous
locus on the Smith chart. The component values in the
locus are identified separately by the appropriate con-
ductance- or susceptance-circle graduations on the chart
grid. We perform graphical addition of stub and dipole
susceptances to determine the effect of the stub com-
pensation by adding point-by-point values of the stub
susceptance, by (obtained from fig. 5) to the corres-
ponding dipole susceptance values (by) appearing on the
locus of the uncompensated dipole admittance, yq, on

august 1976 [ 53



fig. 4B. Plotting the results of these additions yields the
locus of the stub-compensated dipole admittance.
Corresponding values of impedances are found by simply
inverting the plots on the admittance graph (fig. 48); we
thus have plots of the equivalent impedances, as shown
in fig 4A. To show how this works, the normalized,
uncompensated dipole admittance is seen to be 0.5 -

WAVELENGTH (A)

of the stub to “pull” or warp the 0.5 - j0.725 point on
the uncompensated dipole admittance locus to the new,
compensated admittance point, 0.5 + j0. Going to the
corresponding point in fig. 4A, the admittance-
impedance inversion yields the expected normalized
impedance of 2.0. The band-edge point used in this
example was chosen for simplicity, but the same proce-
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fig. 8. Normalized admittance parameters for uncompensated and compensated half-wavelength dipoles fed with 100-ohm (A) and 50-ohm
(B) feedlines. Conductance, g4, and susceptance, by, are for the uncompensated case. Stub susceptance, bg, and resultant susceptance,

byes, are also shown, The optimum stub susceptance for the 50-ohm case

j0.725 at the upper band-edge frequency, +for. From fig
5 the stub susceptance, b, is +0.725 at +fp,. Returning
to fig. 4B, we add these dipole and stub susceptances
graphically: Following the arrow line along the ¢ = 0.5
circle, we move point +fpr clockwise for a distance of
0.725 units of normalized conductance, to the chart
center where b = 0. This move represents the capability
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(bg = 6.8 ohms) gives maximum swr bandwidth.

dure may be used to convert any point on the uncom-
pensated dipole admittance locus to determine the cor-
responding compensated value.

The concept of shunt-stub compensation will now be
further clarified by a brief review of some relationships
between equivalent series and parallel circuits which
form the basis for our operations. These relationships



were stated earlier in the mathematical expressions for
converting between series and parallel circuits. This
review which follows describes those expressions:

1. Provided Q is greater than 1, the component value of
a parallel-circuit resistance, Ry, is higher than its corres-
ponding series-circuit value, R;.

2. When a series circuit containing resistance, R, and
reactance, X,, (an antenna) is shunted by a pure reac-
tance of the opposite kind (a stub), the following
changes result:

a. The resistance, R, and the conductance, G,
components of the equivalent parallel circuit
remain constant;

b. The reactance component, X, of the equivalent

parallel circuit is increased, and the susceptance, B,
is decreased.

c. The series-circuit resistance, R, is increased, and
as the value of the shunting reactance (the stub) is
changed in the direction toward cancellation of
the net reactance, the series-circuit resistance, R,
continues to rise until the circuit becomes parallel
resonant. At this point the series-circuit resistance,
R, becomes equal to the parallel-circuit resistance,
Rp.*

In view of these relationships, it is important to remem-
ber that parallel-circuit resonance exists at both band-
edge frequencies because the stub and dipole suscep-
tances cancelled each other to zero. The pure resistance
of 288 ohms at the dipole terminals at the band-edge
frequencies has been raised to this value because it is
the parallel-circuit resistance value of the uncompensa-
ted dipole impedance, which at both of these frequen-
cies is simply the reciprocal of dipole conductance.

Let’s now look at the effect of stub compensation on
the separate series resistance, R, and reactance X,
components of the dipole impedance over the entire
frequency range extending somewhat beyond the band
edges. To observe this effect the dipole conductance and
resultant susceptance components from fig. 5 are conver-
ted into their equivalent series resistance and reactance
components of impedance, then plotted in fig. 6 along
with dipole resistance and reactance values plotted from
fig. 2 for direct comparison with the original, uncompen-
sated dipole impedance components. Note the remark-
able change in both the resistance and reactance com-
ponents which resulted from a change in susceptance
only — the dipole conductance remained unchanged by
the stub compensation.

In addition to displaying the bandwidth in the Smith
charts of figs. 4A and 4B, the bandwidth obtained with
shunt-stub compensation of the half-wavelength dipole

*The basis of the hairpin match used in Yagi arrays. The 20-ohm
(approximate) driven element is shortened to introduce enough
series capacitance to raise the equivalent parallel-circuit resis-
tance to 50 ohms. The resulting series capacitive reactance
(-24.5 ohms) is then cancelled by the hairpin shunt-stub induc-
tance, leaving the feedpoint impedance at 50 + O ohms.

in combination with the 144-ohm optimum-impedance
feedline is also itlustrated in fig. 7 by plotting the feed-
line mismatch versus frequency. {The mismatch values
were computed from the dipole conductance and
resultant susceptance values in fig. 5 using a technique
applicable to pocket calculators described in appendix
2.) For comparison with the bandwidth of the uncom-
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fig. 9. Swr vs frequency for compensated and uncompensated
dipoles fed with 100-ohm (A) and 50-ohm (B) feedlines.

pensated dipole, the mismatch values for the uncompen-
sated dipole were computed from the dipole impedance
components in fig 2 and plotted in fig. 7 along with the
compensated values.

In contrast to the data shown in fig. b for a 144-ohm
feedline, figs. 8A and 8B show the effects of using
feedline impedances of 100 ohms and 50 ohms, respec-
tively. These are less suitably related to the dipole im-
pedance values encountered over the frequency range
than those using the optimum-bandwidth 144-ohm feed-
line impedance. These graphs show the corresponding
normalized conductance and susceptance relationships in
the same manner as the 144-ohm case shown in fig. 5.
Figs. 9A and 9B illustrate the bandwidths obtained using
100- and 50-ohm feedlines, both with and without com-
pensation. As in the Smith-chart plots of figs. T0A and
10B, they show clearly how the bandwidth drops as the
line impedance is reduced from the 144-ohm optimum
to 50 ohms.
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From this graphical data you can see why the band-
width decreases as feedline impedance is reduced. We
compare resistance data in figs. 5, 8A and 8B at the 2:1
mismatch bandedge frequencies, where the normalized
dipole conductance is 0.5, It is seen that the paralle)-
circuit resistance companent of the dipole impedance
produces the 2:1 mismatch in each case of the three line
impedances; the resistance at the 0.5 conductance point
being equal to twice the line impedance. This mismatch-
conductance relationship holds for any value of feedline

©Q z.-100 onms

susceptance available with a 100-ohm stub, as obtained
with two series-connected 50 ohm stubs made from
RG-8/U or RG-568/U coaxial cable.

The low slope of this plot is a clue to its meager
compensating capability, vividly emphasized by the
almost negligible difference between the raw dipole
susceptance, bq, and its corresponding resultant suscep-
tance b,esy00- Here the uncompensated 2.33:1 mis-
match at the —fp, point is reduced only to 2.28:1 with
the 50-ohm stubs. The bandwidth increase over the

© 2z.-50 oHms

fig. 10. Smith chart plots of normalized impedance for compensated and uncompensated half-wavelength dipoles fed with 100-ahm (A)
and 50-ohm (B) feedlines. Optimum stub impedance for 100 ohm case is 13,8 ochms; optimum stub impedance for 50-ohm feedlines is 6.8

ohms.

impedance. Therefore, because the parallel-circuit resis-
tance decreases with the use of lower values of feedline
impedance, the bandwidth decreases between the two
frequencies where the values of equal resistance appear
on either side of resonance, Since these dipole-resistance
values determine the frequencies of the 2:1 mismatch
points, this demonstrates that the maximum obtainable
2:1 bandwidth decreases as the feedline impedance is
reduced from 144 ohms.

Let’s return to fig 88 for a closer fook at the 50-ohm
feedline case. This graph contains susceptance plots of
two different shunt stubs with 6.8 and 100 ohms im-
pedance respectively, along with their corresponding
resultant susceptance plots. The straight line labelled
bsg.g plots the susceptance of the stub which com-
pletely cancels the dipole susceptance at the 2:1 mis-
match points, as shown in the corresponding resultant
susceptance plot, byes5.5. The uncompensated mis-
matches of 2.33:1 and the 2.34:1 at -f,, and +for,
respectively, are thus reduced to 2:1. (Not a very signifi-
cant reduction.) While the impedance of this shunting
stub is Z. = 6.8 ohms, it requires a characteristic
impedance of 3.4 ohms if two stubs are used in series
{not a practical value of Z.). The bandwidth is increased
from 165 kHz (no stub) up to 210 kHz. On the other
hand, the plot labelled b4, 90 shows the compensating
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no-stub, 165-kHz width is negligible; it is even too small
to show graphically in fig. 9B. The Smith chart plot of
fig. 10B verifies the disappainting performance of the
coaxial dipole when it is fed with 50-ohm line — with
either 6.8- or 100-ohm stubs.

This analysis of the 50-ohm feedline case, in addition
to the mismatch graphs (fig. 9B) and the Smith chart
impedance plots, clearly shows that there is no signifi-
cant bandwidth improvement when feeding a coaxial
dipole with 50-ohm feedline, especially when 50-ohm
coax is used for the shunt-stub lines. Unfortunately,
even the optimum 144-ohm line presents nearly insur-
mountable problems for amateur use. It is true that
144-ohm line could be built using two 72-ohm coax lines
in a series, balanced relation — with the outer conduc-
tors tied together at both ends, and each inner conduc-
tor feeding one dipole half. This would be fine, except
that at 80 meters the dipole resistance is usually less
than 72 ohms. Unless we find a feedline having an
impedance equal to twice the resonant dipole resistance,
Ry + jO, the maximum 2:1 swr bandwidth will not be
obtained. Another problem is that determining the opti-
mum feedline impedance (Z. = 2R4) is simply an aca-
demic exercise unless its entire 2:1 swr range of
impedances is transformed to the corresponding nominal
50-ohm range required by most amateur transmitters. A



possible solution to this problem may be a broadband
transformer described by Jerry Sevick, W2FMI,12 but
probably not without some loss in bandwidth. However,
the most severe problem of all is the required low stub
impedance — less than 20 ohms. This would require a
balanced configuration of two series connected stubs,
each less than 10 ohms. Their construction would
involve an unwieldy combination of series-parallel
quarter-wavelength sections of 50- and 75-ohm coax.
Further, the positioning of such a kluge with respect to
both its supporting members and the feedline presents
additional complications which require more space to
explain than is available here.

Since the mismatch values associated with the
50-ohm feedline case in fig. 9B and 10B are higher than
those measured by many coaxial dipole users, it is
tempting to assume that this analysis is incorrect. How-
ever, the following factors responsible for lower
measured values should be kept in mind.

1. The mismatch values plotted here are those which
appear at the antenna-feedline junction. Mismatch values
measured at the input end of the transmission line will
be lower than at the antenna because of line attenuation
(the greater the attenuation, the lower the input
mismatch}.”

2. In many cases swr indicators read lower than the true
value.

3. The use of any additional broadbanding feature such
as multiwire end loading, or larger radiator diameter
when using RG-8/U coax as the radiator, reduces the
inherent reactance which is developed, thereby lowering
the mismatch.

Let’s now consider WAQPIV's assertions concerning
the gain and self-balun characteristics of the coaxial-
dipole antenna. Antenna gain is obtained by adding the
far-field radiations from each, separate element of any
array consisting of more than one dipole element. The
coaxial-dipole antenna is not an array, but a single dipole
element, and thus has the same radiation pattern and the
same gain as a simple dipole.

Regarding the self-balun characteristics, the bazooka
formed by the shorted quarter-wavelength coaxial skirt
surrounding a coaxial feedline, as shown in fig. 11, does
indeed achieve a balanced-to-unbalanced (balun) action,
resulting in cancellation of radiation from the feedline;
this would otherwise occur as a result of current on the
inside surface of the outer conductor flowing around the
top and down the outside of the outer conductor in an
admittance path which is in parallel with that half of the
dipole fed by the outer feedline conductor. The term
“bazooka’” cannot be applied to the coaxial-stub con-
figuration within the dipole. As a result, the balun
function of the bazooka has been wrongly and unwit-
tingly attributed to the coaxial feature of the coaxial-
dipole antenna. The coaxial-dipole antenna is strictly a

*Instructions for calculating the corresponding mismatches
appearing at opposite ends of the transmission line, for any value
of line attenuation, are presented in appendix 4.

batanced-input device, and as stated in the opening para-
graph, it is the same as the simple wire dipole, except for
its impedance and bandwidth characteristics.

WAQPIV’s further assertion that all harmonics are
rejected by the coaxial dipole is not true because only
the even harmonics are rejected. The reason is that the
shorted stubs are multiples of a half-wavelength on even
multiples of the fundamental frequency, and odd multi-
ples of a quarter-wavelength on odd multiples of the
fundamental. Thus a short circuit is reflected across the

BALANCED PORT

; g2

== HIGH IMPEDANCE

({1

i
1 l 1| BALUN

i SKIRT
/I o [
e S coaxiaL
B T FEEDLINE
YN
UNBALANCED

v PORT

fig. 11. True bazooka formed by shorted quarter-wavelength
coaxial skirt surrounding a coaxial feedline provides balanced to
unbalanced transformation. This is not the case for the mis-
named ‘‘bazooka antenna’ which is strictly a balanced-input
antenna. The high impedance (low admittance) appearing across
the open end of the \/4 resonant cavity of the bazooka shown
here impedes current flow into the cavity, thus admitting practi-
cally all of the feedline current into the low Iimpedance (high
admittance) of the dipole. Removal of the coaxial skirt increases
the admittance of current along the outside of the feedline,

input terminals to energy appearing at frequencies of the
even-numbered harmonics, while an open circuit is
reflected at odd-harmonic frequencies. As a result, har-
monic energy is not suppressed at frequencies which are
odd-harmonics of the fundamental frequency. These
principles also hold true for the folded dipole.
Incidentally. WABPIV specifies dimensions for his
coaxial dipole which make the stubs resonant at a fre-
quency higher than the resonant frequency of the di-
pole. This simply shifts both band edges to frequencies
slightly higher than those occurring when the stubs and
dipole both resonate at the same frequency. However,
regardless of his statement that mismatch is not greater
than 1.5:1 over the entire 3.5 to 4.0 MHz band using his

“stub dimensions, the overall bandwidth is substantially

the same as that shown in figs. 9B and 10B.

It is clear, in listening on the amateur bands, that
many amateurs, in their attempts to reduce swr, are
afflicted with the coaxial-dipole syndrome. It is also
clear that many are still placing unwarranted emphasis
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on low swr, usually for the wrong reasons. However,
response to my series of articles on this subject!3 indi-
cates that many amateurs are learning that when low-loss
feedlines are used (which is generally the case on the
high-frequency amateur bands), a low swr on the feed-
line does not save any significant amount of power, nor
does it noticeably enhance the level of the radiated
signal.

The only significant benefit of a low standing-wave
ratio over an entire amateur band is the ease of matching
your transmitter output to the /nput to the feediine
anywhere in the band. Obtaining an acceptable imped-
ance match is not too difficult on 40 meters, but on 80
meters the line input impedance varies so widely across
the band (unless unknown losses reduce the mismatch at
the input), it is possible to match the transmitter
directly to the fine only over a very limited frequency
range. Unfortunately, hope for curing this ailment by
using the coaxial dipole has been shattered, and anyone
dispensing it as a cure should study this analysis.

Following are two suggested prescriptions for an
effective-cure of the mismatch problem. As a partial cure
try a dose of either W1SX's19 or WOVMQ's® bow-tie
dipole configuration mentioned earlier. This antenna
provides some improvement over the thin-wire dipole,
though not quite enough to permit coupling the average
transmitter directly to the feedline across the entire
80-meter band. For a more complete cure, review the
QST ‘‘Reflections” series (especially parts VI and
VI1),13 and discover why the mismatch at the antenna-
feedline junction that can't be canceiled by the stubs of
the coaxial dipole can be compensated by conjugate
matching at the input terminals of the feedline, Once
this is understood, you can live with a three-, four-, or
five-to-one swr on the feedline, and still make your
transmitter happy by using a tuner to transform what-
ever impedance appears at the line input to 50 ohms of
pure resistance at the tuner input at any frequency in
the band.

Recommended out-patient treatment for this cure:
One hour of operating per day for three or four days
using this technique. This treatment will provide suffi-
cient therapy to warrant discharge of the patient, and to
guarantee a complete and permanent cure of the
coaxial-dipole antenna syndrome.
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appendix 1

The magnitude of an impedance mismatch may be determined as swr
from the relationships R/Z. or Z /R only when the load is a pure
resistance. When the load is a complex impedance, Zp = R+ jX, the
exact mismatch may be determined in terms of the complex reflection
coefficient (Eq. 1 of reference 13, part 1) from

5= ol _ZL_Zr
ﬁ—pO—ZL+Z( (1}

The value of swr may then be obtained from the expression

1+p (2

Swr = ———
1 -

Swr, however, cannot be determined from any relationship between the
feedline impedance, Z, and the simple absolute magnitude, |Z|, of the
complex load impedance. This is evident from table 1 where it can be
seen that different values of load impedance, Z;, can have the same
magnitude, [Z| = 50 ohms, yet produce different values of mismatch on
a given feedline.

Furthermore, it is improper to specify impedance as a pure number
such as 50 ohms (as it is often heard on the amateur bands} unless it is
in some way implied to be resistive, as when referring to the character-
istic impedance of a low-loss transmission line. The proper way to spec-
ify impedance is to either use the complete polar form {magnitude and
angle} or the equivalent rectangular form (R + jX} as shown in table 1.

table 1. Different swr values on a $0-ohm transmission line as a
result of terminating the line with various values of impedance,
Z, (different R and X) which have the same magnitude, 7| =
VR2 + X2 =50 ohms.

load impedance, Z

polar form rectangular form swr value
1Z1 angle R X (50 ohm line)
50 (0° 50+ j0 1.00
50 [25.84° 45 + j21.79 1.59
50 £36.9° 40 + j30 2.00
50 £53.1° 30 + j40 3.00

50 [66.42° 20 + j45.83 4,79

50 £72.54° 15 + j47.7 6.51

50 (78.46° 10 + j48.99 9.90
50 /84.26° 5+ j49.75 19.95
50 ;£87.13° 2.5 + j49.94 39.98
50 .88.85° 1+ j49.99 99.99

50 £90° 0+ j50 %

appendix 2

Another method for calculating the exact swr from R % jX {or G £
jB), developed by the author after a suggestion by W2KF, and derived
from eq. 1 in appendix 1, is shown in the following steps:



1. Normalize by dividing the complex impedance (or multiplying the
complex admittance) by the characteristic impedance of the trans-
mission line, Z..

(G +jB)Z, = g*jb

Note that normalized values are in lower case letters.
2, Find the b term of the quadratic formula
b /b2 - 4ac
2a

using values of r and x (or g and b) in the expression

b:x_zil +r b:bz—*1+
r g 4

3. Calculate the swr from the simplified quadratic formula

b+yb? -4

swr = -
2

Note that the a and ¢ terms of the complete guadratic formula in step 2
reduce to one during the derivation due to the normalizing procedure
and can be ignored. The negative root of the discriminant

is also disregarded.

Example: Determine the swr generated on a 50-ohm transmission line
by a load impedance of 40 + j30 ohms.

Normalizing: rtjx = 405; 30 _ 0.8 +j0.6

2
Find the b term: b = (%) +0.8 = 2.50
2 -
Calculate the swr:  swr = 250+ 2 2502 -4 _ 2.000

This is a very good example because the answer is exactly 2.0:1 with no
fractional remainder. Other examples that give exact answers {50-ohm
lines) are 30 + j40, swr = 3.0:1; and 80 + j90, swr = 4.0:1,

To show that different values of load impedance can yield the same
swr, the following complex loads (50-ohm transmission line), will
generate an swr of 2.6180:1 — 25 + j25, 50 + j50, 100 + j50, and 130 +
j10.

appendix 3

Use the following procedure to determine the approximate value of
the characteristic impedance, Z., of a shunt-compensating stub line
from the slope of the susceptance plot:

1. Let 0 equal the length in electrical degrees between ‘fp, and
+f,,. Find 8 by determining the wavelength difference, A, between
~f;r and +fp,, then multiply by 360 degrees

6 = (AN)360°

2. Let X,, equal the average of the parallel-circuit dipole reactances
appearing at - f,, and +f[,, without regard for the sign.

3. The approximate impedance of the stub line can be found from
X
ap

7 R
€ tan(90-8)
7

Example: Determine the impedance of the stub line from the bs,
susceptance plot in fig. 5 (—fp, = 3490 kHz, X = 0.453; +fp, = 4055
kHz, A =0.527).

AN = 0.527- 0.453 = 0.074
0 = 0.074 + 360° = 26.64 degrees
parallel-circuit reactances:  —fy, 144 ohms
+pr 192 ohms
Xav 168 ohms

, ~ 168 _ 168 _ 168 _
Z, = tanf90 - 26.64) ~ tan 83.34 - 8.56 19.62 ohms
4

appendix 4
The mismatch SWR , at the antenna feedline junction is higher than
the mismatch SWR; measured at the input to the transmission line
because of line loss. When one mismatch is known use the following
procedure to calculate the unknown mismatch at the opposite end of
the line. Let

pa = reflection coefficient at antenna {point A)
pr = reflection coefficient at input (point |)

a = line attenuation in dB (multiply dB per foot
times length of the line in feet)

r = decimal value of the output/input power-loss
ratio of the feedline:
r = gntilo @in df
210 10
Example: |f the line attenuation is 0.5 dB, what is the output/input

power-loss ratio? (0.5 dB is expressed as a negative quantity since it is
loss.)

r=antilog,; (-0.5/10) = 0.891

A. Use the following steps to calculate the mismatch at the antenna

(SWR ) from an swr measurement at the input to the transmission

line (SWR;).

SWR; - 1

SWR; + 1

2. Calculate output/input power-loss ratio, r, from line
attenuation, o

1. Calculate p; from SWR; p; =

Calculate p,4 from p;/r (p,4 is larger than p;)

1+py
Calculate SWR 4 from p, SWR, = T
" FA

Example: The input swr to a 120-foot RG-8/U feedline is 3.6:1 at 4.0
MHz. What is the swr at the antenna? (Attenuation of RG-8/U is 0.32 dB
per 100 feet at 4.0 MHz so attenuation of 120 feet is 0.384 dB.)

_SWR;-1 _35-1 .25

- J5-1 =0.556
PIZSwr,+1 35+1 45
, -0.384
= antil S l=0.915
r=antilog;, 10
Pq:,p’,_o'ﬁi = 0.607
r 0915
SWR = 1*Pa 1+ 0.607 _1.607 _ 44934

1-p, 1-0607 0393

B. Use the following steps to calculate the swr at the input of the trans-
mission line (SWR;} from a mismatch measurement at the input to the

antenna (SWR , ):
SWR ;- 1

1. Calculate p 4 from SWR 4 pA=m
A

2. Calculate r from line attenuation,a

3. Calculate p; py=p4 xr {0y is smaller than p 4 )

4. Calculate SWR; from p; SWR; = v
Exampte: The swr at the input to an antenna is 5:1 at 4.0 MHz. What
is the swr at the input of a 156.25 foot length of RG-8/U transmission

line? (Attenuation of RG-8/U is 0.32 dB per 100 feet at 4.0 MHz so
attenuation of 156.25 feet is 0.5 dB.)

=SWRy -1 _50-1 _4

PATSWR,+1 5041 6o 0%

0
0
. -0.5
r = antilog o 0 = 0.891
pp=p4 xr=0667 x 0.891=0.594

swry= LT PL_ 140594 1594 _ ;456

1-p,  1-0394 (406
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differential

keying circuit

Low-cost

TTL logic devices
are combined

In a keyer design
with optional
weight control

An investigation of differential keying circuits in tube,
transistor and relay form revealed that such circuits
could be designed using TTL or cmos IC logic. Some IC
multivibrators were found in the Texas Instruments 77L
Data Book.! One was the SN 74123, which has two
multivibrators in one package, and the other was the
SN74121, which has only one. The SN74123 was chosen
since this meant only one 16-pin socket, and the second
multivibrator could be used for another function such as
weight control.

circuit description

Reference 2 indicated that the SN74121, SN74123-

series inputs require a clamped threshold near ground or
at a slightly negative voltage (about-1.2 volt). | selected
a clamp at ground because otherwise another power-
supply bias level would be necessary: this clamped
threshold at ground was adequate for the keyer applica-
tion.

Waveforms and a diagram of the circuit are shown in
figs. 1 and 2 respectively. By following these two illus-
trations, we can run through the operation of how the
differential keying is formed. The NOR and NAND logic

is different for other types), and the SN7410 was
selected as the NAND element simply because | had
some left over from a previous purchase from Poly Paks
(one of many sources for these devices). Fig. 2 shows
one of the four dual-input NOR gates used as an inverter
and the clamp to ground for the input of the SN74123
(U1A-B). Both inputs are connected through a current-
limiting resistor to a high logic ievel, thus producing a
low at the output, which is very close to ground (0.8
volt or so). The input biasing by means of R1 also pro-
vides bias to my keyer output transistor switching stage.

When the keyer output goes to ground U3C output
goes high and U1A, being connected for a positive trig-
ger input, produces the inhibit pulse, P3, seen in fig. 1A.
The completion of the keyer pulse, P1, results in a nega-
tive trigger, which is received by the second half of the
SN74123, (U1B). Thus, U1B develops pulse P5. Pulses
P2 and P3 are processed by NAND gate U2. The output
conforms to NAND logic in that an output will occur
only with like inputs (positive logic is used, so this
means both the inputs must be high). Therefore pulse
P3, being negative, inhibits the output during its time
interval, and output pulse P4 is formed.

Now the gate pulse that will keep the oscillator on
must be developed. This gate pulse is formed by adding
the output of U3C with that of U1B (positive or Q
output in this case). The final gate output becomes that
shown by P6. The third NOR gate of the SN7402, U3B,
is used for another inverter, so a positive pulse, P7, is
generated.

interface circuits

We now come to the all-important function of inter-
facing the developed logic pulses with the equipment
being considered. Transistors Q2 and Q3 perform this
interface and are general-purpose, high-voltage npn and
pnp transistors needed for the hybrid interface between
logic IC levels and the usual high bias fevels of vacuum
tubes. R7 provides limiting for the NOR load current,
and Q2 base current. The positive output pulse, P7,
switches Q2 on, which in turn switches Q3 on, and the

is necessary to develop the gating needed. An SN7402 By Fred Griff_ee, W41YB, 8809 Stark Road,
was selected as the NOR gate (J or N type — the pin-out ~ Annandale, Virginia 22003
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transmitter oscillator plate and/or screen receives its
positive bias voltage.

Instead of using complete on-off switching of bias
voltage or voltages, a resistor should be added between
the positive bias and the oscillator circuit being con-
trolled, so that the bias level is decreased but still atllows
low-level oscillation. When full positive bias is applied,
the output increases to its normal level in a smooth
transition from low to high levels rather than starting
from zero oscillator output, which could result in
transients. R8 limits Q3 base current and provides addi-
tional isolation should the transistors fail. The output
switching transistor collector and emitter can be con-
nected in various ways to satisfy the interface require-
ment of whatever circuit switching is needed.

The keying-puise interface is made fairly easy by
merely using the same type pnp transistor used in the
gate interface and turning it on when the NAND gate
output goes on (pulse-switches from a high positive level
to a low-level ground). R6 provides the gate load and
transistor base-current limiting, while Q1 switches the
grid-block circuit to ground, thus keying the transmitter
exciter and starting the pulse shaping process. The key-
ing pulse is symmetrically located within the gate time
interval and therefore performs the desired differential
keying function. Normally, grid-block keying circuits are
of a high-impedance level so that no further protection is
needed should the transistor fail. If Q1 failed, the exciter
would remain keyed to ground, but no harm would be-
fall integrated circuit U2.

weight control addition

If weight control is not included in the keyer (or if a
bug or hand key is used}, then another multivibrator,
such as the SN74121, must be used with an additional
NOR gate. In fact, the NOR gate used for forming the
acceptance gate must be a three-input type (the SN7427
is available from most sources). The three-input NOR
can also be used for the two-input requirement by
merely connecting two of the three inputs together (see
fig. 3).

Cl | toyF

The logic of these gate arrangements is most easily
understood by describing the different timing waveforms
again (see fig. 1B). Input pulse P1 is the keyer or hand-
key output and turns off U3C when grounded or when
the contacts are closed. This action increases positive

fig. 1. Timing waveforms of differential keyer logic with
weight control included in keyer (A) and with weight
control added (B).

pulse P2 from ground (about 0.8 volt) to about +3.4
volts. One-haif of the SN74123 still forms the negative-
going inhibit pulse, which forms the keyer output pulse
delay, P3, by preventing any output from NAND gate
U3A until all inputs are at a high level. The second half
of the dual multivibrator U1B (SN74123) is connected
to accept a negative trigger input, thus forming the
weight-control pulse, P5.

The trailing edge of P5 triggers acceptance-gate pulse

-tov R4-50K R2

c2 N 10uF

O+5v
ZALIP 1.8K
e TH CRI, CRZ ANY SWITCHING DIODE

(IN9I4, IN270, ETC.)
-tov R5-50K R3

71+ ¢

2 |9 |6 |7 |ia ji5

fig. 2. Differential keyer schematic
without added weight control.

R2 1.8K

DELAY ADJUST
KEY PULSE

+5v +5V IF CATHODE KEYING - USE HEP S0027 WITH
COLLECTOR TO CATHODE AND EMITTER TO GROUND.

2 o
4 s HEP 50028
UlA-8 3
SN74123 5 4
oUTPUT TO
T 18 |3 Jio i1 |i6 GRID BLOCK CIRCUIT INPUT FROM
L 6 03 BIAS SOURCE
\. 02 HEP 50028 il >
o € €9 € 5K3026  Re
+5Vv
RS
4 —>

OUTPUT TO
OSCILLATOR SCREEN,
PLATE OR COLLECTOR
CIRCUIT,

IF CATHODE OR EMITTER KEYING- CONNECT

EMITTER TO CATHODE OR EMITTER OF

OSCILLATOR AND COLLECTOR TO GROUND.

ADJUST R9 FOR NEAR ZERO OSCILLATOR OUTPUT.
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Component side of perf board showing general layout.

stretcher multivibrator U2 (SN74121) and forms P8.
Now, P2, P5, and P8 are added by the three-input NOR
gate, U4B, producing the required acceptance-gate pulse,
P9, that will turn on the VFO or oscillator before and
after the keying pulses have been completed (P5 and
P6). Keying pulse P4 is inverted by U3B, forming P6,
which is then added to the weight-control, multivibrator
(U1B) output P5 by U4A, forming the desired keying-
pulse interval, P7.

Note that the acceptance-gate interval, P9, is formed
by the keying-pulse width, P2, the weight-control multi-
vibrator output, P5, and the gate-extension pulse width,
P8, such that any variation in the weight-control pulse
also varies the gate acceptance interval, thus inadvertent
extension of the keying pulse interval, P7, beyond the
acceptance-gate interval, P9 is prevented. Such extension

of P7 would cause spurious radiation in the form of key
clicks. Also, if any variation is desired, only the weight-
control multivibrator time interval adjustment is
necessary.

It may be found that when the speed is varied, the
weight control may have to be changed slightly. Since
exciter or transmitter keying characteristics are usually
fixed and drive levels change with frequency, the weight
control may have to be changed to obtain the same
desired keying quality or characteristic (with class-C
amplifiers).

The same low-to-high level interface transistor switch-
ing used in the differential key circuit without weight
control is used here; however, U3B was required to allow
the proper positive level input for U4A with respect to
the keyer pulse, P4, U3B merely serves as an inverter by
connecting all inputs together.

construction

Nothing is critical in this circuit. Straightforward
point-to-point insulated wiring was used. One rf de-
coupling capacitor was found necessary at the input of
the differential keyer circuit (0.001 pF ceramic). My
glue gun came in very handy for strapping down sockets
and components before wiring. The glue takes a mini-
mum length of time to dry, but be careful about using
the glue on temperature-sensitive components since it's
initially very hot.

The power supply consists of a filament transformer
rated at one ampere (much more than required), an
LM309K regulator, and a bridge rectifier IC. All were
mounted on the same board. The filter capacitor is a
1500 uF 10V electrolytic. A zener diode would work as
well as the LM309K and requires less space.

alignment

Alignment was easily accomplished with the aid of an
oscilloscope such as an EICO model 460. Alignment

CI \ 1O§F-10V RE-50K R4 -
—--—} +
-4 " At 1.8%
= WEIBHT APUAT CRI, CR2, CR3  ANY SWITCHING DIODE
RI (IN9I4, IN270, ETC.)
(L1 c3 10pF - 10V R7-50K RS
LT
NPT 3 /@ * A3 18K IF CATHODE KEYING - USE MEP 50027
- EA g - DELAY ADJUST WiTH COLLECTOR TO CATHODE AND
KEv-To-GROUND T 5 |SH7410 il EMETER 10 GR0NR
+ 8y £3-1% 5V
> _
Qi

HEP 50028

3 D

2 |a |6 |7 |ia]s ﬁ) i ¢
4 13 9

via-8 F——{usa N2 l5{use “\e
SN74I0 104sn7410

SNT4123 5 2] i

- .

I @ |3 10|11 |18 /'JE

agaaa 8| |7
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ADJUST RIl FOR NEAR ZERO OSCILLATOR OUTPUT

SNT4121
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+

4
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would be almost impossible without an oscilloscope. My
Johnson T/R switch has an rf output test point, which
allows the transmitted wave shape to be observed when
it's within the oscilloscope bandpass, otherwise the
scope detector probe can be used and the envelope
observed.

Underside of perf board showing point-to-point wiring.

Delay multivibrator U1A pulse width was adjusted by
RS, fig. 2, until the front of the shaped pulse started to
decay with near zero rise time, then R5 was backed off
until the shaped pulse reappeared. This procedure was
also used by varying R4 while observing the pulse trail-
ing edge with respect to the acceptance-gate pulse-width
stretcher multivibrator, U1B. These controls require no
further adjustment, and the keyer weight control is used
for any differences that may be experienced with
varying code speeds.

If the weight-control logic is added the weight control
multivibrator would be set at minimum pulse width,
while the acceptance-gate multivibrator pulse width
would be varied to eliminate any decay of the shaped-
pulse trailing edge. The weight control can then be
adjusted to produce the desired keying characteristic.

The circuit has worked well without any mal-
functions. Incidentally, the TTL logic has bias limits. It
will not work properly or will fail completely if the bias
becomes greater than 5.5 volts. A bias value between 4.7
and 5 volts with good regulation by means of a zener or
IC regulator device is recommended.

references

1. The TTL Data Book for Design Engineers, First Edition,
Texas Instruments, Inc., Dallas, Texas 1973.

2. Designing with TTL Integrated Circuits, Texas Instruments,
Inc., McGraw-Hill Book Company, New York, 1972,
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...YOUR BEST CHOICE

THE SB-104. Acclaimed as the world's finest
Amateur Transceiver. For features and
operating convenience, for specitica-
tions and performance, you simply won't
find a better transceiver than the SB-104.
Completely solid-state, totally broad-
banded, TRUE digital readout with reso-
lution to 100 Hz! Instant QSY — choose the
band, dial the frequency, select your
mode and go — no more preselector,
load or tune controls. The transmitter de-
livers 100 watts output and, for QRP'ers,
a front panel switch selects 1 waftout. The
signalis clean and strong, with harmonic
and spurious radiation below 2 ¢V, third
order distortion down 30dB and unwanted

THE HW-104. Broadbanded design for
instant QSY at a new low price! Has the
same outstanding features and specifi-
cations of the SW-104 above, but with cal-
ibrated dialand 3.5 MHzto 29.0 MHz am-
ateurband frequency coverage. A built-
in 100 kHz and 25 kHz calibrator assures
dial accuracy to within 2 kHz, the dial is
calibrated in 5 kHz increments with 15 kHz
per knob revolution. The VFO uses the
same basic circuitry as the SB-104 and

THE HW-101. A truly exceptional Amateur
radio value. Has the features you NEED for
operating ease, convenience and ver-
satility. 180 watts input PEP 170 watts input
CW gives you the power you need for
first-class operation. Receiver sensitivity
is 0.35«V for10 dB S+N/N (SSB) and se-
lectivity is 2.1 kHz minimum at 6 dB down.
Has a stable FET VFO, PTT and VOX with
anti-trip; triple action level control. The
smooth dial drive has a 36-1 ratio and a
built-in 100 kHz crystal calibrator lets you
accurately calibrate the dial at 100 kHz
intervals. A four-function front panel meter

sideband suppression down 55 dB. Re-
ceiver sensitivity is1uV fori0 dB S+N/N;
selectivity is 21 kHz at 8 dB down.There's
a15 MHz WWV position on the bandswitch;
30 kHz per revolution spinner knob; tune
button for loading linears; ALC/relative
power/"S" meter and more. The SB-104
operates directly from a12-voltelectrical
system, for fixed station operation, use
the HP-1144 power supply.

KITSBA04. ... v cemmsasnn iwa $669.95
Fixed Station Power Supply.

KITHP-1144 .. .................... $89.95
Speaker and cabinet.

KITSB-6D4: vsivnm e evin i s o $29.95

provides extremely stable operation
with less than 100 Hz/ hr. drift after warm-
up.Operates from a12-voltelectrical sys-
tem, use the HP-1144 power supply for
fixed stations.

KITHWHIOE o iz mrms s . $489.95
Speaker and cabinet.

KIFHSHAGGT v vummmseniny e $19.95
KIT HWA-104-1, 10-meter accessory for
coverageto 29.7 MHz. .......... $16.95

shows signal strength, ALC transmit volt-
age, relative power output or final cath-
ode current. Has full controls, inputs and
outputs, full 80-10 meter amateur band
coverage. Operates fixed station or mo-
bile with power supplies below.

KITHW-101 ... o $339.95
Fixed Station Power Supply.

KIT-HP-23B: .. mvmmivmammncs waamms $§57.95
Mobile Power Supply.

KITHPABE: oo main o e $84.95
400 Hz CW Cirystal Filter.

SBA-301-2 ... §29.95

Prices and Specificalions subject to change without notice

Heath Company, Dept. 122-20
Benton Harbor, Michigan 49022

Please send my FREE Heathkit Catalog. | am not
on your mailing list.

Name .
Address __
City
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|IC sockets

too expensive?

With this tester

you can check ICs
before soldering them
into place

I can remember when you could plug a one-dollar vac-
uum tube into a ten-cent socket. The situation now
seems to be reversed: a twenty-cent integrated circuit
plugs into a socket costing anywhere from fifty cents to
a dollar or more. When | was planning a construction
project that would require 63 ICs, sockets were out of
the question — just too darned expensive. This simple
tester was then constructed so that each IC could be
tested before it was soldered into place. The ICs shown
were for the project mentioned above. Some could be
deleted or other types added according to your favorites
or the contents of your junk box.

circuit description

Nine input stimuli are generated by feeding +5 volts
through resistors R1 through R9 as shown in fig. 1. Each
input stimulus is either a 1 (+5V) or a O (ground), de-
pending on the position of its corresponding switch S1
through S9. The output states are indicated by lamps
DS1 through DS6. if the famp is ON, a 1 is indicated;
OFF indicates a 0 state. Q1 through Q6 can be any npn
transistor that will carry the 150-mA lamp current. |
used some TO-5 germanium transistors removed from
computer PC boards. An alternative output indicator cir-
cuit could be an LED with the proper current-limiting
resistor in place of the transistor and lamp. The 7413
Schmitt trigger is used as a ‘‘de-bouncer,” allowing a
single pulse to be produced by manually depressing
switch S11 (fig. 2). This pulse is used in testing JK
flip-fiops.

construction

TTL IC tester

{114 x 60mm) (fig. 3}. This board is mounted on 5/16-
inch (8mm) spacers above an aluminum chassis, which is
4 x b x 1% inches (101 x 127 x 38mm). All switches and
lamps are mounted on the aluminum chassis, and resis-
tors R1 through R9 are mounted underneath. The test
sockets are wired in parallel; that is, all pins requiring a
no. 1 input are connected together and to S1 and R1; all

+8v
o
RI
ALL NO. | ALL NO.!
;——«m—zo—.mpws L.l
O,
R2 I
ALL NO. 2
v INPUTS
0
o, 2
ALL NO. 2
N ALL NO. 3 P
VWA INPUTS
(4 la
Foy, 53
Re ! ALL NO. 4
Ik' l INPUTS
0
i 4732
Bs ) ALL NO. S
Vo l INPUTS
0
s
e ALL NO. 6
VW INPUTS
T Lo
ALL NO. 4
56 OUTPUTS
)
R ALL NO. 7
" lo INPUTS
o, 57
he ALL NO. 8
v INPUTS
o ALL NO. 5
se OUTPUTS
B . ALL NO. 9
W go INPUTS
Hosg 5° 06
1
TO GROUND PIN acL No 6 RIS
$————® Al TEST SOCKETS oUTPUTS ™
,JL ps

fig. 1. Schematic of the I1C tester.

no. 2 inputs pins are connected together and to S2 and
R2, etc. A 5-volt power supply at 1 ampere is required
to power the IC tester. If you're careful not to light
more than two lamps at a time, 0.3 ampere would be
sufficient.

operation

The diagrams shown in fig. 2 may be used as a guide
when operating the tester. Perhaps, when testing JK flip-
flops, it would also be advantageous to have the specifi-

The test sockets and lamp drivers are mounted on a By Kenneth H. Leiner, WA4LCO, 3254 Inverness
piece of perf board approximately 4% x 2-3/8 inches  Court, Orlando, Florida 32806
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table 1. Logic matrix for selected ICs.

IC $18283848556S7S88 S9 S10 S11 DSt DS2 DS3 DS4 DS5 DS6
7400 11 1 1 11 1 1 NU NU NU OFF OFF OFF OFF NU NU

1 01 01 0 1 O NU NU NU ON ON ON ON NU NU
01 01 011 0 1 NU NU NU ON ON ON ON NU NU
0 00 0 0 0 0 0O NuU NU NU ON ON ON ON NU NU
7402 111 11 1 1 1 Nu NU NU OFF OFF OFF OFF Nu NU
1 01 01 0 1 O NuU NU NU OFF OFF OFF OFF NuU NU
01 01 01 0 1 NU NU NU OFF OFF OFF OFF NU NU
0O 0 0 0 0 0 0 O NU NU NU ON ON ON ON NU NU
7404 1 1 1 1 1 1 NUNUNU NU NU OFF OFF OFF OFF OFF OFF
0O 0 0 0 0 O0NUNU NU NU NU ON ON ON ON ON ON
7410 111111111 NU NU OFF OFF OFF NU NU NU
1101101110 NU NU ON ON ON NU NU NU
1 011 0 1 1 01 NU NU ON ON ON NU NU NU
011011 011 NU NU ON ON ON NU NU NU
0O 0 0 0 0 0 0 0 O NU NU ON ON ON NU NU NU
7473 01 0 1 1 1 NUNUNU X YES OFF ON OFF ON NU NU
1 0 1 0 1 O0NUNUNU X YES ON OFF ON OFF NuU NU
X X X X 0 0NUNU NU X NO OFF ON OFF ON NU NU
1 1 1 1 1 1NUNUNU X YES TOGGLE TOGGLE NU NU
7476 1 01 01 1 1 1 NU X YES ON OFF ON QFF NU NU
01 0 1 1 1 1 1 Nu X YES OFF ON QFF ON NU NU
X X X X 1 1 0 0 NU X NO ON OFF ON OFF NU NU
X X X X 0 01 1 NU X NO OFF ON OFF ON NU NU
11 1 1 1 1 1 1 NU X YES TOGGLE TOGGLE NU NU

X = Don't-care condition (1 or 0}. NU = Not used. TOGGLE = DS1 and DS2 (DS3 and DS4)
alternate with each S11 pulse.
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ramsa2y elzciromics

6 DIGIT
LED CLOCK
KIT

$22.95

A SUPER QUALITY kit that features:

® Handsome extruded aluminum case in black, gold,
silver, bronze or blue

® Large .33" bright LED display

® 12 or 24 hour readout format

® All parts included — no extras to buy

® Alarm version (12 hour only)

60 Hz TIME BASE KIT

Run any digital clock in your car, boat

or airplane. Features zener regulation,

output buffering, A0S circuitry and

small size. Kit includes all parts and

instructions to hook up to any clock. $4.956/$25.00

SIREN KIT

Produces police-type wail of

FM WIRELESS MIKE KIT
Transmit up to 300° to any

FM broadcast radio. Sensitive siren at toy volume. Runs
mic. input requires crystal, speaker from 3 — 45 Ohms to
ceramic or dynamic mike, 200 mW output. Requires

power source of 3 to 6 volrs.
A neat toy for the kids.
Complete Kit $2.95

Runs on 3 to 9V. Small one
inch square size.

Complete Kit $2.95

600 MHz PRESCALER

Extend the range of your counter
to 600 MHz. Works with most
any counter. Completely assem
bled and tested. Sensitivity of 100
millivolts. Choice af <10 or =100,
specify with order, $59.95

FERRITE BEADS

Beads come with valuable info on uses and specs15/$1.00

6 hole BALUN beads also available ....... 5/$1.00
_ INCLUDES
LED ® 7490A 33 MHz decade counter
DECADE ® 7475 latch
COUNTER $2.95 ® 7447 LED driver
PARTS KIT ® 7 — 100 Ohm current limit resistors

® 7 segment LED readout

Complete with hook-up instructions on how to build an easy,
low-cost frequency counter,

SLIDE POT — 10k linear taper ... SPECIAL 4/$1.00

1000 uf 15v FILTER CAP' . .. ..ccmmievne 5/$1.00

ramsay elzcironics

Satisfaction guaran

P.O. Box 4072E Rochester, NY 14610 (ced or money re

funded

dents

|~ ]
master change Ran A RCAR
g L]

SERVICE
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rs under

add $.75
48 HOUR NY 1 add

cation sheet handy. If desired, tables may be constructed
similar to table 1. Always turn off the 5-volt power
when inserting or removing an IC from the socket. In
removing ICs from the test sockets, slip a small screw-
driver blade under the IC. Then rock the IC gently up
and down, raising first one end slightly, then the other
end. Repeat until the device is free of the socket. This
procedure usually removed the IC without bending any
of the metal pins.

Dsi Ds2 Ds3 D54 Dss Dsé

N O f 6B H A

@g@@@
- e~

=55

B M =
Tl obur |swxl |k o
"] s’ "

o Lt (3 [l |
El El B E] B ] ]
SEERS SR
L1 52 53 54 ss 56 s7 s8

—— T

e . — \\.

fig. 3. Suggested component layout.

When testing JK flip-flops, a 7413 must also be in-
serted in its socket. Also, a 7413 can only be tested if a
7473 or a 7476 is in the tester. As wired here, the 7413
has all its input pins connected together, so the test for
the 7413 is not complete. The 7413 was really included
to produce clock pulses for testing JK flip-flops, so
whatever test is available for the 7413 is a bonus. Switch
S10 allows both Schmitt triggers of a 7413 to be tested.
At all other times, only one IC at a time is inserted into
the tester. In testing flip-flops, when power is first ap-
plied it is sometimes necessary to depress S11 twice in
making the first test. Probably this is because when
power is turned on the various internal flip-flops may
assume any state, and it takes one pulse to get them into
the proper relationship,

conclusion

The tester was used to check about 100 integrated
circuits. Three defective units were found. A 7410 had a
defective gate; pin 6 remained high at all times. A 7402
showed a dim glow on DS2 and DS4 when they should
have been OFF. (This trouble may not have been found
if LEDs had been used as output indicators.) Finally,
one-half of a dual JK flip-flop remained in the 1 state at
all times.

It may be doubtful at times who'll win, but at least
when debugging the 63-1C project | had a head start on
Murphy and his wretched laws.
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How do you work

o ham when he's no

in his shack?

By telephone.

It’s only 21¢ or less plus tax for a one-minute night or
weekend call. If you dial direct.

You can't work a ham when he's away from his rig, but you can

set up contact by phone. It's quick and it's reasonable, especially

when you dial direct. The Night & Weekend rate is the lowest.
Check the chart below for other low dial-direct rates.

WEEKDAYS EVENINGS

Monday-Friday
8am.-S5p.m.

First Minute

35¢

First Minute

54¢

Sunday-Friday
S5pm-11pm.

DIAL-AND-SAVE ONE-MINUTE RATES

| FULLRATE | [ 35%DISCOUNT ||| 60% DISCOUNT

NIGHTS & WEEKENDS

Every night 11 p.m.-8 a.m.
Saturday—
day and night
Sunday—
day and night
exceptsSp.m.tollp.m.

First Minute

21¢

Additional minutes cost less than the tirst minute.
Dial direct rates apply on alt interstate calls completed trom a residence or business phone without

operatar assistance They also apply on calls placed with

an operator from a residence or business

phone where dial-dicect facilities are not avatlable §or dial direct rates to Hawan and Alaska. check your
operator Dial-dicect rates do not apply to person-to-person, coin, hotel-guest, credd card or collect

cafts, or to calis charged to another number. berduse d4n

L quoted do notinclude tax

operator must assist on such calls Rates

More Details? CHECK-OFF Page 126

Cut this chart out and put it in your phone book.

@ Bell System

NEW RATES FOR COAST-TO-COAST INTERSTATE CALLS 1

OPERATOR-
ASSISTED |
THREE-MINUTE I
RATES |

STATION-TO-STATION
Full rates apply I

at all times
First 3 minutes I

$2.25 ]

PERSON-TO-PERSON
Full rates apply
at all times
First 3 minutes

$3.35 |

Additional minates same as al I
rate Applicable discounts apply
to additional minutes durnng
tvening and Night & Weekend

periods _I
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50-MHz

bandpass filter

A bandpass filter

of unusual design

that provides

6% bandwidth at 50.5 MHz
with only 4-dB

insertion loss

The design of highpass, lowpass, and bandpass filters for
use at hf and vhf has been covered in recent amateur
literature.1.2,3 The professional literature has also
offered design aids in the form of slide-rule devices for
use in filter synthesis4 and in graphs.5 The article on hf
bandpass filters for receivers by W7Z0I3 is an excellent
example of showing what can be done and how simple
these filters can be. W7Z0Il is to be commended for
combining amateur know-how with laboratory equip-
ment to demonstrate the selectivity of his designs. His
fig. 7 (reference 3} at first appeared too compiex and at
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the same time reminded me of a similar filter | had
hiding in the garage.

filter characteristics

The garage relic is of unknown origin and as fig. 1
shows, is rather sophisticated. Fig. 2 is a plot of this
filter's response taken from an x-y recorder (using a
hand-tuned signal generator}). The insertion loss (4 dB)
and a bandwidth of 6 percent at the 3-dB points seem
pretty good, considering the 50.5-MHz center frequency
and the amount of wire on the coils.

ﬂ‘{ —_I:_ |
l |
| |
l |
L _l

P

fig. 1. Schematic of the vhf bandpass filter. Center frequency is
50.5 MH2z, bandwidth 6 percent, and insertion loss 4 dB. Each of
the inductors is about 2.2 uH; variable trimmers are 1.5-7 pF.

A photo from a Hewlett-Packard spectrum analyzer
(fig. 3) shows the skirt slope. Vertical divisions are 10 dB
and the horizontal scale is 1 MHz/cm.

construction

| don’t recommend construction of this filter unless
you have a sweep signal generator and a 5-inch (13cm)

By Paul H. Sellers, W4EKO, 4002 Columbus Avenue,
Norfolk, Virginia 23504



oscilloscope for alignment. Alignment is tedious and
quite ticklish. For those brave enough to attempt to
duplicate this filter, the photo and fig. 4 are provided.
The coils forms are ribbed Teflon rod, % inch (12.5mm)

Inside the S0-MHz bandpass filter showing coil arrangement and
center shield. (Photo courtesy Paul Ireland).

in diameter. Each of the coils are 21 turns no. 20 AWG
(0.8mm) wire; winding length is 1-3/64 inches
(26.5mm). Coil ends are inserted through holes in each
end of the Teflon rod (fig. 4A). Overall coil diameter,

S~ —

I 4 B BN A

T
.h-..“““
—

RELATIVE AMPLITUDE (dB)
@ ~
|
|
|
|
i
"]
| |

48 a9 50 s 52 53
FREQUENCY (MHz)
fig. 2. X-Y recorder plot of filter response. Filter insertion loss
pushes down the peak of the curve allowing skirts to show
out-of-band values of signals passed.
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=40

=50

-60

48 50 MHz 52 54

fig. 3. Photo from H-P spectrum analyzer showing
filter skirt slope. Vertical scale: 10 dB/division;
horizontal scale: 1 MHz/cm.

including wire and ribs, is 9/16 inch (14.5mm). The coils
are spaced as in fig. 4B, which is a side view of the filter
showing the hold-down screws for the coils. The variable
capacitors are about 1.5-7 pF, and the fixed capacitors
are Corning type CY10C, 150J and 680J.

I'm sure you’'ll appreciate the design of this filter,
including the unusual input/output circuits and the
purely inductive coupling between stages.

references

1. Bob Myers, W1FBY, and Clarke Green, WA1JLD, "Field Day
Filter,”” QST, April 1973, page 11.

2. Neil Johnson, W20LU, “High-Frequency Low-pass Filter,”
ham radio, March, 1975, page 24,

3. Wes Hayward, W7Z0I, "“Bandpass Filters for Receiver Pre-
selectors,”” ham radio, February, 1975, page 18.

4. Genistron Filter Slide Rule, Genistron Inc., Los Angeles,
California, 1965.

5. “Pick a Filter From this Chart,”" Electronic Design No. 24,
November 23, 1972,
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fig. 4. Coil construction details (39 Smm)
(A) and side view of filter box
showing coil spacing (B). En-
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THE LOGICAL CHOICE—First in a series

Logic Probe 1 is a compact, enor-
mously versatile design, test and trouble-
shooting tool for all types of digital
applications. By simply connecting the
clip leads to the circuit's power supply,
setting a switch to the proper logic family
and touching the probe tip to the node
under test, you get an instant picture of
circuit conditions.

LP-1's unique circuitry—which
combines the functions of level detector,
pulse detector, pulse stretcher and
memory—makes one-shot, low-rep-rate,
narrow pulses—nearly impossible to see,
even with a fast scope—easily detectable
and visible. HI LED indicates logic “1",
LO LED, logic “0", and all pulse transi-
tions—positive and negative as narrow
as 50 nanoseconds—are stretched to Vs
second and displayed on the PULSE LED.

By setting the PULSE/MEMORY switch
to MEMORY, single-shot events as well
as low- rep-rate events can be stored
indefinitely.

While high-frequency (5-10MHz)
signals cause the "pulse’ LED to blink at
a 3Hz rate, there is an additional indica-
tion with unsymmetrical pulses: with duty
cycles of less than 30%, the LO LED will
light, while duty cycles over 70% will
light the HI LED.

In all modes, high input impedance
(100K) virtually eliminates loading prob-
lems, and impedance is constant for all
states. LP-1 also features over-voltage
and reverse-polarity protection. Housed
in a rugged, high-impact plastic case
with strain-relieved power cables, it's
built to provide reliable day-in, day-out
service for years to come.

W OLED ON L0 LED ON

]
N 7

PULSE LED BLINKS
OM FOR 173 BEC

i P

‘ LO LED OM W LED DN

LoaIE ~1

oo e

e 1173 SEC. i

“OLED O

PULSE LED PULSE LED
orF | I [ o

LO LED Ok

D, At AT UL D e
Teis BN

M1 LED OM LD LED DOES WOT RESPOMD TO NARRDW PULSES

N0 1

LO LED OM, M LED DOES NOT RESPOND TO MARROW PULSES

LOGIE 1

LOGIC B

LOGIE =1

LOGIC 0"

CSC’S MULTI-FAMILY LOGIC PROBE 1.
AT $44 .95, IT DIGS UP A LOT OF INFORMATION WITHOUT

BURYING YOUR BUDGET.

HI/LO LED's—Display level
(Hl-logic 1", LO-logic "'0")
of signal activity at node

under tesl

Non-corrosive nickel-
plated probe tip and clip
leads—For reliable contacts
and maximum life

Protected—Features built-in
reverse polarity and over-
voltage protection; strain-
relieved power cable

CONTINENTAL SPECIALTIES CORPORATION

=] —

EASY DOES IT
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Rugged high impact plastic
case—Built to take it . . . in
the lab or in the field

PULSE LED—Lets you know
what's going on—and off
Indicates positive and nega-
tive pulse and level transi-
tions. LP-1 stretches pulses
as narrow as 50 nano-
seconds to full ¥4 sec

(3Hz pulse rate)

active

property

$44.95 Price tag—Costs so
little it can be your personal

PULSE/MEMORY Switch—
PULSE position detects

and stretches pulses as nar-
row as 50 nanoseconds o
Va2 sec. Switch to MEMORY
and il stores single shot and
low-rep-rate events indefi-
nitely; HI/LO LED's remain

Logic Family Switch—
TTL/DTL or CMOS matches
Logic 1" and "'0" levels,
for greater versatility. High
Input Impedance—100K
virtually eliminates circuit
loading problems and is
constant in both 0" and
1" slates. CMOS position
also compatible with HTL,
HIiNIL and MOS logic

© 1976 Continentsl Specialties Cop

For more information, see your distributor or write for our catalog and distributor list.
44 Kendall St, Box 1942 New Haven, CT 06509 » 203-624-3103 TWX: 710-465-1227 West Coast office:
Box 7809. San Francisco, CA 94119 » 415-421-8872 TWX: 910-372-7992 Canada: Len Finkler Ltd . Ontario

More Details? CHECK—OFF Page 126



THE LOGICAL CHOICE: Third in a series

SYMMETRICAL AND

UNSYMMETRICAL PULSES
0.5Hz-5MHz = i
INDEPENDENT CMOS AND
TTL OUTPUTS Fan-out to
CONTINUOUS, MANUAL 40 TTL loads
ONE-SHOT & EXTERNAL
TRIGGER OPERATION
External triggering to 10MHz SYNCHRONOUS OUTPUT
. GATING
INDEPENDENTLY-
CONTROLLABLE PULSE
WIDTH & SPACING

100mV-10V POSITIVE
OUTPUT Less than 30
nanosec nise/fall imes

100 nanosec-1 sec in 7 overlap-
ping ranges 107 1 duty cycle
range

CSC’S DESIGN-MATE 4:$124.95.
NO OTHER DIGITAL PULSE GENERATOR
GIVES YOU SO MUCH, FOR SO LITTLE.

Sounds hard to believe ... but even a brief look wide range of controls and multiple outputs give

at Design-Mate 4's specifications proves CSC's you enormous versatility. .. plus compatibility with
engineers have done it again. Whatever your all major logic families, for research, design,
application—whether you re looking for precision, development, quality control, production testing,
flexibility or just plain economy — this compact maintenance, troubleshooting ... you name it
source of fast, clean digital pulses offers the Now, read the specs that follow. .. and check
performanceyou need . ..ata price thatdiscourages  the price again. Or better yét, try DM-4 for yourself
procrastination at your local CSC distributor. Once you do, we
Use it as a clock source, delayed pulse think you'll find it's as hard to do without as it is easy
generator, synchronous clock, manual system to own
stepper, pulse stretcher, clock burst generator or For more information about CSC's other fine
in dozens of other applications. Use it alone or in products, and a list of distributors, please call or
tandem with other DM-4's for gated control. The write
DM-4 SPECIFICATIONS g ‘ sav
A — . — | ppva— e T
Dy Aana: Oz IO 7 | ONESHOT Pushbutionforsingle puse =L e
ndSpacing  overlapomnd decads ranges Ouiputpuiseccurseach | mgmun " [ ) 1 1|
Controls A single-turn vernier control OUTPUTS:
provides continuous VAR OUT
adjustment between ranges Amplitude 0 1-10 V posilive g
Duty Cycle: 10°-to 1 Range adjustable Hise/fall Less than 30 nanosec i
over entire pulse width/ time '
spacing range. 100 nanosec Impedance 400{Imax
N 1sec OFF to1 sec TTLOUT iy i
ON and 100 nanosec OFF Fan-out 40 TTL Loads
Operating Modes: Sink 160 milliamps—0 BV max
RUN 0 5Hz105 MHz as per width Rise/fall Less than 20 nanosec
spacing and amplitude time ¥ MAE
control settings SYNC OUT ) ‘ THAESHOLD
TRIG F}( 1o approx. 10 MHz Pulse width  Approx 40 nanasec Other 2R : Y ?
Input requirements  Sine waves 2 VP-P. pulses SYNC pulse spec s same as - d -— = - ,f
:!\vx?:;ﬂ:hn |r.:0 na‘nﬁjsst. mdﬁl Pulse lead T‘%TI:'1 Em\‘ Ise leads outpuls br T = [ l; :—".;
Impedance Approx 10KNDC g rancaae ) | e o s Lt =——4= = O =
coupled POWER 17 VAC > 10%. 50/60Hz. 5
GATE Synchronous gating Lead- watts (220 VAC, 50,60 Hz
ing edge of gate signal turns also available. at shghtly
generator ON Last pulse higher cost FUSHBUTTON
1s completed, even if gate _leE : 7T5x65x325 e o‘l:/m-.u{:\
In_:zul requirements ?3[.;%':3(_:1.;'5”_"13 I?ll_!ilsztodv U‘IUNEIIEH‘I' 1':31:1‘: :SL"J: i?_.lmm s |
O SN — | o

CONTINENTAL SPECIALTIES CORPORATION
44 Kendall Sireet, Box 1942 New Haven, CT 06509 » 203-624-3103 TWX: 710-465-1227
= West Coast office: Box 7809, San Francisco, CA 94119 ¢ 415-421-8872 TWX: 910-372-7992
Canada: Len Finkler Ltd., Ontario
EASY DOES IT © 1976, Continental Specialties Corp
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MICROPROCESSORS

microcomputer interfacing:
how does a microcomputer
make a decision?

One of the most important programming characteristics
in any digital computer, including a microcomputer, is
the ability to make a decision. For a typical micro-
computer, we can define a decision as the process of
determining further action based on the logic state of a
flag. A flag is a single flip-flop that can be either set or
cleared in response to operations occurring within the
microcomputer system. A change of state of the flag is
usually an indication either that a particular operation
has been completed, or that a certain condition exists as
a result of a microcomputer operation. Flags can be
located either internally or externally to the micro-
processor chip; those discussed here are the internal
flags, which are set or cleared in response to specific
types of microprocessor instructions, such as arithmetic
and logical instructions.

The flags located within the microprocessor chip are
typically associated with the arithmetic-logic unit
(ALU), a region within the chip where all arithmetic and
logical operations are performed. In the 8080 micro-
processor chip, for example, five flags indicate the
following conditions;

By Jonathan Titus, David G. Larsen, WBHYJ,
and Peter R. Rony

Mr. Larsen, Department of Chemistry, and Dr. Rony, Depart-
ment of Chemical Engineering, are with the Virginia Polytechnic
institute and State University, Blacksburg, Virginia. Mr. Jona-
than Titus is President of Tychon Inc., Blacksburg, Virginia.
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Zero flag  If the result of an arithmetic or logical opera-
tion is zero, the zero flag is set to logic 1; if
nonzero, the zero flag is reset to logic 0.

Sign flag  If the resuit of an arithmetic or logical opera-
tion is negative, the sign flag s
set to logic 1; if positive, the sign flag is reset
to logic 0.

MAIN PROGRAM

UNZ
FLAG =/ l FLAG=0
INSTRUCTION

N~

fig. 1. The JNZ instruction. If the zero flag is at logic 1, the
instruction is ignored and program control passes to the foliow-
ing instruction.

Parity flag if the result of an arithmetic or
logical operation has even parity, the parity
flag is set to logic 1; if odd parity the parity
flag is reset to logic 0.

Carry flag If the result of an arithmetic or
rotate operation has a carry out of the
most-significant bit of the 8-bit result, the
carry flag is set to logic 1; if not, the carry
flag is reset to logic 0. The carry flag is reset
to logic 0 after all logical operations.



Auxiliary If the result of an arithmetic opera-

carry flag tion has a carry out of bit 3 into bit 4 of the
8-bit result, the auxiliary carry flag is set to
logic 1; if not, the auxiliary carry flag is reset
to logic 0. The auxiliary carry flag is reset to
logic O after most logical operations.

Insufficient space is available in this column to discuss
all of the above flags, so we shall restrict our attention to
the zero flag. Shown below is the traditional flow chart
decision symbol applied to an 8080 microprocessor
decision:

PREVIOUS INSTRUCTION

The next instruction executed depends on the logic state
of the flag associated with this specific decision. For
example, consider the JNZ instruction, where JNZ
means "‘Jump if Not Zero:”’

instruction
code mnemonic description
302 JNZ If the zero flag is at logic
0, jump to the 16-bit
<B2> memory address given in
bytes <B2> and <B3>
<B3> of this three-byte instruc-

tion; if the zero flag is at
logic 1, ignore this in-

struction and proceed to
the following instruction.

The statement ““Jump if Not Zero'’ refers to the 8-bit
result of a preceding instruction, not to the logic state of
the zero flag. When this result is zero, the zero flag is set
at logic 1 and program control passes to the next instruc-
tion, as shown in fig. 1.

The JNZ instruction is widely used in the creation of
programmed time delay loops, an example of which is
provided in table 1. In this program, both the address
and instruction bytes are in octal code; it is assumed that
the HI memory address byte is 000. The program first
moves an 8-bit timing byte into register B; this byte,
indicated by an asterisk, has any value between 000 and
377. The value of the byte will determine the duration
of the time delay.

At LO memory address 002, a device-select pulse is
generated to set the SN7474 flip-flop shown in fig. 2.
The contents of register B are then decreased by 1.

Reprinted with permission from American Laboratory,
March, 1976, copyright © International Scientific Com-
munications, Inc., Fairfield, Connecticut 1975,

tabie 1. Microcomputer program that demonstrates a simple time
delay loop based on a decision made on the logic state of the
zero flag. This program generates a single output puise, the
duration of which is determined by the timing byte at location
001, at the Q output of the SN7474 flip-fiop.

LO memory instruction clock
address byte mnemonic  cycles description

000 006 MVI B 7  Move follow-
ing timing
byte into
register B8

001 * — — Timing byte
for register B

002 323 ouT 2 10 Generate de-
vice-select
pulse that
sets the SN-
7474 flip-
flop

003 002 — - Device code
for set input
to SN7474
flip-flop

004 005 DCR B 5 Decrement
contents of
register B by
1

009 302 IJNZ 10 If zero flag is

at logic O,

jump to the

memory ad-
dress given
by the fol-
lowing two
address bytes;
otherwise, ig-
nore this in-
struction

LO memory

address byte

HIl memory

address byte

010 323 ouT 3 10 Generate de-

vice select

pulse that
clears the

SN7474 flip-

fiop

Device code

for clear in-

put to SN-

7474 flip-

flop

012 166 HLT 7 Halt the
micro-
computer

006 004 - -

007 000 - —

211 003 - -

*May have any value between 000 and 377. its value determines
time-delay duration.

The JNZ instruction immediately tests the logic state
of the zero flag; if the contents of register B are not
zero, the flag is at logic 0 and a jump occurs back to LO
memory address 004. The DCR B and JNZ instructions
are executed repeatedly until the contents of register B
become zero, at which time the zero flag becomes logic
1. The JNZ instruction tests the flag for the last time
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ham

radio
microcomputer seminars

An introduction to interfacing, pro-
gramming and applications.
The course so widely acclaimed at SAROC & DAYTON

For individuals interested in learning about microcom-
puters and how to get started in applying them to
real-world situations.

BOSTON, MASSACHUSETTS

in conjunction with the 1976
New England ARRL Convention

An all-day program including:

What is a microprocessor? A Microcomputer?
Where do microcomputers fit? What are appropriate applications?

Microcomputer interfacing: a. Bus structure; b. Control signals;
c. Data flow

Microcomputer memory: a. Types of memory: RAM, ROM, and
PROM; b. ROM/RAM trade-offs

Microcomputer Input/Output: a. Device addressing; b. Control of
input/Output; c. Communication with the outside world

Microcomputer interrupts and flags: a. Hardware vs software;
b. Advantages and disadvantages of interrupt schemes; c. Timing

Microcomputer software: a. As a replacement for hardware;
b. Modular approaches

Microcomputer peripherals and [/0 port implementation: a. UARTS
and communications chips; b. FIFOs and buffer storage; c. PPl
chips; d. 1/0 port chips

Microcomputer software development: a. Machine language; b. As-
sembly language and editor/assemblers

How do | get started?: a. equipment and materials; b. Texts;
c. Costs: projections of time and money

{5 —
YOUI' inSthCtOI‘S - one or more of the following
David G. Larsen, WB4HYJ*

Instructor, Department of Chemistry, Virginia Polytechnic Institute
& State University

Dr. Peter R. Rony*

Professor, Department of Chemical Engineering, Virginia Polytechnic
Institute & State University

Mr. Jonathan A. Titus*

President, Nanotran Inc., (Microcomputer consulting firm), General
manager, Tychon, Inc.

Mr. Christopher Titus

Consultant *One of the authors of the famous Bugbook series
-]

Dates & Location:
Friday, Sept. 10 and Saturday, Sept. 11

Statler Hilton Hotel, Park Square, Boston, Mass.

Fee: $25 p/US $35 for required textbooks (A com-

plete set of Bugbooks 1, il, tla, and Ill.)

TO enfO//: Send $60 along with your name, address and tele-
phone number to HAM RADIO. Be sure to indicate your choice of
dates. May we suggest you hurry as registration is limited.

Greenville, NH 03048 603-878-1441
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and shifts program control to the OUT 3 instruction at
LO memory address 010. This output instruction gener-
ates a device-select pulse that clears the SN7474 flip-
flop. Once this has been done, the microcomputer comes
to a halt.

DSZ——Jl

SET

QF—* 1.
SN7474

CLEAR

DS 3—~—j

fig. 2. SN7474 flip-flop used as a
monostable multivibrator.

The program shown in table1 generates a single out-
put pulse, the duration of which can take any value
between 0.0125 and 1.925 ms in steps of 0.0075 ms.
Some typical pulse widths are summarized in table .2
for an 8080-based microcomputer that operates at a
clock rate of 2 MHz. The caiculations associated with
the conversion of clock cycles to pulse width were
discussed in reference 1. The number of clock cycles is a
measure of the actual time it takes the microcomputer
to execute a single instruction or group of instructions.

table 2. Examples of output pulse widths generated by the
program in table 1 with an 8080 microcomputer operating at a
clock rate of 2 MHz.

timing byte at LO

memory address

001 number of clock cycles pulse width (ms)
000 3850 1.925
001 25 0.0125
002 40 0.02
003 55 0.0275
004 70 0.035
Q05 85 0.0425
010 130 0.065
020 250 0.125
050 610 0.305
100 970 0.485
200 1930 0.965
300 2890 1.445
350 3490 1.745
377 3835 1.9175

For a 2-MHz microcomputer, a single clock cycle has a
duration of 500 ns. The program in table 1 and associa-
ted SN7474 flip-flop provide an example of what we
mean by ‘‘the substitution of hardware by software
namely a simple program and a single flip-flop replace a
much more complicated hardwired programmable mono-
stable circuit.

reference

1. Bugbaok 111. Microcomputer Interfacing Experiments Using
the Mark 80 Microcomputer, an 8080 System, (E&L Instru-
ments, Inc., Derby, Conn., 1975, Available for $14.95 from Ham
Radio Books, Greenville, N.H. 03048). .
ham radio



DIGITAL DATA RECORDER

for Computer or Teletype Use
Up to 4800 Baud

Uses the industry standard tape saturation (NRZ) method to beat all FSK systems ten to one. No
modems or FSK decoders required. Loads 8K of memory in 17 seconds. This recorder enables you to
back up your computer by loading and dumping programs and data fast as you go, thus enabling

you to get by with less mem-
ory. Great for small business
bookkeeping. Imagine! A
year's books on one cassette.

Can be software control-
led. Comes complete with a
software program used to test
the units in production (8080).
Manual includes software con-
trol hook up data and pro-
grams for 8080 and 6800.

SPECIFICATIONS —

MODEL CC7:

A. Recording Mode: Tape
saturation binary (NRZ).
This is not an FSK or Home type recorder.
No voice capability. No Modem. Runs at
2400 baud or less Asynchronous and 4800
baud Synchronous. Runs at 3.1"/sec. Speed
mechanically regulated * .5% or better.

. Two channels (1) Clock, (2) Data. Or two
data channels providing four (4) tracks on
the cassette. Can also be used for Bi-Phase,
Manchester, etc.

. Inputs: Two (2). Will accept TTY, TTL or RS
232 digital.

. Outputs: Two (2). Board changeable from
TTY, RS232 or TTL digital.

. Erase: Erases while recording one track at a
time. Record new data on one track and
preserve three or record on two and pre-
serve two.

. Compatibility: Will interface any computer
using a UART or ACIA board. (Altair, Sphere,
IMSAI, M6800, etc.)

. Other Data: 110-220 V - (50-60) Hz; 3 Watts
total; UL listed; three wire line cord; on/off
switch; audio, meter and light operation
monitors. Remote control of motor optional.
Four foot, seven conductor remoting cable
provided.

. Warrantee: 90 days. All units tested at 300

and 2400 baud before shipment. Test cas-
sette with 8080 software program included.

NATIONAL MULTIPLEX CORPORATION

3474 Rand Avenue, Box 288
South Plainfield, New Jersey 07080
SHIP TO:

Mailing Label — PRINT

CARD NO.
EXPIRATION DATE

More Details? CHECK—OFF Page 126

201-561-3600

$14995

Also available — MODEL CC7A with variable
motor speed which is electronically regulated.
Runs 4800 baud Synchronous or Asynchronous.
Recommended for quantity users who require tape
interchangeability. Comes with speed calibration
tape to set exact speed against 60 cycle line.

$169.95

NEW — 80801/0 BOARD with ROM

Permanent Relief from “Bootstrap Chafing’

This is our new “turnkey’” board. Turn on your
Altair or Imsai and go (No Bootstrapping). Con-
trols one terminal (CRT or TTY) and one or two
cassettes with all programs in ROM. Enables you
to turn on and just type in what you want done.
Loads, Dumps, Examines, Modifies from the key-
board in Hex. Loads Octal. For the cassettes, it
is a fully software controlled Load and Dump at
the touch of a key. Even loads MITS Basic. Ends
“Bootstrap Chafe” forever. Uses 512 bytes of
ROM, one UART for the terminal and one USART
for the Cassettes. Our orders are backing up on
this one. #2510 (R)

Kit form $140.00
Fully assembled and tested $170.00

Fill out form and send check or money

Data Recorder CC-7 @ $149.95

Data Recorder CC-7A @ $169.95
Please enclose $2.00 Shipping & Handling
on each Recorder or |/O Board.

Operating & Technical Manual

(Schematics) Includes Software

& Hookups for 8080, 6800, and

1/0. $2.00 J—

Ramn ki 0CARD
m =TS

N. J. Residents add
59% Sales Tax
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SAROC
SWAR WEEK:

INCLUDING

SAROC'S SECOND HAWAIIAN CONVENTION
August 24 to 31, 1976

SPEND 8 FABULOUS DAYS IN EXBITING HAWAII ON SAROC’S HAWAII WEEK

fo e
{\5 \-anm' '

Your holiday includes:

e Attendance at the SAROC Hawaiian Convention, Saturday, August 28.

® Seven nights at Del Webb's fabulous KUILIMA RESORT HOTEL and
COUNTRY CLUB On Oahu's North Shore.

e Roundtrip air transportation, double occupancy in hotel room and SAROC
Advance Registration just $300 per person. Limit 2 pieces of luggage per
person. Tax and gratuity included.

® Departs Los Angeles August 24, 1976 — Returns August 31, 1976.

e $100 deposit by June 1, 1976, full payment by July 10, 1976.

e SAROC Advance Registration $3.00, with Saturday Banquet $10 per person.

Write for further details

SAROC

BOX 945, BOULDER CITY, NEVADA 89005
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GOMPARE

Feature

Suilr? -6800

Theirs—Your Choice

Processor—

Memory—

Power Supply —

Expansion—

Start Up—

Clock—

Buffering—

Documentation—

Price—

The best **Motorola MC6EB00". Two accumulators, automatic
vectoring, seven addressing modes and complete set of branch
instruction. The more powerful instruction set and memory
orientated architecture makes programming very straight for-
ward and easy to learn, Operates from a single +5 Volt supply.

Static 2102-1 type memories. Fast enough to allow the pro-
cessor to run at full speed at all times. No refresh cycles, no
problems with glitches and flakey dynamic memaories,

10 Amp. Capacity. More than encugh to power a fully ex-
panded system. Power supply uses a rugged 25 amp bridge
rectifier and a 91,000 mfd computer grade filter, Regulators
on the individual plug-in cards.

Seven slots for processor and memory boards. Eight 1/0 slots,
I1/0' are programmable type. All decoding and clocking pro-
vided from mother board making additional interfaces very
inexpensive. Baud rates may be independently selected for
each interface card.

Automatic start and reset provided by ‘‘Motorola® Mnkbug@
ROM. No fiddling with switches and status lights, Just push
the button and go, Use of standard Motoraola firmware makes
software 100% compatible with Motorola evaluation module
programs.

Crystal controlled master clock oscillator with high power
clock drivers. Insures reliable, consistant operation with no
noise problems. Baud rate divider operating from the master
clock oscillator provides the various baud rates for the 1/0
devices with crystal accuracy. No adjustments necessary to
lock everything in at the proper frequency.

Tri-state bi-directional buffers on all data lines, address lines
and clock lines on ALL boards. Insures trouble free noise
immune operation.

Very complete. Our own notebook, plus the ‘“Motorola®
Programming Manual and Applications Manual. Detailed
instructions along with sample programs help you to under-
stand programming. You will be ready and able to write your
own programs after mastering these instructions,

$395.00 For the whole thing. You get the case, power sup-
ply, processor 2K word memory and serial interface,
No extras to buy. Just connect a terminal and start
operating,

Some are almost as good in one respect or another,
None can offer all of the features of a real MC6800.

Various types available. Often not included in the
basic kit, and must be purchased as an extra cost
option, (this is an option?)

Some expand more than others with the supply
provided, Check carefully.

Varies from 0" to 16, or maore.

Anything from switch and status light to automatic
ROM loading. |f ROM is not a standard part, the
software may be unique to that machine,

Anything from cheap dual monostable systems to
crystal control. Crystal oscillators are best. Dual
one-shots can develop phase overlap problems and
are more susceptible to noise problems.

Various—from full buffering to almost no buffering.
Lack of full buffering can lead to noise problems.

As we said—COMPARE.

® Registered Trademark Motorola

W/Mﬂff/ﬂmm,._

to believe.

yet.

COMING ATTRACTIONS

CASSETTE INTERFACE—Our new AC-30 will make it possible to load and
dump programs to cassette tape using ordinary inexpensive recorders.
Uses the standard “Kansas City" recording format for compatibility.

LINE PRINTER—AL last—hard copy at a reasonable price. Our new PR-40
printer will print program listings, or any other material you might want
to keep in printed form. A dot matrix printer at a price you are not going

GRAPHICS TERMINAL—A universal—works with any computer—graphics
terminal. With this connected to your computer you can play games in
style. May be used with our
numerics on the screen simultaneously.

PLEASE—Don't call or write. We will have details on these projects in our next
ad. Government regulations prevent us from giving prices, or taking orders

SOFTWARE—The flood is near. Editor and assembler now available, BASIC
and more games right away. Yours for the cost of copying. WE DON'T
SELL SOFTWARE—WE GIVE IT TO YOU. ENJOY IT, COPY IT, WE
WON'T COMPLAIN. ..

CT-1024 to put both graphics and alpha-

Bl Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284

More Details? CHECK--OFF Page 126
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keyer modification

Many CW operators who use elec-
tronic keyers prefer a single-shaft paddie
of the non-iambic variety, such as the
Vibro Key. As they develop their speed
level and go to close spacing on the
paddle, many operators notice the
effect of paddle bounce when using key-
ers with dot memory.

What happens is that after the opera-
tor strikes the paddle for a dash, the
return motion of the paddle overshoots
and causes the dot mechanism to close
momentarily, which sets the dot
memory. This, in turn, generates an un-
expected (and unwanted) dot.

Careful adjustment of the paddle will
minimize this effect, but it will still
occur whenever the dash side is firmly
hit. This is not, perhaps, a problem for
the operator with a precise fist, but not
all of us meet that description, and the
extra bounced dot is very disturbing.

The cure is relatively simple and can
be utilized with any TTL keyer. | have
installed the circuit in fig. 1 in both a
Data Signal 21B keyer and a keyer built
around the new Curtis keyer chip, and

TO DOT TO DASH
ENTRY ENTRY +5v

ci
74121
4| 10 T eF
5|

=

-—
poT DASH

KEYING
PADDLE

fig. 1.
dots from being generated by paddle contact
bounce (in keyers with dot memory).

Simple circuit eliminates erroneous
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in both cases the bounce problem was
cured.

The circuit uses a 74121 monostable
multivibrator and a 7432 AND gate.
The output of the 74121 stays low if
the paddle is not in use, if dots are being
sent, or if dashes are being sent. How-
ever, as soon as the dash paddle is re-
leased, the transition from the low to
high state causes the 74121 to transmit
a high level pulse of short duration to
the AND gate. The duration of the
pulse is controlled by the values of R1
and C1.

When either of the inputs to the
AND gate is in the high state, the out-
put of the gate stays high so the paddle
cannot transmit a dot into the dot
memory, The duration of the pulse
from the 74121 is selected so that it is
only long enough to block a dot caused
by the dash bounce from being placed
in the dot memory. The duration of the
pulse is short enough that the operator
cannot possibly ‘“‘reverse fields'" with his
hand fast enough to lose a dot he inten-
tionally sends.

In fact, with the circuit installed, the
only change the operator will notice is
that he no longer sends erroneous dots
which are caused by the key bounce.
Installation in any TTL or CMOS keyer
is very simple -~ the keyed lines from
the paddle are fed through the circuit
and connection is made to the +b volt
line. (It should be noted that some
CMOS keyers use voltages other than 5
volts, in which case this circuit will not
work).

The values of R1 and C1 shown in
the circuit were determined experi-
mentally, and should work fine. If you
notice any blocking of intentional dots,
either R1 or C1 should be reduced in
value until the problem disappears.

Bob Locher, WOKNI

Collins
KWM-2/ KWM-2A
modifications

Over the years the Collins KWM-2
and KWM-2A ssb transceiver has under-
gone a humber of modifications, some
of which were made during the period
the unit was used in military service.
Available through MARS libraries, and
possibly the Government Printing Of-
fice, is an Air Force Technical Manual
that lists over 50 modifications to the
KWM-2/KWM-2A along with expanded,
fold-out diagrams of the circuitry which
are a great improvement (over the
amateur-style instruction manual) for
the bifocal crowd.

Of interest to all KWM-2/KWM-2A
owners is a simple modification that
consists of adding a 0.01 uF, 400-volt
capacitor from the screen (pin 8) of the
6EB8 audio amplifier to ground. This
eliminates an ultrasonic oscillation that
caused increased noise and audio distor-
tion in some models.

The title of this technical manual is:
TO-31R2-4-183-3. KWM-2A Transceiver.
It also covers changes to the 30L-1 and
30S-1 rf amplifiers. A second technical
manual of interest to KWM-2/KWM-2A
owners is TO-31R2-4-183-2 entitled,
Technical Manual (Service] KWM-2A
Transceiver. 1t also covers the previously
mentioned amplifiers. This publication
provides detailed alignment instructions
for the transceiver and linear amplifiers.

William 1. Orr, W6SAI

IC holders

A convenient method for storing in-
tegrated circuits in your parts cabinets is
to line the bottom of the drawers with
3/8 inch {1cm) of the polyfoam packing



material used to ship electronic equip-
ment. Push the IC leads into the soft
material, keeping the ICs in neat rows
and all facing the same direction. This
way you can see at a glance which cir-
cuits you have in stock and keep them
damage free.

Gary L. Tater, W3HUC

receiver incremental
tuning for the
Heath SB-102

A limited amount of receiver incre-
mental tuning (RIT) may be obtained
with the SB-102 quite easily. | own a
unit with the transistorized linear mas-
ter oscillator (LMO). At the rear of the
LMO is a terminal marked FSK. Unless
you are operating RTTY (which does
not appear to be recommended in the
SB-102 manual) with genuine FSK, this
terminal is not used. However, it will
provide up to a 1 kHz shift in frequency
when directly grounded. By using the
circuit shown in fig. 2, plus or minus
400-500 Hz shift may be obtained. As

FSK

SR2 RIS
CAL 247k 10k S+ RLT
OFF oN
o

fig. 2. Receiver incremental tuning (RIT) cir-
cuit for the Heath SB-102 makes use of the
built-in FSK circuit. R1 and R2 are added
components.

shown, the circuit provides a useable
amount of RIT which is convenient for
netting ssb signals. When used in con-
junction with the optional 400 Hz CW
filter, it really shines.

The calibration resistor, R2, provides
an essential mid-point setting and, with
R1 centered, a beat note should be of
equal pitch. A 10k multiturn pot could
be used at R2 if extreme accuracy is
desired. The dial calibration will shift
approximately 400-500 Hz, but this is
easily restored by the zero-set knob.
The LMO shaft may be slipped slightly
if you're finicky.

Paul K. Pagel, K1KXA

repairing R390
rf transformers

The rf transformers in the R390 and
R390A receivers can be used for more
than one band. The tuning ranges are:
05tc1, 1to2,2to4,4to8, and 8 to
16 MHz. If there is a loss of sensitivity
on some bands, or there is difficulty in
obtaining proper alignment, here is a
trouble to look for. It is more common
in the R390 but may also show up in an
R390A. In several first rf transformers |
have found that the tuning core sticks
because of lumps on the inside of the
coil form. This is quite easy to check
for.*

Look carefully at the rf tuning-slug
racks as the mechanism tunes through
its complete range on the band in ques-
tion (or check them all as a precaution).
The racks should move up and down
smoothly. Check several times from dif-
ferent angles. Also check by pulling
them up and down by hand while at the
bottom of their range. Look for one end
pushing up or causing the rack to devi-
ate from the horizontal.

If you think there is trouble, it is
easy to verify. Carefully remove the
springs from each end of the slug rack
and hang them out of the way under
tension (use a bent paper clip). If you
let go of the spring it can drop down
inside the set and will be difficult to
retrieve and reconnect. Lift up on the
rack and it will come out quite easily.
(When putting the rack back, work
slowly, as it is easy to chip the edges of
the coil forms when reinserting the
tuning cores). When the rack has been
removed, shine a light down inside the
coil form and look at the side. Lumps
show up immediately.

If you have this trouble it is easy to
fix, but it must be done with care or the
coil form will break. To remove the rf
transformer, insert a Phillips screwdriver
into the two little holes on the top of
the transformer case and loosen the two
captive screws. Then wiggle the trans-
former loose as you pull up. It may help
to pry gently with another screwdriver.

*While the coils described are those for the
Collins R390 and R390A series of receivers,
there are many surplus and commercial re-
ceivers which use similar permeability-tuned
mechanisms that might be susceptible to the
same .problem. The repair technique described
here could be easily adapted to other, simifar
tuning mechanisms.

Don‘t back off on the captive screws
any more than you have to. They can go
past the point of releasing the trans-
former, come out of their mounting
threads and rattle around loose inside
the case. If this happens, take the top
off the transformer and use a pair of
needle nose pliers to hold the screws in
position while you rethread them back.

To repair the coil form you have to
remove the lumps from the inside. They
appear to be bubbles of varnish or what-
ever finish was applied to the coil by the
manufacturer. The first thing to do is to
strengthen the coil form. To do this,
spread several layers of E/mer’s Glue-all
on the outside of the form. Be sure each
layer has plenty of time to dry; leave it
overnight. This will give added strength
to the form and coil and help keep
either from breaking.

Next, go to work with your box of
electric drill bits. Start with 13/64 inch
{6mm). Gently insert it into the coil
from and twist it by hand to begin
removing the crud. When that cuts
through, use a 7/32 inch (5.5mm) bit
and do the same thing. Finish up with a
1/4 inch (6.5mm) bit. This will take
most of it off.

Now make a tube of emery paper
(fine sandpaper might work) long
enough to reach to the bottom of the
coil form and still leave a hand hold.
Insert that into the coil form. Take a
drill bit thin enough to slip easily inside
emery paper but thick enough to give it
support. Twist the emery paper around
inside the coil form, moving it up and
down at the same time. This will
smooth off the inside again.

The thing to watch out for here is
that you don’t chip the top edge of the
coil form. If it is chipped or looks about
ready to go, it can be strengthened with
a thin strip of typewriter paper, spread
with E/mer’s Glue-all, wrapped a few
turns around the outside of the coil
form top.

Every so often, remove the drill and
emery paper and try the tuning core
back inside. It should move up and
down the entire length of the coil form
without binding. When you have com-
pleted the operation, clean out the
emery and coil form dust by blowing or
using a pipe cleaner. Before you put the
slug rack back in the set, give the inside
of the coil forms and the tuning cores a
squirt of silicon spray.

Alexander MacLean, WA2SUT
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9.0 MHz CRYSTALS (Hc25/u)

Use your 2 meter
the addition of

CRYSTAL FILTERS

DISCRIMINATORS

XD9-01

XF9-A 2.5 kHz SSB TX $31.95 XF900 9000.0 kHz Carrier $3.80
XF9-B 2.4 kHz  SSB RX $45.45 XF901 8998.5 kHz USB  $3.80 XD9-02 LIO kHz NBFM $24.10
XF9-C 3.75 kHz  AM $48.95 XF902 9001.5 kHz LSB $3.80 XD9-03 12 kHz NBFM $24.10
XF9-D 5.0 kHz AM 48.95 XF903 8999.0 kHz BFO $3.80
XF9-E 12.0 kHz NBFM 48.95
XF9-M 05 kHz  CW $34.25 F-05 Hc25/u Socket .50 Export Inquiries Invited
XF9-NB 0.5 kHz $63.95 Shipping $1.00 per filter
Model MMv432 MMv432ZM  MMv432H MMv1296 MMv1296H
High Power (H) models also
Frequency Range available as matched pair.
Output (MHz) 420 to 450 1260 to 1350 Pre-aligned broad band design.
Input (MHz) 140 to 150 420 to 450 No power supply required.
Input Power, max. 30 w, 50 W. 70 W, 20 W. 35 wW. 1147 x 24" x 4Y4* plus connectors.
Dutput Power, Heat sink on 432M and 432H.
at maximum input Wit X et
Typical 20 W. 30 W. 40 W. 14 W. 23 W. rite for detailed specifications.
Minimum 18 W. 25 W. 35 wW. 12 W. 20 W.

146 <«<—> 440 FM TRANSVERTER

FM Transceiver on the 440 MHz band with
the FMt440 TRANSVERTER. No changes

required to your 2 meter Transceiver. Connect
FMt440 in place of regular 2 meter antenna.
. Connect 2 M and 440 antennas (also 12 v) to
FMt440. Change bands automatically with switch

FM1t440 Specifications:
Transmit Section

Receive Section

General

Price $179.95

Drive Power 25 watts max

Efficiency 50% typical

Sensitivity 0.5 uvoit

Gain 22 dB nom

Bandwidth 5 MHz

Freq. Range 430-450 MHz
145-150 MHz

Shipping $3.0

K.V.G.

9.0 MHz DlSCBiM!NR‘I’ORS

5 kHz RTTY $24.10

on FMt440.

SPECTRUM INTERNATIONAL,
(™ " . - - ———

I ' I
“MINI-PORTABLE” DIPOLE KIT

I Mounts vertical or horizontal - Electrical ¥2 wave length
For mast, windowsill, boat, mobile home, or auto

Quick erect - Up to 500 watt PEP. Hi-Q resonators
I Tuneable tip rod - 15' approximately length e

I 40 or 20 meter band modlels | $39.95

ENCLOSURES
* Wired with clear, easily lighted W.E. pad
(ready to use) $49.95

+ BASE
$6.95

12BE

16 Digit Min. Encoder
Wired w/Motorola Chip

PW
16MPWE (enclosed)

All prices PREPAID shipping Cont'l USA

I KiNG PRODUCTS

(Dealer Inquiries Invited)
P. 0. BOX A, LOMITA, CA 90717  (213) 534 - 4402
[ . . 1 1 B |

82 august 1976

Repeater Groups write for details. Apphcation note available.

INC. P. 0 BOX 1084 CONCORD, MASS. 01742 US.A.

K-ENTERPRISES

o~

L Lr Rl LT

o caxmmE» @

‘E & ORTIRPRISES (REQUINCY COUMTLR MODIL 414

MODEL 4X6C
50 HZ—250 MHZ

300 and 500 MHZ PRESCALERS
FREQUENCY STANDARDS
MARKER and PEAKING GENERATORS
POWER SUPPLIES AMPLIFIERS

WRITE FOR FREE CATALOG

T
)\‘(\‘U
BANKAMERICARD.

weleome fierw

Phone:

master charge
405-273-9024

THE INTERBANK CARD

K-ENTERPRISES

1401 N. Tucker Shawnee, Okla. 74801

More Details? CHECK—OFF Page 126



AT NIGHT

It's ingenious, it's simple and it makes
every other digital watch obsolete. Scientists
have perfected a digital watch with a self-con-
tained automatic light source—a major scien-
tific breakthrough.

SELF-CONTAINED LIGHT SOURCE

The Laser 220 uses laser beams and ad
vanced display technology in its manufacture,
A glass ampoule charged with tritium and
phosphor is hermetically sealed by a laser
beam. The ampoule is then placed behind the
new Sensor CDR (crystal diffusion reflection)
display.

The high-contrast CDOR display shows the
time constantly—in sunlight or normal room
light, But, when the room lights dim, the
self-contained tritium light source automati-
cally compensates for the absence of light,
glows brightly, and illuminates the display.

No matter when you wear your watch—day
or night—just a glance will give you the
correct time. There's no button to press, no

special viewing angle required, and most
important, you don’t need two hands to read
the time.

—

Replace the battery yourself by just opening
the battery compartment with a penny.
Free batteries are provided whenever you
need them during the five-year warranty.

A WORRY-FREE WATCH

Solid-state watches pose their own prob-
lems. They're fragile, they must be pampered,
and they require frequent service. Not the
Laser 220. Here are just five common solid
state watch problems you can forget about
with this advanced space-age timepiece:

1. Forget about batteries The Laser 220 is
powered by a single EverReady battery
that will actually last years without replace-
ment—even if you keep the 220 in complete
darkness. In fact, JS&A will supply you with
the few batteries you need, free of charge,
during the next five years. To change the
battery, you simply unscrew the battery
compartment at the back with a penny and
replace the battery yourself.

2. Forget about water Take a shower or go
swimming. The Laser 220 is so water-resistant
that it withstands depths of up to 100 feet.

3. Forget about shocks A three-foot drop
onto a solid hardwood floor or a sudden jar.
Sensor's solid case construction, dual-strata
crystal, and cushioned quartz timing circuit
make it one of the most rugged solid-state
quartz watches ever produced.

4. Forget about service The Laser 220 has
an unprecedented five-year parts and labor

" SUNLIGHT

warranty. Each watch goes through weeks of
aging, testing and quality control before
assembly and final inspection. Service should
never be required. Even the laser-sealed
light source should last more than 25 years
with normal use. But if it should require
service anytime during the five year warranty
period, we will pick up your Sensor, at
your door, and send you a loaner watch while
yours is repaired—all at our expense.

5. Forget about changing technology The
Sensor Laser 220 is so far ahead of every
other watch in durability and technology that
the watch you buy today, will still be years
ahead of all others.

THE ULTIMATE ACHIEVEMENT
Other manufacturers have devised unique
ways to produce a watch you can read at a
glance. The new $300 LED Pulsar requires a
snap of the wrist to turn on the display, but
the Pulsar cannot be read in sunlight. The new
$400 Longine’s Gemini combines both an
LED and liquid crystal display. (Press a
button at night for the LED display, and view
it easily in sunlight with the liquid crystal
display.) But you must still press a button to
read the time. All these applications of
existing technology still fail to produce the
ultimate digital watch: one you can read
under all light conditions without using two
hands. Until the introduction of the Sensor.

PLENTY OF ADVANCED FUNCTIONS

Sensor's five time functions give you
everything you really need in a solid-state
watch. Your watch displays the hours and
minutes constantly, with no button to press.
But depress the function button and the
month and the date appear. Depress the
button again and the seconds appear. To
quickly set the time, insert a ball-point pen
into the recessed time-control switch on the
side, It's just that easy.

Sensor’s accuracy is unparalleled. All
solid-state digitals use a quartz crystal. So
does the Sensor. But crystals change freq
uency from aging and shock. And to reset
them, the watch case must be opened and an
airtight seal broken which may affect the
performance. In the Sensor, the crystal is first
aged before it is installed, and secondly,
it is actually cushioned in the case to absorb
tremendous shock. The quartz crystal can
also be adjusted through the battery compart

laser-sealed tritium and
phosphor light source is a thin solid-state tube

The new exclusive

that automatically illunvwnates the display

when the lights dim.

Announcing Sensor’s new Laser 220—
the first really new innovation
in digital watch technology.

Laser Beam
Digital Watch

Never press another button, day or night,
with America’s first digital watch that
glows in the dark.

Would you do this
with your solid-state
watch? Of course not.
Most solid-state watch-
es require care and pampering but not the
Sensor. You can dunk it, drop it and abuse it
without fear during its unprecedented five-
yvear parts and labor warranty.

ment without opening the case. In short,
your watch should be accurate to within 5
seconds per month and maintain that accura
cy for years without adjustment and without
ever opening the watch case.

STANDING BEHIND A PRODUCT

JS&A is America’s largest single source of
digital watches and other space-age products.
We have selected the Sensor Laser 220 as the
most advanced American-made, solid-state
timepiece ever produced. And we put our
company and its full resources behind that
selection. JS&A will warranty the Sensor
(even the batteries) for five full years. We'll
even send you a loaner watch to use while
your watch is being repaired should it ever
require repair, And Sensor's advanced tech
nology guarantees that your digital watch will
be years ahead of any other watch at any
price.

Wear the Laser 220 for one full month. If
you are not convinced that it is the most
rugged, precise, dependable and the finest
quality solid-state digital watch in the world,
return it for a prompt and courteous refund.
We're just that proud of it.

To order your Sensor, credit card buyers
may simply call our toll-free number below
or mail us a check in the amount indicated
below plus $2.50 for postage, insurance and
handling. (Illinois residents add 5% sales tax.)
We wurge you, however, to act promptly
and reserve your Laser 220 today.

Stainless steel w/leather strap . ... .. $129.95

{Add 510 for matching metal band)

Gold plated w/leather strap. ....... $149.95

{Add $10 for matching metal band)

o) INNATIONAL
@)

Dept. HM JS&A Plaza
Northbrook, Illinois 60062
CALL TOLL-FREE .. 800 323-6400

In Nlinois call . . . .(312) 498-6900
©JS&A Group, Inc., 1976
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ELECTRONIC KEYER
MODEL 10 B

Reed relay output (1 amp,
250V, 20VA). 10-30 WPM @
6V-DC supply, 12 MA drain
15-45 WPM (@ 9V-DC supply.
15MA drain, 3 MA idle current
drain. Fixed spacing. Dots
1:1, Dash 1:3. Self-complet-
ing Dot/Dash. Manual dash in
tune position. (Batteries not
included.) Use the Model 10B
Keyer with your paddie or our

PADDLE

MODEL 118

Dit/Dah travel adjustment
No mechanical switches. No
bearings to fail. Paddle as-
sembly weight is 1.5 pounds
Reversible Dit and Dah
connections. Rubber feet
Damping on paddle operator
lever. Feather glide paddle
movement

CW TRANSMITTER
MODEL 5

15 watts input. Full break-
in keying. All solid state
Crystal control. 160, 80 or
40M plug-in coil. Zener reg-
ulated chirpless keying. Has
built-in 120 Vac power sup-
ply. OPTIONS: Built-in keyer
and/or sidetone. Paddle
Model 11B is compatible with
built-in keyer option

ELECTRONIC KEYER WITHPADDLE

MORSE-1835
MODEL 12

C-MOS circuitry. Solid state
output switch. (250V, 1 AMP
MAX.) 8-45 WPM. Fixed
Spacing. Dot 1:1, Dash 1:3
Self-completing Dot/Dash
No on/off switch required
Sidetone has 2-inch speaker
Paddle travel adjustment.
Rubber feet. 4 penlight
batteries (not included)

Your Next Purchase.

|

SPEECH PROCESSOR
MODEL G A

200K/500 OHM inputs. PTT
on connector. Instantaneous
attack and release. 2, 9V-DC
batteries (not included)

1.5 MA drain. Frequency is
+-1/2 db., 300-3000 Hz
Process gain control has an
infout switch. The process
threshold is: 1.5 MV-RMS
(HI-Z). 400 micro V-RMS
(LO-Z). Output voltage 100

THE WORLD AT YOUR FINGERTIPS!

MODEL 11BW assembled $11.95 | MODEL 50K (Kit)

Model 118 matching paddie MV-RMS nom

MODEL 10BWA KEYER with $49.95 | MODEL 12 assembled  $49.95 | MODEL 60AW assembled $29.95
Sidetone assembled $39.95 | MODEL 11BK (Kit) § 8.95| MODEL 50W (Wired) $69.95 | Ship. Wi. 2 Lb., add § 1.35 | MODEL 6DAK (Kit) §23.95
MODEL 10BW assembled $29.95 | Ship. Wi. 2 Lb., add $ 1.35| Add-on options: [ Ship. Wi. 1 Lb., add §1.00
MODEL 10BK (Kit) §23.95 SIDETONE 200-21 Kit § 5.95 | (PA RES. ADD 6% SALES TAX)

200-2K PC BOARD KIT  $14.95 | (PA RES. ADD 6% SALES TAX) 200-21 Wired § 8.95 | (PA RES. ADD 6% SALES TAX)
200-3K SIDETONE KIT $ 595 KEYER 200-22 Kit $13.95 |

Ship. Wi 1 Lb., add $ 1.00 200-22 Wired $18.95

Ship. Wt. 4 Lb., add $ 2.10
(PA RES. ADD 6% SALES TAX)

(PA RES. ADD 6% SALES TAX)

A.

RD-1+BOX 185A « FRANKLIN, PA.16323
TELEPHONE (814)432-3647

SEND FOR CATALOG & DEALER LIST.
ORDER FROM DEALER OR DIRECT.
FOR U.P.S., C.O.D SHIPMENTS-ADD 85¢

(All units come with 40M plug-
In coil uniess otherwise
specified . (Additional coil
kits $3.95 each postpaid.)

=

6 digit AUTOMOTIVE CLOCK KIT complete
with a CRYSTAL TIMEBASE accurate to .01
percent, 12 volts d.c. operation — built in noise
suppression and voltage spike protection. Read-
outs blank when ignition is off — draws 25 mA in
standby mode. Has .3 in. readouts. Use it in your
car or for all applications where a battery-operated
clock is needed. Approximate size 3" x 3.5" x
1.76"

ME-3 microminiature tone encoder

Compatible with all sub-audible tone systems such as: Private Line
Channel Guard, Quiel Channel, elc
* Powered by 6-16vdc, unreguiated
= Microminiature in s fit inside all mobile units
and mosi portable
= Field replaceable, ph n, frequency determining slements
. = Excellont Irequoncy o cy and lemperature stability
. % Dutput lovel adjus' men! potentiomater
Low distorion $newave oulput
Availablein alFE1A 10ne Irequencies, 67.0 Hz-203.5 Hz
offipiate immunity lo AF
Ritures polarity prolection built-in

WITH BLACK PLASTIC CASE $34.95 ppd.
WITHOUT CASE $29.95 ppd.
ASSEMBLED AND TESTED $45.95 pod.

CMOS CRYSTAL TIMEBASE KITS with ,01
3 percent accuracy. 5-15 v.d.c. operation, Draws
only 3 mA at 12 volts, Single 1.C. — very small
size — the P.C. board is 7/8” x 1-5/8". Choosea ||
main output of 50 or 100 Hz,, 60 Hz., 500 or
1000 Hz., or 1 Hz, Several related frequencies are
also available on each board, in addition to the
main ones listed above. Be sure to specify the
Frequency you want. All kits are $10,95 ppd.

fettsmcsnaa

Flyer available —

WIEXUS

i K1 FIELD AEPLACEABLE.
TRADING CO. ©20%50sch  commenioalions specialits K17ELD MRACEN
Wirnd ard taslnd, compiete with P, S 00 I DETERMINING ELEMENTS
K1 abemani BREA CALIFORNIA 92621
(14) 9983001

94578

Box 3357 San Leandro, Ca
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HOW’S YOUR BIRD??

WATTMETER THAT IS . . .

IF YOU HAVE BEEN HAVING DIFFICULTY LOCATING THE WATTMETER

JUST RIGHT FOR YOU OR IF YOU CAN'T FIND THE CORRECT ELEMENT FOR YOUR MODEL 43, YOU
MAY HAVE BEEN LOOKING IN THE WRONG PLACES. OUR LARGE INVENTORY OF MOST COMMON
ELEMENTS LETS YOU GET WHAT YOU WANT WHEN YOU NEED IT. GIVE US A CALL FIRST FOR YOUR

MODEL

BIRD NEEDS.

PLUG-IN ELEMENTS for use with Model 43 THRULINE Wattmeter.
Select one or more elements to suit your frequency and power
ranges. When ordering, specify catalog number and THRULINE
maodel number.

Table |

STANDARD ELEMENTS (CATALOG NUMBERS)

43

Freguency Bands (MHz)

$110.00

ELEMENT TABLE 1 SUFFIX H
SUFFIXES A, B, C,
ALSO AVAILABLE .

FOR MODEL 43 .

$40.00 ea.
2 ] o .$35.00 ea.
. . MODEL CC1, CARRY CASE
$22.00

EC-1, CARRY CASE FOR XTRA ELEMENTS $14.00
ABOVE PRICES DO NOT INCLUDE SHIPPING.

BIG, BIG SELLER
AT DAYTON!

PROFILE

1/16" STROKE

This very popular item at the 1976 Dayton
Hamvention is NOW OFFERED TO YOU at
these low prices. Incorporates the ideal
“tactile feel” leaving no doubt that contact
has been made. These NEW keyboards, man-
ufactured by THE DIGITRAN COMPANY, are
furnished with instructions for combining
with a MOSTEK or MOTOROLA chip and
a crystal (plus several small components) to
become a Tone Encoder.

12 Key (2 of 7 Matrix) 2" x 2.7" x 5/16"

16 Key (2 of 8 Matrix) 2.8” x 2.7" x 5/16"
ey (2 o rix $10.00

Please add 75¢ Shipping/Handling

$8.00

Uses inexpensive 3.58 MHz
Crystal

Dual tones mixed internally
no external mixing circuitry
required.

Constructed from CMOS
for RF immunity

Transmitter switching
transistor on chip

Completely compatible with
Digitran keyboard

Typ. 5 external components
req'd (incl. crystal)

Only $9.00

plus 75¢ Shipping/Handling

SPECTRONICS, INC.

1009 GARFIELD

OAK PARK, IL. 60304

312-848-6777

TELEX 72:8310

More Details? CHECK—OFF Page 126

Power
Range

Ed
" 123 130

58 5C
108 10C
258 25C
508 50C
1008 100C

2508 250C
5008 S00C
1000C

50
100
250
500

5 watts

10 watts
25 watts
50 watts
100 watts
250 watts
500 watts
1000 watts
2500 watts
5000 watts

SA
10
258
504

1004
2507
500A

2500
5000

10008 10000

NOW
AT SPECTRONICS
Full Line

Deniron_

including:
® 160-10 mtr Super Tuner

® 160-10 mtr Super Super
Tuner

® 160-10 mtr Super Amp
1 KW CW, 2 KW PEP for
less than $500.00

® 20 mtr Trim-Tenna
2 el. beam with 814 foot
turning radius.

HOURS

STORE HOURS:

Mon-Thurs 9:30-6:00, Fri. 9:30-800
Sat. 9:30-3:00, Closed Sun. & Holidays.
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SWAN METERS HELP YOU
GIVE IT YOUR ALL

SWR Bndge mr 21 95 VSWR from 3.5 MHz to 150 MHz on 100 s
- microampere meters. ideal for moblle
@ wan,

Our little dual meter SWR bridge indi- or home operation with low

cates relative forward power and SWR  insertion loss. ELECTRONICS

simuitaneously. Use your Swan credit card. Applica- A subsidiary of Cubic Corporation
The unit is capable of handling up tions at your dealer or write to Swan. 305 Airport Rd. Oceanside, CA

to 1000 watts 92054 (714)

and will indicate
1:1 to infinity

O Swanw
ELECTRONICS
5

whiy
sy,

e
7,
%

'f'u||u\\\\

N\

- __‘.\\lhlf’,
=

(Prices FOB Oceansioe CA)

757-7525

GREGORY ELECTRONICS
The FM Used

=  Fquipment People.
SUMMER SPECIALS

MOTOROLA,
SOLID STATE
MONITOR
RECEIVER
MO1CNB

1101A, 30-42 MHz 12 V.D.C. and 110

VAC all transistorized, single freq. receiver
with A.C. power cord. May be used as a single tone
alerting receiver (decoder presently on 2250 Hz). Can
also be used as a mobile (12 volt Neg. GND.) with the
addition of D.C. power cable NKN6123A (available from

Motorola). __$98.00
For tuning from 30-42MHz, add 95 00

MOTOROLA 450 MHz
“MK"” LLM.T.S.

12 frequency dial control heads
(less mounting bracket) $75.00
Power/Control cable for above

unit $25.00
GREGORY ELECTRONICS CORP.

245 Rt. 46, Saddle Brook. N.J. 07662
Phone: (201) 489-9000

.

- Cum reoRUET) - w

FINELY, A SYSTEM TO MEASURE THE PERCENT
OF QUIETING IN FM RECEPTION. ACCURATE AND
CONSISTENT PERCENT QUIETING REPORTS PLUS
FINE TUNING FM RECEIVERS AND ANTENNA
SYSTEMS MAKES THIS A WINNER! THIS PIECE OF
GEAR IS A MUST FOR THE SERIOUS VHF'ER.

FQ-A assembled $65. FQ-A KIT $48.

Fo FD-21

A 2 METER FREQUENCY DEVIATION METER AT ITS
BEST STABLE, ACCURATE AND EASY TO
OPERATE. MULTI-RANGE FOR WIDE OR NARROW
FM DEVIATION. SUPPLIED WITH BATTERY AND
146.94 XTAL (other freq avail)

FD-2 assembled $85. FD-2 KIT $74.

SORRY - NO COD’'S CALIF. RES ADD 6% TAX
CHM products inc.
p.o. box 6193

san bernardino, california 92412
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M exclusive 2" way

mueri- Ut

Now ... continuous, sequential monitor-
ing of your favorite four repeaters or
fixed/mobile stations ... safely conve-
niently ... eyes on the road.

Four channel scanning both receive
and transmit. A transmit control crystal,
selected for simplex or repeater duplex
as required, switches with each elec-
tronically-scanned position. Just flip the

All solid-state . .. no tubes.

Double conversion receiver.

Two stage crystal filter.

Two RF stages w/dual gate MOS FET.
Fractional microvolt sensitivity.
Sensitive squeich w/0.5uV threshold.
RIT for receiver 5 kHz.

Multi-function metering: Power out/"S"
units. Also switchable to FM centering.

MULTI-11 TRANSCEIVER

Freq.: 144-146MHz (or 146-148MHz)

Channels: 23, manually switchable, 4, auto-scan
Freq. control: Quartz crystals. External VFO or
synthesizer input

$325

channel
scan

plus 23 fixed channels

“manual” toggle and break in.

In addition ... both Multi-11 and U-11
also give you 23 switchable, crystal con-
trolled transmit and receive channels.

Compare prices, operating features
(many exclusive) of either transceiver
with any other available. You'll find the
KLM feature-per-dollar ratio very hard
to beat.

e Auto or manual scan (Four channels),
transmitter and receiver.

o NBFM, 10W output (switchable to 1W)

» Protective circuit for output transistor.

e Available solid-state amplifiers boost
output 70-160 watls.

» Tone osc. w/sw. For test, control, etc. MULTI-7,
e 13.5VDC negative ground. b
e Compact: 2.2"'(56mm)H, 6.417163mm)W, FULL-FEATURED

9°(230 mm) D. Wgt: Approx. 4.4 Ibs(2KG). COMPACT, LOW PRICE,
MULTE-U-11 2-METER
Freq.: 420-450MHz (any 4MHz segment) TRANSCEIVER

Channels: 23, manually switchable, 4, auto-scan
Freq. control: Quartz crystals. External VFO or
synthesizer input

$379

i

I(I,M electronics Eachrs et ) e Lo

receiver. Mobile. 13.5VDC 3239
17025 Laurel Road, Morgan Hill CA 95037 (408) 226-1780, (408) 779-7363

More Details? CHECK—OFF Page 126
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products

programmable cw
identification kit

With the new CW ID kit offered by
VHF Engineering, you can build a com-
plete identifier for commercial or ama-
teur repeaters in about one evening. The
CW 1D kit uses high-grade components
and comes complete with a drilled
epoxy-glass circuit board and program-
ming diodes.

Sufficient diodes are included to
allow you to program virtually all re-
peater calls. To program, all you do is
solder the appropriate diodes directly to
a matrix on the PC board furnished. The
diodes are mounted on the board in a
straight-line fashion: three diodes for a
dash, one for a dot, and none for a
space. Programmed calls can be changed
easily by rearranging the diodes. You
can program the board for either CW or
RTTY, which means added flexibility.

The CW ID kit is available for $39.95
plus postage; wired and tested it's
$49.95 plus postage from the manu-
facturer. Drop a note to VHF Engineer-
ing, 320 Water Street, P.O. Box 1921,
Binghamton, New York 13902 for more
information, or use check-off on page
126.

vhf wideband
preamplifier

Twin-output preamplifiers are some-
thing new offered by Spectrum Inter-
national for the vhf buff. Designated

88 august 1976

MMa50, MMa144, and MMa220 (for the
50-, 144- and 220-MHz bands), these
preamps feature two untuned stages
with twin outputs for feeding two
independent receivers, The preamps are
built on a glass-epoxy G10 PC board,
which is mounted in a standard die-cast
aluminum box. Gain and noise figure
are quite respectable as shown in the
following table:

MMa50 MMal144 MMa220
freq range, MHz 50-54 144-148 220-225
nominal gain, dB 20 16 15
noise figure,dB 2.5 28 34

Power requirements are 12 volts dc
at 20 milliamperes; size is 1% x 2% x 4%
inches (32x64x114mm). The specifica-
tions apply to a 50-ohm input-output
system. The MMa50 and MMa144 sell
for $29.95 each; the MMa220 for
$34.95. Add $1.00 shipping charge for
each unit. Write Spectrum International,
P.O Box 1084, Concord, Massachusetts
01742 for more information, or use
check-off on page 126.

rf wattmeter

The trend today in radio transmitters
is to have a wattmeter in the transmis-
sion line feeding the antenna. The
model LPM-880, a new product by
Leader Instruments Corporation, is a
direct-reading wattmeter that measures
radio-frequency power in the 0.5-120
watt range. Power range is selectable by
front-panel pushbuttons. Also included
is a dummy load for off-the-air power
measurements. You can use the
LPM-800 for measuring power loss in
low-pass filters and coax cables as well
as transmitter output. It's supplied with

a sturdy tilt stand for easy reading. In-
put impedance is 50 ohms.

The LPM-880 is priced at $149.95. If
you'd like more information contact Pat
Redko, Leader Instruments Corpora-
tion, 151 Dupont Street, Plainview,
Long Island, New York 11903 or use
check-off on page 126.

power modules for
mobile transmitters

Two new vhf rf power modules de-
signed for mobile or marine transmitter
applications are now available from
TRW Semiconductors. The modules,
designated MV20 and MV30, provide in
excess of 20 watts and 30 watts output
power respectively across the 140-175
MHz band. The modules operate from
standard 12-volt automotive supplies
and withstand infinite vswr at any angle,
with 2 dB overdrive and 16 volts dc
applied. The modules also feature
50-ohm input and output impedances,
more than 20 dB gain, and are stable
when operating into load vswrs as high
as b:1.

When compared to discrete compo-
nent designs, these modules offer signifi-
cant savings in size as well as cost of
design, production, and repair. Small
quantity pricing is $39.50 for the MV20
and $41.50 for the MV30. For further
information, contact Sales Manager,
Mobile Products, TRW RF Semiconduc-
tors, 14520 Aviation Blvd., Lawndale,
California 90260 or use check-off on
page 126.

loudspeaker for voice
communications

The Kriket? model KC-55 speaker,
new from Acoustic Fiber Sound
Systems Incorporated, is designed to re-
produce the human voice with maxi-
mum intelligibility. It has a frequency

More Details? CHECK—OFF Page 126



response between B80-10,000 Hz,
essential for voice communications. The
secret is in the KriketR 5-inch-diameter
(127mm) permanent-magnet speaker
and an exclusive AFS Working Wall®
enclosure, which controls sound by
eliminating distortion. A snap-lock
mounting bracket permits adjusting the
speaker in any desired direction. The
KC-65 speaker is packaged for base-
station use, but you can adapt it for
mobile use simply by removing the base
for easy mounting inside a vehicle.

The KC-55 handles 7 watts rms of
audio, has an input impedance of 8
ohms, and is furnished with a 6-foot
(1.8m) connector cord and a standard
miniplug. More information is available
from acoustic Fiber Sound Systems, In-
corporated, 2831 North Webster
Avenue, Indianapolis, Indiana 46219, or
use check-off on page 126.

digital multimeter

"

+ 9 156

Non Linear Systems of Del Mar,
California, announces a new addition to
their Volksmeter family. It's the LM-3.5
Volksmeter Plus, a 3%-digit multimeter
that fits into the palm of your hand.
The 3'%-digit feature means that the in-
strument reads out three digits plus 100
percent overrange. It's a true multi-
function, multirange meter, rugged
enough for field use yet useful for pro-
duction or hobby work. Rechargeable
nicad batteries and a 115-volt charger
are standard equipment.

The LM-3.5 has four ranges for dc
and ac volts, to 1000 volts dc or 1000
volts peak ac, with 1-millivolt resolution
on the 2-volt scale. The resistance scale
has one-ohm resolution and five ranges,
from 2000 ohms to 20 megohms full
scale. Ac and dc current can be
measured in three ranges using shunts
furnished. Automatic polarity is fea-
tured. Input impedance is 10 megohms
on all voltage ranges. A large light-
emitting diode display (0.3 inch or

More Details? CHECK—OFF Page 126

\_ 6 METER & 1 440 MH; )

the first name i in solid state '

INTRODUCES THE
VERSATILE

(® More Channels...at the flip of a switch
Unlock the unique mode switch and 12 channels
become 144

(® More Sensitivity, Less Interference,

.25 uV Sensitivity plus 75 db adjacent channel
selectivity and 70 db image rejection

(® More Power Out

b
35 watts nominal with a minimum of 30 watts

across the band

. for a lot less

$269°°

wo Amateur Net

VY
- F__ e_ﬁ'“ I“CH_ELECTRONICS INC. 7707 Records Street

Indianapolis, Indiana 46226

THE FM LEADER >

2 METER 538 220 MHz St
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NOW ... from KLAUS RADIO

Kenwood’s TS-700A

This is the 2-meter rig you've
been hearing about. Forty-four
channels, tunable VFO, SSB-
CW plus that hard-to-beat Ken-
wood quality.

Features:

144 to 148 MHz coverage - SSB (upper & lower), FM,
AM, and CW - Solid State Circuitry - Complete with mic
and built-in speaker - operates on 120/220V, 50/60 Hz
or 12-16V D.C. - Size: 278 (w) x 124 (h) x 320 (d) mm.
- Wt: 11 Kg.

All this and much, much more for

The Yaesu FT-221

is something else. One beauti-

$700.00 ppd. in U.S.A.

ful 2 meter Transceiver for
Mobile or Base Station Duty.
Here's another winner from

Yaesu that you'll want to own.

Features:

144 to 148 MHz band coverage - SSB (upper & lower), AM, FM or CW - op-
erates on 120/220V, 50/60 Hz or 13.5V D.C. - 11 crystal channels per
band segment equals 88 channels - Built-in speaker - Size: 200 (w) x
125 (h) x 295 (d) mm. - Wt: 8.5 Kg

Lots of Performance and Quality for $679.00 ppd. in U.S.A.

Send SASE NOW for detailed info on these systems as well as on many other fine
lines. Or, better still, visit our store Monday thru Friday from B:00 a.m. thru 5:00 p.m.

8400 N. Pioneer Parkway, Peoria, IL 61614
Jim Plack WB9BGS — Phone 309-691-4840

ANTENNA SUPERMARKET - PO Box 338, Dept. H, Chambershurg, PA 17201

DIPOLES AND WIRE ANTENNAS, complete with 100’ Mil. Spec. Coax, Balun, Con-
nector, 100’ Rope, Copper Ant. Wire, Insulators:

80/40/15 parallel dipole $36.95 160 short, 130" length $36.95
40/20/15 parallel dipole $30.95 80 short, 63’ length $31.95
B80/40 trap dipale $41.95 40 short, 33° length $28.95
40/20 trap dipole $36.95 Single band models from $24.95

VERTICALS — complete with Universal Mounting Base, Folds to 5 for Easy Trans-
port. Hvy Duty Aluminum Tubing.

20/15 trap, 13' hot. $29.95 160 compact 23' hgl. £44.95
40/20/15 trap 22’ hat. $44.95 B0 compact 20° hgt.

NEW
! Apartment/Portable
80/40/20 trap 30’ hat, $69.95 40 compact 15’ hgt, . Apt. roof or patio,
80/40/15 trap 20" hat, $59.95 20/15/10 full size vertical : camper, trailer, motor

10 meter cov. for above add $9.95 home. All bands B0-10,
— folds to 5 easily. 13/
. TO ORDER — Include $1.95 sl‘applnq ($2.95 West Coast) | ] hcigsm. i

4 hour shipment. 30 day guarantee,

For Info: SASE or 1st Class Stamp. 80-40-20-15-10 $49.95
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7.6mm) and small package size of 1.9 x
2.7 x 4 inches (48x69x102mm) is a
good example of what can be done with
large-scale integration technology.

The LM-3.5 Volksmeter Plus retails
for $147.00, including input leads, re-
chargeable nicads, battery charger and
current shunts. Optional accessories,
such as carrying case, high-voltage
probe, desk stand, panel-mount flange,
and universal test-lead set are also avail-
able. For information on these acces-
sories as well as other data, write Non
Linear Systems, Incorporated, P.O. Box
N, Del Mar, California 92014, or use
check-off on page 126.

pc design template

The new PC Designer template set
has been updated to include additional,
frequently used component packages
and mounting patterns for printed-
circuit layouts and assembly drawings.
All patterns conform to guidelines es-
tablished by Mil-Std 275C and The In-
stitute of Printed Circuits bulletin
CM-770. Component mounting patterns
are on grid centers which enable the
designer to design for automatic inser-
tion assembly equipment.

Fixed and variable resistors, axial and
radial lead capacitors, and several semi-
conductor packages are included. Tem-
plate use reduces circuit-board design
time by eliminating constant referral to
manuals and data sheets for package
dimensions. The template sets are avail-
able from stock in actual, twice, and
four times size layout ratios and are
priced from $12.00 to $20.00 per set.
Write Tangent Template, Inc., Post
Office Box 20704, San Diego, California
or use check-off on page 126.

More Details? CHECK—QOFF Page 126



multipurpose
cw-operating aid

From SEA International comes the
RST 599, an instrument that combines
four features in one to enhance CW
operation. Packaged in an attractive cab-
inet, the RST 599 includes a universal
keying monitor, code-practice oscillator,
CW filter, and a feature called the 599
function.

The RST 599 can be used with any
key, keyer, transmitter or transceiver.
The CW filter has a nominal center fre-
quency of 850 Hz, with a nominal 3-dB
bandwidth. The 599 function extracts
and reconstructs the selected signal and,
according to the manufacturer, “‘makes
it noise free and RST 599 every time."”
Inputs are audio in, for connection to
any receiver output line, and key in, for
connection to any key or keyer. Out-
puts are speaker out, which drives any
speaker of 4 ohms or more; headphones,
for phones of 4 ohms or more and
transmitter, which connects your key to
any transmitter or receiver. When the
599 function is switched off, receiver
output is connected directly to your
speaker.

The RST 599 is priced in the $90.00
range and is fully warranteed for one
year against material or manufacturing
defects. If you'd like more information,
write SEA International, P.O, Box 32,
Milpitas, California 95035, or use
check-off on page 126.

programmable
scanning receiver

The Opti/Scan, a 10-channel scan-
ning monitor receiver by SBE (Linear
Systems, Incorporated), offers some un-
usual features that will appeal to the vhf
enthusiast. Frequencies are digitally
synthesized, which means you can for-
get about buying crystals to obtain de-
sired coverage. You program the re-
ceiver yourself to scan channels of
interest. Programming is easy. You
simply refer to a code list supplied for
desired scanning frequencies, program a

More Details? CHECK—OFF Page 126

6 Digit LED Clock Kit - 12/24 hr.

50 IN QUANTITIES 50 IN QUANTITIES
OF1 TO 5 OF 6 OR MORE
ea. ea.

KIT INCLUDES: 6 — LED Readouts (FND-70 .25 in. Red, com. cathode)
® INSTRUCTIONS 1 — MM5314 Clock Chip (24 pin)

g—vf'éwllchas
® MONEY BACK GUARANTEE — -apacitors

]

@ 50 or 60 Hz OPERATION 9 — Resistors AN INCREDIBLE VALUE!

24 — Molex pins for IC socket
“Kit #850 will furnish a complete set of clock components as listed. The only addlhonal
items required are a 7-11 VAC transformer, a circuit board and a cabinet, if desired.”

® QUALITY COMPONENTS St ORDER KIT #850
5 — Diodes
® 12 or 24 HR OPERATION

Printed Circuit Board for Kit #850 or ,.8504 (etched & drilled Flberg!assl $2.95
Standard Transformer 115VAC/8VAC $1.50
Molded Plug Transformer 115VAC/10VAC (With Cord) $2.50
Plexiglas Cabinet Il Red Chassis, White Case (see below) $5.95

“Mini-brite'" discrete LED's (for colon in clock display) pkg. of 5 for $1.00

KIT #850-4 SAME AS #850 BUT .4" LED’s $11.95
Accuracy: (adjustable) 2 PPM/3.6 MHz xtal ﬁ!sza 95
NOW AVAILABLE — TB-IC (wired, tested & calibrated) $9.95

60 Hz XThL TlME BASE K"‘ — (L:J:re‘_yggartﬂ iltcallsct_l;:ak5 féaarn any 12 Volt DC source:
Power req: 5-15 VDC/2.5 mA @ 12 VDC KIT #TB-1 " L purchased
Size: PC board approx. 17 x 2% $4l95 :Igzk.:l{
Complete - Single IC kit with info for easy hook-up to most IC clock.

JUMBG DIGIT CBNVEHS"}N “'T = For LED Clocks. Kit provides a multiplex display
PC board and six .5" brite LED's, (FND-503's or FND-510's). LED's require only 5 mA/seg
and can be driven by most any LED clock circuit. Data for displays and hook-up included,

(This PC board will mate point to point with kit #850 circuit board) specify sg gs
Common Cathode or Anode '

]UHB“ DIGIT CLGCK KIT CUMPLETE = Kit features six .5” red LED's, all components,

I’ ca;rtlis{ plug transformer, line cord, etc. 50/60 HZ op., 12 or 24 hr, MM5314 IC. (Will
it Ca

Kit #5314-5 Complete Less Case $19 95

6 Digit LED Clock-Calendar-Alarm Kit

e 12/24 HR TIME e JUMBO DIGITS (MAN-64) ® 28-30-31 DAY CALENDAR » AC
FAILURE/BATTERY BACK-UP ® 24 HR ALARM — 10 MIN. SNOOZE e ALTER-
NATES TIME (8 SEC) and DATE (2 SEC) OR DISPLAYS TIME ONLY AND DATE

ON DEMAND o 50/60 Hz OP. » THIS KIT USES THE FANTASTIC CT-7001 CHIP,
FOR THE PERSON THAT WANTS A SUPER CLOCK KIT (TOO MANY FEATURES

TOLIST)! THIS IS A COMPLETE KIT (LESS ORDER KIT
CASE) including Power Supply, Line - #70018B

Cord, Drilled PC Boards, etc. (CASE NOT INCLUDEDI

KIT #7001.C SAME AS g?wl-n BUT HAS DIFFERENT LEDs. USES 4 DL-747 $42 95
63”7 DIGITS & 2 MAN-7 .3” DIGITS FOR SECONDS. COMPLETE KIT, Less Case.

PRINTED CIRCUIT BOARDS for CT-7001 Kits sold separately with assembly info. PC Boards
are drilled Fiberglass, solder plated and screened with component layout. Specify for #70018B
or #7001C. (Set of 2) $7.95

GREAT FOR SMALLER
CLOCK KITS. (ldeal for

CABINET L~/ |gickCaiondar as - | CABINET Il

37 HIGH * % White Plexiglas Case | 212" HIGH ( — Kit #850 or #850-4 above)
6La” WIDE FEELD] Specify RED or GRAY 412~ WIDE All Plexiglas Red Chassis,
512" DEEP ; Plexiglas Chassis 512" DEEP White Case.

Chassis Serves As Berel To Increase Contrast of Digital | Red Chassis Serves As Bezel To 35 95 ea

Displays. Use Gray With Any Color — Red With Red | Increase Contrast of LED Displays

Displays Only (Red LED’s with Red Chassis Brightest)

5 CT-7001 — CLOCK-CAL-1.C. $7.95
& WMsSle = SHOSK Losicie e
PLEXIGLAS FOR DIGITAL BEZELS MMS5239 — 5x7 Dot Char. Gen. 195
Gray or Red Filter 95¢ ea. |MM5375A8 — ALARM CLOCK I.C. $3.75
A RAT R Approx. Sixe 4/$3.00 |JUMBO RED LED's=&®12/$1 100/$7.50
7-SEG LED READOUTS IN914 25/$1.00 | Fairchild Super Digit
IN4148  25/$1.00 :
. R?f¢ ea. °£,\mlsa‘539 b D FND-359
MANS  velow  CA 37 | 25 AMP FULL WAVE Fe Con. Gah.
FN\?ofl?gChmE: d— Guaran&id Good“ BR'DGE 100 Pw FL:DJIA_}:%T.F;?B
LM309K 5V, REG. P 31 95ea. | 95¢ ea, 10/$8.50
$1.25 ea. or 5/$5.00 £ 3/$5.00 100/$79.00
OPTOELECTRONICS, inc. =2
I |&|nnlummn

BOX 219 ¢ HOLLYWOOD, FLA. 33022 « (305) 921-2056

BankAmericard, Mastercharge or C.0.D. orders accepted by phone day or evening.
We Pay All Shipping in Continental U.S.A. Orders under $15 add $1 handling. Fla. res. add 49
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Why Buy An ALPHA?

BECAUSE EVERY ALPHA HAS SIGNIFICANT CAPABILITIES THAT

SIMPLY AREN'T AVAILABLE IN ANY OTHER LINEAR . .. LIKE
UNLIMITED OPERATION AT A FULL KILOWATT AVERAGE INPUT —
ALL MODES — COMBINED WITH TABLE TOP CONVENIENCE. FOR
POWER, EVERY ALPHA USES A 1.5 KVA (OR LARGER) CONTINUOUS
DUTY TRANSFORMER, MODERN CERAMIC TUBES DESIGNED BY
EIMAC FOR HEAVY DUTY APPLICATIONS, AND A COOLING SYSTEM
THAT KEEPS EVERYTHING COOL — EVEN IN CONTESTS!

m— - ALPHA 77D is widely recognized as ‘THE

|7 ULTIMATE’ in linears. Nothing else com-
— [ . - . aps

E i bines its power, quality, and versatility . . .

T 2 including full break-in, 1.8-30 MHz coverage,

o o and whisper-quiet operation. $2995. Contact
. - ETO for current delivery information,

ALPHA 374 — the most convenient linear
you can buy — provides “no-tune-up” 10-80
meter operation plus the smallest size and
weight of any maximum-legal-power linear
amplifier. Its performance and durability are
thoroughly proven. Immediate delivery from
ETO at $1395.

= * _— D

T iR

—, The new ALPHA 76 carries a price tag that

| no other “full tilt” linear can beat, plus

ALPHA quality, 10 thru 160 meter cover-

| age, and ETO’s full-year factory warranty.

| This modern powerhouse is available from
ETO now at just $895,

WHY BUY AN ALPHA? BECAUSE YOU JUST CAN'T GET THE SAME
CAPABILITIES ANYWHERE ELSE. Write or call ETO direct for illustrated
literature . . . or to order your ALPHA.

RHORN TECHNOLOGICAL OPERATIONS, INC,
BROOKSVILLE, FLORIDA 33512
(904) 796-1428

NOW

CFP COMMUNICATIONS

nas YAESU |
IN STOCK! FT-101E TRANSCEIVER

Mail Orders accepted. N. Y. residents add sales tax. See us for
needs. SASE will get our list of used Amateur Equipment.

Jim Beckett WA2KTJ Expanded Store Hours

Br::?a:::empa, WB2LVW C F P COMMUNICATIONS il 1{1%%%?::0%0:&:'
Sales 211 NORTH MAIN STREET Sat. 10:00-7:00 p.m.

Fri. & Sat. subject to
Hamfest weekends

Dave Flinn, W2CFP (wmmmm| HORSEHEADS, N. Y. 14845
| J Closed Sun. & Mon.

Drwer Smmmm| PHONE: 607-739-0187

all your Amateur Radio
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plastic card according to instructions,
insert the card into a slot on the receiver
front panel, and internal circuits do the
rest, No need to worry about program-
ming errors — you can see what you've
programmed and can check for accu-
racy. As many cards as desired may be
programmed — up to 16,000 frequen-
cies may be selected. Program cards are
only $2.25 each.

Any ten channels are available be-
tween 30-50, 150-170, 450-470, and
490-510 MHz. Two-meter-band cover-
age (140-160 MHz) is available on spe-
cial order. The Opti/Scan receiver is
furnished with antennas that cover the
vhf-uhf utility bands mentioned above,
Receiver sensitivity is 0.5 microvolt for
12 dB SINAI. Dimensions are 2% inches
high, 7-3/4 inches wide, and 10 inches
deep (6.4x19.7x25.4cm). Operating
voltages are 13.8 Vdc or 115 Vac 60 Hz.
The list price is $369.95. For further
information contact Linear Systems, In-
corporated, 220 Airport Boulevard,
Watsonville, California 95075, or use
check-off on page 126.

1976 Allied catalog

Now available from Allied Electron-
ics is the 1976 Engineering Manual and
Purchasing Guide. This up-to-date
manual is a must for the service bench
or engineering library. Engineers, radio
amateurs, technicians, and hobbyists
will appreciate the complete specifica-
tions, illustrations and information
which describe each product.

This newest edition of the well-
known Allied Guide offers 228 pages of
high-quality electronic parts and equip-
ment from Allied and other leading
manufacturers. You can choose from a
wide variety of new products, in
addition to traditional items which have
set in the industry’s standards. The
guide contains cable, solid-state devices,
test equipment, connectors, relays,
tools, capacitors, and countless other
electronic parts for virtually any appli-
cation. Allied offers bulk pricing for
quantity buyers, and nationwide ware-
houses assure prompt delivery of these
often hard-to-get items.

A $5 value for only $1 to help cover
postage and handling. Contact Allied
Electronics, Dept. 76, 401 East Bth
Street, Fort Worth, Texas 76102 or use
check-off on page 126.

More Details? CHECK—OFF Page 126



A properly filter
can tame the beast...

the common denominator is
“I” for Interference.

The study of interference to consumer &
products such as TV sets, hi-fis, and the
like from radio transmitters is a complex
subject. For a primer, see p. 11, "QST 2 7
Magazine" for March, 1976. We do know &‘

Whatever you call it, @

that radiation interference can be greatly

reduced and perhaps eliminated by the [}
use of a well-engineered, quality-built TVI /3 A
filter. The low-pass type for the transmitter  } danaute 7P
is at times not enough...a high-pass type Ik .,

for the TV set may also be required. But, |
here’s the rub! If a filter is not properly

designed and engineered, it may not work

like a filter at all. At the R. L. Drake

Company, we ve been designing and

building filters for over 30 years...since

before the days of “Uncle Miltie.” And,

these are real filters...not toys.

For your TVl answer, choose one or more rt 1Y
of the following:

High Pass Filters m Low Pass Filters
for TV Sets... for Transmitters

| A,
Na@h"

provide more than 40 dB attenuation at have four pi sections for sharp cut off below channel 2, and
52 MC and lower. Protect the TV set to attenuate tramsmitter harmonics falling in any TV channel
from amateur transmitters 6-160 meters. and FM band. 52 ohm. SO-239 connectors builtin.
N = TV-3300-LP
Y £ 1000 watts max. below 30 MHz. Attenuation
TV.SOO_HP better than 80 dB above 41 MHz. Helps TV
L = j-finterference, as well as TV
For 300 ohm front-end problems.
twin lead
TV-5200-LP
¥ 200 watts to 52 MHz. Ideal for six
meters. For operation below six meters,
use TV-3300-LP or TV-42-LP
TV-75-HP
For 75 ohm TV-42-LP

is a four section filter designed with 43.2 MC
cut-off and extremely high attenuation in all
TV channels for transmitters operating at 30
MHz and lower. Rated 100 watts input

coaxial cable

For more information on these and other fine Drake products, please contact

- 540 Richard St., Miamisburg, Ohio 45342
n- Ll DRAKE COMPANY q‘@ ® Phone: (513) 866-2421 ~ Telex: 288-017

More Details? CHECK—OFF Page 126 august 1976 93



When you step up to big power we've got
the block-buster linear amplifier that will
give you a full 2000 watts P.E.P.—all the law
allows —with the features you need for a
clean signal with great linearity.

It's the Swan Mark Il, an amateur radio
standard for top power single sideband rigs.
One-hundred watts of drive is all you need
to goall the way on all bands from 10 to
80 meters. And with the Mark |1, the price
includes the separate, matching power sup-
ply. Both RF deck and power supply are
forced-air cooled with high-volume, low-
RPM, low-noise blowers.

But if you prefer finesse to force, our

Cygnet 1200X is your ficket to new kicks in
amateur radio. Linearity is excellent, effi-
ciency is exceptionally high, power supply is
built in, and features like provision for ex-
ternal ALC give you the flexibility you want
to get the most out of your rig on all bands.
And there's more to come: The Swan
Cygnet 1200X gives you a solid 1200 watts
P.E.P. on single sideband—as much power as
most people ever need—and you come away
with your pockets bulging with change
Whether you do it by force or finesse,
seize power today with a Swan linear ampli-
fier.You can get it with a Swan credit card
Applications at your dealer or write to us.

Mark Il 2000-watt linear amplifier with
120/220V power supply. . . . . $849.95
Cygnet 1200X 1200-watt linear amplifier
complete with built in 110/220V
power supply

(Prices FOB Oceanside, CA)

$349.95

Dealers throughout the world

Swan,
ELECTRONICS

A subsiaiary of Cutic Corporation
305 Airport Road, Oceanside, CA 92054
{714) 757-7525

WHETHER YOU GO
FOR POWER OR FINESSE,
SWAN LINEARS

ARE THE WAY TO GO.




AUTHORIZED DEALERS.
ARKANSAS
Moory s Electronics, Dewitt

ARIZONA
The Radio Shop. Kingman

CALIFORNIA
Antenna King, Torrance
Fontana Electromics, Fontana
Gary Radio, inc, San Diego®
Ham Radio Outlet. Burlingame
Henry Radio, Inc _ Los Angeles”
Henry Radio. Inc_ Anaheim®
Quement EIECtronics, 5an Jose
western Radio San Diego

COLORADO
CW Electronics Sales, Demver®

FLORIDA
Amateur Radio Center inc_ Miami®
Amateur Electronics Supply, Orlando*

ILLINDIS
Erickson Communications. Inc  Chicago

INDIANA
Hoosier Electronics Terre Haute

OWA
Bob Smuth Electronics Ft Dooge

KANSAS
Associated Ramo Communications, Overland Park
Electromics inc_ Salina®

LOUISIANA
ALS Electronics Alexandna

MARYLAND
Amateur Radio, Limited Silver Spring
Professional Electronics. Baltimare

MASSACHUSETTS
Tufts Radio Electronics. Meafora

MICHIGAN
Electronics Distributors, Inc . Muskegon®
Rachio Supply & Engimeéenng Co  Clawson

MINNESOTA

Electromics Center inc Minneapolis®
MISSISSIFPI

Electromes World Ind - Pascagoula
MISS0URI

Esco Amateur Sales 5t Joseph
Ham Radio Center St Louis
Henry Radio Inc  Butler®

MONTANA
Conley Radio Supply Billings

NEW HAMPSHIRE
Evans Radio Concora®

NEW JERSEY
Atkinson & Smith Inc  Eatontown
Ceorge Marko, Little Falls®®

NEW MEXICO
Electronics Module HobDbs
Gene Hansen Company. Corrales®

NEW YORK
Harrison Radio_ Farmingdale
Westchester Communications Specialists Yonkers**

NORTH CARDLINA
Freck Radio & Supply Company. Asheville
Siep Electronics Company Otrto

OHID
Amateur Electromes Suppiy. Clevelana®
Coston Electromics Cincinnati

OKLAHOMA
Raio Store inc  Oklahoma City

OREGON
Portland Racho Portland®

PENNSYLVANIA
Hamtronics Trevose
Whitesige Electromics Pittsburg

SOUTH CAROLINA
Amateur Ragio Electronics ing  Cayee

50UTH DAKOTA
Burghargt Amateur Center Watertown

TENNESSEE
Freck Radio & Supply Co  Jonnsan City

TEXAS
Apphance and Equipment Co San Antonio
Electronic Module Ooessa
Electronics Center inc  Dallas®
Madison Electronics Supply. Inc . Houston
Waco Communications, Waco
WASHINCTON
ABC Communications Seattle
Amateur Radio Supply Co_ Seattle
HC1 Electronics Spokane

WISCONSIN
Amateur Electronc Supply Milwaukee®

*Sales and warranty repair station
“Warranty repair onfy

@ Swamn,

ELECTRONICS

SLtrgy of CUbK COMmoranion

305 Airport Road, Oceanside, CA 92054
(714) 757-7525

How You
Can Convert
Your Rohn

25G Tower to a
FOLD-OVER

CHANGE, ADJUST OR JUST
PLAIN WORK ON YOUR
ANTENNA AND NEVER LEAVE
THE GROUND.

If you have a Rohn 25G
Tower, you can convert it to
a Fold-over by simply using
a conversion kit. Or, buy an
inexpensive standard Rohn
25G tower now and convert
to a Fold-over later.

Rohn Fold-overs allow you to
work completely on the
ground when installing or
servicing antennas or rotors.
This eliminates the fear of
climbing and working at
heights. Use the tower that
reduces the need to climb.
When you need to “get at”
your antenna . just turn
the handle and there it is.
Rohn Fold-overs offer un-
beatable utility.

Yes! You can convert to a
Fold-over. Check with your
distributor for a kit now and
keep your feet on the ground.

AT ROHN YOU GET THE BEST

PO Box 20




GO AUTO-PATCH THE EASY WAY!

BUY AN ICOM I1C-230 AT THE
REGULAR PRICE $489.00 AND GET THE
TOUCH TONE HANDSET FREE!

PLUGS DIRECTLY INTO

1C-230
AND YOU ARE READY TO GO.

Works with 1C-22A and others by
wiring accessory socket for handset.
TOUCH TONE HANDSET ONLY $79.00

IMMEDIATE DELIVERY FROM STOCK

UTAH FM SALES

1365 East 5360 South

Salt Lake City, Utah 84117
801 533-0101

24 hour message
recorder

801 278-3156

=SS

Now!
LED Displays for:

erimenters
Schools
Hams

Calculators  Counters
» Clocks * Instruments’e

Guaranteed No. 1 Industrial Quality é
All Displays Are RED, COMMON-CATHODE MULTIPLEX

e 0.111Inch, Stlndardgﬂlglt Calculator & Counter
R7H-1229 .. ... . . $4.30 ea

e 0.12Inch,12 DIgItScianll!ic&Mlm -Processor
R7H-118-12 SR . $5.75 ea

* 0.20 Inch, 3- l!?l]lgllMller&lnslrumanll]lsplly
RTH-1924 ... ... . $4.30 ea

« 0.50 Inch, Clock & Timer Display
R7R-5024 AOR— - T

* 0.27 Inch, Single Digit For All Applications
B27R . R $1.00 ea

SPECIFICATIONS INCLUDED WITH EACH SHIPMENT

Send Check or Money Order 10

= Bowmmnar

4900 East Indian School Road
Phoenix, Arizona 85018
Phone: (602) 959-4760

Minimum Order $10.00 Please
Arizona Residents Include 5% Sales Tax

Quantity Inquiries Invited

96 august 1976

HIGH QUALITY HEAVY DUTY GEAR-
MOTORS — made by BODINE as
used by Xerox — surplus but guar-
anteed perfect.

Gear Input 1650 RPM — OQutput 28
RPM — Shaft 54" steel with 14"
Key and Keyway — capacity 44
Inch/Ibs.

115 V 60 Cycle 1/15 HP Complete
with Capacitor.

Price $16. F.0.B. Dallas, Shipping
Weight 20+#. Send Cash with order
— shipped UPS or advise.

shc.ra,f.t‘,.ll.umnanq

5626 DYER ST., DALLAS, 75206

Radio
Amateurs
Reference

Library
of Maps
and Atlas

Full color, 40% x 28"
DX rones,

WORLD PREFIX MAP —
shows prefixes on each country
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 257, listing Great Cir

cle bearings in degrees for six major U.S. cities;
Boston, Washington, D.C.. Miami, Seattie, San
Francisco & Los Angeles

RADIO AMATEURS MAP OF NORTH AMERICA!
Full color, 30" x 25~ includes Central Amer
ica and the Caribbean to the equator, showing
call areas, zone boundaries, prefives and time
zones, FCC frequency chart, plus useful informa
tion on each of the 50 United States and other
Countries

WORLD ATLAS — Only atlas compiled for radio
amateurs. Packed with world-wide information

includes 11 maps, in 4 colors with zone
boundaries and country prefixes on each map
Also includes a polar projection map of the
world plus a map of the Antarctica — a com.
plete set of maps of the worid. 20 Daxe',szSgr

Bl x 127

Complete reference library of maps — set of 4
as listed above 53.75

See your favorite dealer or order direct.

Mail orders please include 75¢ per order
for postage and handling

WRITE ““D'U W““UR "bDUk INC
| FREE

Dept. E 925 Sherwood Drive
Lake Bluff, 111, 50044

BROCHURE!

More Details? CHECK—OFF Page 126



IF YOU ARE ON 144, 220 OR 432 AND
HAVE WORKED A REPEATER...

It was probably this one.

The RPT 144B, RPT 220B and RPT 432 are self-contained — all solid
state machines. Conservatively rated, high quality components, assures
EXCELLENT RELIABILITY. Careful consideration has been given to
both interfacing and control flexibility.

RPT 144B or RPT 220B Kit .......ocsonssnsssnsesssssssessonnssnssuosssssnsasssssansssssnsessaans .. $465.96
G UA R 574 44 TEn IRl T weee 515.95

RPT 144B or RPT 220B factory wired and tested .. . 69595
RPT 432B factory wired and tested ...........cc.cccecreeiericricneenicsinssnsnnssnsssssassansens 199,95
RPT 50B 500N t0 be announced ...........ccoooeveeiiiiiieiinssnsseessssssassssasssans I\ IV
RPT 28B 500n to be announced ...........ccococoieiiriiiririeeeeaesssssnsnsnsesesssesesnans oo NLA,

WORK ALL REPEATERS WITH
OUR NEW SYNTHESIZER 11

The Synthesizer Il is a two meter frequency synthesizer.
Frequency is adjustable in 5 KHz steps from 140.00 MHz to 149.995 MHz with
its digital readout thumb wheel switching. Transmit offsets are digitally
programmed on a diode matrix, and can range from 10 KHz to 10 MHz. No
additional components are necessary!

Wit & wonv & .$169.95 Wired and tested

Export prices slightly higher,

.$239.95

More Details? CHECK--OFF Page 126

Available at these
dealers:

A-B-C Communications
Seattle, WA 98155
A-B-C Communications
Everett, W
Alpha Electronic Labs
Columbia, Missouri 65201
Amateur Electronic Supply
Milwaukee, Wisc. 53216
Amateur Wholesale Electronics
Miami, FL 33156
Amateur Wholesale Electronics
Ashland, KY 41101
Ayre's Ltd.
St. John's, Newfoundland
Barry Electronics Corp.
New York, NY 10012
Frank L. Beier Radio, Inc.
MNew Orleans, LA 70118
Burghardt Amateur Center, Inc.
Watertown, SD 57201
C & A Electronic Enterprises
Carson, CA 90745
CDS Electronics & Hobbies Unitd.
Emerado, ND 58228
CFP Enterprises
Horseheads, NY 14845
Communications Electronics
Fond du Lac, Wi 54935
Communication Speciailties Co.
Aurora, CO B0012
Communication Systems
Bourbon, IN 46504
Communication Unlimited
Whitmore Lake, M| 48189
COSYSCO, Inc,
Sodus, NY 14551 (Export only)
Harry G. Crofts
MNorthville, Mich, 48167
Delmar Electronics, Inc.
West Babylon, L.I., NY 11704
Derrick Electronics, Inc.
Broken Arrow, OK 74012
Edison Electronics, Inc.
Santurce, P.R.
Electronic Enterprises
Rio Linda, CA 95673
GFL Electronics Co.
Pickering, Ontario Canada
Klaus Radio, Inc.
Peoria, IL 61614
Loffler Electronics
Ogdensburg, NY 13669
Radio Communications Co,, Inc.
Roanoke, VA 24106 -
Radio Store, Inc.
Oklahoma City, OK 73100
Radio Supply & Engineering Co., Inc.
Detroit, Mich. 48200
SON Electric
Fresno, CA 93727
Soundcom (VHF-UHF Outlet)
Akron, OH 44314
Spectronics, Inc.
Oak Park, IL 60304
W. Spindler Electronic Service
Rome, NY 13440
Teco Electronics
Garland, TX 75040
Tele-Com Electronics
San Jose, CA 95100
Tufts Radio Electronics
Medford, Mass. 02155
Vegas Radio
Las Vegas, NV 89106
VHF Communications
Jamestown, NY 14701
Vickers Electronics
Durham, NC 27702
Westcom
San Marcos, CA 92069
West Indies Sales Co., Litd
Miami, FL 33166

hf engineering

MIVISION OF BROWNIAN FLECTRONICS CORP.

120 WATER 5T, ® P.O, BOX 1921

BINGHAMTON, N.Y. 13902 ® 607-721.9574
y ..
[ master charge | [Bmmamn '
.
J
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DON & BOB’S
SUPER BUYS

HY GAIN TH6DXX ..
MOSLEY CLASSIC 33 .

GREAT BUYS ON 2043A 402BA

BN86 ..
CDE HAM-Il ROTOR .
18HT HY TOWER .

TRI-EX W SERIES TOWERS (FOB CALIF)
BELDEN 8214 RG-8/U FOAM COAX .

BELDEN 8237 RG-8/U .

BELDEN 8 WIRE ROTOR CABLE #3448

AMPHENOL PL-259

. $192.00
$179.00

$15.95
$129.00
. $218.00

23¢/FT.
19¢ /FT.
14¢ /FT.

59¢

CALL FOR QUOTES — TS-520, TS-820, TS-700A, 210X.

MORE HY-GAIN SPECIALS (Limited Quantity):

2BDQ, 40-80M DOUBLET .

TH3MK3, 3 ELEMENT BEAM, 20, 15 10

$39.00
$160.00

HY-GAIN 18 AVT-WB VERTICAL plus 100 ft. of Belden RG- B/U Coax $100.00

KLM MULTI 2000A (lelted Quanttty)

SWAN SWR-1 ... .
ELECTRA BEARCAT 101

TELSTAR 12V, 2 AMP REGULATED SUPPLY _
CALL TODAY FOR ITEMS NOT LISTED!

BOOKS

$579.00
$18.95
$319.00
$30.00

ALL PRICES FOB HOUSTON

MADISON
ELECTRONICS SUPPLY, INC.

1508 McKINNEY AVENUE

713/658-0268

HOUSTON, TEXAS 77002

Nites 713/497-5683

TOUCH - TONE DECODER

®Dual tone
decoder
decodes one
Touch - Tone
digit.

®Available for
1,2.3,4,5.6,7,
8 90 FE.°
and other dual
fones 700-3000
Hr.

. ®Latch and
r es e
capabihty
built-in.

®0Operates on
any dc voltage
from +9% fto
+30 v

@ COR control built-in.

® Relay oufput 5PST 'z.amp.

® Octal plug-in case.

® Compact 172" square, 1°° high.

® Free descriptive brochure on request

T-2 Touch-Tone Decoder...$39.95 PPD.

Specify digit or tone frequencies
(Include sales tax in Calif.)

PALOMAR

BOX 455. ESCONDIDO, CA 92025
Phone: (714) 747-3343
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2 METER
CRYSTALS
IN STOCK

FOR THESE RADIOS ON
STANDARD ARRL REPEATER

FREQUENCIES:
. DRAKE — TR-22
+ GENAVE

« ICOM/VHF ENGINEERING
« KEN/WILSON

« REGENCY HR-2A/HR-212
« HEATHKIT HW-202

« REGENCY HR-2B

« S.B.E.

« STANDARD 146/826

« STANDARD HORIZON

Send for free frequency
list and order blank to:

KENSCO
COMMUNICATIONS INC.

DEPT. 10876
BOX 469, QUINCY, MA. 02169
PHONE: (617) 471-6427

'@

LOGIC PROBE
----- st MOS ICs Bu
n-m only & few I LED readou
W1 nciudes cass and o Ieadh

VARIABLE REGULATED POWER SUPPLY KIT —Ca

sl 1rom 3 10 ower 15 Volre Shortercuit grool with »

Meng at 300 m A, Coampact wse and typecal regulation of

bench of lab power wpply $119%

FIXED HEGULJ\IED POWER SUPPI.Y KIIS 5

|h-wr4wr svembile bils ine
L ‘nrnuwl'nvumﬂ‘n-
meters. Acd $1 25 per kit fo

TRANSISTORS (NPN)

ING1B TYPE AF Amp & Dscillator to 1 GHz 3/51.00
2N3563 TYPE AF Amp & O to 1 Gz (pl. ZN918) 6/51.00
INISES TYPE Gen. Purpose Gain (TO-82/106) 6/51.00
2INIBEE TYPE AF Power Amp 1.5 W @ 450 MHs 50.75
2NI904 TYPE GP Amp & Sw to 100 mA hFE 100 6/51.00
Assort. NPN GP TYPES, e.g. ZNJ694, 2N3903, eic. (15) $2.00
IN3E38 TYPE (PNP) GP Amp & Sw to 300 mA 6/51.00
INIS0E TYPE (PNP) GP Amp & Sw 1o 30 MHz /51,00
FET's:
N.CHANNEL (LOW-NOISE)
2NA0S1 TYPE AF Amp & Switch (TD-18/106) s1.00
ZNAATE TYPE RF Amplilier to 450 MH: (TD - T2) usion
INS1EI TYPE Gen. Purpose Amp & Sw (TD.106) ¥s1.00
INSABE TYPE RF Amp 1o 450 MH: | plastic 2N84186) 2/51.00
E100 TYPE Low Cout Audio Amplifier 45100
ITEABEE TYPE Ultra-Low Naiwe Audia Amp 2/51.00
TIST4 TYPE High Speed Sweich 401! ¥irLoo
Awsort, RF & GP FET's, e.g INS163, MPF102, etc (8) $2.00
P-CHANNEL
INAJGD TYPE Gon. Purpose Amp & Sw (TD.106) ysioo
E175 TYPE High-Speed Switch 12502 (T0 1061 yVsio0
SUPER SPECIALS:
2N2222 NPN TRANSISTOR GP Amp & Switch &/31.00
IN2907 PNP TRANSISTOR GP Amp & Switch 6/%1.00
2N3553 AF Powsr Amp 5 W @ 150 MHz, 7W @ 50 MH:z $1.50
MPF102 N-CHANNEL FET RF Amp 200 MH: 5100
556 DUAL 555 TIMER 1 jivec ta 1 hows (DIP) $0.90
723VOLT. REGULATOR 3.30 V @ 1.200 mA (DIP/TO 5} 5100
2740 FET Op Amp, Like NES36 and uAT4D (TO-5) $185
wATEDS VOLTAGE REGULATOR 5V # 1 A (TO-2200 $1.25
8038 WAVEFORM GENERATOR Wawe wickits $4.50
1N4154 DIDDE 30 V/10mA- INS14 except 30 V 25/51.00
BR1BRIDGE RECTIFIER 50 V PIV, 500 mA (DIP) 4/51.00
MM5314 DIGITAL CLOCK CHIP With Specy/Schematicy $4.95
LINEAR IC"s:
308 Micro-Power Op Amp (T0-5/MINI-DIF) $1.00
J09K Voltage Regulator 5V @1 A (TD-3) $1.26
324 Quad 741 0p Amp, Compemated (DIP) $1.50
J40T Vol Reg. ! Amp Specity 5, 6, 12,15 or 24 V w/ickns $1.78
380 2.5 Watt Audio Amplifier 34 dB (DIF) nn
555 Timer 1 us to 1 he. NESSS, LM5S5, etc, IMINI-DIP) 2/$1.00
709 Populsr Op Amp (DIP/TD-5) s0.29
739 Dual Low Noise Audee Preamp/Op Amp (DIF) s$1.00
1458 Dual 741 Op Amp (MINI-DIP) 5100
741 Freq. Comp, Op Amp (DIP/TO-S/MINI-DIP) 4/51.00
DIODES
ZENERS-Specify Voltage 33,19, 4.3, 51, 68 8.2 AD0mW 4/51.00
91,10, 12,15, 16, 18, 20, 22, 24, 27,00 33V (1 10%) 1 Wart V3100
TNG14 or INATAE TYPE General Purpose 100V 10mA 15/31.00
1N3893 TYPE RECTIFIER Stud Mount 800 V12 A 2/%1.00
D5 VARACTOR 550 W Dutput @ 30-250 MHz, 7.70 pF $5.00
FTVARACTOR 1.3W out!vlllwwﬂuﬂl 530 pF s1.00
*MAIL NOW! FREE DATA SHEETS suppivsd wiih fvry item from this ad
FREE ON HEQUEST - 741 Op Amy o - 148 Dual

o twe E100 FET s watl it b e
7E

3 writh e We pay Tul t Class
3 Kol s:.:ﬂl anedling charge «
. iy add potiage

ELECTRONICS
BOX 4181 BZ, WOODSIDE, CA 94062

Tel. (415) 851-0455

2mtr/220 MHz MOBILE ANTENNAS

Install  this Gutter-Mount
Antenna System on Yyour
auto and merely change

1 wavelength elements (vinyl

| clad resilient steel) to

bounce from 2 meters to
220 MHz.
VERY POPULAR AT

o HAMFESTS!
GUTTER MOUNT®
PLUS ELEMENT ELEMENT ONLY
FM-146 $15.95  FME-146 ... .$4.95
FM-220 $1595  FME-220 .....$4.95

Includes 10 feet of low loss RG-58 coax.
Prices include postage in continental U.S.A.
Penn. residents: Add 6% Sales Tax.

HamLine Electronics

Box 52, Sweet Valley, Pennsylvania 18656

More Details? CHECK—OFF Page 126



FIRST | Com ™=

L]
M 2-meter FM, 100 channe! combi-
ake 'IE IS nations, 30 watts :&m factory
talled tone encoder (Incl.
comparison: 145,54 WMD) ‘

The GTX-1 gives the high
quality performance that
compares with Motorola, GE,
RCA or any other hand-helds
that sell for $700 or more.

THEN

Check these
features:

Small: only 8"x2.6"x1.28" ...
Appearance: slim silhouette
all black metal . . . Service-
able: easy access to sepa-
rate receive and transmit
circuit boards .. . PLUS: 6
pole xtal filter for superlative
receiver operation . . . and:
trimmers on receive and
transmit xtals: standard 10.7
MHz 1st IF.

and specs:

Rec. Sens.: .2uv for 12 db
SINAD . . . Adjacent chan-
nel rejection: +30 kHz 55
db . . . Spur. Resp.: more
than 65 db . . . Audio Out-
put: 500 mw . . . Power out-
put: Hi 3w, Lo 1 w. ..
Audio Quality: Distortion
free, crisp, clear receive and

[ Jeman

2-meter FM, 100 channel combina-
tions, 30 watts (Incl. 146.94 MHz)

[ Jerx-10-s

2-meter FM, 10 channels, 10 watts

(Xtals not included) $ 1 4995

ja

TRy -y -y §_ N N _ ¥ ¥ _ B _§ § §F ¥ § K _§ _F ¥ _§ N _B L& B R N R § § § ]

Z-mteler F:!, lohé:hanne:‘s. 30
| Seiector Goch 166,54 wny $ 1 8995
: i 4 I
1 [ Jem $949°5 £

2-meter FM, 6-channel, 3.5 watts
Hand-Held (Bat. not incl.)

‘ l D ET!-“ o’neratc Auto aﬂsch

Same as GTX-1, plus Factory
Installed Tone Encoder
(Bat. not incl.)

e
]

] Ringo Ranger ARX-2 6 db 2-M Base Antenna
@32995%

] Lambda/4 2-M and 6-M Trunk Antenna
@ 32

[7] TE-I Tone Encoder Pad for
plug-in installation on most
amateur transceivers @ $59.95 §____

[ TE-Il Tone Encoder Pad for installation on
most Hand-Helds @ $4995§____

transmit. .
[J PS-1 AC Power Supply for use with all makes
of transceivers 14 VDC-6 amps @ $69.95$_
and the following standard crystals @ $4.50 each $_ —
Non-standard crystals @ $6.50 each: .
MA_D_I_”\I
Look : - ACCESSORIES FOR 6TX-1 and GTX-1T |
- . - ]
at the Price: GTX-1 GTX-1T ] PS8 Optional Nicad battery pack
2 Meter 6 channel ith Batiin $29.95 §
(without encoder) ~ Tome Encoder 03 P52 Charger for G110 battry pack
s24995 329995 [0 BLC-1 Leather carrying case $1295 §— ‘
(Bat. Not Incl.) (Bat. Not Incl.) [0 TE-II Tone Encoder (for use with GTX-1) ;
$4995 &
GENAVE stocks most common 2-M

Add $4 per Radio for Shipping,
Handling, and Crystal Netting.

Xtals for immediate delivery

- Payment by:
Use This Handy Order Form [] Certified Check/Money Order []Personal Check
[ C.0.D. Include 20% Down
Note: Orders accompanied by personal checks will require

Genave

4141 Kingman Dr., Indianapolis, IN 46226 about two weeks to process.
q.r (s -4 I » ? ale e 1
Phone-in orders accepted (317+546-1111) 20% Down Payment Enclosed. Charge Balance To
[ BankAmericard #_ Expires —
[OMaster Charge #__ Expires
INAME ~ e _ [OJinterbank #___ = Explres—
e IN residents add 4% sales tax:|
lADDR:SS - cITy ———————— CA residents add 6% sales tax:|
All orders shipped post-paid within continental U.S
l STATE & ZIP AMATEURCALL (allow 8 weeks delivery.) HAM 7
6

h-----lCLlP OUT AND ORDER NOWE SN SEEN SN BENN SN NN MR CLIP OUT AND ORDER NOW p S S S S S

More Details? CHECK —OFF Page 126 august 1976 [ 99



Poly Pak’f EXCLUSIVE

100’ S OF BARRELS PURCHASED!

st ti

e anywhere, Poly Pak
merchandisers introduce a new way
in buying the economical way. Raw
stock from the ‘“‘barrel”. Remember
the ‘‘good ole days''? They're back
again. The same way merchandisers

Wi

Avy. Ship.

6 0/s.

TEST 'EM YOURSELF ‘N SAVE!

throughout the United States buy
from various factories . . . their over-
runs in barrels. Poly Pak has done

the same. Therefore you are getting

the same type of material as the

d

Lvery kit carries

BARREL KIT #1453

15 for
$1.98

Miniature transformer bac

ige and audio,
. Wt. 2 Ibs.

CHOICE

B8H3294

MINI TRANSFORMER

gain, Asst, outputs, inter-
Only 17

» 1 1]
BARREL KIT f147 8
OVER-FLO :
FLUORESCENT H
NIXIES H

a

H
5 for $1.98 InY &

k{ Used aoriginally in table top g

calculators.  Brand new. g
Gas discharge type, colorrg
Blue. Cat, No. 8H3288

OF
ANY
KT

ARREL KIT §154
LOCK CHIPS

10 for
$1.98

We gathered an assortmen
f clock chip, alarm, caten
. heopers, who knows,

Cat. No, 8H3308

]

1l mixed. At these pricas?

BARREL KIT #152
VOLUME CONTROLS

15 for
$1.98 7
t

-| Control maker discontinue:

st line: dumps controls  wit!
switches at ridiculoun

prices. Asst values.

Cat. No. 8H3306

money back
gunarantee!

BARREL KIT §155

BARREL KIT ;1 l
SN7400 DIP 1C's

75 for $1.98
Marked 14 and/or with 16
pin dips, may include gates,
registers, flip flops, count.
o

TEREN SATISFA!
Cat.Ma 8H 2415

CTION!
Unteated.

BARREL KIT ;2
LINEAR OP AMPS,

DIPS 75 for
tested 51 _98

May include T09's, Td1's
. 660 series. i

marked

marked. Cat.Na, 8H2416

Wha knows! GUARAN.| 79
cludes

666 in-
and  un-

RE-TESTERS DO!
BARREL KIT # 3
1N4148/914 /w’

SWITCHING DIODES

—D—
100 for $1.98

You never saw this hefore,
Imagine famous switching
diodes at these nrices!

Cat.No. BH 2418 Untested.

These are the
miniaturs e
IN4OOO  ser
elude 26, 6

00, 600. R

BARREL KIT ;4 =
44000 RECTIFIERS

100 for $1.98

Untested.

4
volters. Cat.No. 842417

ZUADRACS

Ofor Y/ size voltages, red,
s green, yellow, blue plasti
famous micro mBre f plestic
Hifiers of the $1.98 mcakes, asinl leads.

ies, May in- [ All the famous plastic pow- H3311

0, 100, 200, fer t1abk type. Raw factory | H

0 and 1000

BARR

SCRS, TRIACS,

stock! All the 10 amp types
Cat.No,8H2419 Untested.

EL KIT 45

MOLDED CAPACITORS;

BARREL XIT #1587
MOLEX CONNECTORS

75 for
$1.98 10

Nylon, white cable connec.
tors, asst. factory over-run
NO PICKEE! Mixed in bar.
rels. Cat. No. 8M3324 m

BARREL KIT #1588
MAGNIFIED MAN-3's

BARREL KIT #7
VOLUME CONTROL

BONANZA! . IF TRANSFORMERS
40 for 100 % good.
: 100 for $1.98

100 % gaad {Amazing, includes 456kes,

v al |osc, a, who knows?

BARREL KIT f8
SUBMINIATURE

or radino man-

ufacture, Cat.No. 8H2422

BARREL KIT #10
ROMS-REGISTERS

50 for
$1.98

Untested
2x to 40 pin devices,
marked, internal  {rctorv
numbers, 10 Cat.No.8H 2424

BARREL X
TRANSIST

40 for
$1.98

ENE, plastic
Assorted 2N

POWER TAB

Cat.No. 8H 2826 Untested.

1T 712

ORS

10220

numbers,

type.

7

Y -BARREL KIT §13
A JRESISTOR NETWORKS

60 for Famous style MAN-3. 7-

seg readout, with built-on|
$1.98 & magnifier, Factory diseon.|
Untested.

Ry Corning Glass, in 14-
ma dip paks.Cat.No.BH 2427 SESSENUNREEENENDRAR

osmetic rejects

15 for 25
1.50 ==,

BARREL KIT j159
MODULAR SWITCHES

LG L
L

“'pukh-ON'
TV-mukers ex-

$1.98

Ceatratab
switches.

.tinued line, 100% mate-
rial. Cat. No. 8H3325

cess. Dpdt, 6pde, etc, Brand
new. Cat. No, BHI1S0

BARREL KIT j14 BARREL KIT #15 BARREL KIT 417 BARREL KIT 419 BARREL KIT 20 BARREL KIT %25 BARREL KIT 726
PRECISION n‘és|s'rons MOSFET TRANSISTORS| LINEAR & 7400 DIPS | DIPPED MYLARS LONG LEAD DISCS METAL CAN PLASTIC
Untested 0 e TRANSISTORS TRANSISTORS
60 for I3 150 for 100 f
200 for 100 for $1.98 sy $1.98 100 for or
$1.98 60 for $1.98 | $1.98 : $1.98  unene| $1.98
¢ 2 o Marked. K Finest  capacitors  made, | Factory  distributor  stock 1 facluden T0O-5, T0-1, TO- Untested.

All_4 deaders T0-18 cuse | Marked and unmarked. m- | oy finish. agine fortol | Sneoon * sale”. - prime | s, vte, assorted SR pom. | Type TO-vz (To-15), an
Marked and unraarked Y, transistors 'ﬁ;nlll_[nu{("hl’rh of raw fac- | [0 ining fem in barrels. | marked only, Long Jeads | bers, unmarked ete. manufacturers. variety of
s, T watts.Ne, '8H2428 Cat.No. 8H 2429 Ty stock. Cat.No.BH2431 ooy o 8H2597100 % good.[ Cat.No 8H2598 100 % good| Cat.No. 842603 2N #'s. Cat.No BH 2604

BARREL KIT 30
PREFORMED
RESISTORS

250 for $1.98
We got barrels of la and
1/,”  watters for pc use.
You'll get even amount,
100 , 100 L7 watters, |
[Cat.No. BH2608 109% good'

BARREL KIT #31
LLIC

100 for $1.98

Made mustly by Corning,

made.

BARREL KIT #32

Cat.No. 8H 2610 Untested,
Can‘t name factory but we
bought barrels of 25 watt-
ers with mtg. hole in mid-
die. PNP'S and NPN'S,

TRANSISTORS 'NEON LAM
WITH A HOLE IN IT '40 for
50 for $1.98 "W ¢4 og

but factory
and barrel'ed

SARREL KIT 438

Famous NE-2's,

vantage  Cat.No)8H 2613

PS

100 % good.
Al prime,
made _millions
*em, Your ad-

BARREL KIT £36
GERMANIUM DIODES

200 for
100 for /ﬁ’
. 31.98 40 "g1.08

item, Never grows ald, But

this s

TERS buv 'em from the
factories. Cat.No.8H 2614

BARREL KIT 537
1 AMP ""BULLETT"
RECTIFIERS Untested.

Famous _style, asstd. volt-
ages, silicon, axial includes
all types of voltages to
1KV.Cat.No. 8H 2618

the way the RE-

BARREL KIT {40
PNP HIGH-POWER
TRANSISTORS

or

$1.98
Popular germanium T0-3
case units, now available
at "'good ole barrel”" prices.
at.No.8H 2618100 % g00d

BARREL KIT {46
G.E. 3.5 WATTY
AMPLIFIERS
25 for
$1.98 Un{ested.\
outs, we purchased them in

Thexe
knowns, Cat.No. BH 2624

(BARREL KIT /61
POLYSTYRENE CAP

(100 for
$1.98

Finest caps made. As a ghm-
ble we bought 10 barrels
irom factory, mixed values;
a2l good. Cat-No, 8H 2722

BARREL KIT (65
MIXED READOUTS

2 WATTERS
@ 100 for
$1.98

Factory

L

factory™ fall-

are  un-

BARREL KIT /58
SIGNAL SILICON
DIODES

200 for $1.98

Includes many, many types
of switching,” signal silicon
types, all  axial lends.
Some’ may be zeners,

Cat.No. BH2628 Untested.

BARREL KIT 53
JUMBO RESISTOR PAK

100-pc. $1.98
Cat.No. 8H 2721 ~=ClX2~

from Vg watt to 7
watts. . Color
100 % good, Worta $10.

fitms, preci-
etal oxide

caded &

BARREL KIT ¢58
SLIDE SWITCHES

30 for

$1.

All shapes, sizes, spat, apdt, | 15

momen

dous shop pak for 100's of
switching projects. -
Cat.No.8H 2726100 % good.

BARREL KIT #59
POWER TRANSISTORS

40 for
$1.98

watt Bendi:
pellet transistors,
good, purchased
retester, have millions of

98

npn, o
from

taries, etc. Tremen-

u
00 % good Cat.No.8H 2727 | too. Cat.No. 8H 2728
———— =

BARREL XIT #39
2N30S5 HOBBY
TRANSISTORS

good,,
From factory 10 you, these
fallouts of the famous
2N3055. We Fave 10 bar-
rels. Cat.No.BH2617

BARREL KIT 760
DTL'S IC'S
7S for
$1.98 Tuicecea

This is _printe barrel mater
Who wants DTL’s?

, 936, 946’s, Your gain

r loss. They're marked

Tels &

BARREL KIT 768

100 % good.
Nobody seems ta want 'em!

suppliers  don’t

o time tn sevarate, o
at.No.BH 2733 Unlestg_w‘,

BARREL KIT 477
“BROWN’' BODY
TRANSISTORS

40 for $1.9

[
voltage, ) E

current, npn’s. Factory line
discontinued,  Power  tahs

Cat.No.8H 2742 Untested.

series

TRANSISTORS

140 for $1.98)

D42 series. You test—go
own biz! igh
Ni

Cat.No.8H 2743

N
Untested

h
. IU's & )"l Rold mige
A1) marked. Cat.No. BH2735
BARREL KIT #81
SUBMINI RESISTOR!

| 200 for
$1'98, 100 % good.

PC, upright type, color cod-
ed, 1y watt, Asst values.
me to us in a barrel
Cat.No 8H 2746

BARREL K

$1.98

Emptied  sto
barrels

ceramics.

VOLTAGE

Factory rejel

CAPACITOR SPECIA

100 pcs.

mylars,
micas, muldeds,

Qiscs,
100 % good. Cat.No BH2T3A
BARREL KIT £83

15 for $1.98

LM-340T (;, 5icd
REGULATORS

length of leads, May inclune
€6, %, 12,16, 18,24
Power tab Cat.No BH263S

1T 473

sckroams  into
poly’s,
plastics,
Nifty

etc,

BARREL KIT /7

TRANSISTOR 18
ELECTROS /1, 150 for
50 for $1.98 #/| $1.98

Tt “bugs” us why the fuac-

tories

We don’t wish to separate

wide a
up tv

BARREL KiT $75
400MW ZENERS

Factory nut of biz! Amazing
offer: 6. X, 10, 12 to 16V.
You test. Hermetioally sealed
\glass pak. Double IR,

Cat.No.8H 2740

dump ‘em in barre

ast voltages & vulues
300 mf.Cat. 842747

BARREL NIT /76
1-WATT ZENERS

e-aguin offer. 6,
. 12, 15V, under
Double plug.
Cat.No. BH 2741

rten them tur

volts

40 for /S lgfsfor
$1 98 _ /Untested Factory dumps into batre
Wow! A Litronics dump of

all kinds of mixed disorete
EDS, s)

poor, cte.

BARREL KIT 486
HOBBY LEDS

BARREL XIT /87
NATIONAL IC BONANZA

Types ROVO, 7
DTLs, ROMs

shapes, eolors, ko, | &
B8H 2859

te. chit

) line
Cat.No. 8H 2860 Untested.

BARREL KIT 788
LITRONICS LED
READOUTS

factorv,
have fun! Na.

all
84 286

BARREL /91 s
SILVER MICAS

100 for $1.98
Cat.No.BH 3018
For the first time sllver
micas so lo
Axial, red ease, variety of
physical sizes & .
Big savings from distribu-

tor prices. Wt. 1 lb.

BARREL KIT #93

BARREL KIT f99

BARREL KIT ;101

BARREL KIT £104 |

. BARREL KIT{107

BARREL KIT fi08

BARREL KIT {109
TERMINAL STRIPS

150 for &
$1.98 y

Wide asst. of terminal strip
connectors,. from 1 contact
up. Strip manufacturers
barrel dump is i

Wt. 1 lb:€at.No'BH3136

BARREL KIT §123
CD-4002 C-MOS IC

15 for
$1.98

mosatly gaod. But we have
260,000¢. Can never sell

‘em out. YOUR GAIN! Their |.

is CD-5802

number
Cat, No. 8H3217

BARREL NIT 128
T

40 for $1.98

Wide asst, of values from
1mf to 300mf in mixture
LOO %

Cat. No. BH3226

BARREL KIT £140
LAMPS

20 for
$1.98

Precision, mini lamp  all-
metal, panel, with mtg
hardware, Lamp maker's
oversiock. 8H 3287

BARREL KIT f141
10 WATT ZENERS

e

dumps to prepare for

over the place, Good yield,
Cat. No, 8H3298

marked
barreled?

voltages all

AXIAL ELECTROS

Truthfully the factories (by
mixing em in barrels) do
all of us a faver. WUT A
BUYL Asst. capacities and
voltages.

Cat. No. BH3227

Large migr d
Ths

MINI DIP ICS

75 for $1.98

into  barrels.
T4ls, LM-380-&, 703, 587,
£R5, Ai8—but who knows?
Factory to yau.
you test, Wt. 1 Ib.
Cat. No, 8H 324

umped 100’s of
Includes

All mixed,

ELECTROS

TANTALUM ﬂ .

30 for $1.98

Mixed,
&rude
ages.

BARREL KIT #142
DARLINGTON
TRANSISTORS

40 for $1.98

T3-92, a Motorola dump,
unknown numbers, but high
yield to good darlingtons.
Retesters didn't get ‘em!

40 for
$1.98

know wut

©Poly Paks Inc® Wakefield, Mass., U.S.A. 1976

100 august 1976

You will, 8H3285

the price.

BARREL KIT /{144
RCA PHONO PLUGS

1,000,000 RCA phano plugs|
for this one.

100 % material

2

You hi-fi-ers
they are . .
Look at]
8H3293

P.0.BOX 942H LYNNFIELD, MASS. 01940

C-MO$ 1C’S

60 for$1.98

Deliherately thrown in bar
rels, so we can't test 'e
The' famous CD4000seri

marked prime, top

asst. values, volt- | How goad? Who knows?

CE. Centralab, ete.] Who cares? it's only 3¢ en,
5HI288 Cat. No. 8H3257

Terms: Add postage Rate et 30

Phone : Wakefield, Mass. (617) 245-3829

Retall: 16-18 Del Carmine St.. Wakefield,
MINIMUM ORDER — $6.00

POLY PAKS

More Details? CHECK—

7, ! other eqpt maker barrelled

O Summer-Fall

HALF WATTERS PHOTO ELECTRIC RESISTOR SPECIAL SLIDE VOLUME QUARE OHMS TO-5 PLASTIC
CELLS 2 f = I’:.tm'l'fm.n.s$1 o8> for TRANSISTORS
00 for 0 for “ Cat.No8H 3101
Untestea. |10 for $1.98 1.98 / Cot.No. 843057 $1.98¢. 40 tor $1.98
in _pricel fuctory tried tof \.4 g ©DS t $1. Used in_ hi-fi, volume con-| Factory peop! . or =
minng 1o | A8 G e, e ab s ,_|trol maker tnlonds, Asst. | times “'squares” when they [ Includes PNP, 2N-
values resistors in[ XSS OY !:g“a{é‘ 18 oo | Includes: 1. h/<". /181.0-1 values, what a buy,” Worth | topple prime square ohms, 3638,
But value is there.| o 4 . watters, carbon. 131 ea, We've got barrels [ mix ‘em up in batrels. Asat.| series, ete, ested, but
Cat. No,  EH3046 « Cat.No. 8H 3052 100 % good. 8H3054 | of 100 % material. values watts. Wt. 1 lb. guaranteed to & 60 % yield.
BARREL KIT #110 BARREL KIT #112 BARREL KIT #134 BARREL KIT /113 BARREL KIT #116 BARREL KIT f118
'SUPPRESSOR DIODES | MICRO MINI LEDS CALCULATOR CHIPS | MOLEX SOCKETS BUTTONS 'N MINI SCRS
40 for 15 for \:, zoo fol' SooTLT FEEDTMRU'’S 98 50 f $1 98
$1.98 $1.98 w7 $1.98 100 for $1. or $1.
$1.98 H3137 » o hd 100 % good. UNBELIEVABLE! TO
Cat.No 8 All the tany leds, axial, up-] National —type.'  Uan '8&) 100 % zood Truthfully  wotth ‘a small E » -92
ignition noises out| right of Monsanta, Litronix,| MM6746, 48, ete. Thes g H id ! | plastic SCRS in barrels . ..
ted. but th ; : i Hconth Thes | Calcutator maker dumpt Wej fortune. Wide asst. of but. | rite from factory. Includes
Untested, but dt | variety of colors. Yield: have discontinued these| gye a zillion of ‘em, Used | ton-feedthru capst HAMS | 0h° (iiiaees up thra 200
our gain. ?f your eQPlﬁ cl?r, ln‘ua- ;50% or better. i chipa, FIND A USE. Un-|{for [C =ackets,. etc. TAKE NOTE! RF, JHF, etc. prv. BH3138
rial, etc. Double plug Cat.No, 8H 3132 tested.  Cat. No. 8H 3258] Cat.No.8H 3144 Wt. 1 1b. C aH3141 -
S o e A
BARREL KIT 127 BARREL KIT #128 BARREL KIT /131 BARREL KIT 7133 BARREL XIT 138

PANEL SWITCHES
30 for
$1.98

Did you hear of GAK? An-

all types of raturies, elec-
tric, slides, etc. ‘8H 3268

MAY
BE PHONED

Send far FREE

CATALOG

OFF Page 126



DRAKE
EXPANDS
SERVICE
FACILITIES

Effective August 1, 1976
warranty and non-warranty cus-
tomer service as well as parts
for R. L. Drake Co. Amateur
Radio Products will be available
from the R. L. Drake Co. West-
ern Region Sales & Service
Center, 2020 Western St., Las
Vegas, Nevada 89106.

William Gaible, WA8ADI, the
Manager of this new Drake
Company Service Center can be
contacted by calling 702-382-
9470.

This Western Service Center
was established in order to bet-
ter serve the needs of R. L.
Drake Co. customers in the
states of:

Hawaii
Alaska
Washington
Oregon
California
Montana
Idaho
Wyoming
Nevada
Utah
Colorado
Arizona
New Mexico

as well as:
Western Canada
Mexico

The office will be staffed with
experienced R. L. Drake factory
Customer Service employees.

RATES Non-commercial ads 10¢
per word; commercial ads 40¢ per word
both payable in advance. No cash dis-
counts or agency commissions allowed.

HAMFESTS Sponsored by non-
profit organizations receive one free Flea
Market ad (subject to our editing). Re-
peat insertions of hamfest ads pay the
non-commercial rate.

COPY No special layout or ar-
rangements available. Material should
be typewritten or clearly printed and
must include full name and address. We
reserve the right to reject unsuitable
copy. Ham Radio can not check each
advertiser and thus cannot be held re-
sponsible for claims made. Liability for
correctness of material limited to cor-
rected ad in next available issue.

DEADLINE 15th of second preced-
ing month.

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

BUY — SELL — TRADE. Write for free 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 &
sociated Radio, 8012 Conser, Overland Park,
Ks. 66204. 913-381-5901.

STOP don't junk that television set. ASE man-
ufactures the world’s most complete line of
television picture tubes. Over 1700 types.
Most types immediate delivery. Tubes for Old
or New TV's, black & white and color. 2 year
factory warranty. Lowest prices anywhere.
Allied Sales & Engineering, Inc., Dept. 22,
Pimento, IN 47866. Telephone 812-495-6555.

COMPUTER POWER SUPPLY, -|24V/27V/3A
+12v/350ma, +5V/5A, —12V/500ma. Com-
pact, extraordinary regulated and filtered.
Pulled from new computer. With schematic.
$25.00. Many Cartrivision VTR parts. SASE.
\é\lf’GlggM, 6017 Majorca Ct., San Jose, Calif.
WYOMING RANCH LAND. Wild horses, ante-
lope, deer, elk. 10 acres $30 down, $30
month. Owner - K6ICS, Mike Gauthier, 9550K
Gallatin, Downey, CA. 20240.

WANTED. Only 1 copy Ham Radio, May, 1573.
Tom lerlan, WA2SPM, 725 Proctor Ave., Og-
densburg, N. Y. 13669,

VERY in-ter-est-ing! Next 4 big issues $1. “The
Ham Trader,” Sycamore, IL 60178.

CUSTOM EMBROIDERED EMBLEMS, your de-
sign, low minimum. Emblems, Dept. 709,
Littleton, New Hampshire 03561.

RECONDITIONED TEST EQUIPMENT for sale.
Catalog $.50. Walter, 2697 Nickel, San Pablo,
Ca. 94806.
WANTED: Tektronix types P80 probe, 81 adap-
ter, and 82 plug-in. State price. Mark Hudson,
1218 E. 36th St., Odessa, Tx. 79762.

MOBILE IGNITION SHIELDING provides more
range with no noise. Available most engines.
Many other suppression accessories. Litera-
ture, Estes Engineering, 930 Marine Dr., Port
Angeles, WA 93862.

NEW POWERFUL THREE OUTPUT REGULATED
POWER SUPPLY, plus 900 parts worth $400.00
list. Solid state TV recorder electronic unit.
Schematics, parts cross reference. Free bro-
chure. $17.95 plus $3.50 S&H, USA. Master
Charge, BankAmericard. Satisfaction guaran-
teed. Madison Electronics Company, Incorpor-
ated, Box 369, D77, Madison, Alabama 35758.

AMATEUR CALL SIGN PINS $1.00. 1”7 x 3~
1 or 2 lines engraved. Blue, black, red, green.
Guaranteed. Holly, Box 3926-S, Hollywood,
Florida 33023. —_—

FREQUENCY COUNTER BOARDS, Jan. 76 HR,
double sided glass epoxy includes 500 MHz
prescaler circuitry and LED board, instructions
and parts source listing $15.00 complete.
Popular electronic keyer board $2.00. CSJ
Electronics, 5201 Cameron Court, Lincoln,
NE 68512. —

GOVERNMENT SURPLUS Communication
Equipment, FREE catalog. Colonel Russell,
9410 Walhampton, Louisville, KY 40222.

WANTED — Housekeeper YL, (1KW Rig) Su-
burban-W2ISL, A. Porterfield P.E., 41 Winne-
bago Rd., Yonkers, N. Y. 10710.

KLM PRODUCTS, Larsen ants.,, lcom, police
and fire scanners. Send for prices. Not given
over phone. Narwid Electronics, 61 Bellot
Road, Ringwood, N. J. 07456.

HOMEBREWERS: Stamp brings list of high
quality components. CPO Surplus, Box 189,
Braintree, Mass. 02184,

SAVE! Bomar FM, xtals $4.00 ppd. Dentron,
Hustler, CushCraft, W. M. Nye, Ameco. Used
gear. Complete catalog - write Ferris Radio,
308 E. Harry, Hazel Park, Mich. 48030.

FERRITE BEADS: Ferroxcube beads w/specifi-
cation and application sheet — 10 @ $1.00
postpaid. Includes latest catalog. CPO Surplus,
Box 189, Braintree, Mass. 02184.

COMPUTER HOBBYISTS! Bargain hunt and
sell via ON__LINE, 18 issues/year - $3.75. Free
sample issue from: ON_LINE, 24695 Santa
Cruz Hwy., Los Gatos, CA 95030.

COLLINS 75S1, 32S1, 516F-2, $765. General
Radio Type 916-A radio frequency bridge,
$245. Heath SB-200, $215. Rohn No. 25, new-
never used, complete - 90 ft.,, my cost $635 -
now $450. Copper jacket, low loss 50 ohm coax
280 feet $95. Ham-M rotor complete $100. 4
el. 10 meter beam HB (20 boom) $40. TA-
33Jr. tri-band beam $70. Small prop-pitch
rotor - items for complete system $175.
“Large’ prop-pitch rotor $75. QST, 29 years
(328 issues) $90. CQ, 28 years (305 issues)
$65. 73 Magazine, 14 yrs. (167) issues) $30.
U ship. Moving to W6. M. M. Kovar, W2ZN,
3 Puddingstone Ct., Morristown, N. J. 07960.
(201) 386-2512 day - (201) 267-0657 eve.

MANUFACTURERS, DISTRIBUTORS, DEALERS!
The Memphis Hamfest had 3,500 registrations
last year — even more expected this year!
Saturday and Sunday, October 2 & 3, at State
Technical Institute, Interstate 40 at Macon
Road. Security, motels, restaurants — a great
location for a great event! Contact Harry
Simpson WA4SCF, Box 27015, Memphis, TN
38127. Telephone 901 358-5707.

TECH MANUALS for Govt. surplus gear —
$6.50 each: SP-600JX, URM-25D, 0S-8A/U,
PRC-8, 9, 10, Thousands more available. Send
50¢ (coin) for 22-page list. W3IHD, 7218
Roanne Drive, Washington, D. C. 20021.

RUBBER STAMP, name/call/QTH $2.50 ppd.
(CA residents add tax). LWM Press, Box
22161, San Diego, CA 92122.

CANADJIAN JUMBO SURPLUS and Parts Cata-
logs. Bargains Galore. Send $1. ETCO-HR, Box
741, Montreal A’ H3c 2V2.

WANT Wireless book; daughter, Dr. Mahlon
Loomis, 1920’s. WSLL.

PORTA-PAK the accessory that makes your
mobile really portable. $59.95 and $39.95.
Dealer inquiries invited. P. O. Box 67, Somers,
Wisc. 53171.

DESKFAX PAPER $10 per 1000 sheets, Tom
White. 3325 W. Altadena, Phoenix, AZ 85029.

DIRECT CONVERSION RECEIVER KITS for AM
or CW. Write WBOMBH, 3132 North Lowell
Avenue, Chicago, lllinois 60641,

WANTED: HRO-50 in repairable conditian.
WASINP, Art Smith, 5446 Grafton St., Jack-
son, Mississippi 39206.

FREE Electronics Surplus Catalog. Electronic
Specialties, 1659 Wetmore, Tucson, AZ 85705.

H-P 400D $45.00. H-P 650A $75.00, good cond.,
manuals, FOB Ray Harland, 2602 Mary Ln.,
Escondido, Ca. 92025.

MOTOROLA CONVERTA-COM CONSOLES. One
each, VHF & UHF. Complete with speakers
and cables. Make offer. Mike, WA2ZOW, 65
Richard St., Clark, N. J. 07066. (201) 382-0879.

SIDESWIPER only $13. Airmailed USA. Kungs-
import, Box 257, Kungsbacka, Sweden.

CIRCUIT BOARDS. Artwork, negatives, etching.
SASE for details. Karl Raup, WB40OXG, 630
Atbertson Place, Orlando, Fla. 32806.
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TRANSFORMER RIOT

American made, 115V Primarys:

6.3 V, 1 Amp, Shielded $1.75 Ea. ppd.
12V — 250 mils — for P.C. Board. Size:
157 x 1" x l‘,g". 5 0OZ.

12 volt amp.
12V 1.2 Amp
12V, 3 Amp $4.15 ppd.

Dual Secondarys; 18-0-18V @ 1.2 Am

and 7-0-7Vv @ 400 MA, 1 Ib. 5 oz., Shielded.
2% " x 2" x 214" (3% " MTG) — $3.85 ppd.
22.0-22V — 1 Amp, 6.3V. Tap 4 Amp —
27 x 214" % 2% " (MTG 234"”) Leads from
top of shield, 1 Ib. 4 oz. $3.20 ppd.
24.0-24 @ 1 amp with tap at 6.3 volt for
pilot light. $3.15 ea. ppd.

TRANSISTOR OUTPUT TRANSFORMER —
One watt rating 200 ohm Centertapped
primary, B chm secondary 85¢ Each ppd.

NEW . Transistor and Relay As-
~ sembly — consists of (2)

L ~/» MIE3055 and (2) MJE2955

/ transistors (10 amp, 90w,

% 60v complementary pairs

/Fe ! mounted in "“U" channel
& heat sink 215" x 114" x

lifﬁ". (2) XTAL CAN RE-
S, DPDT, 28v, B000Q,
5.8 ma DC, 1 amp contacts
mounted on PC board with
resistors. $2.85 ea. ppd.

NEW SIZES — VERTICAL MOUNT
PC BOARD POTENTIOMETERS g/

American made (CRL) Cermet
sizes: 25K, 100K ohms. 5/$1.30 ppd.
CTS Blue wheel. Values: 750, 1K,
1.5K, 50K, 300K ohms. 5/%$1.20 ppd.
N MINI Imported vertical pots (}4H,
3%W, 1/16D) Values: 1800, 2.5K,
5K, 50K ohms. Slot adj.
Price: 5 for $1.20 ppd.

NEW CAPACITORS

BACK IN STOCK ONCE AGAIN
3000 MFD
@ 30 Volt

L= Capacitors.
Size 1”7 Diameter x 3" Long. 90¢ Each
or 3 For $2.25 ppd.
3000 MFD @ 20V Capacitors. Same size
as above. 80¢ ea. or 3 for $2.00 ppd.

ALSO 3000 MFD @ 50V
95¢ ea. or 3/%$2.65 ppd

ELECTROLYTIC CAPACITOR — PHILCO

Quad section 100x150 MFD @ 400V and
at 350V D.C. and 20x50 MFD @ 250V —
TWISTAB MTG. A very nice unit for Trans-
ceiver Power Supplies etc.

Price is only 31.10 ea. or 3/%2.95 ppd.

DUAL Electrolytic 1000 & 500 MFD. 15V,
long leads. 34" dia. x 214" long.
55¢ each 3/5130 ppd.

€y +] — Dual Electrolytic 1000
L+ MFD @ 16V, 500 MFD @
12V, %" dia. x 2%4" long.

60¢ ea. or 3/%$1.55 ppd.

134 inch miniature alliga-

tor clips. Bright vinyl red =

or black. Nickle 'plated
9 for $1.00

UNPOTTED TOROIDS — center tapped
BEMHY .~ _ Limited Qtys 44 MHY
5/$2.95 '6:7’ ' 5/$3.95 ppd.

CRL DISC CAPACITORS
.1 MFD, 10V 3" dia., long leads.
10 for $1.00 ppd.

Red 6 foot #18-2 line cord with flanged
safety plug — 55¢ ea. or 3/$1.45 ppd.
Gray 6 foot, 7A, plugs into auto liter
socket — 95¢ ea. or 3/$2.55

General Purpose Germanium Diodes. Sim-

ilar to 1N34a etc. All Cathode banded
Full leads. 16 for $1.00 ppd.

Small, glass, silicon diodes. Fairchild FD-
type. Full leads and guaranteed.
Price: 16 for $1.00 ppd.
SEND STAMP FOR BARGIN LIST
PENNSYLVANIA RESIDENTS - ADD 6%
ALL ITEMS PPD. USA
Canadian orders for less than $5.00 add
$1.00 to cover additional mailing costs.
UPS requires your street address.

7 mn. weinschenker

"3 electronic specialties-BOX 353, IRWIN, PA 15642
102 [[® august 1976

flea market

NEW CANADIAN MAGAZINE. "Electronics Work
Shop'". $5.00 yearly, sample $1.00. ETCOB,
Box 741, Montreal, H3C 2V2.

FREE CATALOG. LEDS, strobe lights, UARTS,
memories, RF transistors, microphones, IC's,
relays, ultrasonic devices, precision trimmer
capacitors, digital thermometers, unique com-
ponents. Chaney's, Box 15431, Lakewood,
Colo. 80215, e

FOR SALE: Genave GTX.200T, factory tone pad,
4 channels, mint condx. $240. Heathkit SB-102
A-1 shape, make offer. WA@NZQ, Curtis R.
Olsan, P. 0. Box 215, Regent, N. Dak. 58650.

WANTED: Boehme, Creed, McElroy, G.N.T.,
Wheatsone equipment, ATKO Minikeyer, ATKO,
ECCO, Navy 8M3 training set. Manuals book-
lets. Fisher, 235 Adams Street, Brooklyn,
New York 11201,

MODERN 60 MIN. CODE CASSETTES. Novice
0-5 wpm, Progressive 5-13 wpm, General 13-15
wpm, Extra 20.22 wpm. $3 each, 4/$10. Royal,
Box 2174, Sandusky, Ohio 44870.

QRP TRANSMATCH for HW7, Ten-Tec, and
others. Send stamp for details to Peter Mea-
cham Associates, 19 Loretta Road, Waltham,
Mass. 02154, _—

COMPLETE LINE KLM, CushCraft, Covercraft
dust covers, SCS amplifiers, Regency, Triex
Towers. Call or write Radios Unlimited, 86
Balch Ave., Piscataway, N. J. 08854. 201-
762-4307.

NAMEBADGES $1.25, name and call sign
$1.75. Engraved plastic with pin or clutches.
Black, white, red, blue, green, woodgrain.
Include payment with order. Club emblem and
hamfest badges. SASE for catalog. Donan’s
Engrguing, P. 0. Box 07155, Lakewood, Ohio
44107.
SALE: Model 28 ASR's - KSR's repurfs - key-
boards TD's - printers parts - all priced for
hams. All in excellent condition. A.D.M. Com-
munications, Inc., 1322 Industrial Avenue,
Escondido, Ca. 92025. (714) 747-0374.

MOTOROLA HT220, HT200, Pageboy, and other
popular 2M FM transceiver (Standard, Regency,
etc.) service and modifications performed at
reasonable rates. WA4FRV, (B04) 272-8403.

MOD-U-LINE CABINETS, ST-6 style MCP3-17-12
gray $27.97. 500 styles available. Many other
electronic parts available. Stamp brings info.
NuData, 104 N. Emerson St., Mt Pospect,
IL 60056. )
DEFLECTION YOKES — For 1” Vidicon with
transistor deflection circuits. New precision
yokes, $10.00 each while they last. Add 50¢
each for shipping. Aptron Laboratories, P. O.
Box 323, Bloomington, IN. 47401.

TS520 NEVER USED. With CW filter and ex-
ternal VFO. AC only. $675. Heath SB300/401
combo with VFO switchini{ all filters, Heath
desk microphone. Mint., $400. Linear $175.
WETC, 415-8B54-4649.

BAZOOKA. DIPOLE . Ready to use, with

fiberglass center S0239, end insulator BOM,

$29.50; 40M, $26.50; 20-15-10M, $23.50. Fiber-

glass central insulator with 50239, 1000

pound test, $5.95 Trap 2 KW 80/40, 40/20,

$18.50, ppd. Jac-Tenna, 13850 Victorin, Tracy,
Que., Canada.

TRAVEL-PAK QSL KIT — Send call and 25¢;
receive your call sample kit in return, Samco,
Box 203, Wynantskill, N. Y. 12198.

MANUALS for most ham gear, 1939/70. List
$1.00. Send SASE (or 25¢) for one specific
model quote. Hobby Industry, W@JJK, Box
HB864, Council Bluffs, lowa 51501,

CRYSTALS for Collins S Line and KWM 2.
Full frequency coverage 3.4 to 30 MHz. Com-
plete kit 126 crystals $2.00 per crystal plus
postage. Single wunits or any combination.
WBMEN, 184 Crandall Drive, Worthington, Ohio
43085. Phone 614 885-6725.

IC APPLICATIONS MANUAL — Analog/Digital
$3.95. Digital IC manual - latest edition-3000
latest types/pinout diagrams/cross references
$6.95. Electronetics-HRM, P. 0. Box 127,
Hopedale, MA. 01747,

RADIO MUSEUM now open. Free admission.
15,000 pieces of equipment from 1850 tele-
graph instruments to amateur and commercial
transmitters of the 1920's. Amateur station
W2AN. Write for information. Antique Wireless
Assn.,, Main St.,, Holcomb, N. Y. 14469.

TELL YOUR FRIENDS about the BIG NEW Ham
Radio Magazine!

THE TIGER
15% Savings on Gas

A Capacitive Discharge lgnition system absolutely
guaranteed NOT to interfere with your radios &
equally guaranteed to improve your auto's opera-
tion and gas mileage,

No rewiring necessary. Engine cannot be damaged
by improper installation. Either of three models
fits any vehicle or stationary engine with 12 velt
negative ground, alternator or generator system.
Uses standard coil & distributor now on Yyour
engine. Dual switch permits motor work or tune-up
with any standard test equipment.

Write for free booklet that not only is the BEST
description of CDIs, but also explains the need
for such a system. Current prices assured til
July 1, '76.

D-D ENTERPRISES ey
P. O. Box 7776

San Francisco, CA 94119

test for resonant
resistance

with an omega-t
antenna noise

The Omega-1 Noise Bridge is an inexpensive and
llexible testingdevice that can elfectively measure
antenna resonant frequency and impedance This
unique piece of lest equipment does the work ol
more expensive devices by using an existing
receiver lor a bridge detector There is no longer
a need for power loss because ol impedance
mismatch Get more details or order now!

Model TE7-01for 1-100 MHz Range $29.95
Model TE7-02 for 1-300 MHz Range $39.95

-
LECTROSPACE
= —_—

BYSBTEME, INC
320 TERRACE VILLAGE
RICHARDSON, TEXAS 75080
TELEPHONE (214) 231-9303

Sold at Amateur Radio Dealers
or Direct from Electrospace Systems, Inc

More Details? CHECK—OFF Page 126




Get more operating pleasure

with your Atlas Transceiver!

Introducing the new

ATLAS Auxiliary VFO

The Model 206 provides:
* Digital Dial L.E.D. Readout

® Separate control of transmit and receive frequency

¢ Expanded frequency coverage
* Frequency Counter Capability
* Digital Hold

The Model 206 Auxiliary VFO is designed for simple
plug-in installation with all Atlas Transceivers providing
increased versatility, greater frequency coverage includ-
ing full coverage of the 10 meter band, and more flexible
operating capability.

DIGITAL DIAL READOUT

All LLE.D. Matrix 6 digit display reads within 100Hz
(just 1/10 kHz) of your actual operating frequency.
Reads on both Receive and Transmit.

A DIGITAL HOLD feature permits retention of a fre-
quency reading while tuning to other frequencies.
SEPARATE TRANSMIT-RECEIVE FREQUENCY
CONTROL

The 206 provides for transmitting on one frequency
while receiving on another frequency. Transceive oper-
ation on the same frequency may be with either the 206
or 210x/215x.

EXPANDED FREQUENCY COVERAGE

Complete coverage from 1.8 to 3 MHz (with Model 215x
only),also3 to 5,6 to 8, 8 to 10, 14 to 16, 20 to 22, and
with the 210x from 28 to 30 MHz. This permits MARS
operation as well as reception over large segments of the
HF spectrum.

FREQUENCY COUNTER CAPABILITY

In addition to being a VFO Digital Dial, the 206 will
also function as a sensitive frequency counter from 100
Hz to 40 MHz for general use around the ham shack
or lab.

‘The Model 206 is housed in an attractive cabinet match-
ing the Atlas AC console.

With the addition of the 206 to your Atlas station, you
have the ultimate in a high pcrf(mnancc. maximum
versatility, compact, amateur radio station. $299.
For complete details see your Atlas dealer, or drop us a
card and we'll mail you a brochure with dealer list.

2 ATLAS

‘«Ir.

417 Via Del Monte

More Details? CHECK—OFF Page 126

RADIO INC.

Oceanside, CA 92054

Phone (714) 433-1983
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YOUR
NEW H-P
CALCULATOR
MAY COST YOU

NOTHING!

WE NEED USED
HAM EQUIPMENT!

The Hewlett-Packard calculator you've
always wanted may cost you little or
nothing! As the Southwest’s leading
Ham Radio Dealer we have a continuous
need for good used amateur radio
equipment. As an authorized Hewlett-
Packard dealer we have an excellent
supply of these superb scientific and
financial calculators, and we're offering
you a legitimate trading opportunity

'HEWLETTW PACKARD

$100--less trade-in
$165--less trade-in
$165--less trade-in
$335--less trade-in
$795--less trade-in

HP21
HP22
HP25
HPS5
HP65

For an estimate on the value of your used
equipment call our Ham Dept. Mgr., Walt
Van Arsdale (K5SX0)

CALL TOLL FREE
B00-527-4642
(In Texas call. . .214-348-1560)

Upon receipt and check-out ol your trade
we'll confirm our allowance to you. Your
price on any of the above units can be
substantially reduced or eliminated with
agood trade-in. This is a limited offer--
don't delay--trade up to Hewlett-Packard,
the finest hand held calculator you can

own!

Electronics
Superstore
1717 S. Jupiter Rd.
P.0. BOX 1050
GARLAND, TEXAS 75040
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KEYER KITS, automatic with weight control.
Use ordinary paddle or homebrew ‘“‘touch”
paddle. Draws less than 2 ma at 9 volts. Ideal
for portable operation. Includes all P.C.B.
components and full instructions. Send S.A.S.E.
for details or send $17 to NS. Circuits, Jacob
Sollenberger, Route 7, Chambersburg, Pa.
17201.
PC's, Send large S.A.S.E. for list. Semtronics,
Rt. #3, Box 1, Bellaire, Ohio 43906.

MAG TAPE, 2,400" of !4 inch tape for UTRS
$7.00/reel. Interested in video, ATY or SS5TV?
Get on mailing list for free copy of new maga-
zine. WELVY, Dennis Trimble, 5835 Herma St.,
San Jose, Ca. 95123.

FIGHT TVI with the RSO Low Pass Filter. For
brochure write: Taylor Communications Manu-
facturing Company, Box 126, Agincourt, On.
tario, Canada. MIS 3B4.

FREE flyer of unusual surplus equipment and
components: military, RF, semiconductors,
coils, capacitors, etc. Free gift with first order,
Gold Electronics Company, Dept. H, Box 1814,
Rochester, NY 14603.

ENGRAVED RADIO LICENSE. Exact reproduc-
tion in solid brass. Permanent identification.
Send good Xerox copy, with $5.00, to Metal
Art Graphics, 1136 Potomac Ave., Hagers:
town, Md. 21740.

TELETYPE EQUIPMENT FOR SALE for begin:
ners and experienced operators. RTTY ma-
chines, parts, supplies. Special beginners
package consists of Model 15 page printer
and TH5-TG demodulator, $125.00. Atlantic
Surplus Sales, 3730 Nautilus Ave., Brooklyn,
N. Y. 11224, Tel: (212) 372-0349.

TELETYPEWRITER PARTS, gears, manuals, sup-
plies, tape, toroids. SAS list. Typetronics,
Box BB873, Ft. Lauderdale, Fl. 33310. Buy parts,
late machines. e —

QSL'S — BROWNIE W3CJI — 3035B Lehigh.
Allentown, Pa. 18103. Samples with cut cat-
alog 50¢.
NEED HELP holding your PC board while you
solder the components? My fixture will sit on
your kitchen table and adjusts to fit PC boards
up to 63%" wide (length unlimited). Order
now. Only $7.95 ppd in USA (Mo. residents
add 25¢). W. N. ellman Co., Box 722A, 451
Saline Rd., Fenton, Mo. 63026.

EXCLUSIVELY HAM TELETYPE 2l1st year,
RTTY Journal, articles, news, DX, VHF, clas-
sified ads. Sample 35¢. $3.50 per year. Box
837, Royal Oak, Michigan 4B068.

OSCAR 7, SSB-CW TRANSMIT CONVERTERS.
For 28 or 50 MHz input at 20 mw. 432 MHz
output at 1 watt. Solid state, for 12 volt sup-
ply. 35 watt solid state amplifier available
for this converter. Units designed and built
by W@ENC. Write for information. UHF-VHF
Communications, 53 St. Andrew, Rapid City,
S. D. 57701.
YOUR AD belongs here too. Why not send it
in today.

Coming Events

WALTHAM, MASS, Ist Annual WRIABV Re-
peater Flea Market sponsored by advisory
committee. August 15, 1976 10 AM to 6 PM.
Municipal parking lot, corner of Moody & Pine
Streets, Waltham. Refreshments available.
Talk-in on 146/64 and 449.05. Sellers $4,
Buyers $1, to benefit the WR1ABV Repeater.
Contact W1KSZ for further information.

MEMPHIS IS BEAUTIFUL IN OCTOBER! The
Memphis Hamfest, bigger and better than the
3,500 who attended last year, will be held at
State Technical Institute, Interstate 40 at Macon
Road, on Saturday and Sunday, October 2 and
3, Demonstrations, displays, MARS meetings,
flea market, ladies’' flea market, too! Hospi-
tality room, informal dinners, XYL entertain-
ment, many outstanding prizes. Dealers and
distributors welcome, too! Contact Harry Simp-
son, WASCF, Box 27015, Memphis, TN 38127,
phone 901 358-5707.

HAMBURG INTERNATIONAL HAMFEST, Sept.
18, 1976 at the Erie County Fairgrounds,
Hamburg, N. Y., near Buffalo and Niagara
Falls. Registration $3/$2.50 (advance). Flee
market space $%1.00/$5.00. Fri. evening hos-
pitality get-together with pre-registration draw-
ing of a valuable prize, technical and organi-
zational meetings, equipment displays, wo-
men’s program, R/V and picnic facilities, fun,
prizes. Talk in freqs: 146.52, 7.255 (ECARS),
and 3.925 MHz. Info: Bert Jones, W2CUU, 143
Orchard Drive, Kenmore, N. Y. 14223, Phone:
(716) 873-3984.

— CLEAN SIGNAL —
— ALL CHANNELS —

@ s

Actual Spectrum Analyzer Photograph
of an RP Synthesized Radio
ONLY RP GIVES YOU BOTH
PLUS
® SUPER ACCURACY (.00059%)

® FULL 2M FM COVERAGE

144-148 MHz
WORKS WITH MOST FINE AMATEUR
OR COMMERCIAL GRADE RADIOS

MFA-22 SYNTHESIZER

PRICED $325

PLUS $3 Shpg. % Electronics
SEND BOX 1201H

FOR CHAMPAIGN, ILL.
DETAILS 61820

ALUMA
TOWERS

i MADE IN ALUMINUM
X * TELESCOPING
(CRANK UP)
* GUYED

QUALITY MADE

gmgﬁllwt ot
HAM

COMMUNICATIONS

10 MODELS MFG.

FAV STAR A T T AT L .,

Al VAR R e W LT RN LAY AP AR S

Towers to 100 feet. Spe-
cials designed & made. See
dealer or send for free
catalog.

SN/ A S A SV S
AN s M el NS AN

ALUMA TOWER DI\

FRED FRANKE, INC,

BOX 2806HR

VERO BEACH, FLA. 32460
PHONE (305) 567-3415

ARV
e

More Details? CHECK—OFF Page 126
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flea market

HAMFAIR-76, TACOMA, Washington. August
21 & 22. The Radio Club of Tacoma (W7DK)
N E w presents HAMFAIR-76 at Pierce County Fair-
grounds, 11 miles south of Puyallup, Wash-

lngior;‘. t'.rt‘air:jtesls. flea market, seminars, wo-
H H - men children's activities, contests, Saturda
FaII'Chlld VHF Prescaler cn'ps evening dinner and Sunda‘y morning Iogger:
breakfast. Free camping with electrical hook-
ups. First prize ICOM IC-230. Contact W7GPR,
3421 E. 138th St., Tacoma, WA 98446. Phone:

This Month’s Specials

Type Description Price 531-3821.
11¢01 : RADIO EXPO '76, September 1B, 19, near
COLEG W Spesl DURE:B:9 1ol 0:{:22 Chica, o‘dExhibiti‘s, %emlpnars. gi?nt eraA;narket
? open Friday night. Campe elcome. ance
11C050C 1 GHZ Counter Divide By 4 $74.35 gg:sst 51,55. Bgox 1014.D.|I\rr?inwgtnn rrl]iaight:. n.
11C050M 1 GHZ Counter Divide By 4 $110.50 6.
VIRGINIA. Shenandoah Valley Amateur Radio
11C060C  UHF Prescaler 750 MHz D Type Club Hamfest, August 1, 1976. Clarke County
Flip/Flop $12.30 Ruritan Fairgrounds, Berryville, VA (8 mi. east
11C24DC  Dual TTL VCM $2.60 ?f “:in:h“'Euhtgnt Route ;;tg]. NawF an: belt:r
actilities. Exhibitors no charge. Further info
11C440C  Phase Freq. Detector $2.60 from Neil Woods, W4LOG.
11C58DC  ECL VCM $4.53 i .
11C70DC 600 MHz Flip/Flop With Reset $12.30 Mstisal.llgns. FLﬁEf::'Hlal'lfz' tThsmltl,Lh hard. the indispensable BIRD 43
nual Melbourne, r mfest w e
11C830C 1 GHZ 248/256 Prescaler  $29.90 Saturday and Sunday, September 11-12, 1976, THRULINE®* WATTMETER
11C90DC 650 MHz ECL/TTL Prescaler  $16.00 from 9 a.m. to 5 p.m. each day in the air
11C90DM 650 MHz ECL/TTL Prescaler  $24.60 conditioned Melbourne Civic_ Auditorium _lo- Read RF Watts Directly.
11C91DC 650 MHz ECL/TTL Prescaler  $16.00 ;?redam ‘ltﬂbl'gﬁ“s gg:éer::"rd- igg‘mt;gn if: rsuzrhﬁso 0.45-2300 MHz, 1-10,000 watts +5%, Low
11C91DM 650 MHz ECL/TTL Prescaler  $24.60 meetings, "auction, swap tables, commercial Insertion VSWR — 1.05.
95H90DC 250 MHz Prescaler $9.50 exhibits, awards, prizes, etc. Talk in on 25/85 Unequalled economy and flexibility: Buy
95HI0DM 250 MHz Prescaler $16.55 :?ﬂdu?zézg-ioslé‘;"?‘ifm Fbl: ':Lan“"um'fo:??“ﬁfg' only the element(s) covering your present
95H91DC 250 MHz Prescaler $9.50 b R L R AR M T L L i frequency and power needs, add extra
95H91D0M 250 MHz Prescaler $16.50 ranges later if your requirements expand.

FLORIDA. Melbourne Hamfest, September 11
& 12, Melbourne Auditorium. Contact Mike AUTHORIZED
Waters, VEIBYO/W4, 965 Golden Beach Blvd.,

RF TRANSISTORS Indian Harbour Beach, FL 32937, BIRD DISTRIBUTOR
New MEMPHIS, TN. Hamfest sponsored by Mid-

RCA 40290 12.5v, Ft. Typ. S00MHz 2 watts South Amateur Radio Association, Delta Ama-

mim ol p. [5/0.5 watts $2.48 teur Radio Club and Mid-South VHF Club. WEBSTER COMMUNICATIONS

October 2 & 3 at State Technical Institute,
ga;g;; sl.gs ;ﬁgggg iggg 2933 Mac:n Cou;m Mahm his. L?:rge !IaaDmal_:- 115 BELLARMINE
$7.00 X et, no charge for exhibitors. Contact D. H.
2N3866 5108  2N6082 $11.25 Powell, 4662 Crossover Lane, Memphis, TN ROCHESTER, MICHIGAN 48063

2N4072 $1.50 2N6083 $12.95 38117 for details.

gnggr sé.zu zmaggg zégag Bussoum.l_ ‘.:cn(?c tHgmLes!. lnsugqls: 22 ot (313) 375-0420
N5179 .68 2N6 ! iermann Lake (located about miles south-
2N5589 $4.60  MRF511 58.60 west of St. Charles, Missouri on State High- *T.M. of BIRD ELECTRONIC CORP.
2N5590 $6.30 MMCM918 $2.50 way K). Admission $1. Large flea market (no
2N5591 $10.35 MMT2857 $2.50 charge for set up). For more info contact St.
2N5637 $20.70 Charlgs Asma};e;l.lr |Radﬁocéggb13°32 Mocking-
pyilamic Mgt ' TESTEQUIPMENT
gELCdOM‘E -l_ tBi::antlermilal Eiiiionm Go[FIen
rea amfest. Quality Inn, Amarillo, Tex.

TUBES Aﬂg_ 14, 15, 19?69 Fullyinfu - write to 4408 All equipment listed |s operational and un
1P21 $19.95 61468 /8298A $5.50 Mesa Circle, Amarillo, Tex. 79109, conditionally guaranteed. Money back if not
2E26 $4.00 6360 $5.50 - satistied —equipment being returned must be
4X150C $18.00 6661 1.00 HAMFEST — Springfield, lllinois! First. San- shipped prepaid. Include check or money order
4X150A $15.00 6680 1.00 amon Valley Radio Club invites everyone. with order. Prices include UPS or motor {reight
:i’égg?_s ;g;gg gsg% s;gg unday, Septerrilber 2%"1‘ NRain-shine. .i“sl?nga- charges

. . mon County Fairgrounds, New Berlin, lllinois
DX415 izs.ou 7984 $3.95 on U.S. 36 wrﬁm KOHDZ, 622 Magnolia, Bl?é;({g’\nﬁ.lNH?zS?OA Counter Freq conv
572B/T160L 22.00 8072 $32.00 Rochester, lllinois 62561, R P A A b
Bl1lA 7.95 Bl06 1.95 BOONTON 190A Q mitr 30-200mHz .. .. 325
813 $19.00 8156 3.95 ELMIRA, N. Y. HAMFEST: Sept. 25, 1976, BOONTON 2028 AM-FM sig gen
931A 9.95 8950 5.50 Chemung County Fairgrounds. Flea market, BAPVAMBIE o i ssuasnivis desiaise 275
4652/8042 6.95 6L06 3.95 dealer displays, technical talks. Talk in 10/ DEI TDU-230mHz video display ....... 55
5894 $32.00 7289/2C39A10/$12.50 70-146.52. $2.00 advance sale - $2.50 at gate. GR546C Audio microvolter ............ 65
6146A $4.25 For further information, WA2SMM, 320 W. i imp bri to 40mHz . 165

A Ny 14904 GRB21A Twin-T imp bridge fo
Ve, Elmim. N Y, - GR1302A Audio Osc .01-100kHZ .......... 75
CIN 1 HAMFEST: 40th Anniversa HP160B (USM105) 15mHz scope with
JUST ARRIVED! These radios have just been Han?fl;?‘:r Sunday, September 19, 1976 ;‘{ norm horllz.dual trace vert plugs ... 375
pulled out of service. Set up for approx. 150 MHz. gw Ne\ivzslmpruvsd Stricker's 1|t:irl;me o{r{f State nggg lsi\.l‘h!} ?elag swee]p I'ar z:t;:;e .. 130
: oute , one mile west o oss (Venice) H ampling Scope 1 gHz
Clean. All tubes included. No accessories, Prices Ohio. Flea market, exhibits, contests, model xsir rise piﬁg ____________________ 335
FOB Phoenix. aircraft flying, food and beverages all day. HP202B LF Osc .5Hz 50kHz 10v. out 75
Motorola U43 GGT $49.95 Advance ticket sales $7.00 - Tickets at the HP205AG Lab Audio Gen .02 20kHz, ... 195
gate $8.00 - covers everything. For further HP212A Pulse Gen .06-5kHZPRR 65
GE TPL $99.95 information: Lillian Abbott, 1424 Main Street, ulse DESKFIZERTS onr 0 0ir
GE MT-33 $39.95 Cincinnati, Ohio 45210. HP430CR Microwave Pwr Mir ....... .. 40
_ HP540B Transfer Osc to 12.4gHz for
K2DEL. Knight Raiders VHF Club's auction use with HP524 type counters ....... 115
and flea market will be held on Saturday, HP5718-561B Digital clock/redr . ... .. 245
Collins KWI Transmitter, Mint, extra set of tubes August 14th, at St. Joseph's Church of East HP&OBD(TS510) std sig gen 10-420mHz 425
plus manual $499.95 Rutherford, Hoboken Road, East Rutherford. HP616 Sig gen 1.8-4gHZ FM-CW ....... 185
Free admission, free parking, refreshments HP&86 Sweep Gen 8.2 12.4gHz Sweep
ilable. Talk-in will be on 146.52. Doors will P wEo e
. range 4. 4mHz-4.4gHz ............... 595
R G A e i Recare i HP803A VHF Ant bridge 50 500mHz ... 95
full table, $3. or a half table. Reserve your A
We e ML Lygus oF test. onuipment. tables in advance by writin% to The Knight SINGER 55B4 Sideband spec anal
Raiders VHF Club, K2DEL, P. O. Box 1054, 0-40mHz, res. to10HZ ............... 685
Passaic, New Jersey 07055. TEK 181 Time-mark scope calib. ....... ‘;g
i nst Hz .
CAST YOUR BALLOT Nov. 6th and 7th for TEI RSl genteai PN as
z Southern Hospitality at the Florida Section i \ X 735
Convention on the beach at the Sheraton Sand essplug-ins .....cceeiurinnnrianans
l t Key hotel, Clearwater Beach. Technical ses- TEK 565 Dual beam 10mHz scope
e ec I'OI'ECS sions on the latest advances in Amateur Radio eS8 PIUGHINS i susonasaea iawy s semnive: DO
and orientation for the newcomer. Family at- TS 5055td VTVM (rf 1o 500mHz) ...... 45
tractions nearby, including Disney World and For complete list of all test equipmenl
2543 N. 32ND STREET Busch Gardens. Earlg snoawbirds ':E;I catc‘h send stamped, self addressed envelope
season activity at its best. Bonus gift for early .
PHOENIX, ARIZONA 85008 registration or $3.00. Saturday night banquet GRAY Electron]cs
with ARRL President Dannals and others at =
PH. 602-957-0786 $9.00 per. Write Florida Gulf Coast Amateur P.O.Box 941, Monroe, Mich. 48161
H Radio Council - FGARC, Inc., P. 0. Box 157, specializing in used lest equipment

Clearwater, Florida 33517.
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for fihe
experimenter!

INTERNATIONAL CRYSTALS & KITS
OSCILLATORS « RF MIXER * RF AMPLIFIER « POWER AMPLIFIER

PAX-1

TRANSISTOR

RF POWER AMP

A single tuned output amplifier de-
signed to follow the OX or OF-1
oscillator. Outputs up to 200 mw, de-
pending on frequency and voltage.
Amplifier can be amplitude mod-
ulated. 3 to 30 MHz, Cat. No. 035104
Specify when ordering.

A single tuned circuit intended for
signal conversion in the 30 to 170
MHz range. Harmonics of the OX or
OF-1 oscillator are used for injection
in the 60 to 179 MHz range. 3 to 20
MHz, Lo Kit, Cat. No. 035105. 20 to
170 MHz, Hi Kit, Cat. No. 035106
Specify when ordering.

OX OSCILLATOR

Crystal controlled transistor type. 3
to 20 MHz, OX-Lo, Cat. No. 035100.
20 to 60 MHz, OX-Hi, Cat. No. 035101
Specify when ordering.

$3.95 ea. $4.50 ea. $4.75 ea.
\_ A N
/ LT N N
SAX-1
TRANSISTOR DAX-1
OF-1 OSCILLATOR RF AMP DROADDAND AMP

Resistor/capacitor circuit provides
osc over a range of freq with the

A small signal amplifier to drive the
MXX-1 Mixer. Single tuned input and
link output. 3 to 20 MHz, Lo Kit, Cat.

General purpose amplifier which
may be used as a tuned or untuned
unitin RF and audio applications. 20

desired crystal. 2to 22 MHz, OF-1 LO,
Cat. No. 035108. 18 to 60 MHz, OF-1
HI, Cat. No. 035109

Specify when ordering.

Hz to 150 MHz with 6 to 30 db gain.

Cat No. 035107
Specify when ordering

No. 035102. 20 to 170 MHz, Hi Kit,

Cat. No. 035103.
Specify when ordering.

$3.25 ea. $4.50 ea. $4.75 ea.
. # % . -
Shipping and postage (inside U.S., Canada and Mexico only)
will be prepaid by International. Prices quoted for U.S,,
Canada and Mexico orders only. Orders for shipment to other
countries will be quoted on request. Address orders to:
M/S Dept., P.O. Box 32497,
\ Oklahoma City, Oklahoma 73132.
.02% Calibration Tolerance
EXPERIMENTER CRYSTALS || )
(HC 6/U Holder) ﬁh
Cat. No. Specifications
031080 3 to 20 MHz — for use in OX OSC Lo
Specify when ordering $4.95 ea.
031081 20 to 60 MHz — For use in OX OSC Hi
Specify when ordering $4.95 ea.
031300 3 to 20 MHz — For use in OF-1L O$$4(?25
Specify when ordering .20 ea.
081310 20 o 60 MHz — For use in OF-1H OSC_ InternationﬁlochggzalL‘:‘:fg. Co., Inc.
Specify wh dering. .20 ea.
\_ pestly Wiign giisong ) Oklahoma City, Oklahoma 73102
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NORTH SHORE

RF | TECHNoLOGY

DUPLEXER &
CAVITY KITS

[l Temperature
Compensated
...with Invar®!

e Easler than ever to assemble and
tune @ Rugged Construction e Easy
maintenance @ Low Cost

Mod. 62-3...6 cav., 2 mtr., insertion
loss 0.6 db with isolation 100 db
typical. pwr. 350 w $349 ea.

Mod. 4220-3...4 cav. 220 MHz
insertion loss 0.6 db with 80 db
isolation typical. pwr. 350 w $249 ea.

Mod. 4440-3...4 cav. 440 MHz,
insertion loss 0.6 db with 80 db
isolation typical, pwr. 350 w $249 ea.

Mod...30 Cavity Kits 2 mtr. $65 ea.,
220 MHz $65. ea., 440 MHz $65 ea.;
6 mtr. $115 ea.

Also available: 6 mtr., 4 cav. $399, 2
mir. 4 cav. $249, 440 MHz TV
Repeater Duplexer

Only hand tools are necessary to
assemble Kits!

All of our Kits are available
assembled and tuned. Call or write
for prices to Distributor: TUFTS
RADIO, 386 Main St., Medford,
Mass. 02155. Phone (617) 395-8280.
(Prices F.O.B. Medtord, Mass. All units can be

shipped U.P.S5.-C.0.D. orders require $50
deposit. —Mass. residents add 5% sales tax.)

flea market

OHIO: 34th Annual Findlay Hamfest - Sept. 12,
Riverside Park, Findlay, Ohio. Talk-in 146.52.
For advanced tickets and/or info write: (SASE
please for under 5 tickets) Clark Foltz, WBUN,
122 W. Hobart St., Findlay, Ohio 45840,

LA PORTE, INDIANA — The combined La
Porte County Amateur Radio Clubs will hold
their Fall Hamfest on Sunday, August 29th,
1976 at the La Porte County Fairgrounds in
La Porte, beginning at 7 a.m. Chicago time.
Overnight camping available. Indoors in_ case
of rain. No table or set-up charge. Paved
midway, good food and drink. $2.00 donation

at the gate. For info write, P. O. Box 30, La
Porte, IN 46350. Talk-in on .01-61 & 94
Simplex.

MICHIGAN: The Fourth Annual L'Anse Creuse
ARC Swap & Shop will be held on September
19, 1976 at the L'Anse Creuse High School
in Mount Clemens, Michigan. Doors will be
open from 0900 to 1500 EDST. First prize
$200.00 cash. Talk-in on 146.52 and 146.94.
Admission $1.50 at door, $1.00 in advance.
For tickets enclose $1.00 and S.A.S.E. and
send to, Robert Harder, WBBILI, 51769 Base,
New Baltimore, Mich. 48047,

MICHIGAN: The Jewish Community Center
Amateur Radio Club of Metropolitan Detroit's
fourth Annual Swap 'n Shop is Sunday, August
22, from 9:00 a.m. to 3:00 p.m. at the new
Center at Maple and Drake Rds., W. Bloom-
field. Talk in on 146.94. For more information,
contact Bob, WBDGR at 6600 W. Maple Rd.,
W. Bloomfield, Mi. 48033.

SOUTH JERSEY RADIO ASSN., 28th Annual
Hamfest: Sept. 12, 1976, 10-5 p.m. at Molia
Farms, Malaga, N. J. Lake, picnic grounds
and food available. Tailgate sales, swap shop
and door prizes. Family tickets: advance sales
- $2.50, gate sales - $3.50. Advance sales send
S.A.S.E. to Jack Koch, Box 103, Cherry Hill,
N. J. 08002, Talk in 146.52.

AURORA, ILLINOIS, August 22, 1976. The Fox
River Radio League - WI9CEQ Hamfest will be
held August 22, 1976 at beautiful Phillips
Park, east edge of Aurora, U.S. Hw?(. Rt. #30.
Talk in on 146.94. All day fami‘l:‘y un, picnic,
zoo, lake and flowers, Same old price. $1.00
advanced with S.A.S.E. to F.R.R.L.,, P. O. Box
443, Aurora, Ill. 60507.

1976 DELTA QSO PARTY. All amateurs are

invited to participate, Contacts must take
lace from 2000Z Sept. 25 to 0200Z Sept. 27.
o time or power restrictions. Amateurs out-

side Delta Division will attempt to contact as
many amateurs inside Delta Division (Ark-
La-Miss-Tenn) as possible. Delta Division Am-
ateurs will attempt to contact as many ama-
teurs as possible both inside and outside of
Delta Division. For rules and complete details,
send SASE to Malcolm P. Keown, WSRUB,
213 Moonmist, Vicksburg, MS 39180.

BLOSSOMLAND SWAP-SHOP, October 3rd,
Berrien County Fair Grounds, Berrien Springs,
Michigan. Greatly expanded facilities, 150
tables, entertainment, refreshments. Advance
ticket donation $1.50, tables $2.00. Write:
John Sullivan, P. 0. Box 345, St. Joseph, Mich-
igan 49085. Make checks payable to: Blos-
somland Hamfest.
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Stolen Equipment

ICOM IC-22A transceiver, s/nl216, 16/76,
31/91, 01/61 xtals plus standard lcom xtals.
Motorola type microphone. Realistic PRO-11
scanner, s/n 08370930. Xtals for 15579 &
155.685 MHz in the unit. Sanyo FT-867 AM/FM
8 trk in dash car radio, sn/87661611. Realis-
tic MPA-10 PA amplifier, non-stock mike w/PA
amp. Name and SSN (214-68-9618) engraved
on each unit. Ang info contact Steve Martin,
WA3SAD (phone 301-627-4933).

UNITMETRICS ULTRA-COM 25, SN 080213,
stolen from locked auto parked in residence
driveway about 5 AM, May 12. Unit engraved
N. C. driver license #2067134, Contact Greens-
boro, N. C. Police Department or WADWR.

ICOM IC230 two meter FM transceiver with
mount and 32 xtal, ser. no. 2835. TPL model
1002 two meter power amplifier ser. no. 0426.
Regency 10 channel scanner, model ACTR
10HLU with all crystals and antenna junction
box, ser. no. 185AB88279. If located, advise
San Diego Police Dept., Burglary Div. at 236-
6281, ase $#76-33350 or Zane Sprague,
KEWK (714) 481-0594.

DISC CERAMIC CAPACITORS
$5.00/LB. rro.INuSA.

If you don't like the pound you get — call or
write and we'll send another pound FREE. (And
you keep the first pound.)

.7-9pF Glass Piston Trimmer, JFD, VC-1 $2.25 ea

10 for $1.75 ea
4.7 MFD/10V Sprague 158D $7.50/Hundred

215-265 MH: — PI
unit with BW 1.5 KC to 1 MC built-in deviation
meter, Defense Electronics Model TMR-5A. Orblz
2 in stock $315.

]

RVCR 2 to 30 MHz depending on the plug-in

front end. Provision for XTAL control. Makes a
fine single-channel H.F., RCVR (Westcars, elc.)

$125.00
P.S. — We only have 2-4 & 4-8 MHz plug-ins.
First order gets choice.

SPECIAL OFFER . . . 1 G.E. Prog. Line 30W,
4 Freq., Table Top Base Station, on 2 meters
(01761, 69/09, B4/24 and 99/39) $200.00
WE ARE BUYERS as well as sellers. What have
you? We don't have a catalog, by the time we'd
publish it the merchandise would be gone.

DISC'CAP, 19075 BRAEMORE RD.

NORTHRIDGE, CA. 91326 213-360-3387

SYNTHESIZERS

We have the worlds largest selec-
tion of synthesizers for receivers,
transmitters and transceivers. For
complete details see our 1/3 page
ad in the April 1976 issue of this
magazine or call or write for addi-
tional information. Phone orders
accepted between 9 AM and 4 PM
EDT. (212) 468-2720

VANGUARD LABS
196-23 JAMAICA AVENUE
HOLLIS, N. Y. 11423

FIRST CLASS FCC LICENSE

CIE will help you pass the govern-
ment-administered First Class FCC
License exam . . . broaden your ca-
reer opportunities in electronics. In-
depth electronics career training to
help you add to your technical skills
and knowledge, prepare for valuable
First Class FCC License at the same
time. Basic and advanced training.
Study at home, spare time. Fully
accredited career courses.

Send today for Free FCC License booklet
and school catalog. G. I. Bill info on re-
quest. For your convenience, we'll try to
have a school re tact you. No oblig
tion. Write CIE — Cleveland Institute of

Electronics, Inc., Dept. WHM-01, 1776
East 17th Street, Cleveland, Ohio 44114.

More Details? CHECK—OFF Page 126
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TIMEBASE « JOKREFUND ON ALL ORDERS NOT "
KIT SHIPPED IN ABHRS! *e

+ QUALITY PARTS AND KITS

-
-
. POSTAGE PAID ON ALL  §
ORDERS OVER $10.00 .
{unless noted) L

L]

sessssnmaE

ULTRA LOW CURRENT CMOS CIRCUIT

f

BuFFERED ouTPUT

HAPPY
BIRTHDAY

AMERICA!

.ﬁ
5375 ETC.®

* WORKS DIRECTLY .WiITH 50252, 5314, 5316,

QUALITY DRILLED PLATED GLASS BOARD

ADJUSTABLE OSC FREQUENCY @1]{[\
017 Accuracy
. My

LOW COST

-
sERBEAE AR R R R

s A
BULLET WAS THE FIRST ON THE MARKET WITH A bOnz TIMEBASE

RRRRKRRKRKRRKNRRN

« FOR LESS THAN $10.00 (7B-01)., THE TB-02 WAS A NEWER MODEL
" THAT HAD A SMALLER CRYSTAL AND LOWER CURRENT DRAIN. NOW
-

A HE ANNOUNCE THE 1B-03.
SPECIFY OUTPUT
ek : LoupD

10 WATT WARBLE ALARM KIT
ANl the components you need to buakd 8
dusl tone warble slwm but the ipmaker

«  AvalLABLE In 50 or 60Wz outPuT MODELS. PLEASE

" FREQUENCY DESIRED.

L O N

3‘075 Tl "' KR ERERARRF R R R I

K MDB'LE CLDCK KIT DUE TO THE NUMEROUS REGUES WE HAVE DECIDED TO OFFER THE VARIOUS

* h F R P R SUPP 5 AS
& DRILLED AND PLATED BOARDS SECTIONS ( EGULATED POWE SUPPLIES A

* REQUESTS HAVE BEEN FROM PEOPLE WITH TRANSFORMERS THAT NEED THE CHH-_P,‘

.“.

SEMI KI1TS" MaNy OF Our

L01% Low CURRENT TIMEBASE

< LL (6OHZ)

'.K "3 ’ EVERYTHING YOU NEED ITEMS TO BUILD A GOOD BENCH SUPPLY, *

- ADJUSTABLE BUT THE [_.fic)l *llxlllllllllllullulmu‘l_l.m.lllm_l!_lul.llluullll_lJ.lI.I_Il_lll.lllLILl.llllI&
¢ PSB-01 Basic RecuLaTor BoarRD, GIVES YOU THE REGULATOR SECTION .

‘ BRIGHTNESS ’

3 34" wide
* for readouts)

TO BUILD JUST ABOUT ANY SUPPLY YOU WANT. HAS ADJ
OUTPUT, ADJUSTABLE CURRENT IPPLE REJECTI

- FIXED OR VARIABLE OPERATION, TC RCUIT PROTECTION
+9 to +16 Volts OC *$9_95:mn 100MV REGULATION! THIS KIT COMES WITH: REGULATOR IC

A& LARGE .4°

*  LED reapouts (Rep) e "r‘\-\\] DRILLED AND PLATED PC BOARD, RESISTORS. CAPACITORS AND
: 2 COMPLETE INSTRUCTIONS TO BUILD SEVERAL TYPES OF POWER

(AN BE USED AS A TIMER SPECIAL NOTSE SUPPRESSION * SUPPLIES

> SORRY: 12 HOUR FORMAT OMNLY
L 4 A . CIRCUITRY AL AR R RN RN RN RN IR RN RN NN RN R
{ FuLL 24 HOUR ALARM CAPABILITY FOR CAMPERS, TRUCKS AND VANS) PSB-02 20 Amp ApD-oN COMPONENTS. GIVES YOU THE POMER COMPONENTS
B ! TOOBUILD A 20 AMP SUPPLY WHEN USING THE PSB-01 KIT
£ ¥ THIS PRICE GOOD TILL AUGUST 31, 1976 ONLY @ @ ! * * 2 HIGH CURRENT PASS TRANSISTORS
J I MEDIUM POWER DRIVER TRANSISTOR

LARGE PRE-DRILLED HEATSINK (120Watts)

.
.
* 795 * TRANSISTOR MOUNTING KITS AND HARDWARE
- * #10 INSULATED WOOKUP WIRE
.
.

g SPECIAL .032 OMM EMITTER RESISTORS (l0Watts)
* COMPLETE CHARTS FOR CURRENT LIMIT AND VOLTAGI
OUTPUT SELECTION

|l AR RN R RN AR RN AR R R R RN AR R PR R AR RN AR R R RN AR R R AR R Rl

KKK KR RN

Can e scoustically

PSB-03 R ) up to 25 amps)
Lo standby current (Bra to 10ma) ECTIFERARAE ikan stos ot bisoee> *™

Wide voltage range (6 to 20volts), : * DRILLED AND TAPPED HEATSINK
fo_tuning required: . *57 95 * SPECIAL CERAMIC INSULATORS
lelayed PTT circuit sinks 100MA 4nd holds . * QUALITY COMPUTER GRADE CAP. 40,.000MFD @ 35V

RN

rrier in between tones. * CAP MOUNTING BRACKET
K able output I'”:"_“'_""""-" most radios. PSB-03 for use with center tapped transformer ONLY
3 ]rllll-‘.!-;l.l.;l:l Irrlllrr.'ll‘.ll:-.:l‘.- in Keyboards, nlur_ulun.uut.u&luuLl.&.u.uul.a,l.l.u.me.u.uullxl.t_l_u_u_u).u_uu_l_ul_u.
arive clreult M1 Tuss Cone AoRiear e or Q. [SB-O3BRECTIFIER AND FILTER SECTION (same as 7$8-03 but with
K ) 3 ipling (cpmaker not includsd), 4 diodes and insulators to [;:nul‘. full wave bridge for
. ) - use with transformers WITHOUT A CENTER TAPPED SECONDARY g
TE 01 129 LU T L L LAY, AR R RS R NN
K... . ..--.o----....-..-...---...* PSB-04 LOWER CURRENT POWER SUPPLY KIT. gives vou E PARTS
® YOU GET EVERYTHING THAT i T LESS THE PTT CIRCUIT [less the transformer) TO BUILD A WELL R ATED, CURRENT
AND AUDIO QUTPUT CIRCUILT )F THESE FEATURES ALLOWS LIMITED, SHORT PROOF WILL HA UP TO SAMPS
TO MAKE THE UNIT SMAL WITH HT's. CONNECT * TO-3 NPN PASS

ISTOR

LY 1IN

“-

ebesepsssnsnassnnsnssenns s [I_IHR}N' [N.] ,PP‘\IfI

R FOR OF 0 . 515
HE MIKE ( I 2 s10.° w "Hl"[hl‘ 1|INEP TPl\hR TRAN
ot - 3
.

RRRKN

n n n I[ITSIII 10,0N0MFD @ 60V COMPUTER GRADE CAP
A RA I l : ' 'I :K-I ' 0 { J i GRA AF
Inc F L l E * INCLUDED' * COMPLETE INSTRUCTIONS
NEED TO KHON REAL TIME AND ELAPSED TIME FROM ONE COMPACT INSTRUMENT? * FOR USE WITH PSB-01 Basic regulator board
THIS KIT USES TWO MOS CLOCK CHIPS AND A SPECIAL SWITCHING CIRCUIT AL R R R AN R RN ARy

TO GIVE YOU 24 HOUR ZULI TIME AND A RESETTABLE ELAPSED TIME INDICATOR * WORD ABOUT TRANSFORMERS: The output of your transformer should
FOR CHECKPOINTS AND INSTRUMENT APPROACHES, THE TIMFBASE MAKES IT total about five volts ater than the desir output volt

PORTABLE FOR USE ON O TO 15 VOLTS. THE WHOLE THING WILL MOUNT UP IN the transformer {5 loaded to the maxiumum load the supply signed®
A STANNARD PANFL INSTRUMENT CASE. YOU WILL MAVE TO FURNISH THE *rnr' Too Tittle output means less of regulation, while to
SWITCHES AND CASE CUT WE GIVE YOU THE REST. means the excess power must be disipated in the |.3',‘~ transistors
.00 MK a center tapped transformer is used the voltage from either leg *
. FBE RS EssssEEENNSEERER SRR SR * 0 the center tap should be five vo greater than desired output x
S €l it TEAMS - a you are unsure about your transfe er, drop us a line with the
LORIDA RESIDENTS ADD 4 Ld spefications and v will tell you wha K i of supply can 1d. *
FOREIGN ORDERS ADD 105 * R AL Vonpanil SE L IFBNINIAT KERS il il
. - e e ik Mol . - d 15 A Voltage « of all windings at full operating load
W A= ChLk. QF: 3 : OF ) VY- S ............*_u_uluuuu.l ERLRA LR R R R umlmlllwumlﬁ

e A ‘ ORDERS OVER S$BO TAKE 10/ DISC «
-¥¥l“¥¥¥§l¥¥¥‘l¥&¥¥8¥¥¥¥¥¥¥“¥¥¥¥
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CLOSE OUT SPECIAL

NEW o REFERENCE DATA FOR RADIO ENGINEERS

from the 3 We have just purchased the complete inven-
RSGB ) tory of the recently superseded 5th edition of

REFERENCE DATA FOR RADIO ENGINEERS.
Here is a unique opportunity to own copies of
this outstanding reference book at a very
attractive price.

VHF-UHF MANUAL

3rd Edition
by D. S. Evans, G3RPE & G. R. Jessop, G6JP

Here is the most comprehensive and up-to-date
book on VHF & UHF ever prepared for the

A must for any serious amateur.
In 45 chapters it covers not only
every area of basic radio theory,
but also goes into such modern
areas as micro-miniature elec-
tronics and space communica-
tions. Probably the most com-
plete reference of this type. Sales
of over 350,000 testify to its wide
acceptance. 1,196 pages, hard-

Radio Amateur.

In over 400 pages it thoroughly covers such
topics as receivers, transmitters, space com-
munications, filters, antennas and FM. Included
is a major new section on Microwave work.
This latest edition is a handsome hardbound
book and is sure to become the standard ref- bound.
erence for anyone involved in the world above
30 MHz.

ORDER BY PHONE 800-258-5353

ONLY $12.95
HAM RADIO

GREENVILLE, N. H. 03048

Was $23.00

order 20i2s  NOW Only $14.95

ORDER BY PHONE 800-258-5353

HAM RADIO

GREENVILLE, NH 03048

BARRY ELECTRONICS COME TO VERMONT

HERE THEY ARE!

TRANSFORMERS, Dual Secondary

110 V Primary — 10.5 volt, 1.5 amp and
12 volt 1 amp secondary

110 V Primary — dual 36 volt C.T. Sec-
ondary at 3 amp

LEDs

High Dome, Red, Green, Yallaw
Red 8 for $1
Green R P e R 6 for $1
Yellow e foOr $1
CAPACITORS
5 PF at 15 volt . . 20 for $1
330 PF at 15 volt 20 for $1
120 PF at 5 KV i 10 for 21
180 PF at 5 kV . . 10 for $1
.1 mifd at 200 v . 20 for $1
ELECTROLYTICS
1000 mfd at 6.3 volt . = 6 for $1
220 mfd at 16 volt ; 6 for :l
.0068 uf at 100 volt 10 for $1
N.O. MOMENTARY PUSH BUTTON

7 for $1
Cherry Micro Switch, 3.25 am, at 125V

3 for %1
Magnetic Mike Holders _ . 99¢ each
Line Cord Strain Relief 25 for $1
5.8 mH Chokes .15 for $1
9V Battery Clips ... 15 for $1
Prime NE-2 Neon Bulbs 8 for $1
DIODES — 2.5 amp at 1000V 5 for$l
10 K Mini Pots 3 for $1

6.3 Mini Bulbs with pigtails _ .10 for $1

Orders over $5 will be shipped prepaid
in continental U‘?A

se “'Check-Off" for complete product catalog.

HOSFeLT

eLeCTRONICS

2610 SUNSET BLVD. IQ-

STEUBENVILLE, OHIO 43925

Phone 614 264-6464 E

HAM HEADQUARTERS

Stocking Distr. for: Bird Wattmeters, Col-
lins, Drake, ICOM, VHF Eng., EBC, Venus,
B & W, Millen, Antenna Specialists, Hy-
Gain, Mosley, CushCraft, DX Engineering,
Savoy, Ten-Tec, Tri-Ex, Vibroplex —
THOUSANDS OF TUBES & SOCKETS IN
STOCK —_— HAM 1l ROTORS
IN STOCK! Eimac BB77, KLM Multl 2000,
CD 44, Bird 43 Wattmeters, Cetron 572B.
In Stock for immediate delivery: The NEW
SPECTRONICS COUNTER, DDI, DDIC -
Also KLM Multi 2000A. In Stock 572B's,
8877's! Also Hy-Gain Mobile Antennas.
Top Trades given on K‘nur used Collins gear! Fair
Dtalmq since 1938! ite for best deals! Export
uiries ugerlla handled. Hours: Mon.-Fri. 9:00-
5:00. We buy unused tubes, vac-
uurn uarlable\ and rcvrs for cash. Send your list too:

Barry Electronics

512 BROADWAY, NY, NY 10012
212-925-7000

for

1976 INTERNATIONAL FIELD DAY

Bring your family for a weekend of
camping and Amateur Radio activities.

Sat., Aug. 14 — FCC tests for those who
send in $4 and Form 610, 3 weeks
prior — Camping on the grounds.

Sun., Aug. 15 — International Field Day
— Exhibits, Flea Market, Contests,
Raffle.

Contact Skip Sharpe, WAIREL, for early
bird registration, FCC tests, etc. at 148
Sand Hill Road, Essex Junction, VT
05452,

NOW AVAILABLE IN KIT FORM

6:1,4:1 and 1:1 Baluns
e Frequency Range 3-30 MHz

e 2 KW Rating

e Lightning Protection Built In
All Prices Postpaid in USA [/ Add Shipping outside USA

Shipping Wt. 1 Ib.

|California Residents Add 6% Sales Tax|

+

3402 Campus

Claremont, Ca 9171l

(714) 621-1658

FIVE NINE PLUS

6:1 Assembled — 22:95

Kit — 16.95
1:1 & 4:1 Assembled — 16.95
Kit — 11.95

Case Only — 7.95
Core Only — 3.50

Antenna Products for the Amateur

110 august 1976
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the lIow
and medium
fmquegcy

Dedicated to the Experimenter

receivers » antennas e

loops e coils and coil winding =
the nonlicensed communications
bands and the FCC rules
covering same.

From the Editors of Fadio / KEN CORNELL, W2IMB

LOW & MEDIUM FREQUENCY SCRAPBOOK

by Ken Cornell, W2IMB

Here in informal scrapbook form is the first book to explore the
enticing world of those low frequencies you've been hearing about.
This book shows how you can get on the air legally without any
license in the 160 kHz region with simple, effective and easily built
equipment. Full information is given regarding FCC rules and regula-
tions. This may become a new Amateur band after WARC '79 —
why not get a head start today with this valuable new book?

Order HR-LF 0n|y $6.95

In special custom loose leaf binder

order HRLFB |10t $8_95

Available Now
from

ham _
radio

GREENVILLE, NH 03048

Order by Phone TOLL FREE 800-258-5353

More Details? CHECK—OFF Page 126 august 1976 [ 111



ANNOUNCING STS’s NEW HF-10-100L | [LENGESS

Everything from A to Z
in quality TRANSCEIVERS!

for use with

YAESU FT-301 Series
160-10M, 10W, SSB

Available in Fall

HF.10-100L

SPECIAL
BI-CENTENNIAL

OFFER $177.60

HF-10-100L AMPLIFIER
Frequency Range 3-30 MHz

Input Power 10 W Nom,, 5-20 W PEP range
Output Power 100 W Nom., =14 dB across band, 200-250W PEP output
Input Impedance 50 {! nom, adjustable to match exciter range under 2:1 across band
Output Impedance 50 ! nom, up to 3:1 VSWR acceptable with little degradation
Current Drain 16 A nom, 20 A supply recommended at 13.6 VDC
Power Supply 13.6 VDC recommended for best results, 11-14 VDC acceptable
positive or negative ground

Pre-am 18 d nom in acr ntire H

p 3.811 dBB no Bga cross entire HF band, 15 dB typ at 50 MHz, T e $679.
Size 19.1 x 16.5 x 89 cm wt 1%, Kg Solid state 2 meters SSB/FM CW/AM

The high level of quality of workmanship and performance will make the HF-10-100L
very popular in short order. Now being used by West Coast Amateurs. Includes built-in e
low pass filter which cuts off at 35 MHz. User to supply additional low pass filters for VAT LR N
bands below 15 meters. Class AB operation insures proper linearity and min. distortion. gt Dl

P Check or MO weth order

HF-10-100L $219.95 Qudir DI ek Americard ov Mitae

i€ ¢ 1 COD I20% det

radio

SEE YOUR FAVORITE DEALER OR ORDER DIRECT FROM:

[==]
QTS SPECIALTY COMMUNICATIONS SYSTEMS, INC.

8160 Miramar Rd., San Diego, CA 92126 * Louis N. Anciaux, WBENMT, (714) 271-6310

2602 E. Ashlan
Er Fresno, CA 93726
N A

Phone (209)224-5111

! PUWUER JRUIL
MAKE
PROFESSIONAL LOONING
P BOARDS FAST
AND EASY

*SENSATIONAL
SREVOLUTIONARY
SFANTASTIC

Chart showing uH per 100 turns

¥
TDNIGHT? MIX 2 MIX 6 MI1X 12 | SIZE | PRICE
CORE | .5-30MHz |10-90MHz | 60-200MHz| OD | USA
SIZE u=10 Ul 5 = (in.) ] =1
3 = LU0 T
R s v - ;
O L B k-] 106 L _L20 R Pvaied CoTeum B o WER Py -
R "] 80 Simple as AB.C
T-68 57 47 58 65 | [ o ———c - T e S i
SsseaEeE .._T.'i’g il 4 S
- : H b4 12 -] 10

PRRRRRRF
fasrscar K

er®

M now $132.50

The BEARCAT IV. The ultimate scanning
monitor. Hear any eight channels of ac-
tion, excitement and information from
the nation's four public service frequency

Ferrite beads 20-500 MHz $2.00 Doz,
Wideband chokes 20-500MHz 9%5¢ Ea

Specify core size and mix. Pack and ship 50¢
USA & Canada. Air parcel post delivery
worldwide $2.00. 6 percent tax in Calif. Send
for free brochure pr it
PALOMAR ENGINEERS Q5 BLUS 75¢ box ¢
sg 95 Postage & SPRINGFIELD, VIBGINIA 27151

BOX 455 ESCONDIDO CA 92025 Tha.

ENGINEERING N

Handling

-
]

bands!
| s PRl et o) |
Please send me Bearcat IVs
@ $132.50 ea.
Please send me Crystal Certificates
@ $3.25 ea.

(Minimum order $10.00)
COD's require 209% deposit)
Send check or money order to:

BETA ELECTRONICS
P. 0. BOX 5869
PITTSBURGH, PA. 15209

Name

Address
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ALDELCO SEMI-CONDUCTOR SUPERMARKET

AF DEVICES

IN34 - INGD - TNG4._ 10 1or 99  we have others

We guote on any device at any guantity. Al items postpawd, $5.00
min, order. Send stamp for catalog, NY'S add tax

A[LIDIEILIC|O DIFFERENCE

2281H Babylon Tnpk., Merrick, NY 11566

TS-1 MICROMINIATURE ENCODER-DECODER

0O Available in all EIA standard tones 67.0Hz-203.5Hz

O Microminiature in size, 1.25x2.0x.65" high

[J Hi-pass tone rejection filter on board

O Powered by 6-16vdc, unregulated, at 3-9ma.

[0 Decode sensitivity better than 10mvRMS, bandwidth, 2Hz max., limited

O Low distortion adjustable sinewave output

O Frequency accuracy, +25Hz, frequency
stability +.1Hz

O Encodes continuously and simultaneously
during decode, independent of mike
hang-up

O Totally immune to RF

Wired and tested, complete with
K-1 element

$59.95

K-1 field replaceable, plug-in, frequency
determining elements

$3.00 each

COMMUNICATIONS SPECIALISTS

P.O.BOX 153
CALIFORNIA 92621
(714) 998-3021

LA

ZN3375 0 MH 540
7 05
2 30 W 175 MH:z 12
ZNESEY 25W 175 MHz 16
HEAVY DUTY RECTIFIERS
200 Volt 100 Amp D08 8.50
200 Volt 250 A 12.50
400 Volt 2 A 15 for 99
1000 Volt " 10 for 99
10,000 Vol Siticon Rectilier Erie 2G5
)ig Clock K 15, Large Hal! Inch LED
acl Elapsed r format with 24 hour
slarm, Snoore feature i, Power Supply, power fai
ire indicator, Complete with wood gran cabinet $2395
LOGIC PROBE KIT. LED INDICATORS $14.95
LEDs
Jumba Reds. Long or Short bulb 6 for $1.00
Jumbo Orange, Green, Clear Red or Green 5 for $1.00
209 Series. Green, Orange, Yellow or Red 5 for $1.00
RLZ Red or Micro Red 5 for $1.00
ZENERS
TN746 10 IN759 400 Mw ea. 26 TNAT2B 10 TNATHL | w 15
10 msorted zener diodes unmarked 1.98
TC1068 65 TTL's
90 7400 20 7475 BO
89 7401 20 7490 B0
e PERFORMANCE-ENGINEERED
3904 o 10/.89 7404 25 I 60
INGA96 or ING10E 35 7406 2% M3 110 uUALIT
FT0601 FET 99 7406 45 14162...1.25 MONU & DUOBANDEHS BY
20673 $155 7407 45 74165 200
741 or 709 14 Pin DIP 25 41 30 74166 1.76
655 Timer 75 ™M1 B5 14177 1.356
Feee k= R R B CONSTRUCTION
200 Vour 26 Amp Brigge .. $1.00 7437 50 74192 1.50
NO14  IN4148 10 for 99 7442 110 74193 145 INC.

'S THE 8144 Big Bend St. Louis, Mo. 63119 (314) 8227720

For More Information Write Or Call
For Antech Specpak

MASTER CHARGE & BANK AMERICARD WELCOME
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] We’'re Fighting
Bind 'em Inflation

and find 'em No Price Risé
for '76

HAM RADIO BINDERS . . . beautiful washable buck-

ram binders complete with date labels. Available in FOR FREQUENCY STABILITY
; , Depend on JAN Crystals. Our | tock
two sizes, one to handle magazines through 1975 o bt Skl metatitia Sl Gom:

and a new large size to handle 1976 and .OI'I. ponents assures Fast Delivery from us!

Specify size.

Order HR-BDS (Small) Just $5.00 each

Order HR-BOL (Large) 3 for $13.50 CRYSTAL SPECIALS
Frequency Standards
100 KH, (HC 13/U) $4.50
Order today from 1000 KH; (HC 6/U) 4,50
Almost all CB sets, TR or Rec $2.50
(CB Synthesizer Crystal on request)
am Amateur Band in FT-243 ea $1.50
— 4/%5.00
80-Meter $3.00 (160-meter not avail.)
For 1st class mail, add 20* per crystal. For
Airmail, add 25'. Send check or money
GREENVILLE, NH 03048 order. No dealers, please
Div. of
CALL TOLL FREE 800-258-5353 M Tyt g e
2400 Crystal Dr.,
Ft. Myers, Fla, 33801
[ CRYSTALS All Phones: (813) 936-2397
Send 10" for new catalog
GROTH-Type

b COUNTS & DISPLAYS
YOUR TURNS .
" : COMPACT VHF RCVR PREAMP ® 99.99 Turns
St s Teallp owrlod | | 980X 3 x 2% INchies e
s i + STABLE, ADJUSTABLE CIRCUIT N/ Panel Mount
A p@rfcctl‘\l,' .hulmm:-(l _11Ig;ht1‘ng . USES 2 LOW-NOISE FET'S . ® Handy Logging Area
tool combining magnification . EASY TO BUILD AND INSTALL ® Spinner Handle Available

with cool Auorescence., Excel- Case: 2x4": shaft %''x3"

) + KIT $7.95, WIRED $16.95 ase: x4  shatt 7 "x
lent for fine detail, compon- KIT § $ EETrs W Model TC2: Skirt 2-1/8";
: Knob 1-5/8"
. Model TC3: Skirt 3";

Knob 2-3/8"

ent assembly, ete. Lens is pre- ALSO FM RCVR, XMTR, AND CON-
cision ground and polished. VERTER KITS. SEND SASE FOR CAT.

Regularly $70.00. Now, over
30% discount (only $49.00)
to all licensed Hams, verified
in Callbook. Uses T-9 bulb
{not supplied ).

P.0. Box 122, Itasca, IIl. 60143

Include $3.00 U.S. postage, or $4.00
in Canada. $5.00 elsewhere. Cali-

fornia Residents include 6% sales tax. * SOLID STATE -, _—%‘ "-E-' ;
Or send stamped envelope for free &
brochure of other incandescent or - BROADCAST QUALITY
fluorescent lamps suitable for all en- PERFORMANCE AX-10 TRANSMITTER
gineers, architects, students, etc. - WD —
Mastercharge and BankAmericard accepted . FOR TECHNICAL DATA fﬁ G _.é L
AND PRICING, A
D-D ENTERPRISES WRITE TO:
Dept. A, P. O. Box 7776 : AM-1A RCVR MODEM
yrn ARG CA B2 APTRON LABORATORIES =ox 323, BLooMINGTON, IN 47401
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I'* REPORT

Others have tried to equal HR Report in bringing their readers
the important news of Amateur Radio, but only HR Report has
survived to be the first, quickest and most dependable source
of Amateur news that you will find anywhere. We bring you
news as it happens each week, not many weeks or even months
later as do the familiar monthly magazines.

A completely new concept in Amateur Radio publishing, this
exciting newsletter covers the FCC, ARRL, Hamfests, New
Products, AMSAT, Amateur Radio employment opportunities,
Contests, DX, Propagation, Industry News — just about any-
thing you might want to know about what is going on in
Amateur Radio.

Read the report that government officials, leading amateurs,
elected amateur officials and industry management all depend
on each week to find out just what is going on in Amateur
Radio. There is nowhere else that you will find such news re-
ported so quickly, with such accuracy, on so wide ranging a
number of subjects and presented in such a fair and unbiased
manner.

We not only publish each week, we also send HR Report via
first class letter mail. This means that you will often have
stories in as little as 72 hours after we have learned of them.
Be among the best informed people in Amateur Radio today
with HR Report.

Only $16 for 52 issues U.S. & Canada $26 world wide Airmail

Order by Phone

_TOLL FRee 800-258-5353 1 JI® REPORT

GREENVILLE, NH 03048

More Details? CHECK—OFF Page 126 august 1976 [} 115



Alabama

LONG'S ELECTRONICS

3521 TENTH AVE. NORTH
BIRMINGHAM, AL 35234
800-633-3410

Call us Toll Free to place your order

California

Ham Radio’s guide to help you find your loca.

Florida

GRICE ELECTRONICS

320 EAST GREGORY
PENSACOLA, FL 32502
904-434-2481

Your Gulf Coast Drake & Kenwood
dealer.

Massachusetts

ANTENNA KING

25326 SOUTH CRENSHAW
TORRANCE, CA 90505
213-534-KING

Retail sales — Mon. to Thurs., 9-5.
48 hour mail order.

HENRY RADIO

931 N. EUCLID AVE.
ANAHEIM, CA 92801
714-772-9200

The world's largest distributor of
Amateur Radio equipment.

/llinois

TUFTS RADIO ELECTRONICS
386 MAIN STREET
MEDFORD, MA 02155
617-395-8280

New England’s friendliest
ham store.

ERICKSON COMMUNICATIONS, INC.

5935 NORTH MILWAUKEE AVE.
CHICAGQ, IL 60646
312-631-5181

Headquarters for all your Amateur
Radio needs.

Michigan

KLAUS RADIO, INC.

8400 NORTH PIONEER PARKWAY
PEORIA, IL 61614

309-691-4840

Let us quote your Amateur needs.

HENRY RADIO CO., INC.
11240 W. OLYMPIC BLVD.
LLOS ANGELES, CA 90064
213-477-6701

The world’s largest distributor of
Amateur Radio equipment

HAM RADIO OUTLET

999 HOWARD AVENUE
BURLINGAME, CA 94010
415-342-5757

Northern California's largest
new and used ham inventory.

SPECTRONICS, INC,

1009 GARFIELD STREET
OAK PARK, IL 60304
312-848-6778

Chicagoland’s Amateur Radio
leader.

AUDIOLAND

36633 SOUTH GRATIOT
MT. CLEMENS, MI 48043
313-791-1400

All major brands, new/used
equipment & accessories.

PURCHASE RADIO SUPPLY
327 E. HOOVER

ANN ARBOR, M! 48104
313-668-8696 or 668-8262
We still sell Ham parts!

Indiana

M-TRON

2811 TELEGRAPH AVENUE
OAKLAND, CA 94609
415-763-6262

We service what we sell.

QUEMENT ELECTRONICS

1000 SO. BASCOM AVENUE

SAN JOSE, CA 95128
408-998-5900

Serving the world’s Radio Amateurs
since 1933.

HOOSIER ELECTRONICS

P. 0. BOX 2001

TERRE HAUTE, IN 47802
812-238-1456

Ham Headquarters of the Midwest.
Store in Meadow Shopping Center.

Kansas

Colorado

ASSOCIATED RADIO

8012 CONSER P.0.B. 4327
OVERLAND PARK, KS 66204
913-381-5901

Amateur Radio's Top Dealer.
Buy — Sell — Trade.

RADIO SUPPLY & ENGINEERING
1203 WEST 14 MILE ROAD
CLAWSON, MI 48017
313-435-5660

10001 Chaimers, Detroit, Ml
48213, 313-371-9050.

Minnesota

ELECTRONIC CENTER, INC.
127 THIRD AVENUE NORTH
MINNEAPOLIS, MN 55401
612-338-5881

ECl is still your best buy.

Missouri

Kentucky

HAM RADIO CENTER, INC.
8342 OLIVE BLVD.

P. 0. BOX 28271

ST. LOUIS, MO 63132
800-325-3636

Call toll free.

C W ELECTRONIC SALES CO.
1401 BLAKE ST.

DENVER, CO 80202
303-573-1386

Rocky Mountain area's complete
ham radio distributor.

COHOON AMATEUR SUPPLY
HIGHWAY 475

TRENTON, KY 42286
502-886-4535

Ten-Tec dealer — Call 24 hours
for best deal

MIDCOM ELECTRONICS, INC.
2506 SO. BRENTWOOD BLVD.

ST. LOUIS, MO 63144
314-961-9990

At Midcom you can try before you
buy!

Dielony. 4o Mottt bire Ty, (ontcT HomRady Tocy for compble 2itolly..
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dmateur Radio Dealer

New Jersey

ATKINSON & SMITH, INC.
17 LEWIS ST.
EATONTOWN, NJ 07724
201-542-2447

Ham supplies since ‘55",

New Mexico

JIM'S TV AND ELECTRONICS

805 N. FIRST

GRANTS, NM 87020
505-287-8148

Stocking Icom. Sales & service open
6 days.

Oklahoma

RADIO STORE, INC.

2102 SOUTHWEST 59th ST.
(AT 59th & S. PENNSYLVANIA)
OKLAHOMA CITY, OK 73119
405-682-2929

New and used equipment —
parts and supply.

Oregon

New York

OREGON HAM SALES

409 WEST FIRST AVENUE
ALBANY, OR 97321
503-926-4591

Yaesu dealer for the Northwest.

ADIRONDACK RADIO SUPPLY, INC.

185 W. MAIN STREET
AMSTERDAM, NY 12010
518-842-8350

Yaesu dealer for the Northeast.

CFP COMMUNICATIONS

211 NORTH MAIN STREET
HORSEHEADS, NY 14845
607-739-0187

Jim Beckett, WA2KTJ, Manager
Dave Flinn, W2CFP, Owner

GRAND CENTRAL RADIO
124 EAST 44 STREET

NEW YORK, NY 10017
212-682-3869

Drake, Atlas, Ten-Tec, Midland,
Hy-Gain, Mosley in stock

Pennsylvania

ARTCO ELECTRONICS

302 WYOMING AVE.
KINGSTON, PA 18704
717-288-8585

The largest variety of crystals
in N. E. Penn.

ELECTRONIC EXCHANGE
136 N. MAIN STREET
SOUDERTON, PA 18964
215-723-1200

New & Used Amateur Radio
sales and service.

HARRISON

“HAM HEADQUARTERS, USA”
ROUTE 110 & SMITH STREET
FARMINGDALE, L. I, N. Y. 11735
516-293-7990

Since 1925 . . . Service, Satisfaction,
Savings. Try Us!

“HAM"” BUERGER, INC.
68 N. YORK ROAD
WILLOW GROVE, PA 19090
215-659-5900
Communications specialists.
Sales and service.

HAMTRONICS, INC.

4033 BROWNSVILLE ROAD
TREVQSE, PA 19047
215-357-1400

Same location for 25 years.

South Dakota

BURGHARDT AMATEUR CENTER
124 FIRST AVE. N.W. P.O. BOX 73
WATERTOWN, SD 57201
605-886-7314

America’s most reliable Amateur
Radio Dealer — Nationwide!

Texas

ALTEC COMMUNICATIONS

1800 S. GREEN STREET
LONGVIEW, TX 75601
214.757-2831

Specializing in ham equipment for
the Ark-La-Tex.

TECO ELECTRONICS SUPER STORE
1717 S. JUPITER ROAD
GARLAND, TX 75040
800-527-4642

Call Toll Free for Service Today!

Virginia

ARCADE ELECTRONICS

7048 COLUMBIA PIKE
ANNANDALE, VA 22003
703-256-4610

Serving Maryland, D.C., and Virginia
area since 1962.

Washington

AMATEUR RADIO SUPPLY CO.
6213 13TH AVE. SO.
SEATTLE, WA 98108
206-767-3222

Amateur center of the
Northwest.

Ohio

UNIVERSAL SERVICE

114 N. THIRD STREET
COLUMBUS, OH 43215
614.221-2335

Give U.S. a try when ready to buy.

Puerto Rico

COMMUNICATIONS ENGINEERING
C-4 DOMENECH STREET

SIERRA BERDECIA

GUAYNABQO, PR 00923

Kenwood, Atlas, CDE, Hy-Gain.
Home operation, 24 hours.

Wisconsin

AMATEUR

ELECTRONIC SUPPLY, INC.
4828 WEST FOND du LAC AVENUE
MILWAUKEE, WI 53216
414-442-4200
Open Mon & Fri 9-9, Tues, Wed,
Thurs, 9-5:30, Sat, 9-3.
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SPECIAL INTRODUCTORY OFFER

TE:D CODE TRAINING SYSTE

SPECIAL TECO NOVICE CLASS PACKAGE $9.95 13
A complete course designed for the code beginner. “Learning the Radio i
Telegraph Code” by the ARRL covers the basics on up to high speed
“copy”, a 90 minute code introduction lape based on proven training
methods, two 1 hour practice lapes of coded groups at 5 WPM & 7 WPM.

TECO GENERAL CLASS PACKAGE $9.95

Three one hour practice tapes of coded groups at 10 WPM, 13
WPM, and 15 WPM.

TECO EXTRA CLASS PACKAGE $9.95

Three one hour practice tapes of coded groups at 17 WPM, 20
WPM, and 22 WPM,

TECO HIGH SPEED PACKAGE $6.95
Two one hour practice tapes of coded groups — 30 minutes each
side at 25 WPM, 30 WPM, 35 WPM and 40 WPM.

INDIVIDUAL TAPES DESCRIBED ABOVE.......... 33. 95 EACH
NYE CODE PRACTICE SET $77.95

Slandand ansmithing bey GeCHElon and smplilies miif Busl] in sest s on 8
Py duty aluminum b se with non. shid lest Operates on ¥V eneision
Enatbary o inchuded

SANKYO CASSETTE RECORDER $34.95
A hagh gualily Casselte playes | recomie: lastusing AL C . sulomatic reconing
ovel CONMROl| 1 may power suppily (115, B0 M AC of 4 “C sise batieries), snd
eyl on condenser mite Comes complets mith AC power cord and sarphons
tatisnes Aol incleded

ENTIRE TECO CODE TRAINING SYSTEM $84.95
Includes all tapes, code practice set, and casselte recorder. SAVE $4.75.

CALL TOLL-FREE 800-527-4642 (IN TEXAS CALL 214-348-1560).
WE ACCEPT BANKAMERICARD, MASTER CHARGE, AND AMERICAN EXPRESS.
WRITE IN TODAY FOR YOUR FREE COPY OF THE 1976 TECO HAM CATALOG.

ATECD =

P.O. Box 1050 Garland, Texas 75040

$17.95 $34.95
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i The SW-5 is a remote controlled RF
:' switch with indicator lights telling
i which antenna is in use. It will
i handle 4 kW PEP and more. Remote
! switch is housed in weather tight
1 hinged box. A six wire #18 cable is
! required to operate the SW-5. Ham
! M control cable works fine up to
I 150’. Heavier cable necessary for
! longer distances. Remote switch op-
| erates off 28 VDC built in power
! supply. No visible effects on SWR.
! Zero dB insertion loss. Not recom-
! mended above 30 MHz. Standard
! unit is equipped with UHF connec-
! tors but BNC, N, HN, C connectors
| are available at additional charge.
| Models available are SW3, 4, 5, 6,
! 7, 8, 9. Also heavy duty 10kW units.
| Special switching systems are avail-
! able. Tell us your needs.

]
]
]
]
]
]
i
]
]
]

ANTENNA MART
Box 1010 ISU Station
Ames, IA 50010
Phone: 515-292-7114

TODAY or write

STOP MOBILE RIP-OFFS '
} ’ TOOAY or write WOW! Look for Madison
{ a® e Electronic’s SUPER BUYS

Shipping
PRUITT ENTERPRISES in this issue!

& Handling
Box 41H8, Tonopah, NV 89049 702-482-3473

125 Hz Crystal Filter for Drake R-4C

Cuts QRM. Ideal for DX and Contest Work
Does what no audio filter can do

A must for CW operators who want the best
125 Hz @ —6 db, 325 Hz @ —60 db, B poles
Sherwood Engineering Inc. CF-125/8 $125
Department A Return in 10 days

1268 South Ogden Street for full refund

Denver, Colorado 80210 if not satisfied
(303) 722-2257 Master Charge, BankAmericard

NEW! ATRONICS

Visual Code Reader
Kit $149

Model KCR101
ReadyMadeModel CR1015225

USE YOUR BANKAMERICARD

Now you can have the famous
Atronics Code Reader, that displays
decoded Morse Code signals
visvally, in kit form. Assembly is
simple, and can be completed in as
little as 5 hours. Complete, step by
step. illustrated instructions are
included.

The Atronics Code Reader:

e Displays letters, numbers, and commonly
used punctuation visually as Morse Code
signal is received.

e Operating speed 5 to 50 WPM ot
selected speed. e Hord copy read out of CW available with

o All Solid State TU-102 TTY Interface Module accessory.

Buy Factory Direct & Save! Send for Free Literature Today.

ATRONICS PO. Box 77, Escondido, CA 92025 Call (714) 745-1971

e Moke code learning faster and easier
¢ One single connection to your speaker

receiver or transceiver inte

operation

puts it
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DIPOLE
&

e
95 postpaid
= 2/5.99

BUDWIG MFG. C0. ro so. ore mumons. ca orces

QUALITY

USED TEST EQUIPMENT
TEKTRONIX
Oscilloscopes
Plug-ins
Signal generators

Probes
HEWLETT PACKARD
Meters
Probes
For a catalog, write: PTI
Div. 16, P.O. Box 8699,
White Bear Lake, Mn, 55110

More Details? CHECK—OFF Page 126




TYCOL COMMUNICATIONS features KLM, LARSEN & ARCOS

products for ““Your' specialized amateur equipment needs
) - KLM ANTENNAS KLM VHF/UHF NEW
- 7.0-7.3 - 4 el 5495 AMPLIFIERS
14.0-145 - 5 el $249 Complete line of
| » 21.0-216 - 6 ¢l $225 Class C & linears
e 6M/2M/220 MHz & to 160W output
17 W 432 MHz beams for
U L all applications LARSEN - =
e ARCOS COTPIE}:;':W "~ KLM ECHO 70 CM
The one 2M rig with everything fully synthesized plus gk moutie
full VFO Fwsgsa,rcw,ra ~'Tow Power Out. *PLUS 432 MHz Transverters VHF/UHF antennas  The only 432 MHz SSB/CW synthesized transceiver
- a self contained 29.5MHz receiver for Oscar 6/7A. 432 MHz KW Amplifiers on the market. “Excellent for OSCAR 7/Mode B
$795 Available late August $495 in stock

WE OFFER EXCELLENT HEATHKIT (AND OTHER) WRITE OR CALL FOR CATALOGS &
BUILDING/TESTING SERVICES INFORMATION

TYCOL COMMUNICATIONS ROUTE 3 - MT. AIRY, MD. 21771

301-831-7086 JACK COLSON, W3TMZ, OWNER

C W Sendin’ Machine

IAMBIC MEMORY KEYER WITH DOT
AND DASH MEMORIES STORES UP TO
EIGHT DIFFERENT MESSAGES IN 2048
BITS OF MEMORY.

$1 3700 Prepaid Shipping USA

H. ALAN HARP WA4SVH
718 MAGNOLIA DR.
LAKE PARK, FLA. 33403

GOT A MATCH?
Yes indeed!
It's been doing it for years. Trouble is, only big corporations and government communicators
could afford it. Not anymore
May we introduce you to Compu /Prop computerized DX predictions
Now you can have computer print-outs of precise times of band openings to your favaorite parts
of the world. Plan your operating for maximum DX. Know what hours of the day that “rare one™ will
come thru. These are just a few ways Compu /Prop can increase your enjoyment of ham radio
Compu/Prop is a monthly computer print-out to 8 major DX areas of the world. And it's 90%
accurate. The computer program was originally developed over many years by the government
Office of Telecommunications. This multi-million dollar data base is now available to you via
Compu/Prop
’ Main Electronics is making these monthly computer predictions available on a special
OUR TOUCH TONE INTERFACE WILL introductory ofter
MATCH ALMOST ANY TOUCH TONE PAD TO o SN N O O - A N -y
;232 0'}'%,:?&255 NO LARGER THAN A 4 You can receive a FREE print-out to any one of eight DX \
: i areas of the world by simply filling out and mailing the I
— CHECK THE FEATURES — ] coupon below. You will also receive full details on how to 1
. 'TTG:EE;ﬁT.}gmg'gE?RESSSEggH TIME A i obtain a subscription to Compu/Prop. ]
» CAN HOLD TRANSMITTER KEYED — H Start planning your DX NOW! 45 A 1
ADJUSTABLE TO SEVERAL SECONDS TO 1 povfibiedt |
ALLOW FOR A LONG SERIES OF TONES. i EGmFL}/PﬁDF ]
* PROVIDES ADJUSTMENT OF PAD OUT- ; 1
LA A — g ELECTRONICS, INC. / EDC Division / 225 Ida / Wichita, Ks. 67211 1
* ONLY ONE SHIELDED CONDUCTOR g Yes, Iwouldlike a FREE print-out for my area to the point checked below. (check only ONE)
NEEDED BETWEEN PAD AND RIG. Japan Central Euro "] S.E. Asia S. Central A
* NOT A KIT — SIMPLE 4 WIRE INSTAL- i DC - I SDA . {;\e [_[- Mi Di S. Afri = 1
ATION. j [JCentral S. America []Australia []Mideast []S. Africa 1
ALL THIS FOR ONLY : — . :
PLUS 45¢ POST & HAND —
57_95 N.Y. res add 7% tax. 1 |
TREVOR INDUSTRIES, INC. § A= i
P.0. BOX 102 ] CITY STATE P [
GETZVILLE, N.Y. 14068 LN J
~------------------—-----------'
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WANT SOMETHING REALLY SMALL AND EFFICIENT?

Then you want the antenna that's known around the world

WITHTHIS NEW BALUN for it's small size and superior parformance
The Mini-Products Multiband HYBRID QUAD

ELEMENT LENGTH - 11 ft.
BOOM LENGTH - 54 INCHES
WEIGHT - 15 POUNDS

WIND SURVIVAL - 75 MPH

4 B ¥ BANDS COVERED - 6, 10, 15 & 20
[ W 1200 WATTS P.E.P.

FEED LINE - 50 OHMS

.’ﬁ stocked by vyour dealer
'.r c pay '.Iu‘:pn‘:nq in USA.
for 0 log of other model
mare  dat 1001 W. 18th St. Erie, Pa. 16502
| ® | MILITARY
W=2092 | surrLUS WANTED
Space buys more and pays more. High-
est prices ever on U.S. Military sur-
OWNER plus, especially on Collins equipment
or parts. We pay freight. Call collect
| now for our high offer. 201 440-8787.
(8 e — —_————— SPACE ELECTRONICS CO.
. div. of Military Electronics Corp.
NOW HEAR MORE OF WHAT 35 Ruta Court, S. Hackensack, N.J. 07606
IS HAPPENING. ADD A
SCANNER TO YOUR HW-202. CASH FOR 2-WAY FM RADIO
on all bands 160 fo 10 meters. Runs MOTOROLA, GE, RCA, ETC. Q NT
: : ® SIX LED’s VISIBLE FROM FRONT « BASES, BLES, MOBILE-
cool as a cucumber at its CCS rating WITH NO HOLES TO DRIl TELEPHONES, REPEATERS, REMOTE CONTROLS,
of 2 KW (Continuous output power NO MOLES 5 TONE EQ%PMH:T. Z-rvﬁ\’ _IES({J E[QUIPMENT
; T perationa nits n
through the balun at maiched load). L R DL Cormissions/Finders. Fees
4’ dia. Wt. 24 oz, $32.50 PPD. CAL-COM SYSTEMS, INC.
® NO WIRES TO CUT 701-51A KINGS ROW, SAN JOSE, CALIF. 95112
AND FOR FULL LEGAL POWER ® AUTOMATICALLY STOPS SCANNING Jelephone 24 Hours 408/998-4434

EITHER WHEN SIGNAL IS RECEIVED,
OR YOU MAKE PUSH-BUTTON

the time tested Model 1K balun is still SELECTION
avaiia'hle. Rated at 1 KW CCS (3 KW o A TR R W RaALAL MODSET: precision modulation
PEP |r1puf}. OPERATION measurements for AM-SSB, 0.2 to
2Va* dia. Wt. 9 oz. $16.95PPD. ® COMPLETELY ASSEMBLED, TESTED 300 MHz, $29.50 (Kit: $19.50)
AND GUARANTEED,
ONLY PALOMAR BALUNS D. R. CORBIN MFG. CO.
HAVE ALL THESE FEATURES ONI.Y 52495 P. 0. Box 44, North Bend, Ore. 97459
@ Toroidal core for highest efficiency. PLUS SIUD SHIPPING
® Teflon insulated wire to prevent arc- Georgia Residents add 3% Sales Tax
over. OK for tuned feeders. Designed by WBAQDB/Larry Sandlin DE-120 Speech Compressor provides over lgd% ch
® Stainless steel eyebolts take antenna i%ln%rgssmnw g 59,
tension. Won’t rust, won’t pull apart. SANDL]N =i n.CF cpaw?r Sasmm?f!‘:?
® Epoxy filled case. Absolutely DE-102B SSB filter $39.95
L B ELECTRONICS DE-1038 ci & S¢8 348 95
DE-104B CW filter $37.95

® Lightning protection built-in. ENGINEERING Add $2 shipping.

® Wideband 1.7 to 30 MHz. Dealer Inquiries
® Hang-up hook provided. NATINET S Eoabt1. Siae DYNAMIC ELECTRONICS, Box 896, Hartselle, AL 35640
@ Now available in either 1:1 or 4:1 TELEPHONE. 13031 Ko
ratio. 1:1 ratio matches 50 or 75 ohm
coax to 50 or 75 ohm balanced load
(dipoles and inverted Vees). 4:1 ratio

matches 50 or 75 ohm coax to 200 to

300 ohm balanced load.

Free descriptive brochure on request. ~
Order direct.

Model 2K $32.50 Model 1K $16.95
Center insulator without balun $7.95
Postpaid U.S. & Canada.
Specify ratio 1:10r 4:1
California residents add 6 © tax.

Send check or money order fo:

R AN I, Sy 1 =’

PALOMAR FAS CE 1963
ENGINEERS

!AMlmN Associates - 12033 OTSEGO STREET - NORTH HOLLYWOOD, CALIF $1607

BOX 455. ESCONDIDO, CA 92025
Phone: (714) 747-3343
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start 'emri

Here are just the products you need
to get your novice training classes
off to a fast start.

special ham radio beginner’'s training packages

HERE ARE TWO BRAND NEW COMPLETE TRAINING PROGRAMS, EACH OF WHICH PROVIDES EVERY-
THING THAT IS NEEDED TO PREPARE FOR THE NOVICE LICENSE.

THE STANDARD PACKAGE consists of MFJ's
exciting new CP0O-555 Code Practice Oscil-
lator with every feature you could want in-
cluding self-contained speaker, volume and
tone controls, handsome aluminum case,
quality U.S. construction and including the
necessary built-in battery. You also receive
a telegraph key to go along with your CPO-
555 plus ARRL's fabulous new ““Tune in The
World with Ham Radio’” described below.

OUR DELUXE PACKAGE is even more out-
standing! In addition to the standard package
you also are given Ameco's outstanding Ra-
dio Amateur Theory Course, the best known
book of its type in print today, the Ameco
Radio Amateur Q & A guide, the finest way
to check your progress plus Ham Radio's
own Novice Radio Guide, a complete intro-
duction and how to do it book for the pros-
pective Novice. A super package and a super

Not only do you get all this, you also save deal as you save $7.00 over the total indi-
$4.00 off of the regular total list price of vidual list prices. e
these items.

HAM RADIO HAM RADIO
STANDARD BEGINNER'S TRAINING PACKAGE DELUXE BEGINNER'S TRAINING PﬂBKﬁGE

MFJ) CP0-555 Code Practice Oscillator ¥ MFJ CPO-555 Code Practice Oscillator
Battery L Battery
Tcle R e ; Iﬁ;ﬁr'"?r':m':e,n the World with Ham Radio”
1
AR “Tune in the World with Ham Radio™ . :meco g'g_iﬂ Almlttlsur ":":YG t‘igurse
T List 5.90 meco Radio Amateur uide
el Ham Radio “Novice Radio Guide"

Save $4- 00! YOUR PRICE 521.90 Total List 535:85
oraer TP Save $7.00!  vour price $28.85

Write for Special Quantity Prices! Order HR-DBTP

W N
58588883

TUNE IN THE WORLD WITH HAM RADIO NOVICE RADIO GUIDE

by ARRL Staff by Jim Ashe, W1EZT
Your open door to the fascinating world of A complete handbook for the begin-
amateur radio. This nifty new package tells ning amateur. Covers basic com-
you what Amateur Radio is, and then assum- munications theory. How to build
ing no prior knowledge of radio the reader is transmitters and simple receiving
taught how to pass his Novice License exam  equipment. How to set up antennas.
and how to set up his first station. An ex- Putting your station together, plus
tremely useful U.S. call area map is in in- valuable appendices. How to learn
cluded. In addition there is a cassette tape the code and more. Any beginner
narrated by TV and radio star Jean Shepherd,  will go further faster and have more
W20RC, which provides the necessary in-  fun with this exciting book.
struction in the Morse Code. All in all it is Order HR-NR
just what we have been looking for — a per- 144 pages, 3395
fect and complete introduction to our fas-
cinating hobby.

Order AR-HR Just $7.00

Remember Ham Radio has more training manuals than anyone and the best
quantity prices around.

ham radio Greenville, NH 03248 Call Toll Free 800-258-3353

More Details? CHECK—OFF Page 126 august 1976 [ 121



e ————————
ependability

THAT'S WHAT
YOU GET FROM
SENTRY CRYSTALS.

Because Sentry communication
crystals are the most stable, re-
liable crystals available. Any-
where. At any price.

Sentry crystals are made to the
latest state-of-the-art specifications
from the finest quartz. And they're
gold-plated for long-term reliabil-
ity

Since Sentry has the largest
semi-processed crystal bank in the
world, we can custom-make crys-
tals for any rig. Any frequency.
Faster than anyone else in the bus
iness.

We process our orders quickly
and efficiently, too. And we stand
behind our work. With solid guar-
antees.

Maybe that’s why people who
count on communications count
on Sentry.

Send for our complete 1976 cat-
alog. It's just $1.50, deductible
from your first order. It may be one
of the best communications invesi-
ments you'll ever make

Sentry Manulacturing Company
Tuned-In to Quality
Crystal Park, Chickasha, Oklahoma 73018

Sentry

Phone: 405/224-6780
TWX 910-830-6425

Sentry Mig Co hr
Crystal Park
Chickasha, Okla. 73018

Please send me the complete 1976 Sentry
Catalog immediately. Enclosed 1s a check or
money order for $1.50

YOUR BEST BUY IN KITS

ANALOG-DIGI-LAB

Features 3 Regulated
power Supplies. 3 Out-
put wave forms. B digi-
tal level switches. 2 no
bounce pulser switches.
8 LEDs with drivers. 1 AP Super strip.

Easily constructed. Designed by RETS
Electronic Schools.

1st time offer $139.00
Clock Kit (complete less case) $12.95
Function Generator Kit $10.95

FREQUENCY
COUNTER

7 Digit 0-300 MHz Freq. counter $%$99.00
7 Digit 0-500 MHz Freq. Counter $139.00

8 Digit 0-30 MHz Counter
with Options $99.00
0-300 MHz Prescaler $19.95
for 8 Digit Counter $19.95

Cabinet accessory package avsilal;le for

all of the above 24.95
Digital Alarm Clock complete with case
$24.95

Please add $1.00 Shipping/Handling on any order under $15.00
Send SASE for flyer. Featuring Electronic components and kits available.

HAL-TRONIX

P. 0. Box 1101

® Southgate, Mich. 48195

(313) 285-1782

WANTED FOR CASH

BT
TRANSCEIVER
(also knawn as
MRCYS,
ARCH4,
ARC102,
ar VC102

4590-T

ANT. TUNING
UNIT {Alse
known a1
CU1658 and
Culs69)
Highest price
paid for these
units. Parts
purchased
Phone Ted,
W2ZKUW col-
lect. We will
trade for new
amateur gear
GRC10& and
PRC74 alse
required

THE TED DAMES CO.
308 Hickory Street Arlington, N. J. 07032
(201) 998-4246 Evening (201)998-6475

SPECIAL IC PRICES

'.-"401 10 7403 lD MII SERIES

?410 .10 2501 3‘75
7430 15 5230 3.95
7439 35 5260 3.45
7442 .B5 5261 4.95
7445 B0 5262 4.45
7460 A5 5725 3.10
7472 35 5738 3.45
7474 35 LM

7475 70 301H 20
74123 85 307N 20
74141 95 308H 75
74145 .95 311H 70
74153 1.25 371H 1.05
74161 1.40 376N 5
74162 1.30 741H/CN 20
74173 1.55 3067CN 1.40
74189 2.50 5741N 20
74192 1.10 7528 1.45
74193 1.10 8223 2.50

1 Add 50¢ lor pontage & handiing on orderi wnder 310. 2. AN
items guaranted. 3. Send SASE for Bargain Fiyer. 4. SEND YOUR
nknu ALONG WITH CHECK DR MONEY ORDER TO WEIRNU,

Bon 942, Colton, CA F2324 (Calil. revidemts inclode 6% Lanl

REPROGRAMMABLE
MEMORY KEYER

ONLY $169.95

The MK-1 Memory Keyer features a reprogram-
mable 1024 bit MOS memory for storing up to 80
characters. Automatic stop allows manual insertion

WHAT AN OPPORTUNITY!

Radio Communication is certainly one
of the finest foreign Amateur Radio
magazlnes.

This monthly magazine covers the
whole Amateur Radio scene in Great
Britain offering both a wide range of
technical information and a description
of many activities both on and off the air.

Of particular interest is the monthly
column Technical Topics by Pat Hawker,
G3VA. Here is a great rundown on new
technical ideas from around the world.
It touches on virtually all phases of
Amataur Radio and is sure to have just
the hint you need,

To: Radio Communication
Greenville, NH 03048

Enclosed is $14.00. Please sign me up
for a one year subscription,

Name - R | | E—
Address.

City State____Zip_______

Allow 60-90 days to begin receiving issues

CONVERTERS
PREAMPS

A post card

VHF/UHF

Ten meters through 432 MHz
will bring our f1.||| 1976 Catalog.

@ JJ |”E,L laboratories

3312 S.E. VAN BUREN BLVD
CORVALLIS, OREGON 97330
Telephone: 503-757-1134

SST T-1 RANDOM WIRE ANTENNA TUNER

Al tand pperavan |16

Guar anteed for ‘K‘ dayy Compact masy 0
] anly $29 95 postpasd | Acd Sake
Tax in Cali)

SST ELECTRONICS, P O BOX 1, LAWNDALE, CA 90260

NEW MULTI-BAND ANTENNA

between messages stacked in memory. Messages

can be interrupted and continued. Perfect character The Il CHRIPOLE 5y

ame w
Name and word spacing. lambic keyer with dot and dash

memories. 120 VAC and 12 VDC operation. a
Address Write for more information

Add $1.50 for postage, Wis. res. add 47, sales tax o
% DGM ELECTRONICS

Universal R
Box 26041 E
Telephone |

787 BRIAR LANE, BELOIT, WIS. 53511

end stamped envelope Tor ||'<|l‘|Ml|rm
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HT-220 the

TONE ENCODER FRONT

@®Fully assembled and
tested tone encoder
front, just add your
mike, speaker, &
harness

BULMETONE (40 TRANECHIVER

' 4 6
TRANSMIT 2 2

@ No standby power
drain

® Crystal controlled
tones

1 4
RECHVE

® No additional wiring
to your radio

® Precision "calculator Size 9% x 10%" x3%"

like'" keypad

* TWO YEAR WARRANTY!

* Vary low transmitter spurious output

* Beryllium copper printed circuit card guides provide
SOLID retention of plug in modules, as well as

* 143 10 149 99 MHZ in dignally daled 5 KHZ steps
without buying a single crystall 142 MHZ
coverage optional

®Keypad & front are
a welded assembly

y . * 25 Watts AF output excellent ground connection to the modules
®Fits unmodified * 250V, 12 Db. SINAD sensitivity Al of this plus optional plug in modules for Tone Burst
charger sleeve * Completely independent transmit/Receive fre- Dial Tone, Sub-Audible Tone, and @ Touch Tone®

quency control, yet simplex with the flip of a interface module.

b tch
Model PLO-220 $74.50 cAL. RES :t?ui:::l:namu- = Send for our six page COLOR brochure which gives

PL length & OMN| depth ADD 6% TAX crophone and mobile  AMATEUR NET  you the full story, inside and out!
mounting bracket $650.00 Touch Tone®™ — trademark of the Western Electric Co
WRITE FOR INFO ON:

Silvered fronts, Slimline fronts,
complete fronts, & other products

BK PRODUCTS

P.0. Box 391
Harbor City, Ca. 90710

REPEATER AUTOPATCH AND CONTROL | 1L =5

3 digit access, single digit disconnect, * 650 MHZ PRESCALER KIT
SUB-AUDIBLE GENERATUH 3 digit repeater ON-OFF control Why pay $75.00 to $100.00 or more for a 250 MHZ
AGC with 30 Db dynamic range on all inputs and prescaler when you can get one that goes all the
outputs! Just connect repeater Rowr, TX, Ider, way to 650 MHZ for just
fur FM THE CUBE Touch-Tone line and power. Size 1" x 1%,,* 12V or BVDC $47.50

Size 9%, x 4%, $199.95 Assembled

R

Lo

* Inexpensive multi tone
system

* Compatible with PL-
CG-QC

= Low distortion sine-
wave

* ‘“5';"“"’" frequency REPEATER AND RTTY CW IDENTIFIER

Hz), Lo A
{i?-'iilibslg ) ks 254 bit capacity allows you to send your call plus TOUCH-TONE KEY BOARD
¢ A0S Positive snap-action push-button switches!

* Rugged, plastic en- other desirable information

cased with leads easy Easily programed. No need to worry about long finger nails.

to mount ' Lyle Products Size 6" x 4%, $62.50 Assembled No more mis-dialing because of intermittent switch

T contacts.
’ l:gﬂfaleacllls R P10, ok 2081 Standard touch-tone format
« Excellent stability Senta Clars Clt SATAN, ELECTRONICS, INC. Size 2'hy" x 2" X Yo $14.40
95051 /

BLDG. 317-AIRPORT INDUSTRIAL AREA| « COMING SOON the P.AD. The
SALINA, KANSAS 67401 PROGRAMABLE AUTOMATIC DIALER. Send for

sl]fm_ms more information

Price $19.95
Calif, res. add 6%

Freq. set at factory $5.00 extra
Send for more information

= = — Sl
ALL PRODUCTS FULLY ASSEMBLED, TESTED AND WARRANTED, 1200 Rendents
WORLD RECORD COMPETITIVELY PRICED!  rrices NCLUDE ALL POSTAGE FEES WITHIN THE UsA Add 5% Salns Tax
G BAN D ANTENNA FOREIGN ORDERS, ADD $3.00 TO COVER POSTAGE & HANDLING
won WETYP QRP ARC B . (@ !""""“‘“' o o
1,000,000 miles/watt award. N N . 3
THE JOYSTICK VFA SENEE | B
160 thru 10 plus BC & SW v
TRANSMIT-RECEIVE é&?;’gﬂ l_‘:?;ﬁ-‘B Ei"i:i
Only 7' 67 long, with ATU, easily as- . 5 ki i 3 i i
sembled. Air Mail from UK manuf., take 300 MHZ Prescaler 2 Meter FM Transmitter 30 Watt 2 Meter Power Amplifier
advantage of exch. rates and save! © Built-In 117 vac 60 HZ power supply 0 2 Channels, 144-148 MHZ 0 Frequency range |44-148 MHZ
SYSTEM ‘A’ 369_90 0 Size 3" wx 2" hxda"l o Power l)ul|:ul ‘ watls typical, | watt o Maximum RF output power 30 walts
250 w. p.e.p. o BNC input, output connectors min & 12.5 VIX o Maximum RF tnput power § waits
SYSTEM oy s91.33 o Input impedance = 50 chms s "_U ohm oulput izpecints © Supply voltage 13.6 VIX
500 w. p.e.p. (improved Q on receive) o Output TTL, Fan out of | 9 Narrow band FM & 3 KHZ o Small size 1 7/8" w x 5/8" h x 3% |
SEND MASTER CHARGE NUMBER OR o Scnsitivity 14 mv @ 150 MHZ o Riiesd bethcd enftber ohpal o Virtually burn-out proof balanced
CHECK OR ASK FOR BROCHURE 150 my @ 300 MHZ i AR emitter output transistor
Partridge (HR) Electronics Ltd LY & Ao L | © Smallsize | 7/8%wx 1"h x 34" L o Fully compatable with the EPC-144-8
_ ' - Sl 0 50 ohm input & output impedance
Broad StalrS, Kent, England i oo Elprocon © Sold as a fully tested & assembled
Send Self-Addressed § ELECTRONIC PROTOTYPE CONSULTANTS circuit board less case, connectors
G3CED Phone Thanet 62535 G3VFA Envelope For Ml:ﬂ:lnlurilullml 1907 W, Campbell { Phoenix, Arizons 85015 and heat sink

More Details? CHECK —OFF Page 126 august 1976 [§ 123



PALMER INDUSTRIES
INTRODUCES
THE

NEW
MODEL

52’
TRISTAO
SUPER
MINI-MAST

Featuring an exclusive
three-section, crank-up,
self-supporting 52' mast with
automatic brake winch
Constructed of high-strength
steel tubing, designed to
handle 9 to 10 sq. ft. of
antenna and withstand winds
of 50 to 60 MPH

Only TRISTAD'S Mini-Mast
features as an exclusive
option, a rotor base assembly
allowing rotor to be mounted at
ground level for easy
maintenance

We offer a complete
assortment of accessory bases
and raising fixtures for the
Mini-Mast.

NORMALLY STOCKED
FOR IMMEDIATE

SHIPMENT
40' MODEL ALSO IN STOCK

Call or write for FREE
catalog covering all
the other fine Tristao
towers and masts.

TRISTAO TOWER
DIVISION

PALMER INDUSTRIES,INC. Dept. HR
3900 San Fernando Road Glendale Calif, 91204

(213) 246-8333

124 [ august 1976

LO W E S T WE OFFER THE IDENTICAL PRODUCT AS THE
OTHER HOUSE AT ABOUT ONE HALF THE COST

Iron Powder Ferrite Toroidal Cores

=372 25  FB-43-801 1.50 Doz.

25

Toroidal Cores  §jze Price
Size Price ['T-50-61 A5
T-200-2 $1.60 FT-82-61 A0
T-50-3 A0

T-80-2 1 Ferrite Shielding Beads
I'-65-2 35 Size Price
1-68-6G S35 FB-73-101 $1.00 Doz.
T-50-2 30 FB-13-101 1.00 Doz,
T-50-0 i FB-73-501 1.50 Doz,
I

|

T-37-6

G.R. l H'IT_I_E_I—___iog_sg & co.
Packing & shipping in U.S.A, — 50¢ Seiiliae o =
SEND FIRST CLASS STAMP FOR PARTS FLYER Other sizes and mixes available at comparable saving
o
Vrder now
i ] L - INNE Iul;,{,.-l;;T'\:“‘.m“ and save
POLY JACKLT 600 OUTER SWIELD 500 FOR AMATEUR USE
50 OHM JACKETED HARDLINE
Call «a...

e very low loss per 100 ft.

« improved receiver sensitivity
.45 DB to 50 MHZ
.90 DB to 146 MHZ

We are ready to derve you -

WIRE CONCEPTS INC.

198 Passaic Ave.,
Fairfield, N.J. 07006

1.90 DB to 450 MHZ
4.20 DB to 1296 MHZ
e longer life

SALE 49¢ per foot

The Wire People

WANTED FOR CASH

i Shortwave Listening
1976 World Radio TV Handbook - $10.95
Gated 1000/100/50/25/10 kHz Calibrator - $54.00

21' B i1

T Barlow Wadley & R.L. Drake Receivers

m u‘ 1976 “Conlidential” Frequency List - §5.45

i Ll GILFER, Box 239, Park Ridge,NJ 07656
4CX150 4CX1000 4-65 4-250
4CX250 4CX1500 4-125A 4-400

FTRTIEPETTITITIN |

hebabblbibbhbibadhatblabiilads ..nM

4CX300A 4CX3000 4-1000
A 304
A S0 n00 " om, want & SUPER BUY?
5CX1500

MADISON ELECTRONICS

has 'em in this issue!

Other tubes and Klystrons also wanted.

The Ted Dames Company

308 Hickory St. Arlington, N.J. 07032

(201) 998-4246 Evenings (201) 998-6475

MODEL TTP-03

$54.95

POSTPAID
IN U.S.A.

TONE ENCODER PAD

A Better Keyboard

e Output Level Set Pot

@ Crystal Controlled-Digitally
Synthesized Tones

® Strapping for Hi-Low Z Output

@ Internal 5 V. Regulator
Supply Voltage Range 7 t

® RFI Suppression

@ Velcro and Case Included

e Size 2.80 - 2.00 - 0.60 Inches

CLEMNEG ELECTRONICS CO.

BOX 12171 — DALLAS, TEXAS 75225

TEXAS RESIDENTS
ADD 5% SALES TAX

CHECK OR M.O0.
WRITE FOR BROCHURE ON
AUTOMATIC UNIT ATD-30

More Details? CHECK--OFF Page 126




SWAN METERS HELP YOU
GET ITALLON

Keep things in tune for a song.

Our SWR-3 SWR meter and FS-1 field strength
meter help you make sure you've got it all on

1 15 ?
e x\\\u.ul
3 T

t
o rones

SOSwawm

ELECTRONICS
SWR-3

o= (MTA

SWR-3 SWR Meter. Why bother
with big, bulky meters when this
one does the job just as well?
Measures 1:1 to 3:1 SWR from 1.7
MHz to 55 MHz with all the ac-
curacyyouneed. ........

{Prices FOB Oceanside. CA)

Home
training in
AMATEUR
RADIO

NRI, leader in Communications,
Television, Electronics and TV-
Radio home training, now offers the
first in Amateur Radio courses, de-
signed to prepare you for the FCC
Amateur License you want or need.

Don't lose your favorite frequency

The FCC has said “either-or” on
licensing, but to pass Advanced and
Extra Class exams, you need the
technical guidance as offered by NRI.
NRI Advanced Amateur Radio is for
the ham who already has a General,
Conditional or Tech Class ticket.
Basic Amateur Radio is for the be-
ginner and includes transmitter,
3-band receiver, code practice equip-
ment. Three training plans offered.
Get all the facts. Mail coupon. No
obligation. No salesman will call on
you. NATIONAL RADIO /_“‘\..\
INSTITUTE, Washington, \
D.C. 20016,

............. MAIL NOW

* NATIONAL RADIO INSTITUTE 46-016
. Washington, DC. 20016 "
* Please send me information on Amateur Radio »
! training .

: Name —— Age _ :
* Address - == -

* .
. City E _  State___Zip____ .

. ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

More Details? CHECK—OFF Page 126

the air and going in the right direction. Both
are pocket sized with easy-on-the-pocket
prices. Use your Swan credit card. Applica-
tions at your dealer or write to us.

-

LEVEL ADJ

i FIELD STRENGTH

strength readlngs Just about any-
where with this fit-anywhere meter.
Telescoping antenna, level adjust
knob, 1.5 MHz to 200 MHz, 0-10 rela-
tivescalemeter.............$9.95

FS-1
O Swaw

Swan,
ELECTRONICS

A subsidiary of Cubic Corporation

305 Airport Road, Oceanside, CA 92054
(714) 757-7525

FREQUENCY COUNTER $47Q)95

DIGITAL MULTIMETER

€ i Tiie e

FREQUENCY COUNTER —
6 Digit .33 inch 7 seq. LED Latched Display (Can be
expanded to 8 digit) Crystal Oscillator Timebase .001%
+ 1 count. Readout MHZ or KHZ to over 40 MH2Z.

MULTIMETER —
11 Megohm Input Impedance. 100% Overrange except 1
gtk amp range. AC-DCV 0-1.000, 10.00, 100.0, 1000.

AC-DCMA 0-1.000, 10.00, 100.0, 1000. OHMS 0-100,
0-10K, 0-1Megohm.
range and negative sign indication.

Input protection, auto polarity, over-

150 MHZ

Only $139.95 Kit

Add $3.00 Shipping/Handling
Feaquency Counter Allow 5 Weeks for delivery

FOR THE
EXPERIMENTER

ASSEMBLED — TESTED
MODULES
1. Crystal Timebase, IMHZ with six $21.95
divide by 10 Qutputs 1THZ to TMHZ

2. Freq. Counter Gate Module $16.95
includes B0 MHZ = 10 Schottky
(Size 3" x 5")

3. Fourdigit 7 seg. .33 inch LED $34.95
Latched Display (Size 4" x 5" x 2%"" high)

(Above Require 5 VDC)
4 Function Generator Module $19.95

Sine, Saw, and Squarewave Outputs
1HZ - 100KHZ to 10 Volt output.

NEW

AT A PRICE
THE HOBBYIST
CAN AFFORD

KIT $B995

(size 3" x 5”) DIGITAL CAPACITANCE COUNTER

4 Digit LED Display
Ranges to 1000 MFD.

+ 0.5% (+ 1 PFD Below 100 PFD)

Add $2.00 Shipping/Handling
Allow 4 Weeks Delivery

Requires Switches & Pots.

5. Function Generator Kit $39.95
Includes assembled/tested module,
Switches, Case, Hardware, (Requires two 9
Volt Batteries.)

Add $1.00 Shipping Any Above
Allow 3 Week Delivery

California Residents add 6% Sales Tax

Send Check or Money QOrder to
LIN CORPORATION

15311 S. Broadway Gardena, Ca. 90248

(213) 532-8809
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AdyerTisers

check-off

...for literature, in a hurry — we'll
rush your name to the companies
whose names you “‘check-off"

Place your check mark in the space between
name and number. Ex: Ham Radio 3 234

INDEX
A . F. 5 S ___ 462 Kenwood ___ 341
Adva ___ 265 King ___ 07
Aldelco ____ 347 Klaus ___ 430
Allied ___ 204 Leader ___ 412
Amidon __ 005 Lin 451

Antech ___ 257

Antenna Mart ___ 009
Antenna Spec. ____ 010
Supermarket 404
Aptron ____ 380
Ashcraft *

Atlas _ 198
Atronics ____ 3B2
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Bell *

Beta 447
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Bullet ___ 328
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DGM ____ 458

Dames 324
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Northshore RF ___ 296
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Pruitt ____ 365
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Callbook _ 100
Ramsey 442
Regency _ _0102

Satan 443

SEA 472
Sentry *
Sherwood 435
Southwest

Tech. ___ 263
Space ____ 107
Spec. Comm.

Sys. 318
Spectronics ____ 191

Spec. Int. __ 108
Standard i 109

Tycol 475
Universal 444
Utah FM 445
VHF _ 121

Vanguard *

Varian 043
Webster Comm. ____ 423
Webster Radio 255
Weinschenker 122
Weirnu 379
Whitehouse 378
Wilson 123

Wire Concepts 476
Yaesu 127

*Please contact this advertiser directly.
Limit 15 inquiries per request.
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Tear off and mail to

HAM RADIO MAGAZINE — ‘check off”

Greenville, N. H. 03048
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Now

is the time to order
YOUR

%

callbook

If you don’'t already have
your 1976 Callbooks there
is no better time than right
now to go to your local
dealer (or mail direct to the
publisher) and get the most
up to date QSL information
available anywhere.

The new 1976 U. S. Call-
book has over 300,000 W
& K listings. It has calls, li-
cense classes, names and
addresses plus the many
valuable back-up charts and
references you have come
to expect from the Callbook.

Specialize in DX? Then
you're looking for the new,
larger than ever 1976 For-
eign Callbook with over
225,000 calls, names and
addresses aof amateurs out-
side of the USA.

On dealer shelves NOW!

Foreign Radio
Amateur Callbook
DX Listings
$12.95

with

3 Service
Editions

United States
Callbook

All W& K
Listings
$13.95

with

3 Service
Editions
$19.95

RADID mmcun"b I(
ca OO0OK

‘h Dept. E 925 Sherwood Drive
Lake Bluff, I1l. 60044

Order from your favorite electronics
dealer or direct from the publisher. All
direct orders add $1.00 shipping and
handling per Callbook.

AdverTisers iNdeX

Adva Electronics 98
Aldelco . 113
Amidon Associates : 120
Antech Labs : 113
Antenna Mart 118
Antenna Specialists Co. 41
Antenna Supermarket 50
Aptron 114
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Barry 110
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Bell System 69
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Bowmar 96
Budwig Mfg. Co. 118
Bullet 109
CFP Communications 92
CHM Products, Inc. 86
Cal-Com Systems, Inc. 120
Cleng Electronics 124
Cleveland Institute of Electronics 108
Communications Specialists B84, 113
Continental Specialties 72, 73
D. R. Corbin Mfg. Co. 120
Cush Craft 1
D-D Enterprises 102, 114
DGM Electronics 2
Dames, Ted 122, 124
Dentron Radio Co. 7. 29
Disc-Ca 108
Drake Co., R. L 93, 101
Dynamic Electronics 120
Ehrhorn Technological Operations 92
Electronic Distributors 63
Electrospace 102
ELPROCON 123
Exper Printing 112
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Fred Franke, Inc 104
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Gilfer Associates 124
Gray Electronics 106
Gregory Electronics 86
Hal Communications Corp. 2
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HamLine Electronics
Ham Radio 111, 114, 115, 121
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H. Alan Harp 119
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Henry Radio Stores Cover 11
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Southwest Technical Products 79
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¢ ‘They dontmake em
likethey used to..”

(lucky for you, if your next
HF transceiveris a TRITON)

The new ultra-modern fully solid-state TRITON makes operating easier
and a lot more fun, without the limitations of vacuum tubes.

For one thing, you can change bands with the flick of a switch and no danger
of off-resonance damage. And no deterioration of performance with age.

But that’s not all. A superlative 8-pole i-f filter and less than 2%
audio distortion, transmitting and receiving, makes it the smoothest
and cleanest signal on the air.

The TRITON IV specifications are impeccable. For selectivity, stability and
receiver sensitivity. And it has features such as full CW break-in, pre-
selectable ALC, off-set tuning, separate AC power supply, 12 VDC operation,
perfectly shaped CW wave form, built-in SWR bridge and on and on.

For new standards of SSB and CW communication, write for full details
or talk it over with your TEN-TEC dealer. We'd like to tell you why “They
Don’t Make "Em Like They Used To” makes Ham Radio even more fun.

PRICE $699.00

Tell

TEN-TEC

SEVIERVILLE, TENNESSEE 37862
EXPORT: 5715 LINCOLN AVE
CHICAGO, ILLINOIS, 60646

More Details? CHECK—OFF Page 126 august 1976 [l 127



400 %

ORE RF

POWER

WiTH THE NEw /77 SUPER LOGARITHMIC SPEECH PROCESSOR

I ——

' :jng::;:;Iltlinjnl}i[tlﬂ@uhi:dln'

SSB Signal Before Processing. The weak
valleys and high peaks give a low average
power output, resulting in a real lack of
punch.

SSB Signal After Processing. The once weak
valleys are now strong peaks giving up to
a 4009, increase in average power output.
The result is a signal full of punch with
power to slice through QRM.

TWO MODELS TO CHOOSE FROM —
PLUGS BETWEEN YOUR MICROPHONE AND TRANSMITTER

I.SP-520 Bx. 2-3/16 x 31 x 4 inches.

Uses 9 volt battery. RF protected. 3 conduc-
tor, 4" phone jacks for input and output.

$50 95

LSP-520 BX Il. same as LsP-520BX but

in a beautiful 2% x 3% x 5.9/16 inch Ten-
Tec enclosure with uncommitted 4 pin Mic
jack, output cable, rotary function switch.

These actual unretouched ‘‘before”
and '‘after’” photographs of the SSB
RF Output of our NCX-3 Transceiver
proves the effectiveness of the sophis-
ticated MFJ Super Logarithmic Speech
Processor.

Two active high pass filters (switch
selectable) remove wasteful low speech
frequencies. These frequencies contain
509, of the total speech power but
contribute only 109% to intelligibility.

A specially designed |.C. logarithmic
amplifier instantaneously changes gain
with a minimum of distortion. This
strengthens weak valleys and flattens
peaks of normal speech patterns. A
steep roll-off 6 pole lowpass filter re-
moves harmonic distortion.

$27 99

CWF-2BX SUPER CW FILTER

By far the leader. Over 5000 in use. Razor
sharp selectivity, 80 Hz bandwidth, extreme-
ly steep skirts (See Response Curves).

* No ringing * Bandwidth: 80 Hz, 110 Hz,
180 Hz (selectable) * Skirt rejection: at least
60 dB down one octave from center fre-
quency for 80 Hz bandwidth * Center fre-
quency 750 Hz =+ Drastically reduces all
background noise (up to 15 dB improvement
in S/N ratio) * Provides gain * No imped-
ance matching * 8 pole active filter uses ICs
* 9 volt transistor battery provides months
of operation = 400 Hz or 1000 Hz center fre-
quency optional. Add $3.00. ¢ Size: 2-3/16
x 3% x 4 inches.

750 H2

i 11| CWF-2PC
| | wired PC
board
$18.95

11 I CWF-2PCK
1] | kit PC
} { board
$15.95

T
GO0 4000
FREQUEMCY

Wzl

&3 ELE:

CMO0S-8043 ELECTRONIC KEYER

* Uses Curtis 8043 Keyer IC * Built-in key
* Dot memory * lambic operation with ex-
ternal squeeze key * 8 to 50 WPM » Sidetone
and speaker * Volume, tone, weight con-
trols = Solid State Keying + 300 volts max.
* Uses 4 penlight cells *+ 2-3/16 x 34 x

$49 95

MFJ-1030 BX RECEIVER PRESELECTOR

* Dramatically improves weak signal recep-
tion + Significantly rejects out of band
signals * 20 dB gain, min. » 10 to 30 MHz
* Dual gate MOS FET + Separate input and
output tuning * Uses 9 volt battery * Beauti-
ful Ten-Tec enclosure * 2% x 3% x 59/16
inches.

NEW
$39,95

MFJ-16010 ANTENNA TUNER

« All tands 160 thru 10 meters * Matches
almost any random length of wire to any
Transceiver or Transmitter * Rated at 200
watts RF Output to handle wvirtually any
transceiver running barefoot * Ultra comn-
pact 2-3/16 x 314 x 4 inches * Matches low
and high impedances by interchanging input
and output * S0-239 coaxial connectors *
Unique wide range, high performance, 12
position tapped inductor, Uses two stacked
toroid cores * High quality specially design-
ed variable capacitors * Heavy duty con-
struction * All aluminum cabinet.

Order now, Shipments begin on or before
August 31, 1976.

ORDER TODAY. MONEY BACK

IF NOT DELIGHTED. ONE YEAR UNCONDITIONAL GUARANTEE.

ORDER BY MAIL OR CALL 1-601-323-5869 AND CHARGE IT ON = &=

Please add $2.00 per item for Shipping/Handling

MFJ ENTERPRISES -« p. 0. Box 494(H) ® MISSISSIPPI STATE ® MISSISSIPPI 39762



From YAESU The Outstanding

ALL SOLID STATE

200W PEP

DIGITAL DIAL TRANSCEIVER

B 6 - Digit Readout M All Modes — SSB/CW/AM/FSK M 160 thru 10 Meters ® TX & RX
Clarifier W RF Feedback M 3-Position AGC ™ Rejection Tuning (Tuneable IF Crystal
Filter) M Built-in DC Power Supply B Optional AC Power Supply & Speaker Unit with 12 or 24 Hr.
Digital Clock M Noise Blanker M RF Speech Processor M Computer Type Plug-In Module
Construction M Size: 11in. (w) x 5in. (h) x 13%in. (d) W Light Weight: 22 Ibs.

The Model FT-301D is a precision-built, all solid-state, compact high performance transceiver of
advanced design. All circuits are fully transistorized with ICs and FETs for reliability. A wide-band tuning
system with preset pass band tuning combined with wide-band amplifier eliminates final amplifier tuning
for band change. Also available as an option is an automatic CW identifier (programmable).

Whether you judge it on price, performance or operational features, the FT-301D comes out a winner!

YAESU
The radio.

Yaesu Musen USA Inc., 7625 E. Rosecrans, No. 29, Paramount, California 90723
Yaesu Musen USA Inc., Eastern Service Center * 613 Redna Terrace, Cincinnati,OH 45215



Armateurs Who huid
ther own equipment
go EIMAC.

Building HF or VHF power amplifiers? You'll find
them described in detail in both the ARRL Handbook
and the Radio Handbook. And you'll find that EIMAC
tubes are the overwhelming choice of expert equip-
ment designers for 1.8 to 1296 MHz service.

The Radio Handbook features a deluxe amplifier
using the 3-1000Z for HF service plus other HF or VHF
designs built around the 3-500Z, 4CX15008, 8877 and
the 8874. The ARRL Handbook describes a multiband
HF amplifier using the 8877, plus other designs featur-

ing the 3-500Z, 8873, 4CX250B and 3CX100A5. And
there's plenty of information about design and con-
struction of transmitting equipment
using EIMAC power tubes in both
handbooks.
For tube information, contact
Varian, EIMAC Division, 301 Industrial
Way, San Carlos, California 94070. Or
ccmtac:‘tE any of the m%‘re than 30
Varian Electron Device Group Sales -
Offices throughout the world. varian
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